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Wondering about the future of work? Look to innovations of 
the past 
Professor Patrick Neumann 
 

Dr. Neumann is a Professor in the Department of Mechanical and 
Industrial Engineering at Ryerson University in Toronto, where 
he directs the Human Factors Engineering Lab. He is a Design 
Scientist and Certified Professional Ergonomist (Eur. Erg.). His 
research work focuses on issues of organisational design and 
management (ODAM) as they affect system stakeholders and 
system performance. 
 
Digitalization, Industry 4.0, Co-bots, Internet of things… many 
new trends promise to “revolutionise” or “disrupt” work in the 
future. What are the implications of these trends? This talk will 
examine some of the current issues around human factors and 
future workplaces, by examining existing research conducted on 
the impacts of innovation on people. Cases of technological and 
organisational changes can provide insights into how the 

mistakes, and gains, of past innovations can inform us in our attempts to create better workplaces 
in the future. Achieving this will mean thinking about tools and methods to support the application 
of human factors in workplace innovation projects. 
 
Systems ergonomics in productive workplaces - a Nordic out-
look on who, how and why 
Associate Professor Cecilia Berlin 
 

Cecilia Berlin is an Associate Professor in Division of Design & 
Human Factors at Chalmers Uni-versity of Technology in 
Göteborg, Sweden. Her research and teaching focuses on how to 
proactively address ergonomics risks in workplaces by 
determining where design action can be taken (and by who) at 
various system levels. She has gained some attention for 
participating in the international competition "Dance Your PhD".  
 
The keynote takes the listeners on a safari into current-day 
industrial production, where several ergonomics problems persist 
while numerous technological advances like activity-based 
workplaces, digitalization, robotics, AI etc. are raising new 

questions for ergonomics specialists to tackle. Cecilia points out how ergonomics challenges of 
all sorts can be met by improving stakeholder communication, more intentional design processes, 
and increasing the ergonomics and systems knowledge of the people with the greatest impact on 
how a workplace is designed. Based on her stakeholder analysis framework "Change Agent 
Infrastructure" and recent research studies, Cecilia's message is that designing ergonomics into a 
system should be the concern of not just ergonomists, but everyone involved in a workplace 
change.  
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Ergonomics for performance 
Professor Jan Dul 

 
Jan Dul is professor of technology and human factors at 
Rotterdam School of Management, Erasmus University. His 
research includes the interaction between people and the physical 
and social environment.  
 
The keynote is based on his recent work on work environments 
for creativity and innovation, in particular how the physical 
environment can boost employee creativity. Jan Dul will also 
unveil the first results from a large longitudinal study among 120 
companies that become available spring 2019. This study is about 
what motivates managers of SME companies to make changes in 
their organization and what were the effects of these changes on 
performance and wellbeing. The results may point to how 

ergonomists should focus their work if we want to have acceptance and impact. 
 
Do we need new approaches for workplace health and 
employability? 
Professor Andreas Holtermann 
 

Andreas Holtermann is professor of musculoskeletal disorders 
and physical workload at the National Research Centre for the 
Working Environment, Copenhagen, Denmark. His main field of 
research is on occupational physical activity, health and 
employability, and workplace preventive interventions.  
 
Effective initiatives are requested for handling the main 
challenges of working life, such as the high prevalence of 
disabling musculoskeletal disorders, increasing social health 
inequality, and the low employability of blue collar workers with 
higher retirement age. Suggestions for new approaches for 
prevention and promotion of workplace health will be presented. 
These will include 1) should we aim to balance physical activity 
demands and rest instead of reducing isolated ergonomic 
demands?, 2) participatory ergonomic workplace interventions 

for physical work exertion and painrelated factors, and 3) “the Goldilocks principle” work 
designed for promoting health and work capacity.  
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Future work: A company perspective on a changing work 
environment 
Camila Gram Andersson 
 

How does innovation and digitalization affect work? And how 
can companies address these changes in their work environment? 
These are some of the questions Camila Gram Andersson reflects 
on in her keynote. Camila is leading the Corporate Health, Safety 
& Environment (HSE) department at the global pharmaceutical 
company, Lundbeck. She is responsible for the innovation of 
Lundbeck’s HSE strategy and the execution of related strategic 
projects worldwide. A focal point in her work is to follow 
upcoming changes in the international regulation, trends in the 
society and business development to be aware of any HSE 
opportunities or risks. Will these changes lead the physical and 
psychological work environment in a positive direction or to 

work related problems and diseases? Often it depend on how we implement, handle and cope with 
these changes. Camilla will give some examples on how innovation and digitalization have 
affected Lundbeck’s way of working. She will underline that in a fast changing world a proactive, 
strong and agile risk and change management process has become even more vital to ensure a 
healthy and safe future workplace. 
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Improving health and safety by automation 
 
 
Jan Toft RASMUSSEN  
 
Danish Metal Workers Union, Denmark 
 
 
A practical tool for workers participation in automatisation 
A succesfull implementation of robots and other automated machines requires close cooperation 
between managers and staff. Not only in production but also in administration and development. 
Time and ressources used on cooperation is well spent. 
The workshop presents a small handfull of practical tools and gudelines and discusses ways to 
enhanche the participation from workers in planning and implementation. We will also look into 
the buisnesscase of investing in automated solutions for improving occupational health and sefety.  
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Professional certification of ergonomists and human factors 
experts 
 
 
Anders SUNDIN (1), Cecilia BERLIN (2)  
 
(1) Semcon Sweden AB 
(2) Chalmers University of Technology, Sweden 
 
 
Workshop aim 
Workshop on professional certification of ergonomists and human factors experts, locally and 
globally. 
Participants will gain insight in the landscape of certification on a global level (IEA) as well on a 
European level (Centre for Registration of European Ergonomists, CREE), its structure, 
requirements and how to apply. 
The workshop format will enable joint co-creation on benefits of certification (pros & cons). In 
addition, also on how professional certification can meet future challenges for the ergonomics 
professions on individual, organisational and national level. 
 
Workshop format 
Part 1. Introduction to professional certification of ergonomists and human factors experts, locally 
and globally. 
Part 2. Co-creation session dividing participants into smaller groups. Based on selected topics, 
participants will discuss each topic, then interact with results and views from others groups. 
Part 3. Summary. The workshop leaders will sum-up the results in the larger forum. 
WS-leaders: 
Anders Sundin (Department Manager User Experience, Division Digital Services, Semcon 
Sweden AB in Göteborg, Sweden) has extensive knowledge from co-creation workshops, in 
different formats and levels of participants (users – CEO), from his role as facilitator and manager 
of Semcon Innovation Lab. 
Cecilia Berlin (Associate Professor in product and production development at Chalmers 
University of Technology in Göteborg, Sweden) uses the workshop format regularly in her role 
at Chalmers University of Technology  
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STUCK – Dealing with organizational trauma 
 
 
Monique HARTMANN (1), Anette RAABY (2) 
 
(1) Moniquehartmann.dk - unfolding options, Denmark 
(2) Kongruens, Center for Systemisk Constellation,  Denmark 
 
 
Workshop aims 
The topic for this workshop is Organizational Trauma 
Aim: giving you deeper insight in what could lay behind healthy and unhealthy dynamics by 
exploring the concept of Organizational Trauma. You will get an introduction in 

- how to recognize Organizational Trauma 
- how to prevent or deal with Organizational Trauma 
- systemic constellations as an innovative method to deal with dynamics at the workplace 

 
Workshop description 
As a Health and Safety Professional you might sometimes have to deal with workplaces, where 
you just can notice that something is wrong. The organization got somehow stuck. Or 
there is a repeating pattern of the same problem showing up again and again, and the common 
problem-solving methods are not successful. With the help of the concept of 
Organizational Trauma, it will become possible to recognize and deal with problems, that 
normally can be hard to grasp. The insight in what possibly may lay murmuring under the 
surface, is the first step to a better working environment. 
 
Workshop format 
The workshop will start with a presentation of the concept Organizational Trauma, followed by 
an exercise, where you will have the opportunity to try a method that can help 
recognizing Organizational Trauma in a workplace. In the end of the workshop, we will do some 
casework using Systemic Constellations. Systemic Constellation is an innovative 
method, where we create a three-dimensional model of a case or a challenge. This makes it 
possible to zoom out and see problematic issues in a new context.  
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Dilemmas in introducing tele-medical and pervasive monitoring 
technologies in the private homes of citizens in need of care: 
balancing privacy against the duty of care 
 
 
Henning Boje ANDERSEN 
 
Technical University of Denmark, Denmark 
 
 
Workshop aim 
Most elderly citizens who are in need of care want to be looked after, of course; and they are 
typically very much aware that they need others to check on them as well as receiving personal 
or care assistance on a permanent basis or when the situation arises. They also recognise that such 
monitoring requires giving up some privacy and possibly even dignity. So adults in need of care 
are in general aware that a balance must be made between protecting privacy and dignity on the 
one hand and, on the other, feeling secure and knowing that one will not be left in a helpless state 
if incapacity should arise.  
Families and professional caregivers are similarly concerned that a too rigorous protection of 
privacy may create severe health risks to elderly, frail relatives while a pervasive monitoring may 
lead to unethical and embarrassing infringement of privacy and self-determination.  
This dilemma is widely recognised for patients suffering from moderate or severe dementia. 
However, it is much harder to define an ethically responsible balance between privacy and care 
when patients are merely frail or at risk and are capable of living independently with a smaller or 
greater amount assistance.  
In the workshop, we will explore this dilemma. We will seek to formulate some principles for an 
ethically responsible way of implementing pervasive technologies for persons in need of care or 
oversight. We will also try to identify key considerations that must be taken into account and 
possibly outline the beginnings of a guideline for formal (and informal?) caregivers.  
 
Workshop format 
The format of the workshop will be interactive participation. After a short introduction by the 
organisers, participants are expected to jointly develop an analysis of the dilemma(s) and 
formulate possible solutions, facilitated by organisers. A very short introduction by workshop 
organisers will briefly outline (i) what is known from research about older adults’ views about 
and experiences with pervasive monitoring (ii) examples of (very) pervasive technologies in use, 
and (iii) a few “hard cases”. Results of the workshop are expected to contribute to an on-going 
pre-standards process (A CEN Workshop Agreement - European Committee for Standardization 
(CEN).  
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Myontec ergoanalysis with smartwear 
 
 
Riitta SIMONEN, Heidi JARSKE 
 
Myontec, Finland 
 
 
Workshop aim 
This workshop will introduce participants to the Myontec Ergoanalysis™, which is a novel 
method used to measure work related physical loading at workplaces with wearable sensors 
combining electromyography (EMG), upper extremity and back movements as well as heart rate. 
Myontec’s technology is patented, scientifically validated, proven, and globally used by 
professionals in healthcare, ergonomics and sport. Currently Myontec’s strategy is focused on 
commercializing ErgoAnalysis™ concept and scaling the business to international markets. 
ErgoAnalysis™ concept has been developed to be suitable for process planning in physically 
demanding professions and for occupational health practitioners. The participants will learn how 
they can 

- become familiar with a state of the art method of implementing biosignals and smartwear 
in ergonomic settings 

- reduce the number of musculoskeletal disorders due to muscular overload at their 
workplaces 

- adjust and match the workplace with the worker’s physical performance in order to enable 
longer and healthier careers among aged workers 

- reduce work physical loading with ergonomic solutions and thus, enhance better 
productivity in the actual business line 

 
Workshop format 
Participants will learn the principles of physical loading measurements in the workplace, which 
is demonstrated using the smartwear pants and shirt. The topics of the workshop include the 
principles of conducting ErgoAnalysis™ measurement: 

- Introducing the smartwear pants and shirt and their data collection (MCells) 
- Brief review of the Maximal Voluntary Isometric Muscle Contraction (MVC) tests used 

as reference values in ErgoAnalysis™ 
- Execution of the Ergoanalysis™ measurement with mobile and portable devices (Mobile 

phone with video, Smart watch) and apps (ErgoMobile, ErgoWatch) 
- Principles of data analysis with web application ErgoLink and ErgoAnalysis Cloud 

Service. 
- Examples of ErgoAnalysis™ Quick Reports showing results of physical loading 

measurements in a workplace 
Workshop will be interactive with ErgoAnalysis™ demonstration, case studies and future 
prospective of implementing ErgoAnalysis™ into various worksite problem solving situations. 
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Designing work systems using the ACD³ (Activity-Centered 
Design) framework 
 
 
Cecilia BERLIN and Lars-Ola BLIGÅRD  
 
Chalmers University of Technology, Sweden 
 
 
Workshop aim 
The ACD³ framework is a powerful thinking tool for cross-disciplinary design teams. ACD³ 
stands for Activity-Centered Design in 3 dimensions, and is used to facilitate systems thinking in 
design decision-making by encouraging design at different abstraction levels. The framework 
provides a common language and visual support for the design team to make sure that all design 
decisions are internally coherent with the overall purpose of the design project. 
In this workshop, we will introduce the ACD³ framework and allow participants to try using the 
framework on an example case. We will focus on the case of designing a work station, since this 
is an appropriate detail level to introduce how ACD³ relates to work system design variables. We 
also briefly describe its roots in socio-technical systems theory and design processes and elaborate 
its previous use in design projects within product- and production development, 
ACD³ is intended as an enabler of many types of design, including the design of work systems. It 
provides a working process that allows all stakeholders to converge around design decisions that 
ensure that the work system is optimized to human needs and the activity to be performed. The 
framework drives the design team to question and formulate the design from many perspectives, 
from the problem to be solved all the way down to detailed interactions and technical solution 
principles. Its main principle is to make sure that the team consistently views the design space at 
the same detail level, by using the abstraction-level concept to guide the decision-making. 
ACD³ proposes that any work system must be internally coherent regarding the following design 
decisions: 

- Effect: The overall purpose and impact that the work system is meant to achieve 
- Operation: The use of the work system by operators and stakeholders 
- Architecture: The overall architecture and physical organisation of resources 
- Work: The detailed interaction between operator and work system 
- Tools/instructions: The system elements (including instructions) used by the worker 

The use of these abstraction levels helps the design team to avoid "unintentional" design outcomes 
that may endanger the overall purpose and desired effect of the system, from the perspectives of 
function, activity or structure. 
 
Workshop format 
The workshop is aimed at persons working with the new design or re-design of 
workplaces/workstations. The workshop is organised as a combination of lectures and exercises 
for the participants, mainly related to their own work. 
Agenda for the workshop: 

- Introducing basic design theory and -process 
- Description of ACD³ for work system design 
- Presentation of examples of how to use ACD³ 
- Walkthrough of resources available for facilitating a design project using ACD³ 
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- Active use of ACD³ by participants on participants’ own cases 
- Summary discussion 
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Workshop on human factors in industry 4.0 
 
 
Patrick NEUMANN, Fabio SGARBOSSA, Christoph GLOCK 
 
 
Workshop aim 
To review and discuss the role of Human Factors in the Industry 4.0 trend. 
 
Workshop background  
The concept of “Industry 4.0” has become a new trend in industrial and systems engineering. 
While promising increased productivity and profits to companies, there has been less discussion 
of how the implementations of these new technologies might affect the human in the system. As 
such, there is little discussion of what the Human Factors design requirements might be. This is a 
common practice in engineering design processes where human aspects are largely ignored until 
the implementation phase of development. At this point mismatches between human capability 
and system demands contribute to errors, quality shortfalls, lost productivity, accidents and 
injuries which ultimately compromise the health of employees and profitability of the system. 
 
Workshop format 
This is an interactive workshop for researchers and ergonomists. We will review the current state 
of Industry 4.0 and examine ways in which Human Factors aspects could be integrated in this 
context. We consider both effects ON the human and effects OF the human performances that 
result from the design of the Industry 4.0 system. Some examples, case studies and role-play 
games will be used to bring the attendants into the problem and to stimulate their participation 
with a active learning-by-doing approach. 
Participants are encouraged to share experiences, ideas, and current research as it relates to the 
workshop themes. The intent is to develop and promote research and practice agendas that fore-
front a human-centred approach to applying Industry 4.0 across the industrial life-cycle. We hope 
the workshop fosters the development of approaches aimed at learning the promises of Industry 
4.0 can be better realised through a more human centred design approach, and how the work 
environment agenda might be advanced through this trend. 
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Aker BP’s experience with Soter Spine: A wearable sensor to 
predict and prevent musculoskeletal injuries 
 
 
Kristin SOMMER, Ken MILNE 
 
Aker BP, Norway 
 
 
Workshop aim 
The aim of the workshop is to show how Aker BP works with digitization initiatives on within 
the ergonomics field. 
Soter Spine is a wearable sensor who produces analytics to predict and prevent musculoskeletal 
injuries in the workplace. The sensor uses machine learning to improve dataoutcome. The sensor 
also gives immediate feedback to the user that they are doing a high risk movement.  The 
application provides daily tutorials to educate workers in Aker BP.  At the moment the Soter 
Spine sensor is being tested in a pilot on a personnel group with some of the greatest ergonomic 
risk in Aker BP; the offshore catering personnel.  
The aim of the pilot for Aker BP is to manage the reduction of the workers high risk movement 
educate about the risks and visualize data for the workers.  
 
Workshop format 

1. Introduction/ Ken & Kristin 20 min 
2. Demo/ Ken & Kristin 10 min  
3. Analytics from Aker BP/ Ken & Kristin 10 min 
4. Userexperience 

& Customer experience/ Ken & Kristin 10 min  
5. Soter Spine Testing & Feedback Workshop participants 30 min 
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Applying the concept Humans, Technology, Organization (HTO) 
in practice 
 
 
Martina BERGLUND, Johan KARLTUN, Anette KARLTUN  
 
Jönköping University, Sweden 
 
 
Workshop aim 
The systems concept Humans, Technology, Organization (HTO) is established in both practice 
and research since a few decades. It has its origin within safety (Rollenhagen, 1997), but has 
proven to be useful as a general conceptual model to understand work activities, a meta 
methodology to reach a holistic ergonomics perspective, a pedagogical concept for visualization 
and communication with stakeholders in workplaces and within education, and as a design tool 
for both product and organizational design (Karltun et al, 2017). Serving many purposes, such as 
conceptual model as well as practical tool, HTO can be used in practice in different ways. The 
aim of this workshop is to introduce how the HTO concept can be used in practice to inspire and 
facilitate for the participants to use the concept in their own work. 
 
Workshop format 
The workshop will be initiated by a presentation of the HTO-concept, followed by group work 
based on presented cases, and a final discussion in plenum about the participants’ experiences and 
learning. A suggested draft program: 

- Presentation of the HTO-concept: 30 minutes 
- Presentation of cases: 15 minutes 
- Group work based on cases and facilitated by the workshop organizers: 75 minutes 
- Presentation of group work: 30 minutes 
- Final discussion and summing-up of experiences and learning: 20 minutes 
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Systematic multidimensionel patient handling pays off 
 
 
Markus JAKOBSEN, Jonna PEDERSEN, Maja Bilbrough ILLUM, Jytte Tolstrup JENSEN  
 
 
Workshop aim 
Many healthcare workers in hospitals are suffering from musculoskeletal disorders (MSB) due to 
nursing tasks, especially related to patient handling. The use of assistive devices minimises the 
risk of MSB and accidents and at the same time makes the mobilisation of patients easier. Despite 
this, it is often difficult to establish the necessary access to assistive devises in the wards, and it 
is even more difficult to establish the adequate level of competence among the healthcare workers 
for using the devises. Successful implementation of both aspects needs full support, especially 
from the management but also the workers. 
This workshop will present two projects that implement strategies to overcome these barriers 

1. Evidence based multidimensional programme showing important aspects of 
implementing systematic patient handling. This project used instructions developed by 
COWI addressing a profitable work environment. 

2. Participatory organizational intervention for improved use of assistive devices for patient 
transfer: a single-blinded cluster randomized controlled trial 

The workshop also includes a third project which describes the occurrence of acute accidents 
during patient handling and ways to prevent these. 
The aim of the workshop is to share and discuss the knowledge collected in these three projects 
and hereby provide the participants with inspiration and tools for improving the use of assistive 
devices for patient handling. 
 
Workshop format 
3 x 15 min - Presentation: 
Presentation of the three projects. 
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50 years of NES - From the end of the 1960’s to the end of the 
2010’s 
 
 
Kasper EDWARDS (1), Kurt JØRGENSEN (1), Jacob Ugelvig CHRISTIANSEN (1), Kirsten Bendix 
OLSEN (2), Göran HÄGG (3)  
 
(1) Denmark 
(2) New Zealand 
(3) Sweden 
 
 
Workshop aim 
To elucidate the development and influence during the years. The results of the workshop will be 
documented and amended to the historic description of NES. A timeline and post-its will allow 
participants to suggest significant events which will be placed on the timeline. 
 
Workshop format 
4 mini lectures (15-20 min) and discussion. 

1) Prehistory and the 1970’s (KJ) 
2) The 1980’s and and 90’s (GH/KBO) 
3) NES in new Millenium (JUC) 
4) Concluding remarks (KE) 

After each mini lecture participants will have the option to add events to the timeline (facilitated 
by KE). 
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Chapter 3 
Systems ergonomics 
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Macroergonomics and change management for sustainability in 
a water centric community 
 
 
Fátima L. VIEIRA (1,2), Miguel L. LOURENÇO (1,3), Denis A. COELHO (1,2,4) 
 
(1) C-MAST: Centre for Mechanical and Aerospace Science and Technologies, Portugal  
(2) Dept. Electromechanical Engineering, Universidade da Beira Interior, Covilhã, Portugal  
(3) Engineering and Technology Technical Scientific Unit & Research Unit for Inland 
Development, Technology and Management School, Guarda Polytechnic Institute, Portugal 
(4) Dept. Supply Chain & Operations Management, Tekniska Hõgskola i Jönköping, Sweden 
 
Abstract: The holistic systems perspective explicit in the macroergonomics concept is a realm 
where methods for community and organizational analysis have been developed and are used 
in this study. Product and service concepts capitalizing on the resources of the territory and 
community are the envisaged outcomes of the systemic analysis that is underway. The unit of 
analysis is a territory in Portugal that is defined by a water creek and the town that grew around 
it, where a factory and a hotel currently dominate as employment providers and economic 
activity centres. Critical points unveiled in the analysis are opportunities to promote increased 
economic, environmental and social sustainability. A change management framework is to guide 
future macroergonomics research within the community, as field data collection is still ongoing.   
 
Keywords: Systemic analysis, community ergonomics, critical points. 
 
 
1. Introduction 
The world has become increasingly more open, taking organizational design principles and 
management practices to a new level of acceptance and application into the twenty-first century 
(Smith et al. 2009). Many complex factors contribute to health inequities, including conditions of 
daily living (e.g. working conditions) and access to resources (e.g. water) (WHO 2008). 
Sustainable development might be one of the largest social awakenings of our time, but being 
truly sustainable requires a system view of preserving human, natural, environmental, and energy 
resources as a normal course of activity (Imada 2008). 
The study combines a community perspective of a mountain town in Portugal with a systemic 
analysis (Coelho et al. 2017) focusing on the flows of water and the economy of the town. 
Envisioning the spawning of new products and services that make use of the resources available 
in the territory, an input/output perspective is brought forward in the systemic analysis, yielding 
critical points as opportunities to enact change that will promote increased economic, 
environmental and social sustainability. A change management framework guides the field 
research that is being carried out in the community within a macroergonomics framework (Imada 
2008). The data collection phase is still ongoing for this study.  
 
2. Systemic and Community Analysis 
The systemic analysis is underway, but so far, a high-level overview can be reported on the flows 
of energy and water related to the main activities that go on in the focused town. The activity is 
centred around a woollen’s factory, a mountain SPA hotel and human activities centred on an old 
faring rural and mountain town that developed around a creek. A tentative systemic analysis 
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diagram is shown in Fig. 1 resulting from observations and interviews using an ethnographic 
approach with multiple systems level observation and data collection methods. 
Issues around the community that are triggering discussion and turmoil are concerned with use of 
water and how development of the mountain SPA hotel in the community has meant the 
population no longer has free access to water with medicinal properties, as the company that 
explores the hotel holds all the rights to the water. Further, the level of employment and 
opportunities for development of competence are limited, which add to dissatisfaction of the 
community. Moreover, the municipality is handing over part of the water supply for domestic use 
and sewage treatment process management to a private company, which may increase water price. 
It is felt as a paradox, the land of plentiful water, and yet its denizens have to pay water as if it 
were a scarce resource. These are some of the tensions that arise in the community within the 
realm of the research in this water centric community under focus (not depicted in Fig. 1). 

Figure 1: Systemic diagram of the water, energy and material flows in the salient organizations 
and structures in the community (limited information flows depicted; Legend in the Diagram) 
 
3. Envisaged Use of Change Management Framework in Furthering 
Macroergonomic Field Research 
The current study encompasses a set of nested systems, the human face of that is the community. 
In order to further develop this aspect of the research, the change management framework in the 
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lines proposed by Holden et al. (2008) for macroergonomics field research is to be adopted and 
deployed to bridge the gap to high-quality implementation of field research. The rationale is to 
guide field research implementation with principles for successful organization-level change from 
the literature on change management. According to Holden et al. (2008) such principles help to 
mitigate the perturbations that inherently take place when researchers begin studying an 
organization; we are to extend this approach to a community approach that encompasses several 
organizations. Principles for change management were aggregated by Holden et al. (2008) in the 
following high-level clusters: construing change as a systemic, dynamic, and political process; 
preliminary considerations for change: scanning, benchmarking, and change readiness; 
personnel-related: change teams, change leaders, champions, and “end user” involvement; 
expected and unexpected events; buy-in and resistance; training, resources, and top management 
support. With this approach it is expected that the field research can use what is known about 
managing and implementing change in organizations to its advantage. 
 
4. Conclusion 
One of the goals of the study is to propose sustainable solutions, in the form of products and 
services that solve critical points currently found in the use and management of the resources in 
the community by existing organizations. At the confluence between systemic analysis principles, 
ethnographic research and a community perspective on the several interfaces between systems in 
the territory studied, stands the systems approach that a macroergonomics lens brings forward. 
With the aim of developing the sustainability of a community, the study of its resources and how 
they are used and managed by organizations acting on the territory is a hotbed for obstacles. 
Adoption of a change management framework is expected to enable the field research to proceed 
with methodological underpinnings, and more assertively navigate aspects which are not directly 
in the aims of the research but if poorly managed can have a detrimental effect, such as the local 
politics of the community and the greater political and economic systems it is set in. 
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Vulnerabilities in prevention and treatment of malnutrition – 
the role of the electronic patient journal 
 
 
Kine REEGÅRD (1), Mikael ROSENQVIST (2) 
 
(1) Institute for Energy Technology, Dept. Human Centered Digitalization 
(2) Institute for Energy Technology, Dept. Control Room & Interaction Design 
 
For the past two decades, malnutrition, and especially undernourishment, has received 
increasing focus in Norwegian healthcare. Documentation is central to the prevention and 
treatment of malnutrition. However, few studies have addressed this aspect. This paper aims 
to clarify in what ways the electronic patient journal may be of hindrance to the community 
nursing services’ work in preventing and treating malnutrition. We performed a task analysis 
based on data from semi-structured interviews with personnel from nursing services (n=11) in 
two municipalities. The interviews were centred around the process and routines of detecting 
and treating malnutrition, what the personnel documented and how the documentation was 
done. The task analysis point to a main vulnerability that is partly created and partly 
exacerbated by the technological solution: a high degree of dependence on personnel’s 
memory for ensuring that information is documented and conveyed to colleagues internally.  
 
Keywords: Malnutrition, electronic patient journal, community nursing service. 
 
 
1. Introduction 
Malnutrition, and especially undernourishment, has gained increasing focus in Norwegian 
healthcare for the past two decades. Malnutrition can have adverse effects on a patient’s health 
and clinical outcomes, as well as placing additional stress on the health services and increasing 
the costs (Barker et al., 2011; Nasjonalt råd for ernæring, 2017; Saunders & Smith, 2010). It is 
estimated that one third of patients in Norwegian hospitals is either at risk of malnutrition or are 
malnourished (Tangvik et al., 2014), while a study found that 46% of patients receiving 
community nursing services (home-based) in two of the largest municipalities were either 
malnourished or at risk of such (Wensaas et al., 2012). In Norway, the increased focus on 
malnutrition has been visible in the form of national guidelines for its prevention and treatment 
(Helsedirektoratet, 2009), its inclusion as one of the focus areas of the national patient safety 
program (Nasjonalt pasientsikkerhetsprogram I trygge hender 24-7, 2018), and finally its 
inclusion as a quality indicator in nursing and care services.  
Several studies of prevention and treatment of malnutrition has been performed in the Norwegian 
context. For example, Meyer et al. (2017) explore how community nurses interpret and attend to 
recommended practices and guidelines. Other studies focus on key practices of the national 
guidelines. Aagard and Grøndahl (2017), for example, studied routines in community nursing 
services for assessing patients’ nutritional status, while Melheim and Sandvoll (2017) discuss 
challenges to performing such assessments in the same setting. There have also been studies in 
the hospital setting, for example Eide et al. (2014) who identified nurses’ experiences of barriers 
for adequate nutritional care for hospitalised older patients. Even though documentation of care 
is central to the prevention and treatment of malnutrition, few studies, at least in the Norwegian 
context, have addressed this aspect specifically. The electronic patient journal (EPJ) is the primary 
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tool for documentation in the community nursing services, thereby contributing to the 
communication and continuity in provision of nursing and care for a given patient. However, as 
late as last year, it was reported that the EPJ does not sufficiently support nutrition reporting and 
is of hindrance to the implementation of the national guidelines (Nasjonalt råd for ernæring, 
2017).   
In this paper we present results from a study in community nursing services in Norway that aimed 
to further understand in what ways the EPJ may be of hindrance to the nursing services in 
preventing and treating malnutrition.  
 
2. Methodology 
This study used a qualitative approach. Because documentation is central throughout the process 
of detecting and treating malnutrition, we needed to understand how the whole process is 
performed. We first familiarised ourselves with the content and recommendations in the national 
guidelines (Helsedirektotatet, 2009) and the patient safety program 
(Pasientsikkerhetsprogrammet I trygge hender 24-7, 2017). The main data collection consisted of 
semi-structured interviews with personnel from the nursing services in two municipalities using 
the same EPJ system: three department managers, six nurses and two nursing assistants. In 
addition, we received a brief demonstration of the EPJ system. The interviews were centred 
around the process and routines of detecting and treating malnutrition, what they documented and 
how the documentation was done.  
Next, we performed a task analysis based on the data from the interviews. For each task step we 
identified the performing role(s), which information they used, what tools they used, who they 
collaborated with, potential errors, consequences of the errors, and possible recovery. We also 
included notes that did not fit into one of the pre-structured categories, but that was informative 
regarding the nursing services’ practice. To verify our description of how the nursing services 
performed the process, we held a workshop in which we presented the analysis to managers and 
nurses from the nursing services and discussed the vulnerabilities that we had identified with a 
special focus on those caused, or exacerbated by, the EPJ system.  
 
3. Results 
In this section, we briefly explain the process of prevention and treatment of malnutrition in 
community nursing services. We then provide a brief description of the EPJ system, before 
presenting the results in terms of limitations of the EPJ that may be of hindrance to the nursing 
services’ work in preventing and treating malnutrition. 
 
3.1 The process of prevention and treatment of malnutrition 
The process of preventing and treating malnutrition consist of several steps: 1) assess patient’s 
nutritional status, 2) assess what factors influence the nutritional status of patients identified as at 
risk of malnutrition, 3) establish an individual treatment plan, 4) provide treatment, and 5) 
evaluate the effect of treatment and assess further action. The steps may be further detailed, as 
shown in   
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Table 1.  
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Table 1: Main task steps and sub steps of preventing and treating malnutrition in community 
nursing services 

No. Main task-steps Task sub-steps 
1 Assess patient’s nutritional 

status 
Perform risk assessment of patient’s nutritional status 
Document results in EPJ 
If patient is at risk of malnutrition, inform the patient’s 
general practitioner 

2 Assess factors that influence 
the nutritional status of 
patients identified as being at 
risk of malnutrition 

Perform assessment of factors that influence the 
nutritional status, e.g. diagnoses, medicines, habits, 
social factors, dental status, motor skills, etc. 
Define the patient’s energy- and fluid needs 
Identify the patient’s energy- and fluid intake 
Document results from the above sub-steps in EPJ  

3 Establish an individual 
treatment plan 

Establish plan in EPJ 
Inform the patient’s general practitioner 

4 Provide treatment according 
to plan 

Perform treatment according to plan 
Document reports continuously in EPJ 

5 Evaluate the effect of 
treatment and assess further 
action 

Perform measurements of effects of treatment according 
to specified interval in plan, e.g. weigh patient 
Document measurements in EPJ 
Assess effects of treatment and identify need for changes 
in treatment according to specified interval in plan 
Document assessments in EPJ 
Inform patient’s general practitioner 

 
It is important to note that the only task that is to be performed for all patients is task step 1) 
Assess patient’s nutritional status. According to the guidelines, this task should be performed at 
a monthly interval or according to some other specified interval based on clinical justification. 
Task step 2-5 is only performed for patients that are identified as being at risk of malnutrition.  
During the interviews, the nurses emphasised that preventing and treating malnutrition is an 
additional task to the primary tasks that are performed for a given patient, i.e. the main reason(s) 
a patient is receiving assistance from the nursing services may have nothing to do with nutrition. 
The process of preventing and treating malnutrition is a continuous process that stretches in time. 
The nursing services are unlikely to move on to step 2 the same day as a patient is identified as 
being at risk because they do not plan for such and therefore do not have the resources available 
to perform the more time-consuming step 2. Furthermore, some sub-tasks are not possible to do 
within a shift. For example, the sub-task of identifying a patient’s energy- and fluid intake alone 
will take a minimum of one day because the information of interest is the patient’s intake 
throughout a full day. This means that the full process spans across different shifts. Consequently, 
one individual is unlikely to complete the entire process by themselves. Instead, different nurses 
will perform different parts of the process. This means that transferring information internally in 
the nursing services is crucial for continuity of care.     
 
3.2 The EPJ system 
The nursing services in the two municipalities use the same EPJ system. The system is built for 
stationary computers and offers additional modules that the municipalities can buy. Electronic 
message exchange is integrated for communications with other health services such as general 
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practitioners and hospitals. The EPJ is where all relevant information for a patient is documented: 
information about the patient, his/her next of kin, medicines, the nursing services observations 
and assessments of treatment, provision of care, and actions. The EPJ systems allows for some 
degree of flexibility in the structure of individual plans according to the nursing services’ needs. 
The system has been updated in several iterations. One of the newer updates included creation of 
a designated area for measurements in which a weight curve can be displayed, amongst others. 
Figure 1 provides an example of the interface of the EPJ system.  
 

 
Figure 1: Example of the EPJ system interface, showing the screen were measurements are 
presented. 
 
In addition to the EPJ system, the vendor offers a web application that communicates and partly 
exchanges information with the EPJ system. The web application is used by both municipalities 
in this study on mobile tablets. Through the application, personnel have access to work lists 
(patient visits), treatment/care scheme, key information about the patient, and the possibility to 
read and write reports and sign that the treatment/care scheme has been performed. Figure 2 
provides an example of the interface of the web application.  
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Figure 2: Example of the EPJ web application on a tablet, showing a work list over patients to 
visit. 
 
3.3 Limitations for effective work by the EPJ system 
The results from the task analysis points to one major limitation of the EPJ system that is of 
hindrance for effective work. The nursing services provide assistance to patients living at home 
or in residences with service. Consequently, their work is not performed at an office. However, 
the office is the only place where the EPJ system is available. The web application is a solution 
that is better adapted to how the nursing services work. However, the application is not a mobile 
version of the EPJ system but exchanges certain information with the EPJ system. For the nursing 
services work in preventing and treating malnutrition, the EPJ system and the web application 
have yet to be adapted to the services’ needs. Table 2 provides an overview of where the different 
tasks are performed, the possibilities for documentation in web application for each task, and how 
documentation is performed.  
 
Table 2: Overview of location for task performance and documentation possibilities 

Task step Physical 
location 

Possibility to 
document in 
web 
application 

How documentation is performed 

Assess patient’s 
nutritional status 

Patient’s 
home 

No Paper version of risk assessment 
tool is filled out. The information is 
then scanned or entered into EPJ 
system when [nurse] back in the 
office. 

Assess factors that 
influence the 
nutritional status of 
patients identified as 

Patient’s 
home 

Yes, as 
reports 

Information is either documented on 
paper, then scanned or entered into 
EPJ system when [nurse] back in the 
office or as reports in the web 
application.  
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being at risk of 
malnutrition 
Establish an individual 
treatment plan 

Patient’s 
home / office 

No Individual treatment plan can only 
be established in EPJ system, and 
consequently in the office. 

Provide treatment 
according to plan 

Patient’s 
home 

Yes [personnel] can write reports and 
sign that they have performed 
actions as specified in 
treatment/care scheme 

Evaluate the effect of 
treatment and assess 
further action 

Patient’s 
home / office 

No Measurements function is only 
available in EPJ system, and 
consequently in the office.  

 
What is evident from Table 2 is that documentation is often not possible in connection with task 
execution because of limitations in the web application. For task step 1 there is only paper based 
versions of established risk assessment tools available to the nursing services. Therefore, the 
information is frequently scanned into the EPJ, or the services have developed their own template 
for documentation in the EPJ system. For task step 2 the nursing services have no tools available. 
It should be noted that during the interviews, the informants expressed that they were not 
accustomed to performing this task step and did not know how to do all sub-steps. At the time of 
the interviews, the services were in an initial phase of implementation of prevention and treatment 
of malnutrition as described in the national guidelines. However, it was clear from the interviews 
that documentation of the information collected in task step 2 needed to be registered in the EPJ 
system in the office or as a series of reports in the web application. For task step 3, the EPJ system 
is the only means to establish an individual treatment plan. One interviewee noted that this was 
unfortunate because it was of hindrance for the dialogue with the patient, and that ideally they 
should be able to set up a plan together with patient during their visit. Finally, for task step 5 the 
key measurement that the nursing services use to evaluate the effect of treatment is the patient’s 
weight. However, this measurement could not be registered via the web application because the 
“measurement” functionality is only accessible in the EPJ system. Consequently, the nurses 
needed to take note of the weight and register it in the EPJ system upon their return to the office, 
or document it in a report. The latter would result in not having all weight measurements 
represented in the weight curve. Furthermore, any changes to the treatment plan needs to be made 
in the EPJ system, similarly to task step 3.  
The task analysis further points to a lack in support of the nursing services’ workflow by the EPJ 
system and web application. For all the task steps in preventing and treating malnutrition, the 
nurses explained that the primary means to ensure continuity in the process was to write a message 
in a message book (an almanac) for the relevant date that the next task step is to be performed. At 
each shift, the messages pertaining to that shift is read out loud during a meeting before the 
personnel begin their patient visits. This demonstrates that the EPJ system and web application 
had neither functionality directly supporting the nursing workflow nor notification functionality 
amongst personnel in the service. The only type of notification that was possible in EPJ system 
was to mark a report as “priority” which signalled that the report should be read by the next shift.  
 
4. Discussion  
The limitations to documentation by the technological solutions creates a high reliance on the 
personnel’s individual memory: they need to remember to register information when they return 
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to the office, they need to remember to write messages ahead in time, and they need to remember 
to perform a task step when it is time to do so (e.g. risk assessment of patient NN on day X). The 
latter is particularly an issue for prevention and treatment of malnutrition because it is a 
continuous and additional task for the nursing services. It is likely to be less problematic for other 
tasks such as administrating drugs because such tasks have already been decided as separate 
treatment schemes for which the patient receives assistance.  
The reliance on personnel’s individual memory creates vulnerability in terms of continuity of 
care. Dismukes and Nowinski (2006) discuss pilot error from the perspective of concurrent task 
management and prospective memory. They describe prospective memory as “remembering to 
perform an action that cannot be executed when the intention is formed” (ibid, p. 226). The 
authors describe how prospective memory demands emerge during five types of task situations:  
Episodic tasks, referring to tasks that are not habitually performed, or habitual tasks that 
circumstances force to be performed out of their usual sequence; habitual tasks in which the 
intention to perform a task is implicit in the action sequence and not needing to form an explicit 
intention; disrupted habitual tasks which refers to circumstances in which one need to deviate 
from a well-established action sequence; interruptions during performance of a task after which 
there is no explicit reminder to complete the interrupted task; and multitasking which refers to 
switching attention between tasks without being explicitly prompted to do so. For the nursing 
services, several of the task steps in preventing and treating malnutrition can be characterised as 
such task situations. The medical context is generally considered one such environment in which 
heavy demands on prospective memory are placed (Dismukes, 2012; Fink et al., 2010; 
Grundgeiger & Sanderson, 2009). For example, Fink et al. (2010) found that nurses self-report to 
remember a total of 233 prospective memory tasks, while forgetting a total of 104 prospective 
memory tasks. As such, the probability of nursing services personnel forgetting any of the 
prospective memory tasks involved in the prevention and treatment of malnutrition process is 
considerable.  
That the EPJ and web application is not designed to support prevention and treatment of 
malnutrition can also be a contributing factor to difficulties in implementation of such work in a 
systematic manner in the nursing services. Melheim and Sandvoll (2017) raises a similar question 
and touch upon how the EPJ system can strengthen the preconditions for conducting risk 
assessment of malnutrition. They point to how standardisation of documentation can be done 
based on variables from validated risk assessment tools, but that nutritional information is 
currently largely unsystematic, a lot of which is written in free text as reports. Consequently, the 
EPJ does not provide support in systematising the information and providing the nursing services 
with a readily available overview that can support their awareness of the situation.  
 
5. Conclusion 
This study set out to identify how the EPJ may be of hindrance to the nursing services’ work with 
preventing and treating malnutrition. The task analysis pointed to a main vulnerability that was 
partly created and partly exacerbated by the technological solutions: a high degree of dependence 
on personnel’s memory for ensuring that the information is documented and conveyed to 
colleagues internally. As such, we demonstrate how key technology can be of hindrance to the 
nursing services and introduce the possibility of error when it is not sufficiently adapted to the 
context in which it is supposed to be used.  
The results of this study, however, apply to only one of the most commonly used EPJ systems in 
Norwegian municipalities. Consequently, the results may not be applicable to other EPJ systems. 
Furthermore, our sample consisted of community nursing services in two municipalities that had 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 42 

limited experience with systematic prevention and treatment of malnutrition. It is possible that a 
broader sample with municipalities in which they have fully implemented the national guidelines 
will provide other insights. Further research should therefore be undertaken to understand how 
the EPJ systems are aligned with the services’ needs in this respect. Despite these limitations, we 
believe this study is an important first contribution to identify in how EPJ systems can better 
support community nursing services’ work in preventing and treating malnutrition.  
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Abstract: The nuclear industry is considered safe, however, with the accelerated changes in 
organisations and technologies, the industry has become more complex than ever and realises 
the need to reconsider its safety approaches. We reviewed academic literature on human 
factors in the nuclear sector and interviewed nuclear safety experts to gauge the state of the 
industry from both academic and practitioner standpoints. The current and future human 
factors issues were identified. It was found from the literature that resilience engineering and 
safety-II are one of the emerging areas of research but are still in their infancy. The interviews 
with nuclear safety experts indicated that there is a need for more concrete evidence of the 
practical applications of safety-II and resilience engineering, including practical guidance on how 
the concepts can be used by practitioners. This further development should enable safety 
management systems in the nuclear industry to be ready for the eventual shift into the age of 
complex adaptive autonomous systems. 
 
Keywords: Safety-II, nuclear, human factors. 
 
 
1. Introduction 
The nuclear industry is a very prominent safety critical industry. From the outset, there has been 
a strong awareness of the potential hazards of both nuclear criticality (uncontrolled nuclear fission 
chain reaction) and the release of radioactive materials. The design, operation, governance, 
processes and procedures of nuclear power plants aims to minimise the likelihood of accidents 
and avoid human consequences when they occur (World Nuclear Association, 2018). The 
evidence shows that nuclear power is a ‘safe’ means of generating electricity and the risk of 
accidents is low and declining (Wheatley, Sovacool, & Sornette, 2016). However, a recent 
publication by (Rose & Sweeting, 2016) suggests it may be less safe than previously assumed. 
They suggested that there are few to no learning effects from previous accidents and that a major 
accident could occur somewhere in the world within the next decade. It was even suggested that 
accidents are inevitable due to the complexity of the “tightly coupled systems of modern society” 
(Perrow, 2011, p. 44). In the history of nuclear power, there have been three serious accidents 
(Three Mile Island, Chernobyl and Fukushima) and many more near miss events (Jones, 
Kirchsteiger, & Bjerke, 1999). 
Over the last 40 years Human Factors and Ergonomics (HFE) has played an important role in 
increasing the safety and performance of the nuclear industry. It has developed many methods 
and tools for the accident analysis process, the design of processes/procedures, the evaluation of 
control rooms, just to name a few. The notion of safety culture, which was introduced as a result 
of the aftermath of Chernobyl (IAEA, 1992) highlights the importance of management and 
organisational factors to the safety of nuclear power operations. In academia, there are lots of new 
exciting theories and trends in the area of safety e.g. resilience engineering and the safety-I vs 
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safety-II debate. In contrast to the traditional view of safety where safety is defined as “freedom 
from unacceptable risk” (Hollnagel, 2014, p. 37), the Resilience Engineering (RE) views things 
that go wrong and things that go right happen in the same way. Thus, safety from the RE 
perspective is defined as the ability to succeed under varying conditions (Hollnagel, 2014). 
Therefore, it is key to understanding day-to-day work as a basis of safety management and 
organisational performance. However, it is not clear how these theories would be applicable in 
practice. 
This paper aims to identify an opportunity for the area of HFE to further develop its safety 
approaches for not only current nuclear power plants but also in anticipation of the predicted 
increase in new-generation power plants. The key research questions that this paper will aim to 
answer are: (1) what HFE approaches have been used within nuclear safety? (2) what are the 
dominant themes and trends over the decades? (3) what are they new/key HFE emerging 
areas/ideas within the nuclear industry?  
 
2. Methodology 
This paper follows a mixed methods study design: (1) a literature review of HFE applied nuclear 
safety research; (2) a set of interviews with experts in the nuclear industry. The chief aim of this 
approach (involving the academic literature and interviews with academics, practitioners, 
regulators and consultants) provided a set of insights into the state of the nuclear industry – its 
past, present and future from an academic and industry standpoint. 
 
2.1. Literature review 
We reviewed (n=243) publications from five prominent HFE and safety focussed journals: Safety 
Science, Applied Ergonomics, Ergonomics, Accident Analysis & Prevention and Reliability 
Engineering & System Safety. Searches were performed from 2016 to 2017 and terms used in 
this review were ‘Nuclear’. Other search terms e.g. ‘Nuclear safety’ and Boolean combinations 
e.g. ‘Nuclear’ AND ‘Human Factors’ AND ‘Ergonomics’ were considered. However, since the 
aim of the review was to map HFE developments in the domain of the nuclear industry, the search 
term ‘Nuclear’ was preferred so publications could be manually filtered to allow a large enough 
sample for trending to occur. 
A search and save process was utilised and publications were classified into a theoretical 
framework. The framework allowed articles to be separated into common research themes e.g. 
research methods and research focuses. The framework was split into six categories which took 
the form of a socio-technical system hierarchy. In descending order, ‘Risk assessment’ (37% of 
articles), ‘Individual factors’ (24% of articles), ‘Organisational factors’ (17% of articles), 
‘Technology and design’ (11% of articles), ‘Group factors’ (6% of articles) and ‘Regulatory, 
social and economic factors’ (5% of articles). We mapped the research trends for each category 
over time to allow an appreciation of the HFE developments in the nuclear industry over the 
decades. 
 
2.2. Interviews 
We conducted (n=3) semi-structured interviews (60± 20mins) with nuclear safety experts 
(mean=13 years’ experience). It is important to note that this is an interim account of a larger 
study, by the time of conference proceedings more expert interviews will have taken place. 
Experts (see table 1) were categorised as: academics, consultants, practitioners and regulators. 
Participants selected for interviews had a wide range of experience within the nuclear industry 
which enabled different perspectives on the various interview topics. 
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Participant 1 – Consultant: Was an HFE specialist in the nuclear industry who focused on control 
room design (instrumentation and control; procedures). In addition, he worked in the industry 
during major changes e.g. privatisation of industry, Chernobyl and Fukushima disasters. Finally, 
he has consulted across various high hazard industries with particular focus in the nuclear 
industry. 
Participant 2 – Practitioner: Is an HFE specialist in the nuclear industry with focus in systems 
thinking. He has had experience with safety cases (including LP15 reviews – compulsory review 
of safety practise and impact of new technology and design that takes place every decade). He is 
involved in the application of HFE methods within the nuclear industry. 
Participant 3 – Regulator: Is a Nuclear Safety Inspector for a regulatory body tasked with the 
role of inspecting three sites which are in stages of decommissioning. In addition, he is a 
Leadership for Management and Safety inspector which aims to influence and improve nuclear 
safety culture and performance. 
The topics covered were: (1) how risk is managed within the industry and the associated 
challenges (2) the current burning issues within industry and associated challenges (3) likely 
future issues and associated challenges (4) the fresh ideas emerging within the industry. 
Interviews were recorded and analysed (systematically and thematically). This process was 
completed by coding the interview data into themed nodes and queried to produce outputs for 
analysis and discussion. 
 
3. Findings 
 
3.1. Literature review 
Figure 1 shows the research trends by six different categories over time. Four categories: 
‘Organisational factors’, ‘Group factors’, ‘Individual factors’ and ‘Risk assessment’ saw an 
increase in research output as time has passed. However, research in ‘Regulatory, social and 
economic factors’ has plateaued whilst research regarding nuclear ‘Technology and design’ 
peeked in the 90s and has declined steadily throughout the start of the 21st Century to today. It is 
evident there is a surge in research at the present day in: ‘Organisation factors’, ‘Group factors’, 
‘Individual factors’ and ‘Risk assessment’. This provided a good starting to explore the category 
subsections. 
The key findings from the literature review were that the methods used to assess and quantify 
safety have remained largely the same. There seemed to be emerging research areas which are 
increasing in research output e.g. safety culture and resilience engineering. However, these 
emerging areas require new and novel approaches which are seldom witnessed in the research. 
Most new tools are conceptual and there is very limited evidence on the practical application of 
these tools. 
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Figure 3: Research distribution over time. 
 
3.2. Interviews 
The expert panel interviews provided interesting insights into the industry as well as potential 
future issues including the potential challenges faced. 
 
(1) How risk is managed within the industry and the associated challenges 
The consensus from the interviewee’s responses was that risk in the nuclear industry is assessed 
in great detail. The industry is regulated on a licensee basis whereby a licensee (e.g. nuclear 
operator such as EDF, Sellafield etc) needs to prove that what they’re doing is as safe as possible. 
Regulators (e.g. Office for Nuclear Regulation and World Association for Nuclear Operators) 
provide guidelines and self-sufficiency to licensees, which is interpreted as relevant ‘good 
practice’. This is also called “enabling regulation” participant 3 - regulator whereby licensees 
can grow and develop themselves. This requires a large amount of resources and periodic reviews 
ensure continual improvement i.e. to understand what is going on and how it could be done 
better/safer. 
The industry utilises a largely “engineering approach” participant 1 - consultant which focuses 
on deterministic quantitative risk analysis e.g. Probabilistic Safety Analysis (PSA) and Human 
Reliability Analysis (HRA). The aim is to eliminate, reduce, isolate and control risk. This is 
achieved by relying on technology to maintain a safe system state; people are relied on as the last 
barrier of defence. Therefore, systems are currently designed to be safe without human operation. 
This could be seen as a nod towards “humans are complicated and can’t be trusted… so we will 
just engineer it all.” participant 2 - practitioner 
The main methods of capturing safety and risk is the use of safety assessment. The principle of 
ALARP (As Low as Reasonably Practicable) is a philosophy which is ingrained in the industry. 
Safety cases are used to assess safety performance, safety culture and human reliability by cause 
and effect analysis.  
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A criticism of the current way of managing safety and risk (Safety-I) is that probabilistic safety, 
although the bread and butter of safety analysis (which has been done for many years) is not 
giving the whole picture. “Quantifying risk is fairly easy because its just a number, but it isn’t 
necessarily right.” participant 2 – practitioner  
 
(2) Emerging HFE issues within the nuclear industry and associated challenges  
Socio-technical systems have become more complex than ever, and the complexity is only 
predicted to increase (Hollnagel, Wears, & Braithwaite, 2015). The nuclear industry is very 
complex and therefore difficult to understand. It can be classed as a very large complex socio-
technical system. 
“Very few people within the nuclear industry could confidently say they understand the whole 
safety case [envelope of operation] and “very few people understand why things need to be done 
the way they do and [why] the procedures need to be the way they are.” participant 1 – consultant 
Models are used as a tool to understand what and how things happen in socio-technical systems 
e.g. Swiss Cheese (Reason, 2000). However, models aren’t perfect and are only a simplified 
analogical representation of the real world. Many of the models used today are no longer adequate 
to explain the complexity in a system, however, they are still used. To compensate for a lack of 
understanding, the approach is taken is cover as many possibly outcomes/sequences in a system 
as possible. However, socio-technical systems are too complicated. A greater appreciation must 
be taken to the phenomena of emerging properties/states. Therefore, systems must be dynamic 
and responsive. Currently, people are not made best use of and it is people who are the key to 
creating a dynamic socio-technical system. 
The problem lies in the ability to understand what people actually do vs. what they are supposed 
to do or Work-as-Imagined (WAI) vs. Work-as-Done (WAD) (Hollnagel, 2015). Even in the 
nuclear industry where procedures are specific, people have the ability to create short cuts and 
work arounds which allow them to successfully execute tasks. However, this is very difficult to 
capture and learn from as this happens subconsciously and differs from person to person. The 
ability to easily capture WAD would be very useful to develop of resilient organisation. 
The organisational culture within the nuclear industry is a main focus of study however there are 
some important issues and challenges. The assessment of culture usually results in changes to the 
‘sharp end’ of the organisation via behavioural changes. However, interviewees debated that 
aspects of the system are not designed perfectly in the first place and it’s the people that make it 
work. Therefore, they felt behavioural management as a way of increasing safety was outdated 
and was correlated with the lack of a just safety culture. 
Finally, an important topic concerned talking a common language. In order to address the current 
issues and challenges academics and practitioners need to be on the same page. Quite often the 
same words can be mean different things which makes conveying concepts and information more 
challenging than needs be. An academic definition of safety may be: “…the state of which the 
possibility of harm to persons or of property damage is reduced to, and maintained at or below, 
an acceptable level through a continuing process of hazard identification and risk management” 
(ICAO, 2013, pp. 2-1). However, in the nuclear industry, the safety management system (SMS) 
encapsulates many different facets of the organisation. Therefore, using safety as a generic term 
creates ambiguity and it can be confusing when explaining safety related concepts such as S-II to 
practitioners as it isn’t clear which area of the industry the most benefit could be gained. 
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(3) Likely future HFE issues and associated challenges  
Decommissioning was a common theme that was made apparent by interviewees as a likely future 
issue in the nuclear industry that poses many interesting risks. Many of the existing nuclear power 
plants will be set of decommissioning in the next decade and this means the system will be 
actively changing. The change in system state will make managing transient risks more important 
as personnel may be subjected to atypical risk. In addition, the perception of risk may be different 
which means concepts like S-II may be more important for highlighting and discussing 
unexpected risks and challenges associated with decommissioning. A likely challenge in the 
future will be preventing another large-scale nuclear disaster. Although every effort is made to 
ensure this doesn’t happen, the complex socio-technical interactions within a nuclear power plant 
make detecting potential disasters increasingly challenging. 
Another likely change will occur in the adoption of new technology for use in the latest and future 
generation power plants. The term used for next generation technology incorporated by industries 
is called Industry 4.0 whereby organisations will be turned into ‘smart organisations. The focus 
of this technology in the context of the nuclear industry (automation, artificial intelligence and 
machine learning) will most likely be featured in new control room design. The aim will be to 
assist the operators to carry out their tasks more efficiently and safely. However, there are some 
concerns about incorporating this sort of technology into nuclear power plants. Firstly, automation 
may not be the answer. People may not be trained to understand what the automation is doing, 
rather, they will be trained how to respond e.g. press a button.  
In order to successfully overcome these issues and challenges, it is important the culture within 
the nuclear industry evolves. It was made apparent by interviewees that although a just culture 
exists, there is still an element of blame culture brought about by root cause analysis which 
inherently points to blame. To achieve this, organisational awareness and learning must be utilised 
especially in abnormal operation conditions – these are the conditions that give rise to successes 
and problems.  
 
(4) New ideas emerging within the industry 
Interviewees reiterated that there is nothing transformative emerging in the nuclear industry 
mainly because of tight regulation. Although there is some momentum behind S-II and RE, it still 
isn’t clear how we can better use these philosophies in practical, usable approaches. It seems 
exciting ideas are just that. The nuclear industry is very traditional and therefore there isn’t the 
driving force to use new approaches such as S-II and practically apply them. Furthermore, there 
is not much evidence for the practical application of S-II and as a result, the industry is less willing 
to proactively pursue developing and trailing a new method/approach. 
Some interviewees argued that S-II is not new at all but re-packaged ideas which take on a more 
“glass half full mentality” participant 2 - practitioner. But why hasn’t it been adopted sooner and 
more willingly if it has been around in one form or another for decades? One possibility could be 
that S-II assumes that things that go right and wrong happen in the same way. If this is the case, 
then we are in less control than we believe and that is a concerning thought especially for a high 
safety critical industry. Another interesting reason brought to attention was the name ‘Safety-II’. 
If Safety-I is the established method of the nuclear industry, Safety-II may sound like it replaces 
S-I. However, this is not the case. S-I and S-II are complementary to each other and are essentially 
two different sides of a coin. Therefore, it is paramount that licensees and regulatory bodies are 
on the same page. 
It was evident from the interviews that the regulators did not fully understand S-II and as a result 
did not fully appreciate its potential value. Moreover, it was made apparent that S-II and RE are 
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not really discussed, mainly due to lack of evidence of practical application. In addition, there 
must be a bridge made between academia and industry. However, this is challenging since 
industry aren’t aware of concepts such as S-II and more importantly they don’t know they could 
benefit from it. In addition, there are barriers at senior level since management and leadership are 
not concerned with S-II; they are concerned with profitability and efficiency. In the 1980s, safety 
culture was forged out the nuclear industry as a result of the Chernobyl disaster. Since, the nuclear 
industry has been seen as the pioneer of safety culture. Will it take another significant event to 
push the developments of nuclear safety along? 
 
4. Discussion 
 
4.1. Dominance of PRA methods and the need for a systems perspective 
The majority of risk assessment methods are quantitative e.g. PRA and HRA and represent a large 
portion of the risk assessment methods in this review. These by nature output numerical 
probabilistic information which allow action to be taken. However, the precursors to 
accidents/disasters within the nuclear industry are becoming harder and harder to detect as 
precursors are more latent and usually down to a complex interaction of multiple factors which 
are not easy to detect. Quantitative methods do not seem capable of achieving this solely. Thereby, 
more qualitative methods (which were severely lacking) need to be incorporated alongside the 
already well-established quantitative methods. However, the use of methods that are quantitative 
by nature do allow comparison relatively easily and therefore benchmarking is able to be 
performed. On the other hand, this ignores the idea of context e.g. nuclear operators may have 
several different power stations spread across a large geographical location, each with different 
dialects, regional differences and organisational cultures. There is a need for a more systems 
orientated view and the development of alternative tools, instruments and methods that facilitate 
the interactions between the organisation, operations and context to be made more transparent. 
 
4.2. The need for new methods/tools which draw on the needs of practitioners 
It was found that the majority of research was simply theoretical or academic exercises of a 
method or an approach with little/no practical application. Consequently, it was found that little 
of the research included practical examples of approaches or methods within a real working power 
plant. The most common form of research undertaken with practical application was of 
group/team and individual behaviour in various operator simulators. However, this is still only a 
simulation. The reason for this is surprising as there is evidence of new emerging themes, areas 
and maturation of existing approaches. There seems to be exciting new work being performed by 
academics without little to no practical application by industry. This could be due to the way the 
nuclear industry operates. Strict security measures and tight operating parameters governed by 
external regulators make gaining access to nuclear sites very difficult which in turn makes the 
practical application of HFE challenging. The nuclear industry must approach safety in a tried 
and tested way as the consequences of using a different approach that is not as well validated may 
be disastrous. However, it seems logical to suggest that if safety is to progress, then these new 
ideas e.g. resilience engineering and S-II must be applied practically and validated. 
 
4.3. Underspecification of constructs such as safety culture 
The notion of focussing on the people in an organisation featured in the idea of safety culture post 
Chernobyl. The organisational error and violations of operating procedures contributed in part to 
the Chernobyl disaster were interpreted by commentators to be evidence of a ‘poor safety culture’ 
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(Pidgeon, 1998). However, still, the existing empirical attempts to study safety culture and its 
organisational outcomes have remained unsystematic, fragmented and underspecified in 
theoretical terms (Kennedy & Kirwan, 1995). Much is still the same today, although there are a 
plethora of frameworks and tools that claim to assess, quantify and improve safety culture. 
However, the challenges of empirically measuring safety culture may have spurred other areas to 
grow in interest. It would be necessary to integrate safety management from safety culture to 
develop a more genuine systems orientated view of safety “e.g. a conception of safety in which 
human, technological, organisational and cultural factors are understood as mutually interacting 
elements” (Reiman & Rollenhagen, 2014, p. 5). 
Finally, there has been an introduction of concepts such as resilience engineering whereby 
organisations, groups/teams and individuals can be adaptable and flexible and adjust their work 
parameters to meet objectives in day to day work. It could be suggested that as understanding of 
how accidents and incidents manifest themselves, where previously humans were seen as the 
‘weak point’ in the system, they are now seen as a necessary component as they can adapt. This 
may explain why there has been a shift in research from technology and design towards the people 
in the organisation. 
 
5. Conclusions and future work 
This research collated, mapped and trended HFE developments in the nuclear industry to 
determine where we have been, where we are now and where we are likely to head. In addition, 
we interviewed experts within the nuclear industry to gain insight into the current climate of the 
industry. We compared the progress made of HFE between academia and industry to suggest 
future opportunities for research. We showed the industry deals with risk in a largely quantitative 
way using deterministic analysis. There was evidence of a reduction in HFE research regarding 
technology and design to a shift towards understanding the organisation and the groups/teams, 
culture, tasks, activities, processes and procedures that occur in day to day operation. The 
emphasis was on how an organisation can utilise existing resources and technology whilst being 
resilient and flexible. Resilience engineering and Safety-II were concepts which appeared in the 
literature and interview responses. However, we found that these concepts are exactly that, just 
concepts; and more work needs to be done to turn these philosophies into usable tools. However, 
our research shows that the present climate of the nuclear industry is just right to start turning 
safety-II based concepts into real, usable tools to increase the safety and performance of the 
industry in the future. It is important that HFE academics and practitioners are proactive and push 
research forward in what is a classically traditional industry. The HFE community must start 
focussing resources and effort towards new concepts such as Safety-II before the gradual entrance 
into the 6th age of safety. 
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Abstract: How can a systems ergonomics approach be applied in practice? This is a challenge 
many ergonomists faces. In an industrial case, we illustrate how ergonomists can learn and 
adopt the system features: system focus, context, interactions, holism, emergence, and 
embedding. We conclude that using a visual work system model is a good starting point for 
developing systems ergonomics skills. 
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1. Introduction and research focus 
In recent years, many researchers within ergonomics and human factors (E/HF) have pointed to 
the discipline as a systems discipline. In his seminal paper, Wilson (2014) states: “There should 
be few researchers or practitioners in ergonomics/human factors (E/HF) who do not think of it 
being a systems discipline, and of themselves as taking a systems-oriented perspective”. In 
Wilson’s definition “systems ergonomics examines, accounts for an enhances the design of a 
system, and people’s interactions with it, rather than concentrating on an individual part of it.” 
He proposes an E/HF systems framework including six defining features: system focus, context, 
interactions, holism, emergence, and embedding. This is a general framework that needs to be 
operationalised in order for ergonomics practitioners to take advantage of it.  
The aim of this paper is to revisit and re-analyse a previous research program on workspace design 
(Seim & Broberg 2010, Broberg 2010, Seim & Broberg 2014) in order to discuss and illustrate 
how practitioners can work with the six features in practice. We focus on an interactive research 
project (Eklund et al. 2008) with a dual aim: 1) organising industrial workers’ participation in an 
engineering design project, and 2) training ergonomics practitioners (OHS consultants) in a new 
design and systems oriented practice when consulting companies. 
 
2. Methodology 
The overall methodology was to reanalyse a previous case study, in which researchers intervened 
in an engineering design project in a company in order to set up a participatory design process. In 
the original study we collected data by means of semi-structured interviews and participant 
observation. Further, we facilitated the workshops that were an important instrument to foster 
workers’ participation in an engineering project. We re-interpreted the process and the tools 
applied in terms of Wilson’s framework to see how each feature played out. We then summarised 
the learning in terms of how a systems ergonomics perspective can be made useful for 
practitioners. 
The case was about the design of a new mixing facility in an industrial plant. A team of researchers 
and OHS consultants were invited by the company to organise an intervention in the design 
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process aimed at involving the future workers of the new facility. The intervention included 
applying tools and methods for understanding the current work practice, setting up workshops 
with design engineers and workers, and applying tools such as walk-through in existing facility, 
picture work book, layout design game, scenario-based simulations, and facility OHS 
requirements. (Seim & Broberg 2010)  
 
3. Findings 
The intervention process and tools could clearly be interpreted as a systems ergonomics approach. 
To help understand the system focus we introduced a work system model (Figure 1). The SOFT 
model, which regards the work practice as embedded in four interdependent elements (Horgen et 
al. 1999): space (S), organisation (O), finance (F), and technology (T). The model was useful in 
scoping and focussing the intervention. Further, it facilitated a work system perspective on the 
technical engineering design project. In setting up the intervention the team investigated and 
negotiated the frames and networks surrounding the engineering design project. Having the SOFT 
model in mind, the intervention team enquired into the status of the design project by asking what 
in the four corners was open to alternative options and what seemed to be closed. The SOFT 
model also pointed to relevant actors to be considered as participants in the intervention activities, 
and could thus be used as a tool for stakeholder analysis 
 
 
 
 
 
 
 
 
 
 
Figure 1: The SOFT model (Horgen et al. 1999) 
 
In order to understand the context of the intervention, we applied a number of tools to map the 
current work practices: Interviews with management, a walk-through in the current facility by the 
intervention team, including contextual interviews (Beyer & Holtzblatt 1998). By sticking to the 
SOFT system model the participatory workshops developed a new design of the facility that 
transformed the engineering focus on piping design (T) into design of human-machine 
interactions (O, S and T).  
Our approach additionally demonstrated holism in cutting across the E/HF sub-disciplines of 
physical, cognitive, and organisational ergonomics. Facilitating input from workers and OHS 
consultants in both mapping current work practices and in the design project resulted in all three 
sub-disciplines being addressed simultaneously. Holism was also demonstrated by help of the 
SOFT model, which emphasizes the need to consider all four systems elements and their 
interdependence. The emergent properties of the system were illustrated in two ways: in the 
mapping of the current work practices, it was revealed how workers had to do many unintended 
tasks to keep the current technology running. This realisation was included in the design project 
as a useful input to the new facility design. Further, an overseen requirement from the fire 
authorities suddenly made it apparent that one of design proposal made by the design engineers 
did not comply with legislation. It was the employees that pointed to this overseen requirement. 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 54 

Overall, the emergent feature of the system illustrated to the OHS consultants how the engineering 
design project could be reframed by mobilising new system actors, the workers and the fire 
authorities. 
We as researchers got access to the company organisation and we completed a participatory 
process not known to the company and the OHS consultancy before. However, we were outsiders 
but trying to learn the company how to embed E/HF in design projects and other change projects 
by help of a participatory, systems ergonomics approach. 
 
4. Conclusion 
We conclude that applying a systems ergonomics approach in practice requires skills 
development, models, and tools. Visualizing a systems model, like the SOFT model, is a good 
starting point. At the surface, it is easy to understand, and it “forces” you to look for all elements 
in the specific context of taking part in a design or change process or in improving an existing 
part of a workplace.  
Further, the learning by doing training approach seemed to be an important ‘mechanism’ for the 
ergonomics practitioners to develop systems skills. Working actively with the SOFT system 
model in a real-world case proved to be an eye-opener towards practising systems ergonomics. 
Finally, the ergonomics practitioners learned how a participatory approach to systems ergonomics 
was enabled by using tangible artefacts for representing the system in the design phase of the 
project.  
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Chapter 4 
Occupational health and safety management  
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Abstract: An intervention program to reduce time pressure and work overload was initiated at 
a Danish University. The program was anchored in six Project Groups and a Steering Group. 
Local difficulties with the planning process showed that face to face meetings between the 
academics early in the planning process minimalized later obstacles with education planning. 
Furthermore, the pilot implementation of the new IT system to book classrooms showed, that 
the IT systems should be developed on the terms of education planning and not the opposite 
around. We present the intervention program and discusses the consequences of these 
insights for further sustainable planning processes at universities in general. 
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1. Time pressure and overload of work 
A risk assessment at a Danish university department confirmed the suspicion that both academic 
and research staff experienced time pressure and work overload1. Academic staff frequently 
procrastinated answering questions regarding calendars and planning activities, and the delay 
often resulted in administrative staff getting stuck in the planning process, waiting for answers 
from the academic staff. The Organizational Health and Safety Manager (OHSM) and the 
department management initiated an improvement project aiming to reduce time pressure through 
more efficient planning processes, and to implement procedures that would secure reduction of 
work load as a management responsibility. To ensure both involvement, influence, ownership and 
a project which supports the core-mission of the department, a Steering Group consisting of 
elected representatives of the staff and departmental leaders was established.  
 
2. Fast and slow time, in-between time and Time Scape 
The theoretical background for improving the Health and Safety of the employees is inspired by 
the works of Thomas Hylland Eriksen (2002) within time sociology and Bodil Jönsson (1999) 
within the philosophy of time. Erichsen’s concept of quality of time is linked to the task and 
context of the work. When performing work tasks as research, preparing lectures and writing, the 
staff need slow and undisturbed time to focus and to concentrate. Jönsson talks about personal 
time, which she equivalates to one of the words for time in Greek: Kairos. It is the undisturbed 
time which we can only share with ourselves; the favourable moment; the personally experienced 
time that we crave and desire to be long, sometimes maybe even eternal; the time which is a 
purpose in itself. The slow, personal time is a patient time: it does not hurry us up, but allow us 
to wait for whatever is trying to find us - in research, new experiences, insight and understanding.   
                                                        
1 Which was not surprising. In surveys carried out by the National Health- and Safety Research Center (Da: Det Nationale 
Forskningscenter for Arbejdsmiljø), the university and research sector of trade ranked 4th. out of 36 sectors on both time pressure 
and work overload in 2018. And while that is an improvement from the previous surveys carried out in 2016, 2014 and 2012, the 
sector is nonetheless among those where the employee’s experiences the highest amount of time pressure and work overload.  
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Fast time activities are many, small, and quick delivered, often coming in beyond one’s own 
control through email, telephone calls, or people knocking at your door. It is that which Jönsson 
calls clock time, the Greeks Cronos: the technical, man-made measure of time; the time that we 
split into smaller or larger pieces, quantify and constantly aim at making more effective; the time 
which is not a purpose in itself, but serves a purpose of usability towards something and/or 
someone. (Urry 2009). 
Time In-between is the unpredictable and creative time, when something else happens e.g. you 
are having a profound recognition in a conversation with a colleague over the copy machine or, 
you are invited to the coffee table at another department and you sit down and meet new 
colleagues (Eriksen 2002, Kamp 2008). The shaping of the terms and demands of fast and slow 
time and the way the organisation allows possibilities of In-between time is called the Time Scape 
(Holt et.al. 2013). The fast time tends to overrule the slow time with its ongoing incoming small 
and necessary questions, which disturbs the slow time, and with a 20-30-minute transition time 
back to focus and turning into slow time again.  
This project aims at making a Time Scape, where slow time has a natural part and all the fast time 
activities are organised, so that the work can be following a rhythm that ensures both the need for 
slow and fast time, without trying to make people work to the two rhythms at the same time (Hvid, 
Kamp & Lund, 2009). 
 
3. Investigating the problems of time pressure in the local project groups 
Six Project Groups (PG) was established in each of the five different educations of the department, 
consisting of the chair of the study board, a study administrator and a third key person. The PG’s 
will, as the Steering Group, continue to work all through to the end of the project in December 
2020. 
In cooperation with the OHSM and the external consultant attached to the project, the PG’s 
analysed, when and how the planning process could be improved. The PG-meetings were 
organised as two hour meetings, and the dialog was shaped around how to draw up the 
organisational context specifically shaping the educations terms and making a good planning 
process, and the obstacles they met. The three minor educations (8 to 15 permanent staff 
members) had well established, primarily face-to-face meetings where they jointly made first draft 
of the semester lectures and supervision of student groups. The study administrator then 
constructed a scheme and managed to have a teaching schedule ready about two weeks before 
semester opening - often in an ordinary excel sheet, and through back and forth email 
communication with the academic staff and the classroom booking office. These smaller groups 
lacked the time for all the administrative and documentation work and was vulnerable to sickness 
absence and academics leaving the department.  Additionally, they lacked proper electronic 
communications tools, as they had to go back and fort between many different systems as 
calendar, mails and the platform of classes and rooms.  
To avoid this long back and forth communication, one of the two bigger groups (20 – 55 
permanent staff members) for some years had established a one-day meeting with all academic 
staff early in the planning period, to make it possible to improve semester courses early and to 
decide topics, lectures and order. Having 40 academics to join and engage in this complicated 
meeting was challenging but had clear advantages for the planning process. Another problem 
described in the bigger groups was the stressing situation of the individual academics trying to 
fulfil their time budget with education tasks. Or to try to reduce the number of tasks. This hunt to 
balance tasks and the hour budget were clearly addressed as the local knowledge groups leader’s 
responsibly but had yet to be fulfilled as a management task.  
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4. Values of planning and clear responsibilities 
The project developed, together with the department management and the Steering Group, a set 
of values regarding the planning process under three headlines: Transparency, control and strong 
communities. The planning process was described in an annual cycle with tasks, actors and how 
different organisational layers should communicate. The responsibility of the study board, 
knowledge group leader and semester coordinator were clarified. And finally, the annual cycle 
was put into the cycle of the new electronic classroom booking system tested in the department. 
This was a welcome answer to shortcomings in electronic tools, but it has also significantly 
challenged the planning process with immature functions of a newly developed IT system which 
in some ways threaten to counterblast the attempt to move away from a rigid, electronically 
mediated, asynchronous, back-and-forth scheduling of the educational activities to a more 
dynamic, face-to-face, here-and-now planning and scheduling.  
Next step in this project is to focus on research time to secure, that the planning process aims at 
making time for research in the annual cycle of the time schedule of each academic staff. Lack of 
time for research has been addressed in the Risk Assessment as a serious and general problem for 
all academic staff. Research time is the most vulnerable slow time work and is therefore often 
eluded by the fast time work task. This part of the project is started in the autumn of 2019 and the 
ambition is to bring time for research into the planning system before the teaching schedule is 
made, so the research time has a core focus, and is not left to have serendipity time, when all the 
other work tasks are fulfilled. 
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Abstract: This study aims to evaluate the degree of comprehension of manufacturing industry 
workers whose workplaces deal with chemicals on the specific hazard indicated by each of the 
9 hazard pictograms. Based on the data of an online survey completed by the workers (n = 353), 
hazard pictograms with symbols correspond closely to the phenomena they depict, and with a 
single correct answer, they provided higher comprehensible hazard information to the workers. 
On the contrary, hazard pictograms with multiple correct alternative answers showed a 
widespread distribution in the selection of all correct answers. This suggests that it is challenging 
for workers to comprehend the hazard pictograms with multiple hazard statements. 
 
Keywords: Chemical hazards, GHS, hazard communication 
 
 
1. Introduction 
Many kinds of chemicals are used in various work sites. According to the Globally Harmonized 
System of Classification and Labelling of Chemicals (GHS, 2017) by the Industrial Safety and 
Health Act, chemical suppliers in Japan are obligated to present hazard pictograms on the 
containers. This act is essential to increase the awareness of downstream users on the potential 
chemical hazard to which they may be exposed, thereby exhorting proper handling of chemicals 
to avoid accidents. 
There are 9 hazard pictograms with labels that are constituted of physical (Flame, Flame over 
circle, Exploding bomb, and Gas cylinder) and health and environmental hazards (Corrosion, 
Skull and crossbones, Exclamation mark, Environment, and Health hazard). These hazard 
pictograms are designed to make hazard communication more uniform and improve 
comprehension of the chemical hazard. (Figure. 1). However, information is conveyed by limited 
quantity of pictograms, where 9 pictograms represent about 80 kinds chemical hazards. Therefore, 
it may be challenging for workers to accurately 
comprehend the intended meaning of the 
pictograms. 
The purpose of this study was to investigate the 
degree of comprehension of workers regarding 
the intended meaning of the 9 pictograms. 
 
2. Method 
We consigned an online survey to Macromill, 
Inc., which was subsequently administered to 
729 workers in the manufacturing industry. Of 
those workers, data of 353 workers who 
answered, “my workplace deals with chemicals” 
were analyzed. 

Figure 1: Hazard pictograms labels. 

Flame Exploding bombFlame over circle

Gas cylinder Corrosion Skull and crossbones

Health hazardExclamation mark Environment
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The survey comprised 49 items, including worker’s profile, knowledge, frequency of training, 
degree of comprehension, and impression of the 9 pictograms. This study evaluated the degree of 
comprehension of the workers on the 9 hazard pictograms by subjecting them to multiple-choice 
tests, in which 1–5 correct alternative answers were included for each pictogram based on 
discussion among 3 experimenters. Furthermore, dummy items were prepared by a preliminary 
survey to prevent alternative answers hinting the correct answers. As a result, 15 alternative 
answers were prepared for 4 pictograms representing physical hazards (of these, 7 were dummy 
alternatives) and 21 alternative answers were prepared for 5 pictograms representing health 
hazards and environmental hazards (of these, 6 were dummy alternatives). 
 
3. Result and Discussion 
Table 1 shows the selection rate of correct alternative answers to hazard pictograms.  
From the completed survey responses, high number of workers selected the correct answers for 
pictograms representing Environment (73.1%), Exploding bomb (60.9%), and Skull and 
crossbones (47.6%), and these 3 pictograms constituted the high-comprehensibility group. On the 
other hand, the Flame over circle pictogram gained a 35.4% selection rate of the single correct 
 
Table 1: The selection rate of correct alternative answers to hazard pictograms. 

Pictograms Hazard statement Selection rate (%)

Flame Flammable 75.6

Self-heating; may catch fire 21.0

Catches fire spontaneously if exposed to air 19.3

In contact with water releases flammable gases 2.5

Gas cylinder Contains gas under pressure; may explode if heated 11.6

Contains refrigerated gas; may cause cryogenic burns or injury 3.1
Flame over
circle

Oxidizer; may intensify fire 35.4

Exploding bomb Explosive; fire and explosion hazard 60.9

Corrosion* Causes skin burns 53.3

May be corrosive to metals 17.3

Causes eye damage 4.0
Skull and
crossbones

Fatal or toxic if swallowed/in contact with skin/if inhaled 47.6

Health hazard Causes damage to organs 55.8
May cause allergy or asthma symptoms or breathing difficulties if
inhaled

33.4

May cause cancer 13.9

May cause genetic defects 4.2

May damage fertility or the unborn child 7.6

Environment Toxic to aquatic life 73.1
Exclamation
mark

Harms public health and the environment by destroying ozone in the
upper atmosphere

4.0

Harmful if swallowed/in contact with skin/if inhaled 4.5

May cause respiratory irritation 3.1

Cause eye irritation 4.2

May cause an allergic skin reaction 1.7

*: Although “Corrosion” is classified into both the physical hazards and the health hazards and
environmental hazards, this study classified it into the health hazards and environmental hazards.
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answer, implying that this pictogram was of low comprehensibility. The symbols in Environment, 
Exploding bomb, and Skull and crossbones pictograms represent closely the hazard and 
phenomena that could possibly occur, thereby enabling workers to perceive the hazard associated 
with these pictograms. The low comprehensibility of the Flame over circle pictogram was 
strengthened by the fact that up to 43.1% of workers selected the hazard statement “Flame,” the 
single correct answer for “Flammable,” for the Flame over circle pictogram. In addition, 35.4% 
of workers selected “Oxidizer; may intensify fire,” a correct answer alternative for the Flame over 
circle pictogram. Therefore, these data imply that the symbol in the Flame over circle pictogram 
may be confused with that of the Flame pictogram, which showed consistent results with previous 
studies (Ta, G.C., et al. 2010; Hara, K., et. al., 2007). 
Among the pictograms with multiple correct alternative answers, Flame, Corrosion, and Health 
hazard pictograms were categorized into the high-comprehensibility group, ascribed to their high 
selection rate of 75.6%, 53.3%, and 55.8% respectively. Although the symbols in the 
abovementioned pictograms also represent the phenomena that could possible happen, the 
selectivity of the other correct alternative answers was low. This result suggests that it is 
impractical to have a single pictogram conveying multiple hazard statements. 
Furthermore, the Gas cylinder and Exclamation mark pictograms with multiple hazard statements 
showed a widespread distribution in their selectivity of all the correct answers. This suggests that 
the workers could not conceive the indicated phenomena that could possibly occur and that there 
was a lack of hazard communication at work sites. 
 
4. Conclusion 
This study evaluated the degree of comprehension of chemical industry workers on the intended 
meaning of the 9 hazard pictograms. The selectivity of correct alternative answers was different 
among the 9 hazard pictograms. Workers showed higher propensity in understanding the hazard 
pictogram with a single correct answer and also a symbol depicting the phenomena that could 
possibly occur. On the contrary, workers could not understand the hazard pictogram with multiple 
hazard statements, even if the symbol represented the phenomena that could possibly occur. 
Thus, the managers of chemical companies need to consider the challenges of hazard 
communication through pictograms. On that account, occupational health and safety training 
approaches concerning safety hazard education and pictogram presentation strategies should be 
adopted to support healthy and safe workplaces.  
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Abstract: Musculoskeletal disorders (MSDs) are a common designation for pain, stiffness or 
tenderness in the joints, ligaments, tendons, muscles or bones. Employees in the healthcare 
sector in general and in particular elderly care in municipalities are at risk of developing MSDs 
due to heavy manual work including person lifting and moving. This paper presents a strategic 
MSD prevention tool developed in collaboration with Danish Municipalities. The tool consists 
of two volumes: 1) a method linking strategy to practice and 2) a toolbox with seven concrete 
tools for reducing MSD in practice.  
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1. Introduction 
Musculoskeletal disorders (MSDs) are a common designation for pain, stiffness or tenderness in 
the joints, ligaments, tendons, muscles or bones and the associated cardiovascular and nervous 
system often resulting in symptoms as swelling, restriction of motion and functional impairment. 
The known risk factors for developing MSD are: 1) Heavy manual work including person lifting 
and moving, 2), Monotonous, repetitive and monotonous, stressful work, 3) Straining, awkward 
postures and movements, 4) Whole-body vibration (NFA 2009, National Research Council and 
the Institute of Medicine 2001). The first three risk factors are prevalent in the health care sector 
and employees are prone to develop MSDs due to the high level of manual labour such as physical 
handling of patients.  
MSD is a serious and comprehensive work environment problem in elderly care in Danish 
municipalities.  This problem is recognized in the Danish National Work Environment Strategy 
2020, where MSD is ranked as one of three main focus areas with the aim of reducing the number 
of MSD incidents with 20% by the year 2020 (WEA 2020).  
Most elderly care are organised by the Danish municipalities who are responsible for home care 
and nursing homes. MSD has not been reduced in elderly care despite continuous efforts from the 
municipalities. There are several reasons for this the first being constant cutbacks reducing the 
amount of staff and the second being that the criteria for receiving care has been continuously 
sharpened. People receiving care are more ill and require more care and consequently there is a 
risk of work intensification. The counter reaction has been increasing use of equipment to reduce 
physical exposure.  
This paper is a result of a collaboration between the sector work environment council for the 
social and health care sector (BAR SOSU) and researchers at the Department of Management at 
DTU. The purpose of this paper is to present a strategic MSD prevention tool synthesized from 
an exploratory study of best practice in Danish municipalities. 
 
2. Methodology 
All 98 Danish municipalities were contacted for a telephone interview (response rate = 45%) 
regarding interventions to prevent MSD and the continuous improvement of work environment 
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effort. The interviews focused on the top administrative level of the elder care in municipalities – 
the chief of elderly care (in Danish: ældrechefen). The telephone interview was based on a semi-
structured questionnaire containing 25 questions and designed to last approximately 15 minutes. 
Interviews were recorded and summarized in a database.  
Three municipalities were selected for in-depth interviews as they were characterised as nuanced 
and insightful in their continuous work environment effort as well as reaching their improvement 
goals. The three municipalities also represented three different organisational approaches to 
organising their continuous work environment effort.  
In each of the three selected municipalities, two in-depth interviews were conducted with: 1) the 
working environment representative (safety rep) and 2) a manager responsible for working 
environment. The interviews focused on how the working environment effort was organised and 
examples of interventions. The interviews were transcribed and analysed for how working 
environment was organised and changes implemented. The data and insights formed the base for 
the development of a strategic prevention tool.  
The tool was then tested on working environment consultants in two municipalities and one 
hospital using think aloud test (McDonald et al. 2012) and observations (Drennan, 2003). 
Comments were recorded and used to revise the tool. The hospital was included to test if the tool 
could be applied in this type of working environment organisation. Lastly, three chiefs of elderly 
care evaluated the tool and were interviewed individually by telephone. 
 
3. The strategic prevention tool 
The developed strategic prevention tool consists of two volumes: 1) a method (Edwards et al. 
2016a) and 2) a tool box with seven tools for reducing MSD (Edwards et al. 2016b). Based on 
feedback from practitioners the two volumes were written in an accessible language using a 
vocabulary familiar to the practitioners. Consultant and research lingo were removed to avoid 
alienating users. Both volumes were written as step-by-step guides that would allow easy 
application for a practitioner. 
The method assumes an organizational setup where a central authority is responsible for 
coordinating and evaluating the over-all working environment effort. In the context of Danish 
municipalities this central authority is - in almost all municipalities - the MED-committee.  
An agreement in the public sector (state institutions and municipalities) between the employers’ 
organization (KL) and unions provides an opportunity for combining the joint councils (focusing 
on distributing and discussing information on productivity and employee satisfaction) and the 
mandatory safety organization in a MED-committee. As a result, almost all OHS organizations 
in municipal and state workplaces are merged with the joint committees. The MED-committee 
consists of representatives from management and employee-elected shop stewards and work 
environment representatives. 
The MED-committee is the organizational anchor point for the method and responsible for 
managing the process. The work of the MED-committee is only specified in general terms leaving 
the MED-committee free to organize the work as they see fit. Consequently, there are huge 
differences between methods and results of the individual the MED-committees across Denmark.  
For this reason, the method introduces 6 steps intended to structure the work of the MED-
committee and ensure consistent working environment intervention and evaluation. The 6 steps 
constitute an annual cycle of work for strategic MSD prevention (Error! Reference source not f
ound.) and have identical structure. Each of the steps have the following structure: 1) When the 
step takes place relative to the annual working environment discussion, 2) How to perform the 
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step using concrete examples, 3) Who is to perform the step and lastly 4) When the step is 
completed – all steps are written as an actionable list of activities.  

 
The first step is collection of working environment data. These data are never conveniently 
compiled in a single repository and its necessary to collect data from all relevant sources. 
Examples of such data are stats on work related accidents, sickness and absence statistics, 
injunctions and reactions from the Danish Working Environment Agency etc.  
The second step is display data and preliminary analysis. In order to use the collected data as part 
of the annual discussion it must be displayed in a way that allows analysis and discussion of 
possible working environment problems and solutions. Examples of displays are simple time 
series showing the development of specific types of working environment problems e.g. fall, 
person handling etc. A variety of displays can be used to facilitate the analysis and discussion.  
The third step is the annual working environment discussion. The purpose of the step is the 
analyse the data and prioritize areas of concern. To facilitate discussion a SWOT-like tool (Figure 
5) is suggested which focuses on strengths and development potential representing the internal 
focus and opportunities and challenges representing the external focus.  

Figure 5: Tool to facilitate the annual working environment discussion. 
 
The result of this third step is a prioritized list of areas of concern and requirements for the 
remainder of the process. The next three steps are performed locally as decentralized interventions 

Figure 4: The annual cycle of work for strategic MSD prevention. The legally required annuals 
working environment discussion is point three in the figure. 
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in each of the sub-organizations e.g. nursing home wards, kindergartens, departments etc. The 
interventions are organized and performed by locally managers in collaboration with employees 
- the team - at the actual work sites with respect to the areas of concern specified in step three.  
The fourth step is local analysis and choice of method. The team performs a local analysis of the 
specified areas of concern and access the nature and severity of the problem. Depending of the 
problem one of more of the seven methods presented in the second volume is used to analyse and 
develop solutions. One example of a method is the use of Photo Safari (Seim 2010; Nørskov 
2007) where one or two employees visit similar work places and photograph examples of other 
ways of working which reduce the problem in focus. The photos and note are subsequently 
presented for all colleagues at their own workplace. The team then decides if the found solutions 
are relevant to implement.  
Choice of solution and implementation are made in two separate steps to avoid automatic 
implementation following the use of a method. By itself a method dictates certain types of 
solutions and the team must explicitly decide what and if they wish to implement. This makes the 
decision to implement an explicit part of the change management process.  It is assumed that an 
active choice to implement will make the change process easier for the team. Active choice also 
allows team members to hold each other accountable for the decision and motivate 
implementation.  
Step 5 is the implementation of local initiatives. When the team has decided to implement a 
solution an action plan must quickly be developed. The action plan must be operational, and 
concrete i.e. clearly specify who is responsible for what and when. The local working environment 
representative(s) is the problem owner and responsible to assessing if the implementation is 
producing the desired effect (reduced risk of MSD). If not, they may take corrective action to 
ensure the initiative will have the desired effect. The local working environment representative(s) 
is responsible for briefly reporting the local initiative to the MED-committee allowing for later 
follow-up and evaluation. The report is done when the implementation is completed with an initial 
assessment of the effect. The initial assessment can then be compared with the later evaluation to 
learn of long-term effects and perhaps lack of persistence in sustaining the implemented changes.  
Step 6 is evaluation and reporting. Before the end of the annual cycle and in time for the next 
annual working environment discussion all organizational units must evaluate their initiatives and 
report to the MED-committee. It is important to note that the reporting is not about blaming but 
learning. For each of the initiatives the problem owner, preferably joined by a representative from 
the MED-committee, for each initiative assess: 

1) What was the goal of the initiative? 
2) What was the initiative? 
3) Was the goal reached? 
4) Why / why not? 
5) What was costs and resources for the initiative? 

The answer to the questions is provided in a standard format allowing easy reading and navigation 
for the MED-comimittee.  
 
4. Discussion 
The strategic prevention tool presented in this paper was developed in collaboration with 
practitioners and received feedback through several iterations of practitioner tests. Between the 
last test and the final version of the tool only cosmetic changes were made and the test can be 
viewed as an evaluation of the tool.  
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Our interviews with chiefs of elderly care showed that they perceived the tool as easily accessible, 
which is important if the tool is to be used in a busy daily setting. Health care workers do not have 
ample time to sit down and study new tools and plan interventions. A tool must be actionable and 
provide a step by step guide that is intuitive and easy to follow. Practitioners using the methods 
also found the tool accessible and stated that the methods could be used with about 15 minutes of 
preparation.  
With such accessibility naturally comes trade-offs in fidelity and the methods may appear in the 
eyes of the working environment specialist. We believe this is a good trade-off if it results in a 
use of methods in the practical and daily working environment improvement work. The tool is 
designed to be part of a continuous annual cycle of work where the tool and methods are used 
every year. Ideally this will also form a learning loop where the organization and its members are 
becomes increasingly competent in using the tool and methods. With competence comes ability 
to increase fidelity in the use of methods and over time this will compensate the initial 
accessibility trade-off.  
 
5. Conclusion 
We have developed a tool intended for use at strategic level with managers and working 
environment specialists deciding overall direction and asking organisations and teams to locally 
develop MSD interventions. Results and experiences from interventions are then reported back to 
the strategic level who may then learn and take corrective action to further improve MSD. 
The tool taps into the annual cycle of work for strategic MSD prevention ensures a systematic 
follow-up, evaluation and learning from MSD prevention activities.  
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Abstract: The purpose of this study is to investigate how Occupational Health and Safety (OHS) 
engineers in external OHS services assist clients with OHS management, and to identify 
available resources and factors of success. Six semi-structured interviews were conducted with 
OHS engineers in one OHS service in Sweden. Our study shows that the OHS engineers largely 
work with OHS support consistently with what other studies found to be successful but would 
benefit in developing their skills in OHS related business economy. There is a challenge to 
balance OHS engineers’ freedom, providing clients flexible solutions and assuring the quality 
and uniformity of the services. We identify the need of a mentorship program for OHS 
engineers within the OHS service including tutoring in OHS interventions and the consultant 
role. Areas of improvement for the OHS service include deepening relations with clients, 
contracts better supporting collaboration and procedures for spotting client’s OHS 
shortcomings earlier. 
 
Keywords: Occupational Health and Safety management, Occupational Health and Safety 
engineer, Occupational Health and Safety services. 
 
 
1. Introduction and aim 
In 2018, more than one in four of employed people in Sweden experienced work-related ill health 
(Webstedt and Millstam, 2018). A basis for risk prevention is having an occupational health and 
safety (OHS) management system (ILO, 2011) which directs the companies’ efforts toward 
proactive activities. There are studies that indicate that the presence of an adequate OHS 
management system can lead to fewer accidents (Arocena and Núñez, 2010) and has positive 
effects on workers’ health (Torp and Moen, 2006), thus being consistent with the Swedish 
Government’s strategy for sustainable work (SKR2015/16:80). Many companies have 
shortcomings in working proactively, even when they have engaged OHS services (Schmidt, 
2017). Hence, it is of interest how OHS services assist companies in their OHS management 
(OHSM). 
Both authors work in an external OHS service (OHSS) in Sweden with a nationwide presence and 
clients in a wide range of sectors. This paper reports how OHS engineers in this company work 
with offering OHSM support to client companies regarding methods, resources and uniformity. 
The study intends to answer the following research questions: 

- How do the OHS engineers support client companies with their systematic work 
environment management (OHSM as defined in provision AFS 2001:1)? 

- What factors of success do the OHS engineers identify in the process of supporting client 
companies with systematic work environment management?  

 
1.1 Collaboration between occupational health services and client companies 
Companies in Sweden are required by law to obtain the help of OHS services or other experts 
when they lack the necessary OHS skills or knowledge (SFS 1977:1160). However, there is 
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substantial freedom in how to engage their services and companies tend to use reactive services 
directed at individuals rather than proactive efforts at a company level (Schmidt, 2017). Further, 
the collaborations often lack goals and are rarely evaluated (Åström Paulsson et al., 2014). An 
important question is what is meant by an effective collaboration and how this is measured. 
Halonen et al (2017) in a literature review note that they could find only limited answers to this. 
Examples include reduction in sickness absence (Schmidt et al, 2011; Ståhl, et al, 2015), 
expansion of good practices and increased trust between stakeholders (Peltomäki and Husman, 
2002), OHS integrated in day-to-day business focusing on proactive activities and supporting the 
client in improving their procedures and skills (Schmidt et al, 2011). Schmidt notes that OHS 
providers to a large extent are unsuccessful in supporting client companies (Schmidt, 2017). 
Mechanisms found to positively influence such collaborations include the presence of effective 
OHSM, involvement of top management, systems approach (Schmidt, 2017), flexibility of 
OHSSs, strategic partnership, shared goals, geographical proximity, competence (Halonen et al., 
2017), trust, continuity, feedback and evaluation, long-term perspective,  access and contact on 
many levels and knowing clients and their business sector (Halonen et al., 2017; Schmidt, 2017). 
These studies all have the perspective of the OHS service company. Nord-Nilsson and Vänje’s 
(2018) study on OHS professional’s skills also mentions several of these factors. 
 
1.2 The OHS consultant role: From technical expert to process consultant.  
Limborg (2001) means that the field of OHS consultancy has evolved from the classical expert 
technical consultant and the process consultant that works with problems related to the 
organisation, management and psychosocial factors, to needs of twofold competence (Broberg 
and Hermund, 2004). When working as an expert the consultant identifies the cause of a problem 
as well as recommend solutions while the role of a process consultant emphasises helping others 
to help themselves. In the latter role, there is need of a dialogue-based method (Birgersdotter et 
al, 2004) when working with management strategies as a change-agent. 
The OHS consultants’ way of working is described by Broberg and Hermund (2004) as a 
“political reflective navigator”, advocated also by Neumann et al (2009), switching between the 
different roles depending on situation and context. Being political in having an agenda of pursuing 
a healthy work environment, navigating in the network of stakeholders, bridging and mediating 
through the different language and “worlds” of different professions, and reflecting to formulate 
strategies that the process would benefit from. By asking questions about the company’s activities 
and functions, elements and dynamics within the organisation are considered (Holden et al, 2008). 
Practical expertise and ability to perceive production process, culture, etc. in relation to the work 
environment while keeping the client highly involved, as well as a relationship based on trust, is 
necessary (Limborg, 2001). Embedding OHS elements into existing groups and processes is 
recommended rather than using new developmental groups (Neumann et al., 2009). Kirwan 
(2000) describes the change consultant as a crucial mediator in interaction between soft human 
factors, hard engineering and a business orientated environment. Progress along two paths is 
advocated by Kirwan with the first being strategic, defining key issues and taking time to develop. 
The second focuses on solving practical issues and gaining organisational trust.  
 
2. Methodology 
A literature search was made in the search engine PRIMO. Because of the limited results found 
about how, specifically, OHS engineers in OHSSs work in supporting client companies with their 
OHSM development, an inductive approach was used. Partly open and partly semi-structured 
interviews were conducted. Respondents were all employed as OHS engineers in one of the 
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largest OHSS companies in Sweden. A letter of invitation was emailed to all 17 OHS engineers 
within the company and follow up phone calls were made. In total six OHS engineers from four 
of the five administrative regions were interviewed. Respondents age were in the range 50-65 
years, gender distribution was four female and two male, they all had about one year of technical 
OHS training in addition to another degree (engineer, EHS, business economy) and had worked 
4-14 years in the company and 5-30 years as OHS engineers.  
The partly open and partly semi-structured interviews were conducted by both authors 
individually with the support of a guide. The respondents were distributed to avoid interviewing 
close colleagues and interviews conducted via video conference or phone. While interviewing, 
the authors took notes and made audio recordings. After the first interview minor adjustments of 
the guide was made. Thematic analysis was carried out. One of the interviews was analysed by 
both authors to ensure reliability. The result of the analyses was then compiled and sorted. Trends 
and differences in the result in total were identified by the two authors in tandem.  
 
3. Results 
Receiving OHSM support assignments. OHSM support assignments originated from requests 
from the client company, inspection by authorities, demands on the client from its customers or 
through other professions within the OHSS company. Some respondents mentioned client teams 
with interprofessional collaboration as an example of this while others had experienced being 
contacted by the client contact person within the OHSS, most commonly a nurse or a salesman.  
Some respondents had trained colleagues in these roles in OHSM to identify client needs within 
OHSM. One of the respondents described their colleagues’ knowledge of OHS engineers work 
and OHSM prior to training to be inadequate. ”A lot of times the salesmen don’t really know what 
an OHS engineer works with. How can we [OHS engineers] assist clients? Consequently, they 
sell mostly health interviews, medical examinations, blood samples and so on…” The same 
respondent described the benefit from training. “I trained everyone in my unit in OHSM. Some 
of them had been working there for twelve years, but still they had no training in OHSM. They 
sold their OHS nurse services and were satisfied doing so. Now we collaborate more like a team!” 
Another consequence of this training was an increased inflow of OHSM support assignments. 
Some OHS engineers also had attended meetings with clients and their OHSS contact person. 
Their experience was that this led to identifying needs that colleagues of other professions would 
not have noted. Most of the OHS engineers had taken the initiative to offer OHSM support when 
noting shortcomings while working on other assignments for the client company, usually risk 
assessment or OHS education. 
Defining success. Some respondents assessed result of their support in OHSM in relation to how 
the client company’s work was reflected in their OHS meetings. “If you come to an OHS meeting 
and the items of the agenda from last meeting have been completed, then you know their OHSM 
is working well.” Another respondent mentioned regular contact from the company, asking for 
advice, was another indicator of successful OHSM in the company.  
Methods applied in OHSM support assignments. All respondents started the OHSM support 
with a survey of the present situation and a gap analysis with respect to the provision AFS 2001:1 
on OHS management (Swedish Work Environment Authority, 2008). This was done by 
interviewing key personnel following a check list and reviewing existing OHSM documentation. 
Visits on the site and production facilities (when applicable) to identify environmental or safety 
risks was commonly done in parallel with the work of reviewing existing procedures and policies. 
The result was then presented as a plan of action. After this they followed three routes of action 
in parallel: 1) developing procedures. 2) educating personnel with OHS roles and 3) identifying 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 70 

risks and making risk assessments. They described this to be a dynamic process with OHSM 
training being an arena where the procedures and risks were discussed. 
Motivated client. All OHS engineers mentioned active involvement of the customer company as 
one of the most essential factors. Commitment of top management is of particular importance, 
either through their support or through involvement in OHS activities and attendance in forums. 
Respondents mentioned clients with internal motivation to be more likely to continue the work 
and further improve their OHSM. In contrast, the assignment of supporting clients with OHSM 
often originated from requirements from authority requests. Nevertheless, clients with such 
external motivation often identified organisational gains during the process of implementation 
and thus changed their attitude. 
Consultative approach. Dialogue with the client, consensus at the starting point and that the 
OHSM system originated from the client organisation and risks were described as of great 
importance. In effect, a consultative way of working, providing the client with guidance 
throughout the process where the OHS engineer described themselves as tutors. In this context, 
pedagogical skills of the OHS engineer is important to involve the clients. ”We have to have more 
knowledge and competence than the client has, but we have to present it so that they understand. 
We can’t just talk laws and regulations by the book, we need to make it comprehensible”. Some 
respondents meant that for the management system to be successful it had to be easy to 
comprehend and the procedures had to be written in a way familiar to the company. Allowing 
enough time for the implementation process was mentioned as essential for the management 
system to grow to its full potential. One engineer mentioned sometimes taking part in the yearly 
revision of the management system, something other respondents mentioned not being invited to; 
often they would be engaged by the company for a limited time with limited continuity in their 
contact.  
Support from colleagues. The support of colleagues oft the same profession was very limited in 
some administrative regions and prominent in others due to diverse settings. The latter enabling 
close cooperation and dividing tasks in relation to area of expertise as well as work-load. Others 
had only one or no close colleague at all and expressed a lack of support. Lack of more 
experienced colleagues, as well as managers with knowledge of how OHS engineers work, was 
mentioned as a barrier by some, especially for newly employed. A few had good experiences of 
co-operation with psychologists or organisational consultants within the OHSS team, especially 
in assignments concerning organisational and social work environment, others had the experience 
of being the only profession specialised in OHSM. 
OHS engineer skills. All OHS engineers described competence and experience as important 
internal factors of success. Success in the process relied on the customers’ confidence and trust 
in the OHS engineer, which was described to be gained through knowledge of the client as well 
as through competence within the field of OHS. Previous successful co-operation together with 
experience and competence of the customers field of business was mentioned. Acting humbly and 
responsively in relation to the client and its needs was described as necessary for successful 
dialogue and co-operation. 
Barriers to success. Lack of time both within the client company and as experienced by the 
respondents made barriers to success. Some respondents had experienced that the costs of their 
services, and the perceived uncertainty of return of investment, had prevented clients from 
employing their services. In one administrative region the respondent identified organisational 
barriers: the OHS engineers serving several internal business units and thereby many clients 
resulted in less team collaboration and limited knowledge about the clients.  
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Need for customised services. The respondents described an on-going process in the OHSS 
company, moving towards conformity in services and work practices. They underlined the need 
for being able to flexibly adjust their work in relation to the client at hand. For that reason, they 
did not wish to work with “fixed products” created centrally within their OHSS company, in one 
case though, a wish for guidance in determining the price for OHSM support assignments was 
expressed. Instead they all described their own professional assessment of what service the client 
company needed as necessary as well as customised service based on that assessment. 
In Table 1 a summary of factors of success mentioned below are presented in three categories: 
relating to the client company, the OHS engineer or to their relationship. 
 
Table 3: Factors of success 

Client company Relationship OHS Engineer 

Motivation/dedication to change 
Support/involvement from 
management 
Long term perspective and 
willingness to invest time 
Having enough time 
Knowledge of SWEM and risk 
assessment 
 

Consensus at starting point 
Previous co-operation 
Trust 
Dialogue 
Consultative way of working 
Education/training 
Client ownership of OHSM 
system 
Procedures and management 
systems kept simple 

Competence 
Experience 
Pedagogical skills 
Experience of customers line of 
business 
Knowledge about customer company 
Acting humbly/responsively 
Having enough time 
Use of “good examples” for motivation 
of client 

 
4. Discussion 
In this study, the six OHS engineers were found to apply similar methods in supporting clients’ 
systematic OHSM; this despite a general lack of internal training and internal supporting 
documents. All respondents start OHSM development with identifying client needs and means, 
in line with ILO recommendations (ILO, 2011), and used methods where they acted as tutors and 
involved the client company with the intention of equipping them for future management of OHS, 
that is, working consultatively in line with many studies (Birgersdotter et al., 2004; Broberg and 
Hermund, 2004; Halonen et al., 2017; Schmidt et al., 2011). In the dynamic process of switching 
between training, procedure development and risk assessments, the OHS engineers take on the 
different roles of technical expert and process consultant, thus working in what Limborg (2001) 
and Broberg and Hermund (2004) mean to be the new way OHS consultants need to work. 
All respondents underlined the importance of dialogue and clients’ trust in line with Schmidt et 
al (2011), meaning that trust, dialogue and flexibility is more decisive than which method is being 
used. The importance of dialogue is also mentioned by Broberg and Hermund (2004). The 
respondents mentioned several personal qualities to be important, that an OHS engineer is 
humble, responsive and pedagogical whereas the literature stresses more strategic qualities, but 
then most of the studies cited have the focus of OHSSs rather than individual OHS professionals. 
Being excluded from the OHSM development process after an initial intensive phase of training 
and procedure development means difficulties in obtaining continuous contact and feedback in a 
long term perspective, emphasised by several studies (Halonen et al., 2017; Schmidt, 2017). 
The respondents mention previous experience and knowledge of the company as a factor of 
success, also in line with Halonen et al and Schmidt, but they do not generally have the role of a 
strategic partner nor is the OHSM support integrated with other processes or groups at the client 
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as advocated by Neuman et al (2009). Schmidt el al (2011) found that competence in business 
economy was a key factor of success; to be able to explain the financial benefit of OHS 
interventions, something several respondents found difficult. Though education of OHS engineers 
today in some cases include training in business economy, e.g. (KTH Royal Institute of 
Technology, 2018), also respondents with this background experienced this difficulty. It is 
unclear how OHSSs can ensure this competence. 
In the OHSS company, contracts are negotiated by other professions. This raises the question if 
OHS engineers should become more involved in this process, especially in helping the client 
company set OHS objectives and decide on activities to achieve these objectives, cf. Åström 
Paulsson (2014). It is possible that the lack of continuity, feedback and strategic partnership 
should be addressed through contract formulation and that OHS engineers may play an important 
role in developing how OHSSs work with their clients. The respondents’ definition of successful 
collaboration lies closer to that of Peltomäki and Husman  (2002) than the other cited studies, 
with a focus of the quality of the relationship and good practices rather than any effects this may 
have for the client organisation or employees. Lack of continuity makes such evaluation difficult 
and is another question for OHSSs to address when reviewing how collaborations should work. 
A common way of receiving OHSM support assignments was after an inspection by authorities. 
This taking place in companies already being clients means that the shortcoming had not been 
identified or corrected. None of the respondents mentioned experience of OHSM surveys during 
initial contacts with new customers. Studies have identified how contracts are formulated as an 
influential factor for the collaboration between OHSS and clients (Åström Paulsson et al., 2014; 
Schmidt, 2017). Our study also indicates that OHS engineers training colleagues in OHSM and 
attending planning meetings could be routes to better identify clients’ OHSM needs. 
Another way to receive OHSM assignments was through shortcomings noted during other 
assignments. Having gained the trust of the client company it is more likely for the OHS engineer 
to become invited to the closer collaboration needed for OHSM development. This is in line with 
Berlin et al (2017) who describe how industrial engineers and ergonomists go about implementing 
change by first gaining trust, then selling improvements in incremental steps. The organisational 
settings within the OHSS company led to some of the OHS engineers working with a large 
number of clients, obstructing long-term relations and deepened client knowlege. Organisational 
settings also led to little or no collaboration with other professions within the OHSS. 
Consequently, one of the major benefits of using OHSS (The OHSS-Delegation, 2011) was lost 
for the clients. 
Lack of support from colleagues was a factor affecting the OHS engineers’ work in some of the 
administrative regions. Particularly vulnerable to this are newly employed OHS engineers with 
little previous experience in the profession. Introduction of a mentorship program for newly 
employed seems to be an important measure. Considering the high average age of OHS engineers 
in general, cf. (Nord Nilsson and Vänje, 2018), this would also be a way of retaining competence 
within the organisation.  
 
5. Reflections and future studies 
Due to the limited numbers of interviews in this study, saturation could not be obtained. To 
increase the reliability, further studies should be made to ensure data saturation. Studies including 
other OHSS companies as well of internal OHSSs would be of interest. Further investigation of 
the initial contacts with new clients and contents of these meetings could bring more information 
and areas of potential improvements. Is OHSM surveyed during these contacts? Is continuous 
contact and feedback of OHSM a subject of discussion? How OHS engineers keep up to date with 
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research and how OHSS companies support this would be interesting to investigate and if the co-
operative approach of Nord Nilsson and Vänje ( 2018) could be a way of ensuring this. To explore 
the indications that OHSM training of salesmen and client contact persons contributed to more 
OHSM support assignments and better services to clients found in this study, it would be 
interesting to make an interventional study.  
 
6. Conclusions 
This study shows that the OHS engineers interviewed to a large extent work with OHSM support 
in a way that is consistent with what other studies found to be successful. However most 
respondents lack continuous contact and feedback with clients, which could be related to the 
collaboration between OHSS and client in general, e.g., through formulation of contracts not 
supporting this.  Another area where the OHSS company could improve is in identifying client 
needs in OHSM development at an early stage, e.g., by training salespeople in OHSM or having 
OHS engineers present at initial meetings. 
Respondents described a trend in the OHSS company moving towards more standardised services 
and feared this could provide an obstacle to flexible methods to meet client needs. There is a 
challenge to find a balance between giving OHS engineers freedom in how they work while 
assuring that certain standards of service are met.  
This study also shows that OHS engineers in different administrative regions work in a similar 
way in offering OHSM support. Rather than needing written guidelines on how to offer OHSM 
support, not to say a written procedure is redundant, there is need of a mentorship program that 
would include tutoring both in OHS interventions and the consultant role.  
Finally, OHS engineers may need to develop their skills in OHS related business economy and 
how to integrate OHS interventions with the business strategies of the client companies. 
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Incorporating OHS into corporate strategy: a Swiss project 
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Abstract: In order to increase executives’ awareness of the importance of occupational 
health for business success, we initiated a project which aimed to 1) document the real 
costs and consequences of absenteeism and 2) more fully integrate awareness of 
occupational health challenges into corporate strategy. We observed that companies 
tend to underestimate the financial impacts of occupational health, but we failed to 
develop a simple and universal tool with which to measure them. However, we 
succeeded in developing a toolkit to help characterize the determinants of 
occupational health and thereby improve the process through which corporate 
strategy is defined. 
 
Keywords: occupational health, management, indicators 
 
 
1. Introduction 
As in all European countries, occupational health and safety (OHS) is a legal obligation for 
employers in Switzerland. Its enforcement is however much less stringent here than in many 
other, including Nordic, countries. In 2014, this specific politico-economic context spurred the 
Institute for Work and Health (IST, Switzerland) to develop an initiative aimed at demonstrating 
the importance of OHS as a business investment and highlighting the benefits of supporting 
employees’ health, safety and wellbeing. 
A basic rule of sales states that a company will only purchase a product or service if the likely 
outcomes are lower costs, higher earnings or a market share increase. Our job was therefore to 
demonstrate that OHS fits into at least one of these rationales. 
Under the supervision of the author, a project group was therefore created. Its mandate was to 
develop a toolbox that could be sold as a consulting service to management boards and 
administrative councils of Swiss companies, especially medium sized ones. This sector was 
chosen because mid-sized companies are small enough for us to reach the real decision-makers 
(unlike most multinational companies whose administrators remain remote and largely unknown), 
but large enough to have a dedicated HR specialist, who would often be our first point of contact. 
 
2. Development of an initial toolbox 
The project started in 2015, in collaboration with a French team from the National Agency for the 
Improvement of the Working Conditions (ANACT). It was funded in both countries by Interreg 
funds.  
An initial version of the toolbox was developed, comprising two parts: a qualitative tool (which 
we named the “strategic radar”) and a quantitative tool. 
 
2.1. The strategic radar 
Our goal was to help companies identify and understand the processes through which their 
strategic decisions can become occupational health risks. For example, in an industrial setting, 
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basing a decision to purchase a particular piece of equipment on purely financial criteria could 
potentially result in an increased incidence of musculoskeletal disorders. An ergonomist then 
trying to resolve the situation (i.e. to improve the piece of equipment) without understanding the 
context in which it was purchased (e.g. why the users were not consulted beforehand) would adopt 
a short-sighted approach. Quickly, another similar situation would occur in another department: 
a different, but also inadequate, piece of equipment would be purchased, again without consulting 
the employees. Hence, several systemic factors need to be understood in order to resolve the root 
causes of occupational health risks. We named these systemic factors “determinants of OHS” and 
grouped them under the umbrella concept of “corporate culture” to help executives understand 
the “slow causality” between their actions and structural occupational health issues. 
From the initial six items in 2015, the list of determinants was expanded to ten items in 2018: 

- Socio-economic management (i.e. how a company collects, uses and interprets OHS, HR 
and business indicators) 

- Higher management’s level of commitment to employees’ health and well-being  
- Middle management’s level of commitment to employees’ health and well-being 
- Employees’ participation 
- Management of safety risks 
- Management of physical risks (including ergonomics) 
- Management of psychosocial risks (three items) 
- Management of competences and jobs 
- Meaningfulness of work and levels of motivation 
- Communication (internal and external). 

To characterize each determinant, a maturity index was created on a scale from 1 to 4: 
1) Companies that do not comply with the minimum legal requirements (or that act only 

when forced to do so, and in which production and financial metrics are the sole 
indicators). 

2) Companies that comply with the minimum legal requirements only (OHS is seen as a 
regulatory burden and is de facto under the responsibility of one person only). 

3) Companies that aim to reduce the costs of absenteeism (costs-oriented strategy designed 
“in the mirror” and considering only the internal impacts of OHS, which is in the hands 
of a health and safety committee). 

4) Companies that aim to be model employers in order to attract and retain the best talents 
(forward-looking strategies, considering all internal and external impacts of OHS, aiming 
to maximize the company’s attractiveness; OHS is the shared responsibility of all 
employees). 

In some respects, this index resembles the Dupont Bradley Curve. However, its construction also 
facilitates a better understanding of the impacts of OHS on business strategies (e.g. a company 
that is attractive to potential employees is likely to have lower recruitment costs and a greater 
ability to hire and retain the best talents), and vice versa. We put an emphasis on attractiveness 
(see maturity index 4) because Swiss employers are now beginning to struggle with recruitment, 
due to demographic changes in Western countries (e.g. shrinking youth; Willekens 2014) and to 
the increasing difficulties Swiss companies face when hiring foreign employees. 
To assess the maturity level of a given company for each determinant, 40 short scenarios 
(10 determinants x 4 maturity levels) were written to describe how a company with a maturity 
level X would typically handle the determinant Y. The cultural assessment was, therefore, derived 
from a qualitative comparison between the company to be assessed and the different scenarios. 
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2.2. The quantitative tool 
This second part of the toolbox provided three statistical analyses: 

- Analysis of demographic indicators: gender, age, length of service by department and job 
type. 

- Analysis of HR indicators (e.g. entry date, type of contract, working schedule) by 
demographic category. 

- Analysis of health indicators (e.g. total sick-leave days, number of episodes, length of the 
episodes) by demographic category. 

The raw data was extracted from the HR databases, cleaned and pre-analysed using an Excel 
worksheet developed by ANACT (ANACT, 2013). The main objectives were to discover 
potential issues that had not yet been seen by HR (e.g. absenteeism above average in a given 
population, foreseeable shortage of competences in a function or a department due to a large group 
being close to retirement).  
The last, but perhaps most important, part of the quantitative tool aimed to calculate the hidden 
costs of absenteeism. Based on the company’s salary data and insurance plan, we calculated the 
cost of each sick-leave day. Then, we observed the measures taken by the company to compensate 
for the absences (over-hours working, short-term contracts, etc.) and calculated the corresponding 
costs. Finally, we estimated the cost of training new employees based on the learning curve 
provided by the company. For example, if it were to take three months for a new recruit to be 
fully operational, we would calculate that 75% of the first month’s salary would be lost, as well 
as 50% of the second month’s salary and 25% of the third’s.  
 
3. Testing of the toolbox and results 
Our pilot project recruited ten Swiss companies of different sizes and active in different sectors. 
We offered them the chance to deploy the two-part toolbox for free. The main goals of the test 
were to assess: 

- How relevant the toolbox was in the eyes of HR managers and executives (client’s 
perspective). 

- How easily the toolbox could be used in the field (our perspective). 
At this stage, our ambition was not yet to assess the toolbox’s effectiveness in terms of changing 
a company’s strategic approach to occupational health.  
To test the strategic radar, we organised half-day workshops with the board of directors in each 
participating company. One member of the project team led the discussion whilst another 
recorded it. Taking each determinant in turn, the four scenarios were compared against the 
company’s current situation in order to enable the board to determine which level they were 
currently aligned with and why, and to identify the obstacles blocking progression to the next 
level. The final question was posed to each participant individually (with the CEO being asked 
last): what, in your opinion, are the greatest challenges the company will face in the coming years?  
The outcome was a subjective, qualitative assessment of the company’s maturity. It also produced 
a vast amount of information about its corporate culture, history, processes, struggles, as well as 
its internal and external, current and future challenges.  
Figure 6 shows an example of a strategic radar. Its shape brings into clear focus the strengths and 
weaknesses of the organisational culture, which in turn provides a starting point for a future plan 
of action: use the strengths to improve on the weaknesses. 
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Figure 6: Example of a strategic radar 
 
The majority, but not all, of the companies took advantage of the offer of free quantitative analysis 
of their HR data (salaries, absences, demographic data, etc.); a few were unable to provide the 
raw data in electronic form.  
To carry out the quantitative analysis, a member of our project team oversaw the pre-cleaning and 
loading of the company’s data into the ANACT Excel template. He then extracted the relevant 
analyses and compiled them into a draft report which was finalised after discussion with the 
company’s HR manager.  
The results of the pilot project are summarized below: 

- The strategic radar was deemed a very useful and cost-effective auditing tool. This was 
largely due to its methodology; i.e. a relatively short workshop promoting free exchange 
of ideas within the framework of a semi-structured questionnaire. 

- Most companies tested were found to be weak at managing their socio-economic 
indicators and preventing psychosocial risks. 

- The indicator analysis was considered particularly useful by HR directors, who felt that 
it reinforced their position on the board. We were often able to point out potential risks 
that had not been detected by the company. But perhaps most notable was the shock 
expressed by executives at the financial analysis: they had not envisaged how expensive 
absenteeism, and the measures subsequently taken to tackle it, could prove to be.  

- However, the quantitative analysis was also excessively time-consuming for us (five to 
seven days’ work for a 1000-employee company), hence difficult to sell as such. The 
main difficulty was cleaning the raw data and completing it where necessary. It would no 
doubt have been feasible to partially automate the process by interfacing the ANACT 
worksheet with the company ERP software (e.g. SAP), but the cost was considerably 
beyond the project’s budget. 

As a result of this, the project team decided that, although the quantitative analysis was delivering 
high-value content, it did not function in the simple and pragmatic way we had envisaged for the 
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toolbox. We therefore decided to temporarily abandon the quantitative analysis element and focus 
on further developing and marketing the strategic radar.  
 
4. Discussion: further developments to the strategic radar 
The strategic radar was designed to help companies understand how their business decisions and 
challenges impact workers’ health, and vice versa. Our project’s findings suggest that the 
determinants we defined correlate not only with OHS, but also with HR. The strategic radar’s 
ultimate scope, therefore, could be widened so as to delineate a roadmap which both OHS and 
HR experts could use in order to better serve CEOs in their execution of business strategy.  
To support this argument of such an OHS / HR roadmap’s relevance, we drew upon the balanced 
scorecard (BSC) model developed at Harvard by Kaplan and Norton (Kaplan and Norton 1996). 
We observed that Kaplan and Norton position, within their “organizational capacity” category, 
the concepts of human capital, infrastructure and technology, and culture; concepts which align 
with the ten determinants of our strategic radar, alongside other items.  
When defining their strategy, companies frequently set goals for three of the BSC’s perspectives 
(financial, customers and stakeholders, internal processes) but miss the final one (organizational 
capacity). Our hypothesis was that this blind spot constitutes the first link in the causal chain 
leading from executives’ decisions to corporate culture to occupational risks. Figure 7 shows the 
imbrication between executives’ decisions on the one hand and business, HR and OHS indicators 
on the other. Typically, a strategic decision will increase the workload, which will in turn cause 
high turnover or absenteeism, or conflict, and thereby initiate a vicious cycle. 
 

 

Figure 7: Chain reactions between HR, OHS and business indicators 
 

We therefore hypothesized that if one could reinforce the importance of OHS considerations in 
the strategic process, many occupational health risks would be nipped in the bud. We went on to 
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combine the strategic radar and the balanced scorecard framework to offer a method for 
improving corporates’ strategies by reinforcing their human dimension.  
The intervention process that emerged from this can be defined as follows:  

a) Deploy the strategic radar in order to uncover whether and how the “human capital” 
supports (or does not support) the business strategy, and why. 

b) Analyse the strategic vision of the CEO and describe its challenges and impacts as 
experienced by the employees. 

c) Cross-reference both analyses to complete the balanced scorecard for the company (i.e. 
define goals and indicators for the human capital perspective whilst leaving the three 
other perspectives unchanged, at least at first). 

d) Draw a roadmap for OHS and HR in the form of an “imbricated balanced scorecard”, 
perceiving the company’s employees as their internal customers. 

Figure 8 shows such an imbricated balanced scorecard. The scorecard in orange is for the entire 
company, whilst that in blue is for the OHS and HR departments only. All the elements above 
the dotted line are usually already formulated before the intervention: our goal is merely to 
incorporate them into the existing BSC template. The aim of our intervention is to complete the 
orange BSC (i.e. define human capital), and then create from scratch the blue BSC. As OHS and 
HR work on the blue elements, they allow the orange BSC to function smoothly. HR and OHS 
are positioned as working hand in hand within an “internal SME” at the service of the 
employees, thereby visibly supporting the CEO in the implementation of his or her strategy.  
 
 

Figure 8: The two imbricated balanced scorecards 
 
Obviously, the fact that we have to even suggest such a model indicates, in itself, a sub-optimal 
functioning of both the financial perspective and the internal processes perspective: the financial 
projections are surely short-sighted, whilst the internal processes surely underestimate the 
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importance of OHS and HR. Stable, long-term strategic success is far more achievable if 
changes are made above the dotted line too. 
The early testing of this combined tool (strategic radar and imbricated scorecards) was positive: 
executives to whom it was presented felt that it made sense, was rooted in their daily experience 
and brought into focus and discussion important factors that were often in their blind spot.  
However, new difficulties immediately arose, which are not yet resolved: in Switzerland, this 
approach is perceived as competing with the services provided by management consulting 
firms, which are better recognized for their strategic expertise than occupational health 
specialists. As a result, executives prefer to mandate such firms to discuss strategy; at the same 
time, many OHS specialists feel that using the combined tool does not fall into their job 
definition or competences. 
 
5. Conclusion and recommendations 
The experience gained and feedback collected during the development of this approach makes us 
confident that it fulfils a need, even if the strategic radar and imbricated BSCs still have scope for 
further and ongoing improvement. We truly believe than an OHS specialist with a good 
understanding of business strategies can be a great advisor to the CEO and their board on how to 
maximize a strategy’s chances of success, because he or she understands its underlying impacts 
on and challenges for the employees. 
Furthermore, we remain convinced that a straightforward, easy-to-use tool for quantifying the 
costs of occupational health mismanagement and the consequences thereof would give much 
stronger arguments to OHS specialists than national statistics do: executives need to know how 
much absenteeism costs them, not just how much it costs an average company. 
Our recommendations for field practitioners and future research would therefore be:  

- To use the strategic radar and imbricated BSCs in companies where OHS is already well 
understood (e.g. long-term clients of an OHS consultant, where a trusted relationship has 
already been developed with the management team). 

- To suggest the strategic radar and imbricated BSCs to companies that are considering 
large-scale projects with a high risk of failure (e.g. digitization), and in which failure is 
by experience often due to human factors (e.g. fear of job cuts after digitization, middle 
management not sufficiently trained to manage deep change). 

- To initiate a project aimed at documenting the actual effectiveness of the strategic radar 
and imbricated BSCs in terms of changing executives’ perception and way of defining 
their strategy. 

- To invest in the development of quantitative measurement tools that can easily be plugged 
onto the existing ERP software (including in SMEs). With the help of artificial 
intelligence, these tools should provide crossed analyses that take into account the 
delayed causal relationships between e.g. over-hours working, a reduction in employees’ 
satisfaction and an increase in absenteeism or turnover. 

- To include some aspects of corporate strategy into the education of future OHS specialists 
to improve their understanding of an executive’s mind-set and challenges. 

Clearly, these topics go beyond the education and traditional practice of many OHS experts. 
However, we strongly believe that understanding them is key to promoting a 360°, forward-
thinking and all-inclusive vision of business success, and to ensuring companies’ long-term 
prosperity. More tools are surely needed at the intersection of OHS and corporate strategy to assist 
in this aim. 
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Abstract: e-Learning is an increasingly popular solution for disseminating professional education 
and training in order to maintain and develop employee competencies. This paper investigates 
areas for improvement in an offshore oil and gas company’s current e-Learning platform. An 
online questionnaire addressing five dimensions of users’ e-Learning experiences (Time; Layout 
and Design; Pedagogical Enhancements; Language; Learning Outcomes) was completed by 154 
employees who had recently used the company’s e-Learning platform. These research results 
indicate several areas for improvement for the current online system, with particular focus of 
this paper placed on the user assessment aspect of the e-Learning platform.  
 
Keywords: Digitalisation, Assessment, Sustainable Work Systems  
 
 
1. Introduction 
The maritime and offshore oil and gas workforce is a large, physically distributed and 
heterogeneous population. Employees have multicultural backgrounds with varied educational 
qualifications and work positions, many of whom face complex, safety-critical tasks on daily 
basis. There are more than 1.6 million seafarers (International Chamber of Shipping 2018) and 
200,000 offshore workers globally (Harris et al. 2016). As these industries continue to become 
increasingly knowledge-based and technology-dependent it is necessary that the workforce is 
both adaptable and flexible to change (Bates 2001). What were once considered unskilled 
maritime and offshore occupations, which required little or no formal education, now requires 
continual education, training, certification and recertification throughout ones career to ensure 
employees refresh and develop their competencies.  
e-Learning has become a popular solution for professional education and training, offering users 
access to on-demand educational content through electronic technologies. e-Learning is a 
recognized method for education by the industry’s regulatory bodies and policy makers, flag 
states, classification societies and companies. Maritime and offshore oil and gas companies by 
nature are generally large multinational corporations with operations and employees distributed 
globally. e-Learning is a practical solution to disseminate professional education and certification 
services to attain a level of quality assurance over a large and distributed workforce. There are 
also economic benefits, as e-Learning programs save costs (e.g. associated travel, 
accommodation, infrastructure and instructor expenses) compared to traditional classroom or 
instructor-led education (Haythornthwaite and Andrews 2011; Ruiz et al. 2006).  
However, e-Learning has several limitations, with learning outcomes that do not necessarily 
transfer into the real-world or improve work-related practices or skills (Noesgaard and Ørngreen 
2015). Current e-Learning platforms typically reduces or completely removes the social benefits 
of traditional learning paradigms by isolating the learners (i.e. reducing or removing direct 
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teacher-student and student-student interactions), while inhibiting people who do not have 
computer or internet access, including those with low computer literacy (Haythornthwaite and 
Andrews 2011). Furthermore, e-Learning platforms can increase opportunities for academic 
dishonesty in comparison to traditional in-person education and assessment practices (Moten et 
al. 2013).  
 
1.1. Purpose 
In order to improve e-Learning offerings within the maritime and offshore oil and gas sectors, a 
better knowledge of how the learners themselves engage and view the current system is necessary. 
Thus, the purpose of this paper is to investigate areas for improvement in an international offshore 
oil and gas company’s e-Learning platform from a user-centered perspective.  
 
2. Methodology 
A questionnaire was consisting of five dimensions related to e-Learning experiences was 
constructed: (i) Time, (ii) Layout and Design, (iii) Pedagogical Enhancements, (iv) Language, 
and (v) Learning Outcomes. The questionnaire had a total of 40 closed-ended questions, each 
using a 5-point Likert Scale. The questionnaire was disseminated online through email addresses 
of affiliated employees of an international offshore oil and gas company who had used the 
company’s e-Learning services over the past 100 days. Data collection was open for a period of 
14 days in August 2018. 154 individuals responded out of the 1437 who were sent participant 
requests (10.7% response rate), of which 68% reported using the offshore oil and gas company’s 
e-Learning services at least once per month. This study was approved by the Norwegian Data 
Protection Office for Research Data (Project ID 60137).  
 
3. Results 
The results from the questionnaire point to several areas where the current e-Learning offerings 
can be improved within each of the five dimensions examined. The results of questions related to 
user assessment are presented within this paper (see Table 1).  
 
Table 1: Overview of e-Learning assessment-related results (values presented as percentages [%]) 

Questions 
Strongly 

Agree 
Agree Neutral Disagree 

Strongly 

Disagree 

No 

Response 

Q1 
It should be possible to review the assessment after the 

course 
32.0 58.2 8.5 0.6 0.0 0.6 

Q2 
There should be more feedback on student 

performance of the various parts of the course 
9.8 49.7 30.7 9.2 0.6  0.0 

Q3 
Feedback should be provided after the course test on 

which part of the test you did not respond accurately to 
17.0 69.9 9.2 3.9 0.0 0.0 

Q4 
A more tailored follow up course based only on the 

areas where you failed in the test would be helpful 
13.1 56.2 19.0 11.1 0.0 0.6 

Q5 
The course test is irrelevant as it only covers part of the 

course content presented 
0.0 15.1 24.3 54.6 3.3 2.6 

Q6 
Tests should occur more frequently during the course, 

not just at the end of the course 
8.0 47.0 21.2 19.2 2.0 2.6 

Q7 
The questions asked in the course test are relevant to 

the learning objectives set for the course 
11.1 73.2 13.7 0.0 0.6 1.3 

Q8 The course test should be more comprehensive 7.2 22.9 42.5 24.8 0.6 1.9 
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Q9 The 70 % pass score for the test is too high 2.0 4.6 18.4 61.2 13.2 0.6 

Q10 
Knowing there is a test to pass after the course increase 

my awareness to the course content 
34.9 54.6 4.6 4.0 0.6 1.3 

 
4. Discussion 
The majority (89.5%) of participants agreed or strongly agreed that post-course assessments 
increased their awareness of course content (Q10) and were generally favourable towards the 
value and relevance of testing (Q5; Q7) and feedback (Q3). However, 59.5% of participants 
reported that they wanted more feedback on their performance (Q2), including increased testing 
throughout a course (Q6).  
Student assessment is an important component of e-Learning. The most popular method to 
measure its effectiveness is through pre-and post-testing (Noesgaard and Ørngreen 2015). Our 
results indicate that users of the e-Learning platform desire more testing and detailed assessment 
throughout their courses. 90.2% of participants agreed or strongly agreed to the possibility of 
reviewing their individual assessments after a course is complete (Q1). This indicates the desire 
for students to have the option to reflect and analyse their performance based on the formal 
assessment. Student feedback leads to enhanced learning outcomes and promotes learning (Black 
and Wiliam 1998), while good feedback practices for self-regulated learning in higher education 
and adult education is critical (Nicol and Macfarlane‐Dick 2006). Thus, in order to improve 
student outcomes a focus on improving the efficacy of the assement models and testing within 
the current e-Learning platform is a necessary.  
 
5. Conclusions 
The main purpose of this data collection was to investigate and identify areas for improvement in 
an offshore oil and gas company’s current e-Learning platform. This research has direct impact 
upon shaping the company’s e-Learning platform. The results revealed key improvement areas of 
the current assessment system in order to meet the needs and expectations of its users. This user-
centered input can have a positive impact on the e-Learning platform and ultimately employee 
learning outcomes, by identifying and improving particular aspects of the current system.  
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Abstract: This study aims to identify the legibility threshold of Chinese characters with different 
features on augmented reality (AR) display. We built a characters testing pool based on various 
Chinese character features including the number of strokes, components, and frequency of use.  
A total of ninety Chinese characters were randomly selected from this data pool and presented 
to participants on an AR optical head-mounted display.  The legibility threshold of each tested 
Chinese character was recorded and analysed. The results showed that the legibility of Chinese 
characters on the AR display could be affected by the number of strokes and component 
number. 
 
Keywords: Augmented reality, Chinese characters, Legibility. 
 
 
1. Introduction and research focus 
The research topics of Augmented Reality (AR) could range from the development of 
hardware/software to the investigation of its potential applications in various fields.  As AR 
technology advanced and the overall cost went down, the popularity of Optical Head-Mounted 
Displays (OHMD), one of the AR hardware devices, increased significantly in recent years.  It is 
expected that many ergonomics issues concerning the use of AR devices will rise up as the users 
start to adapt to such a new device. A well-designed display interface of the OHMD is one of 
several key things to be considered since it could affect the accessibility and usability of the AR 
product.  There are limited research studies investigating the visual perception and cognition of 
the display information of OHMD, especially for Chinese characters and their users. In our 
research, we focus on these issues, and the targeted display language is the most spoken language: 
Chinese. The Chinese characters have several distinguished features such as number of strokes, 
component number, and frequency of use. It will be worthwhile to study how these character 
features might affect the legibility when being shown on the AR display.  
 
2. Literature review 
Previous research has investigated optimum ways of presenting the English characters on various 
display interfaces. For examples, Smith (1979) suggested that the size of an English letter printed 
on paper should be at least 10 min of arc to achieve 90% accuracy of recognition. Renkewitz et 
al. (2008) indicated that the letters shown on an AR display need to be larger because of the 
interference of the environmental light. A study by Debernardis et al. (2014) reported that the best 
presentation mode, which could be used on the OHMD without interference of the performance 
level, is white text on blue background. Whether or not these findings can be applied to the 
characters of a different language needs further study.  In reviewing literature, there are some 
studies examining the legibility of Chinese characters displayed on electronic devices such as cell 
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phones(Huang et al. 2009) and e-readers(Wu, 2011). These studies showed that the Chinese 
characters have different size requirements than English characters when displayed on the 
devices. But for the AR display, there are little to no research findings reported in detail regarding 
the effects of Chinese character features on legibility. 
  
3. Methodology 
A Chinese character consists of various numbers of components. Each component could consist 
of a different number of strokes (Figure 1). In addition, the frequency of use for each character is 
also varied. For our large experiment, we first set up a database pool of common Chinese 
characters for later testing. This data pool includes the characters with different numbers of 
strokes (1 to 32 strokes), components (1 to 9 parts), and frequency of use (ranging from 1 to 2026 
uses throughout a total of about 650,000 characters). In the preliminary experiment, a random 
sequence of ninety Chinese characters from the data pool were first selected and tested.  Each 
character was displayed one by one on the AR glass. The visual display setting on the AR glass 
is the equivalent of a 40-inch screen from 2.5 meters away. The color setting of Chinese characters 
was white text on a blue background. A participant (female, 25 years old, graduate) was asked to 
look at the Chinese character shown on the AR glass and gradually enlarge its size until it could 
be correctly recognized. The legibility threshold of the Chinese character was then identified and 
recorded. 
 

Figure 1: Illustrations of strokes and components. (A) A character consists of 12 strokes; (B) The 
same character consists of 4 components; (C) A similar character consists of 3 components 

 
4. Results 
We first examined the correlation between the frequency of use and the number of strokes of our 
randomly selected ninety Chinese characters (Figure 2).  Overall, the frequency of use shows a 
negative correlation with the number of strokes of the Chinese characters.  It also shows that the 
Chinese characters with both a high number of strokes and high frequency of use seem to not 
coexist from our randomly selected data sample (no data points on the first quadrant). Further 
data analysis results show the mean legibility threshold of all Chinese characters tested in the 
current study is 14.41 min of arc with a standard deviation of 3.56 min of arc. This implies that, 
in estimation, in order to reach the 99th percentile legibility threshold, the selection of Chinese 
characters on AR glass should be no smaller than 22.67 min of arc for that participant. To evaluate 
the effect the number of strokes, frequency of use, and component number had, linear regression 
analysis was used to model the relationships between required visual angle and those factors. The 
results (Table 1) indicated that the visual angle significantly correlated with the number of strokes 
(Standardized β=0.910, p<0.05) and component number (Standardized β=-0.496, p<0.05). There 
is no significant collinearity between factors. 
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Figure 2: The frequency of use vs. the number of strokes scatter diagram based on the data of a 
randomly selected ninety Chinese characters samples 
 
Table 1: Regression model to estimate the required visual angle of Chinese character  

Visual angle 
 B SE B 𝛽 

Strokes 0.483 0.087 0.910* 
Frequency -613.149 508.076 -0.138 

Components -0.939 0.261 -0.496* 
𝑹𝟐 0.459   
Adj 𝑹𝟐 0.440   
F 24.356   
df (3,86)   
Unit: min of arc; N=90;  "*" means p <0.05  

 
5. Discussion and conclusion 
The correlation between number of strokes and visual angle was positive. The analysis shows that 
the characters with a larger number of strokes requires a larger visual angle. The correlation 
between component number and visual angle was negative. This means that characters with 
higher component numbers were recognized more easily in comparison to others. In addition, the 
frequency of use didn’t show significant correlation with the visual angle. Based on the current 
results, it shows the importance of considering the above significant factors when developers in 
designing the AR display interface with Chinese characters. This preliminary study results are 
based on the data from one participant.  We plan to collect more participants of different sex, age, 
and education levels to provide more accurate and reliable results. 
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Chapter 5 
Prospective ergonomics 
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Abstract: This study participate to the effort of energy transitioning by contributing to define 
future energy system for housing. This requires anticipating needs, uses and systems in poorly 
defined contexts and at rather distant horizon. To this end, we mobilized the literature that deal 
with human ability to project into the future, to build an interview which aim to anticipate future 
needs and uses. 33 interviews were conducted with experts, lead users and regular users to 
anticipate needs and uses related to the energy for housing. Contribution of each type of 
participant and applied results will be presented. 
 
Keywords: Prospective ergonomics, need anticipation, future system design. 
 
 
1. Introduction 
The energy transition has become a central issue, to which ergonomics can and must contribute. 
However, the ergonomist faces a difficulty inherent to the energy transition: it is future oriented, 
and at a rather long term and unpredictable horizon, making the ergonomist work on not yet 
existing systems and technologies. Fortunately, human factor and ergonomics have been 
improving their methods in designing future systems, especially with the emergence of 
Prospective Ergonomics. Robert & Brangier (2012) defined it as “the part of ergonomics that 
attempts to anticipate human needs and activities so as to create new artifacts that will be useful 
and provide a positive user experience”.  
This study, which aims to contribute to the energy transition by anticipating users’ future needs 
and uses related to the energy for housing, is the opportunity to develop tools for Prospective 
Ergonomics. More specifically, we focused on Needs and uses ideation interviews. This sort of 
interview has been developed by Brangier et al. (2018) and aims at mobilize and collect foresight 
expertise, by making participants ideate and verbalize needs, uses and representations of the 
future. It correspod to the first step of need analysis : collect and imagine needs (Loup-Escande 
et al, 2014). 
The literature on future mental time travel tells us that human cognitive ability to project into the 
future is based on past episode memory (D’Argembeau, 2016). Thus, this interview is divided 
into two major phases, the first which focuses on lived experiences, and the second which focuses 
on future experiences. For the second phase, we rely on future mental time travel techniques (Irish 
& Piguet 2013; Noël et al, 2017) to project the interviewee in the future. 
While Needs and uses ideation interviews have been used with experts (Brangier et al, 2018), we 
choose to extend our intervention to regular users and lead users to investigate the benefit of each 
type of participant. Indeed, both experts and lead users are recognized to have rich future 
representation and to be creative (Vivian et al, 2017; Von Hippel, 2005; Buisine et al, 2017). 
The purpose of this work is twofold: from an applied point of view, (1) anticipate users’ future 
needs and uses related to the energy for housing, and from a methodological point of view, (2) 
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compare the contribution of regular users, lead users and experts into anticipating users’ future 
needs and uses. 
 
2. Methodology 
11 experts, 11 lead users and 11 regular users participated in the study. Experts from housing, 
energy and uses of energy for housing were recruited through professional social network and 
internet researches, for their professional expertise. Lead users were recruited through social 
network and internet researches and were recruited for their precursory uses (eg. energetic 
autonomy), while regular users were recruited for having no professional expertise or precursory 
uses in this field. 
Needs and uses ideation interviews were administered in face to face and range from 1 hour up 
to 4 hours and are structured in five steps.  

1) Priming: interviewee is asked to talk freely about energy for housing and related 
activities, in order to initiate verbalization and to set the scope of the interview.  

2) Present experience: interviewee is brought to verbalise is experience about three themes 
related to energy for housing, first freely and then based on an activity map which 
correspond to a particular theme. Activities maps consists of a textual and visual 
description of human activities related to the three themes, they were obtained through 
literature analysis and exploratory interviews related to the use of energy for housing 
conducted on 9 energy producers.  

3) Future projection: interviewee is lead to project himself into the future. As a first step, 
the interviewee is asked to describe in a general way his long-term vision of the future. 
Then, he was asked to imagine and describe – as recommended by Noël et al. (2017) – in 
as much detail as possible the place in which he would live in this future. 

4) Future ideation: interviewee is brought to ideate on the future of each three themes. First 
freely to enrich theme’s future context and to start the emergence of future needs and 
uses, secondly with the activity map to elaborate and enrich future needs and uses that 
relate to the theme and its activities.  

5) Decision criteria questionnaire: the interview ends with a questionnaire concerning 
decision criteria toward energy for housing. 

3. Results 
Findings of this study are still being analysed and consists of interviews’ textual analysis and data 
analysis of the ideas. The results will be discussed in regards of pertinence and interests for the 
discipline, by advising on the contribution of each type of participant to needs and uses 
anticipation. Applied results regarding users’ futures needs and uses about energy for housing 
will also be presented. 
 
4. Discussion 
Futures works will aim at feeding creative workshop on hydrogen energy for housing with those 
extracted futures needs and uses related to energy for housing, in order to generate solutions that 
answer those futures needs and uses, and integrate hydrogen energy. Future uses of the generated 
solutions will then be explored with users. 
 
Acknowledgement  
This work was supported partly by the French PIA project « Lorraine Université d’Excellence », 
reference ANR-15-IDEX-04-LUE. 
 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 95 

References 
Brangier, E., Brangier, B., Marache-Francisco, C., Kopp, S., & Clausse, J. (2018). An Interview 

Process to Anticipate Future Needs. In Congress of the International Ergonomics 
Association (pp. 718-729). Springer, Cham. 

Buisine, S., Boisadan, A., & Richir, S. (2018). L’innovation radicale par la méthode de 
l’utilisateur extraordinaire. Psychologie du Travail et des Organisations, 24(4), 374-386. 

D’Argembeau, A. (2016). La pensée future épisodique: entre simulation et contexte 
autobiographique. Revue de neuropsychologie, 8(1), 55-59. 

Irish, M., & Piguet, O. (2013). The pivotal role of semantic memory in remembering the past and 
imagining the future. Frontiers in Behavioral Neuroscience, 7, 27. 

Loup-Escande, E., Burkhardt, J. M., Christmann, O., & Richir, S. (2014). Needs’ elaboration 
between users, designers and project leaders: Analysis of a design process of a virtual reality-
based software. Information and Software Technology, 56(8), 1049-1061. 

Noël, X., Saeremans, M., Kornreich, C., Jaafari, N., & D'Argembeau, A. (2017). Future-oriented 
mental time travel in individuals with disordered gambling. Consciousness and cognition, 
49, 227-236. 

Robert, J. M., & Brangier, É. (2012). Prospective ergonomics: origin, goal, and prospects. Work, 
41(Supplement 1), 5235-5242. 

Vivian, R., Brangier, E., & Bornet, C. (2017, July). How Design the Future Hydrogen Users’ 
Needs? A Contribution of Prospective Ergonomics. In International Conference on Applied 
Human Factors and Ergonomics (pp. 400-410). Springer, Cham. 

Von Hippel, E. (2005). Democratizing innovation. MIT press. 
  



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 96 

Overview of methods for prospective ergonomics 
 
 

Jean-Marc ROBERT (1), Eric BRANGIER (2) 
 
(1) Polytechnique Montréal, Montréal, Québec, Canada. Jean-Marc.Robert@polymtl.ca  
(2) Université de Lorraine, PErSEUs, Metz, France. Eric.Brangier@univ-lorraine.fr 
 
Abstract: Anticipating future user needs, defining the future of an activity, imagining the use of 
an artifact that does not exist yet, or creating new services and products are very complex 
activities. These are part of the scope of a new branch of ergonomics called Prospective 
Ergonomics (PE) whose mission is to define future human needs and create future artifacts 
that will suit them. To succeed in this mission, PE needs appropriate approaches, methods, and 
tools to collect data and build the future. In this paper, we define PE, its mission, scope, and 
characteristics. Then we present and comment five classifications of methods to work with the 
future and show the merits of each of them. It turns out that the methods and tools of 
different design disciplines as well as of fields of interventions which come down from Human 
Factors such as Human-computer interaction and UX design can be relevant to PE as long as 
they are used with a prospective purpose. 
 
Keyworks: Prospective Ergonomics, user needs, future products and services 
 
 

 “The field of Human Factors and its many descendants ... has made numerous, 
wonderful advances in the many decades since the enterprise began. But the 

discipline still serves many to rescue rather than to create.  It is time for a change!” 
Donald NORMAN (2010) 

1. Introduction 
This paper presents an overview of methods for Prospective Ergonomics (PE is defined below). 
Its goal is twofold: 1) to encourage researchers of disciplines who are closely associated with 
the creation of future things (e.g., design, engineering, architecture, marketing, prospective 
ergonomics – actually it could be any disciplines) to orient a part of their research towards the 
creation of methods or the adaptation of existing ones for dealing with the future, and towards 
their validation so as to know how to use them efficiently and what results they yield; 2) to 
inform the practitioners about the existence and characteristics of methods to deal with the 
future, and help them to select the best ones for their prospection projects.  
The paper is structured as follows. First, since it is still not well known, we present the new field 
of PE: its definition, origins, goal, and characteristics. Then we present three avenues to make 
progress in PE, one of them being the research on methods. After, from a set of 30 studies 
which belong to the fields of design, PE, marketing, or engineering, we identify and analyse 
methods to deal with the future. 
 
2. Prospective Ergonomics 
 
2.1 Definition 
Prospective Ergonomics (PE) is about designing future things (Robert & Brangier, 2009; Brangier 
& Robert, 2014). More precisely, it is a new mode of ergonomic intervention whose mission is to 
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anticipate future human needs and activities in order to invent future products, systems and 
services. It is different from corrective ergonomics and constructive ergonomics (ergonomics for 
design) in several respects. At one end of a continuum, in the most difficult situations, as opposed 
to the two other modes of interventions, there is no initial demand, no problem to solve, no future 
artifact already identified, no users and user needs already known, no project in progress, no 
design team to join, no budget, no project initiator, and no leader. To survive in such a context, 
the ergonomist needs new abilities that have rarely been mentioned so far in the ergonomics 
literature: s/he must be dynamic and proactive to initiate projects, s/he must be geared towards 
creativity and innovation, s/he must be able to construct good enough projects to convince 
partners, stakeholders, or company’s management of their relevance, feasibility, and profitability, 
and s/he must be able to manage and lead projects. At the other end of the continuum, in easier 
situations also concerned by PE, there could be an initial demand, the problem to solve could 
already be formulated, the future artifact could already be identified, the project could have 
started, there could be a budget, a design team, etc. Here are three examples of situations that 
show the challenges at stake: How to support the elderly who live alone in their home so that they 
feel safe while having their privacy? How will be the future wheelchairs for handicapped persons? 
How will be the future usage of autonomous vehicles? The different situations along this 
continuum challenge us strongly about the future: how to anticipate future users, future users’ 
needs and expectations, future values and activities, future technology and artifacts, future 
organisation mode, future interactions with artifacts? These new challenges require new 
knowledge and methods in ergonomics as well as a new mindset and new abilities among 
ergonomists (Robert & Brangier 2012). They call for new research avenues, new training 
programs, new professional practices, and collaborations with new disciplines. 
Fortunately, the discipline of ergonomics is not devoid of resources to face these challenges. A 
large part of its knowledge and methods applies to PE, and several current practices should be 
applicable to PE:  
PE inherits a large amount of knowledge, methods, standards, and tools from its mother 
disciplines (Human Factors / Ergonomics) and from other domains to which it applies very 
broadly, and which feed it in return, such as Human-computer interaction, Interaction design, UX 
design. For instance, PE knows how to deal with users, how to conduct user research, how to 
follow a user-centred design approach with context analysis, prototypes, user testing, and 
iterations (ISO 9241), and how to do community-based design (Norman, 2017). 
Ergonomists are used to participate in design projects, so they know how to analyse user/customer 
needs, define requirements, cope with different contexts, interact with different stakeholders, deal 
with multiple constraints, make compromises, and intervene in the early stages of projects of 
innovation (Brangier, Barcenilla, & Robert, 2017). Moreover, they are used to collaborate with 
designers, engineers, architects, and information scientists who participate in or are in charge of 
the design of new artifacts. 
Ergonomists do field studies, they are in direct contacts with end users (workers, operators, 
customers): they talk to them, they listen to their complaints and claims as well as to their 
suggestions for improving things, they observe their activities, they visit their work environment, 
they analyse their usage of different artifacts, etc. Such activities represent excellent sources of 
ideas for PE.  
As any other disciplines, PE cannot predict the future. Its mission is rather to anticipate and 
construct prospective scenarios of human needs and expectations, activities, and uses of artifacts 
in light of all available knowledge that is relevant for constructing future possibilities (Brangier 
& Robert, 2011).  
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We consider the creation of PE (Robert & Brangier, 2009) as a normal step in the evolution of 
ergonomics and as a sign of greater maturity of the discipline. Winograd and Woods (1997) have 
argued that the development of a discipline can be motivated either by the abstract logic of the 
discipline or by the needs of its areas of application. Let’s examine these arguments for PE. 
 
2.2 Logic of Prospective Ergonomics 
There are at least five reasons to go ahead with PE which belong to the logic of the discipline. 

- We see no reason why ergonomics should restrict itself when it comes to working with 
the future. Being prospective and investing the area of future needs and future artifacts 
pose new challenges for the discipline and represent a great opportunity of evolution. Of 
course, to some extent corrective ergonomics and constructive ergonomics already 
consider the future to make sure their solutions survive over time (Daniellou 2007). But 
being fully dedicated to the future and facing new challenges, PE goes further and is much 
more ambitious.  

- We see no reason why ergonomics should not act on its own initiative, instead of as usual 
responding to requests coming from other disciplines and being a guest participant to 
design. PE which often operates at the first end of the continuum mentioned above has a 
great opportunity to stand on its own.  

- The idea of designing future things seems recent in Ergonomics/Human factors since it 
was promoted by a specialist of this discipline (see the seminal book of Norman, 2007). 
On the other hand, it was there since the very beginning of the discipline for the design 
of long-lasting systems such as airplanes and control rooms (Ruault et al., 2014). Let’s 
mention that the idea has been present forever in well-established disciplines such as 
design and engineering.  

- It was to be expected that ergonomics would come to this phase of evolution because 
from the very beginning, it is part of the engineering and design curricula which naturally 
attached a great importance to innovation and the development of new products, systems, 
and services. Thereby professors of ergonomics/human factors were in a good position to 
attract designers and engineers in their ranks for becoming specialists of this discipline. 
These designers-ergonomists and engineers-ergonomists naturally sought to pursue their 
activities of creation and innovation of future artifacts.  

- Ergonomists or human factors specialists often complained that they were not being 
listened to enough in enterprises, the reason being that their work did not depend on the 
strategic level of decision (Dull, 2012). Depending on the scale and cost of the future 
artefact at stake, the situation is likely to be quite different with PE because the 
development of new artifacts requires so many resources (e.g., personnel, technological, 
financial) that it will have to be approved by the management. Moreover, since it is likely 
to be in link with the enterprise’s mission, development plan and image, it is no wonder 
that it will have to be approved at the strategic level. 

 
2.3 The needs of its areas of application  
The development of PE also flows from the needs of its areas of application and the demands of 
ergonomists. So there are two more reasons to go ahead with PE:  

- Creativity and innovation are more and more valued by enterprises and organizations of 
all kinds because they are at the origin of new products, systems, and services. These are 
essential to more productivity, greater competitiveness, a better quality of life, which are 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 99 

at the origin of the creation of progress, wealth, and well-being. By clearly emphasizing 
creativity and innovation, PE can contribute to this effort for the benefit of the enterprises 
and the society on condition that ergonomists be better prepared to face this new 
challenge. This is a new requirement for training. 

- Since recently there are more and more demands from enterprises addressed to 
ergonomists/human factors specialists for working on future needs, future activities, 
future products and services (e.g., Bobillier Chaumon, Cuvillier, Durif-Bruckert, Cros, 
Vanhille et Bekkadja, 2014; Brunet, Nelson, Megard, Daniel & Darses, 2013; Nelson, 
Buisine, Aoussat, & Gazo, 2014 ; Nguyen & Cahour, 2014 ; Ruault, Gardinetti, Kolski 
& Vanderhaegen, 2014). Here too it is essential to provide ergonomists with adequate 
knowledge, methods, and tools. 

 
3. To advance Prospective Ergonomics 
To ensure the full development of ergonomics while focusing on its originality and relevance, 
we recommend to engage PE in three types of complementary activities concerning the future:  

- develop a theoretical and conceptual framework about human cognition related to the 
future,  

- develop methods and tools to work with the future using an ergonomic approach,  
- produce empirical evidence through innovative and useful artifacts that will reflect the 

footprint of ergonomics. 
 
3.1 Develop a cognitive framework to work with the future  
Research on how humans think about the future is of great interest. Projected cognition 
(Edmondson & Beal, 2007) has been developed to guide the analysis of technical systems towards 
understanding the future intentions of users. Other authors (D'Argembeau & Van der Linden, 
2012) have shown that cognitive feelings, such as the feeling of pre-experiencing the future, 
depend on people's sensory and perceptual qualities, and are modulated by the personal 
importance attributed to the event. These results suggest that the essence of episodic thinking of 
the future - the feeling of mentally visiting one's personal future - lies in part in the relevance of 
the events imagined to personal goals. Projecting oneself into the future is a complex act (Klein, 
2013) that requires the mobilization of expertise on how the future will influence the person and 
his/her life context. Moreover, with the contribution of cognitive neurosciences, self-projection 
of oneself on several points of the past, present or future has shown significant differences in 
neurobehavioural data. Arzy et al. (2009) manipulated self-projection not only in relation to a 
person's life events, but also in relation to his/her face at different past and future times. These 
authors showed that behavioural activity and functional magnetic resonance imaging activity 
related to the event were characterized by (i) the similarity between past memories and future 
imagination, (ii) the facilitation of judgments about the future versus the past. The hypothesis of 
the existence of a prospective cognition (Brangier et al., 2018) in imagining relevant futures, is 
therefore becoming serious. It stands to reason that prospective cognition could be the general 
framework of which other prospective cognitive processes are part, such as prospective memory 
which is “a form of memory that involves remembering to perform a planned action or recall a 
planned intention at some future point in time” (McDaniel & Einstein, 2007); in other words, a 
form of “memory as of the future”. But how can the collection of prospective expertise be used? 
What tools would facilitate the production of this expertise? What methods facilitate the 
construction of this prospective expertise?  
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3.2 Develop methods to work with the future 
Different classifications can be proposed to structure the set of methods and tools available to PE 
to work with the future. They are based on different organizational schemes and bring together 
different methods. They are not independent of each other, yet their advantages is to help see the 
methods from different perspectives. Let’s examine five of them and show examples of methods 
that are concerned.  
A first classification lays on three pillars of PE which are Ergonomics, Creativity, and Prospective 
(Brangier & Robert, 2014). Each of them comes with a series of methods and tools that can be 
used for different purposes, in different contexts, and at different times. Ergonomics: as expected, 
PE inherits the knowledge and methods of its mother disciple Ergonomics/Human Factors, on 
condition that they be oriented towards the future. Here is an example. Task analysis is a well-
known powerful method to describe, understand, and document the human activities that are 
involved in the accomplishment of a task and the achievement of some goal. It usually comes 
with the use of several data collection techniques such as interviews, observations, visit of the 
work place, think aloud, video recording, measurements, etc. It also allows the analyst to discuss 
with several people: final users / operators, task experts, domain experts, support people (e.g., 
colleagues, supervisors, trainers). It can be used in PE to analyse and criticize every component 
of a task, examine if and how it could be improved, done differently, or supported by better 
technologies and tools. This offers an excellent opportunity to generate ideas for solving problems 
and improving things on the one hand, and for projecting the task into the future with the support 
of innovative artifacts on the other hand. Prévost & Spooner (2014) followed this approach in 
their study on the creation of new postural support material for wheelchairs. Creativity: PE is 
closely associated with creativity and innovation especially for the part of its mission that deals 
with the creation of new artifacts. Creativity offers hundreds of techniques for generating ideas 
such as brainstorming, analogy, six thinking hats, random input, metaphor transfer, scenario 
building, role playing, … to name a few. The most well-known technique being brainstorming 
and its variants (brainwriting, brainsketching). An abundant literature is available on creativity 
(Bonnardel, 2009; Sternberg & Kaufman 2018). Prospective: PE is also naturally associated with 
the discipline of prospective whose mission is to keep a forward-looking eye on current and future 
trends, threats and opportunities that an organization is likely to face in the future. It is a process 
to help us to understand, plan, and manage upcoming changes. Among the sets of methods offered 
by prospective (Voros 2006), three of them stand out for their high relevance for PE: statistical 
investigation to highlight and anticipate (social, demographic, economical, technological) trends, 
technology watch, and scenario building (Ratcliffe 2006). All PE authors use scenarios. 
A second classification of methods flows from the disciplines closely associated with the design 
of new artifacts, especially industrial design, engineering, ergonomics, marketing, and arts (e.g., 
video games). Each of them brings a whole set of methods that could be thought to apply to PE, 
either for user/customer needs analysis or artefact design. Several of these methods are common 
to different disciplines. For instance, in marketing, Griffin (2012) present user needs definition 
methods that are well known in ergonomics: for instance, observe users in context, live with them, 
interview users with needs, be a user, actively involve customers to transfer tacit information to 
the product development team, etc. There is more: we also have to add the set of methods 
belonging to the disciplines that come down from Human Factors: Human-Computer Interaction, 
Interaction design, Usability engineering, UX (User Experience) design, Human System 
Integration. To give an idea of the number of methods available for design, usability, or UX 
evaluation, Martin & Hanington (2018) present a hundred methods for design; Lallemand & 
Gronier (2017) describe 30 methods for measuring the UX experience; Tullis & Albert (2008) 
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present as many methods for usability and UX metrics; as professors of Ergonomics/Human 
Factors we present 45 methods to collect data on user needs and product testing and evaluation.  
A third classification reflects the two facets of PE:  

1) User need definition and anticipation: methods to detect, anticipate, define, measure, and 
validate user needs; PE is upstream the design process, it intervenes at the very early 
stages of design, typically when the users’ needs are still unknown. Examples of relevant 
methods are: task analysis, interview (with final users, task experts, domain experts, 
support people), observation in the field, investigation of customers’ frustrations, 
complaints and claims, questionnaire, thinking aloud, conceptual mapping, card sorting, 
technique of unlikely encounters (with people from different areas and different 
expertise), etc. 

2) Artifact definition and creation: methods to imagine, create, define, give shape to, test 
and validate the future artefact. From the moment the new artifact is identified and pretty 
well defined, PE is relayed by constructive ergonomics for the rest of the design process. 
Examples of methods are: brainstorming, Wizard of Oz, scenarios, personas, sketches, 
prototype, simulation, QFD (Quality Function Deployment), experience sampling, 
probing technique, construction method, narrative structure method (Moget et al. 2014) 
etc. In an iterative user-centred design process, the use of a prototype helps to define user 
needs and requirements. 

A fourth classification of methods is based on well-known criteria used in the ergonomics / human 
factors literature to characterize the categories of data that can be collected or produced:  

- Quantitative vs. Qualitative, Objective vs. Subjective. Examples of quantitative and 
objective data: the execution time for performing a task with the new artifact; the number 
of errors; the number and duration of eye fixations on different parts of the screen. 
Examples of qualitative and subjective data: the user’s reactions towards a model of new 
artifact.  

- Verbal vs. non-verbal. Examples of methods to collect verbal data: interview, think aloud, 
verbal communications analysis, focus groups, unfocused groups. Examples of methods 
to collect non-verbal data: observation (of behaviors, gestures, postures, facial 
expressions), production measurement; video recording. 

- Past vs. present vs. future. Examples of methods to collect data about the past: critical 
incident technique, accident analysis, logbook; about the present: task analysis, 
shadowing, user journey map, probing technique; about the future: scenarios, personas, 
anticipation dialogs, story-board, story-telling, guided imagination, sentences to be 
completed). 

A fifth classification of methods is based on the type of construction that results from the data 
collection. Descriptive methods aim to accurately report the events: what happened or what is 
going on. This is essential to understand the situation, make a diagnosis, and decide what to do 
next. Moreover, it provides a useful benchmark for comparison and measurement. Projective 
methods aim to help people to think about the future and project themselves into the future. 
Descriptive and projective methods can be divided into two categories each: verbal or figurative. 
Table 1 presents examples of methods in each category. 
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Table 1:  Classification of methods for PE 
Content Descriptive Projective 

 
 
 

Verbal 

Task analysis 
Interview 

Shadowing 
User journey may 

Card sorting 
Probing 

Experience sampling…. 

Prospective interview 
Prospective scenarios 

Personas 
Prospective story-telling 
Sentences to complete 

Guided imagination 
Expert community staff  

Card sorting…. 
 
 

Figurative 
(static/dynamic) 

Drawings 
Sketches 
Photos 
Films …. 

 

Avatars 
Drawings 
Sketches 
Personas 

Story-board 
Animation 

Films …. 
 
4. Conclusion 
The next steps of our research are the following: 1) Take actions with PE and provide empirical 
evidence of significant results of PE through the creation of innovative artifacts that are successful 
on the market. 2) Continue to draw lessons from well-established disciplines such as design and 
engineering which have always been involved in the design and development of innovative 
products, and from marketing which is also interested in customers’ needs and new artifacts, while 
ensuring the originality and relevance of the PE; 3) Build and test a training program on PE (or 
on prospective in general) so as to better prepare ergonomists and other professionals to work 
with the future; in our opinion such a program should include training units on creativity, 
prospective, demographics, technological watch, marketing, management; 4) Document the 
impact of PE on the professional ergonomic practice. 
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Abstract: Several branches stemming from the field of human-centered design have tackled the 
discovery of user needs in early design phases. Within one of these approaches, prospective 
ergonomics, this study is calling for new methods in order to better elicit needs from the user. 
The study draws from the research on future-oriented cognition regarding how people imagine 
the future. We then report on a pilot study on the effect of two future projection tasks on the 
elaboration of user needs. 
 
Keywords: Prospective ergonomics, mental time travel, needs anticipation. 
 
 
1. Introduction 
For several years the field of human-centered design has been moving toward new approaches 
applied to the design of yet-unknown or ill-defined future products or services (McKim, 1972; 
Sterling, 2005; Hey, Linsey, Agogino, Wood, 2008; Robert and Brangier, 2009 etc.). One of these 
approach, prospective ergonomics, has been defined by Robert and Brangier as “the part of 
ergonomics that attempts to anticipate human needs and activities so as to create new artifacts 
that will be useful and provide a positive user experience”. Some past and current projects in 
prospective ergonomics have dealt with the future of energy (Martin et al., 2018) mobilities 
(Brangier et al., 2018) and software (Nelson et al., 2018).  
As of today, prospective ergonomics does not incorporate developments from cognitive 
psychology regarding the individual’s ability to imagine a future. Since prospective ergonomics 
aims to anticipate future uses and needs it is then of the foremost importance to enable users and 
experts to better think, experience and verbalize probable futures in order to collect ideas and 
representations, build and explore scenarios. Thus, understanding how people project themselves 
into the future could be a stepping stone in order to develop new needs and uses anticipation 
methods. 
The goal of the study is to assess the effect of two consecutive future projection tasks on the 
expression of future needs. Other independent variables were manipulated (they won’t be reported 
in details in the paper): the topics (energy for housing and transportation), the collection tools 
(sentence completion tests vs. open-ended questions), system definition level (yet-unknown vs. 
ill-defined). We chose to vary the system definition level because it offers value for use cases in 
prospective ergonomics where practitioners are asked either to explore needs and uses related to 
ill-defined or to yet-unknown socio-technical systems. 
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2. Mental time travel 
Back in 1781, Kant penned the concept of anticipation in his essay the Critique of Pure Reason 
(“All cognition, by means of which I am enabled to cognize and determine a priori what belongs 
to empirical cognition, may be called an anticipation.”) and Bergson penned the concept of élan 
vital (1907) a kind of future-oriented spontaneity.  
This ability to project oneself in the future has been termed mental time travel (Suddendorf and 
Corballis, 1997), future thinking (Atance and O’Neill, 2001), envisioning the future (Buckner and 
Carroll, 2007), future-oriented cognition (D'Argembeau et al., 2011; Osvath and Martin-Ordas, 
2014) etc. According to Schacter et al. (2017), it is the ability to consider an experience by 
mentally creating a realistic scenario that combines image, thought and action; it is what allow us 
to anticipate future events (Eustache, 2018). Here we will use the term mental time travel defined 
by Doris Bischof-Köhler as the capacity to “represent oneself at every possible instant in the past 
and in the future and to imagine the desires and motives at each of those instants independently 
of one's present motivational state”. 
The central hypothesis of mental time travel (or MTT) is that the ability to imagine a future relies 
on memory systems. In 1985, Endel Tulving distinguished 2 types of memories linked to 2 types 
of anticipation: the anticipation of personal events (using the episodic memory) and the 
anticipation of general events (semantic memory) on the basis of patients (such as K.C.) with 
damaged episodic memory that were unable to imagine a personal future (the so-called episodic 
foresight ability) yet they were able to imagine a general future (Kwan et al., 2013). Using fMRI, 
Viard et al. (2011) confirmed that neuronal regions activated while envisioning the future are the 
same as those activated when proceeding to remembrance. Structures shared between episodic 
memory and future-oriented cognition have been identified as the hippocampus (Hassabis et al., 
2007), the cingulate cortex, the prefrontal cortex and the precuneus (Viard et al., 2011). The 
contribution of semantic memory has been less studied but Irish et al. (2012) concluded that 
semantic dementia patients also had a reduced ability to episodic foresight. The root cause might 
be that there is no strict biological separation between semantic and episodic memory systems 
(Squire et al., 2004; Balota and Coane, 2008; Greenberg and Verfaellie, 2010). 
Despite this growing literature, recommendations are rare regarding stimulation methods of the 
MTT ability. To describe these methods, we will use the umbrella term future projection task 
(Raffard et al., 2012; Bonn and Tafarodi, 2013)  
 
3. Future projection tasks 
Some researchers have started to propose ideas for the design of future projection tasks. 
D’Argembeau and Van der Linden (2012) underline that improving the quality of MTT is 
dependent on the specificity of the explored episode/situation and the quality of the sensory-
contextual representation. Thus, Irish and Piguet (2013) recommend to follow two steps to project 
oneself in the future i) build an image of the event and its context, on the basis of memories and 
ii) develop and enrich the representations of the event. 
For the study, two existing future projection tasks have been adapted to an online survey format. 
The tasks were used as primers, a common tool in the fuzzy front end of design projects (e.g. 
Nelson and Guegan, 2019). Cognitive priming is the use of stimuli to elicit specific ideation or 
mental processes. 
The two future projection tasks are: the Guided Imaginary Projection (Allinc et al., 2018) and the 
Future Thinking Task (MacLeod et al., 1998). 
Guided Imaginary Projection (GIP) is the mental, first-person exploration of a scenario related to 
a future service/product with the help of the design practitioner. Here the researcher’s guidance 
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took the form of an audio recording instructing to relax and to imagine a specific situation with 
as much details as possible (Noël et al., 2017), then the respondent was asked to fill a form with 
a description of the situation he/she envisioned thus shifting the originally oral verbalization of 
the GIP to a text format. 
The Future Thinking Task (FTT) is a kind of verbal fluency task where the participant is asked to 
name a number of future experiences that will happen to him at different times in the future (e.g. 
one week, one year, ten years), then he is tasked with evaluating the likelihood and valence of 
each event. For the sake of brevity, FTT was adapted in the following manner: the respondents 
were asked to list three experiences that could happen in their future. 
 
4. Method 
 
4.1 Participants 
Participants were recruited through web communities with interests relative to the topics of the 
study (i.e. energy for housing and transportation). A total of 205 respondents were included for 
analysis (70 females, 129 males and 6 who did not specify their gender). They were between the 
age of 17 and 77 (mean = 43.6, standard deviation = 15.0). Among all participants 17 were 
excluded (4 for not answering the questionnaire, and 13 for failing to perform one of the future 
projection tasks). 
 
4.2 Procedure 
Participants were randomly assigned to a set of 16 different online surveys (see Table 1) using 
the “random redirector” code (Fergusson, 2017) with the independent variables being: 

- Topic (energy for housing or transportation) 
- System definition level (ill-defined or yet-unknown) 
- Future projection tasks (with or without) 
- Collection tool (open-ended questions or sentence completion test) 

 
Ill-defined systems Yet-unknown systems 

Without future 
projection tasks 

With future projection 
tasks 

Without future 
projection tasks 

With future 
projection tasks 

Open-
ended 
ques-
tions 

Sentence 
comple-
tion test 

Open-
ended 
ques-
tions 

Sentence 
comple-
tion test 

Open-
ended 
ques-
tions 

Sentence 
comple-
tion test 

Open-
ended 
ques-
tions 

Sentence 
comple-
tion test 

Table 1: Table summarizing the construction of the eight possible conditions that were applied to 
the two topics (energy for housing or transportation) 
 
First, participants were introduced to one of the two topics. Each topic was parted in two possible 
conditions: yet-unknown or ill-defined. (e.g. “This study aims to collect your thoughts on a 
possible future for the car. In this scenario, cars are mostly autonomous and shared.” for the ill-
defined condition and “This study aims to collect your thoughts on the future of the car.” for the 
yet-unknown condition). 
Then, depending on the modality, participants were either led to project themselves into the future 
using two consecutive future projection tasks (adapted from GIP and FTT, see 3.2) or went on to 
the next step without any projection task occurring. Future projection tasks were i) to listen to a 
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1-min audio recording asking the participant to imagine in as much detail as possible an 
experience with a future vehicle (or house) then to write it down, and ii) to list 3 things they think 
will happen to them in their future. 
Finally, they had to answer either a sentence completion test (e.g. “In the future, using a car, I 
will feel safe if ...”) or an equivalent open-ended questionnaire (e.g. “In the future, when you will 
use a car, what would make you feel safe?”). Each of these conditions comprised 7 items regarding 
different modality of a future experience (safety, pleasure, privilege, compatibility with own 
lifestyle, anger, importance, usefulness to others). 
The survey ended with socio-demographical questions and a self-rated expertise scale (adapted 
from Johanna and van der Heijden, 2000). 
Collected data were coded by a first user researcher and then cross-checked by a second one. Two 
dependent variables were extracted from the transcripts for these preliminary results: fluency 
(number of unique needs generated per participant) and elaboration (average word count per 
need). These variables (together with flexibility and originality) are commonly used to assess 
creativity (Lubart et al., 2015). 
 
5. Preliminary results 
ANOVA tests were run to measure the effect of the independent variables (namely future 
projection tasks, collection tool, system definition level, topic; see 3.2 for details). 
Regarding fluency, there was no effect of topic (F(1,189) =3.851 ; p = .051, h2

p = .017), future 
projection tasks (F(1,189) =2.291 ; p > .05, h2

p = .010) , collection tools (F(1,189) =0.720 ; p > 
.05, h2

p = .003) or system definition level (F(1,189) =2.230 ; p > .05, h2
p = .010).  

Regarding elaboration, there was a significant effect of future projection tasks (F(1,189) =4.550 
; p = .034, h2

p = .020) with a higher elaboration with future projection tasks than without (M=8.09, 
SD= 4.21 and M=7.03, SD=3.74) (see Figure 1). 

 

Figure 1: Box plot of elaboration depending on future projection tasks 
 
A significant effect was also observed for collection tools (F(1,189) =0.720 ; p < .001, h2

p = .058) 
with a higher elaboration for the open-ended questions over the sentence completion test 
(M=8.68, SD= 4.89 and M=6.60, SD=2.84). A significant effect was observed for system 
definition (F(1,189) =4.290 ; p = .040, h2

p = .019) with a higher elaboration for ill-defined 
systems over yet-unknown systems (M=8.04, SD= 4.19 and M=6.94, SD=3.69). There was no 
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effect of the topic (F(1,189) =1.282 ; p = .259, h2
p = .006). For both fluency (r(203) = -.025, p = 

.722) and elaboration (r(203) = .52, p = .462) there was no correlation with self-rated expertise. 
 
6. Conclusion 
The study illustrates the effect of two future projection tasks on needs’ elaboration (in average 
one more word has been collected with the projection task). No significant effects on fluency has 
been found. More detailed studies will be necessary to calibrate and further test the effect of the 
tasks. The treatment of additional dependent variables (originality, flexibility) will also help to 
better measure the effects. 
Other significant effects on elaboration were identified such as better results when the participants 
answered the open-ended questions (vs. the sentence completion tests). No effect of expertise on 
elaboration nor fluency was detected. The effects could be explained by the positive result of the 
projection tasks on the quality of participants’ representations thus stimulating the evocation of 
needs (Loup-Escande et al., 2014) and reducing the psychological distance when thinking about 
distant (time/space) objects (Trope and Liberman, 2010). 
This study is a starting point in elaborating methods to support the collection of future needs for 
prospective ergonomics and other foresight-oriented fields. Current work is underway in 
prospective ergonomics to integrate such methods in user research interviews.  
 
7. Limits 
The first limit comes from the design of the survey: it was possible for participants to skip the 
audio recording of the modified GIP (or at least not fully follow the projection task guidelines) 
and still answer the verification questions. 
Despite being significant, the difference between the presence/absence of future projection tasks 
on the average elaboration is not very strong and calls for i) designing more refined future 
projection tasks, ii) comparing several tasks to determine which is the best, iii) checking if the 
projection tasks are successful. 
To assess the quality of needs collected we used two criteria derived from the psychology of 
creativity (fluency and elaboration) with two others (originality and flexibility) still to be assessed. 
It is probable that we could use better suited criteria such as those proposed by Barré et al. (2018) 
who suggests using only usefulness, fluency and originality as relevant metrics for evaluating 
needs. 
 
8. Directions for future research 
As we discussed earlier both episodic memory and semantic memory have a role in MTT, in 
future studies it would be important to find future projection tasks that can stimulate both in order 
to collect needs specifics of each. The work from Pettersson and Karlsson (2014) – while not 
referring to semantic/episodic memory – is an interesting inspiration regarding the specificity of 
stimuli. Two projection tasks where used i) collage and images of future cars/cities (general 
concepts), ii) enactment of future experiences (personal concepts) within a very rough prototype 
of a car. For the first one the researchers collected mainly general insights (on life, architecture, 
technology) while for the second one they collected more personal insights (on interactions). 
Since MTT uses past experiences from the memory systems, future studies could take it into 
account by opening up to tools used to elicit a better recollection of past memories/problems that 
could give rise to a more efficient MTT. Such tools could provide or elicit imagery, a sense of 
presence, a narrative structure, a spatial setting/context, feelings of familiarity etc. (Hassabis et 
al., 2007; Rubin et al., 2003; Wagner et al., 2005). 
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In addition to mental time travel, other cognitive processes could be candidates for priming such 
as counterfactual thinking and perspective taking. These processes, together with MTT, were 
primed successfully by a group of researchers (Fredericks et al., 2019) in order to improve the 
quality of new venture ideas in entrepreneurs. Additional methods could also be of use such as 
methods from the field of problem solving.  
To conclude with, the ubiquity of digital devices might have effects on the way humans use their 
brain (Barr et al., 2015; Ward et al., 2017) following the (re)location of much of our memories to 
electronic devices. This is not new and the transfer of memories to external media has 
continuously increased since the successive discoveries of writing, printing, audio recording etc. 
Could this remodel or compromise our memory systems to the point where our ability to imagine 
the future is altered? How can we take this into account when eliciting future needs? Could 
studying the data traces left in phones, computers, social media… be another opportunity to find 
new needs? 
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Abstract: This paper presents an overview of crowdsourcing tools for design and innovation. Its 
goal is to help developers and researchers develop and fine-tune better crowdsourcing tools, 
and help practitioners select and use these tools correctly and with realistic expectations.  We 
examine several aspects of these tools:  goal, application domains, functionality, procedure of 
use, data collection and results when available. Generating ideas and collecting feedback are 
two main reasons for using crowdsourcing design tools. Designers report that employing crowd-
based tools inspired them to innovate and increase the quality, user satisfaction, and success 
rate of their design. This research draws the attention of different communities (e.g., 
researchers, developers, and practitioners from design, engineering, and ergonomics/ human 
factors) on the interest and potential of crowdsourcing for design and innovation, and on the 
outcomes that can be expected. 
 
Keywords: Crowdsourcing, design, tool 
 
 
1. Introduction 
Empirical studies have already highlighted the importance of the role of users (specifically lead 
users) in developing new products, system and services. Von Hippel (2013) stated that many users 
are willing and capable to develop products that do not exist yet. This means that they start to 
innovate and produce solutions to satisfy their needs which are yet unknown to professional 
designers (Von Hippel, 2013). 
Hippel also showed that in many fields user innovators tend to join together and build 
communities that support them with structures and tools for their innovations. One important 
reason for cooperating with a community of like minded people is that the required knowledge 
and information is ”widely distributed” and usually is not available to a small team of 
designers/developers/innovators (Von Hippel, 2013). One way of building collaboration 
communities is through crowdsourcing. 
Crowdsourcing is an Internet-based approach for accomplishing unsynchronized and remote 
tasks. The use of Internet makes it easy and fast to launch a global open call for voluntary 
participation, so almost everyone from everywhere has an opportunity to contribute to the 
proposed project. Crowdsourcing involves a large variety of people with different backgrounds, 
knowledge, and motivations to work together for accomplishing a task or solving a problem. It 
gives access to a number of new talents outside the organization who share and discuss their 
solutions, and bring their collective wisdom (Robert et al. 2019).  
Online crowdsourcing platforms have enabled developers and practitioners to gather the 
knowledge and ideas of individuals who are dispersed geographically across the world. Villarroel 
(2013) asserts that crowdsourcing is “a radical new way of organizing distributed resources for 
the synchronous collective creation of value via the Internet”. Jeff How who coined the word 
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“crowdsourcing” believes crowdsourcing is “… the act of taking a job traditionally performed by 
a designated agent (usually an employee) and outsourcing it to an undefined, generally large group 
of people in the form of an open call.”(Howe, 2006) 
Crowdsourcing has already shown its strength in engaging big organizations like Wikipedia to 
seek for “ right talent ” and involve it in the development process. Villarroel (Villarroel, 2013) 
presented a list of successful organizations that have implemented Online Distributed Innovation 
(ODI) from 2000 to 2010. The list shows that big companies like Google, Facebook, CNN, 
Netflix, Amazon, oDesk, etc. have been benefiting from crowdsourcing in a number of their 
applications aiming to satisfy general purposes or to provide professional services. The 
application areas include but are not limited to image labelling, language translation, news 
reporting, machine learning, fashion design, proofreading, software development, and social 
innovation. Villarroel showed that employing a crowdsourcing approach had helped some 
companies to reach over one million users and build a big community of their users, in another 
case they could reach and gather people from two hundred nationalities. It is important to mention 
that many of their participants have not been paid and joined the project for free. Von Hippel 
believes that this willingness to work for free exists because participants enjoy their innovation 
process (Von Hippel, 2013).   
Crowdsourcing helps to effectively access the knowledge available in the society, to reduce the 
cost of access, and to introduce a “democratizing innovation” (Björgvinsson et al. 2010) which 
extends the boundaries of organizations by bringing a variety of talents into the process. There 
are evidences showing that the individual users are the main source of value in online distributed 
platforms. This is due to the time, energy and knowledge that this large number of distributed 
individuals donate for free (Villarroel, 2013). In general, companies hope to reap several benefits 
including: 

- Enable a large number of end users to participate in needs analysis and to collaborate on 
the design of artefacts (Sanders et al. 2010); 

- Collect end users’ feedback in an online community framework (Kraut et al., 2012); 
- Manage remote collaborations across teams; 
- Work asynchronously; 
- Have lower development cost; 
- Increase the usability, learnability, and quality of their products. 

Despite these promising benefits, the effectiveness of the crowdsourcing tools for design and 
innovation is poorly documented. In this research, we focus on crowdsourcing tools for design 
and innovation and investigate several aspects of crowdsourcing platforms including their goals, 
functionality, procedures of use, and results from real projects. Our goal is to help developers and 
researchers develop and fine-tune better crowdsourcing tools, and help practitioners to select and 
use these tools correctly and with realistic expectations. Our research is an extension of recent 
works on Prospective Ergonomics (Brangier & Robert, 2014; Robert & Brangier, 2012), a new 
branch or ergonomics/human factors which focuses on the definition of future user needs and the 
creation of future products, systems and services. It supports the use of crowdsourcing in 
Prospective Ergonomics to find users needs, search for innovative solutions and develop 
innovative artifacts.  
 
2. Methodology 
We reviewed a set of research literatures that were presented in scientific events and publications 
like books, conference proceedings, journal articles, design magazines and some crowdsourcing 
websites. We developed suitable search queries and extracted a list of articles and abstracts from 
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online libraries. The search terms are combined using logical operators and include 
(crowdsourcing OR crowd) AND (design OR innovation Or idea generation) AND (tool OR 
framework OR platform OR method). 
We examined our search query a few times to make sure it returned relevant articles however the 
inclusion and exclusion of papers were needed because the total number of returned papers was 
too much for the purpose of this study (n=1059). For this, first we went through the title, abstract 
and keywords of each paper. Then, we studied the introduction and conclusion parts to find the 
most relevant papers. We examined only papers for which we had access to their full-text and 
which were published in English. In total, we selected 56 papers which focused on crowdsourcing 
in idea generation, design and innovation. In addition we reviewed 25 papers that reported a new 
crowdsourcing tool, method or platform. We could identify and report 10 crowdsourcing design 
tools. In the next section, we introduce some existing tools for crowdsourcing in design and 
innovation. 
 
3. Crowdsourcing in Design and Innovation 
Iterations and revisiting of the three overlapping spaces of Inspiration (motivation behind the 
whole process of searching for solutions), Ideation and Implementation (bringing design to 
everyday life of people) are best known as Design Thinking approach. In Design Thinking people 
are deeply involved and the focus is on creating products and services which are human-centred 
(Brown & Wyatt, 2010).  
Crowdsourcing has been used by designers, developers and practitioners as a tool for motivating 
a larger number of people with zero design experience to participate in design activities. The idea 
is that participants from the crowd collaborate together in different stages of design in order to 
propose better solutions to their challenging problems like need findings, ideating, and 
implementation of their desired design. Studies and practices show that people play important 
roles in developing feasible ideas and sharing their feedback which inspire designers to redesign 
and innovate.  
Table 4 shows a list of crowdsourcing tools or methods we investigated in our research and which 
support different design activities. 
 
3.1 Idea Generation 
Design is a social activity (Warr & O’Neill, 2005) and needs “a diverse set of viewpoints and 
experiences ” as well as “different sources of inspiration”. Generating ideas is among the first and 
most important phases of the innovation and design process (Brown & Wyatt, 2010; Schumann 
et al. 2012). Once Linus Pauling, who won the Nobel prize two times, said that “To have a good 
idea you must first have lots of ideas”. Employing crowdsourcing techniques is an adequate 
attempt to capture numerous ideas (Dow et al. 2013) regardless of their origin, time, and location.  
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Table 4: List of tools with their corresponding design activities and authors 

Tools/Methods Design activities Authors 

Crowdboard Brainstorming Andolina et al. 2017 

IdeaGens Brainstorming Chan et al. 2016 

IdeaHound Generating collaborative ideas Siangliulue et al. 2016 

Ideation 2.0: WikiIdeas and  
Creativity Connector 

Brainstorming Network 
Generating ideas Ardaiz Villanueva et al. 2009 

CrowdUX and 
SortedCrowdUX 

Moderated and non-moderated 
feedback collection Schneider et al. 2016 

Voyant Capturing feedback Xu et al. 2014 

Crowd vs Crowd (CvC) Team competetion Park et al. 2013 

Sketch Combination System Creativity in design Yu & Nickerson, 2011 

 
Andolina et al. (2017) believe that participation and collaboration of the crowd in the process of 
idea generation can boost the quality of proposed ideas while the quality of ideas of only a few 
individuals may be poor (Dow et al. 2013), so one can extract better ideas faster and cheaper. 
They created a system named Crowdboard which allows the crowd to share and develop their 
ideas together with some in-person ideators in real-time. It opens a real-time channel for 
interacting between in-person designer and the crowd. The interaction could happen in an 
augmented environment (physical or digital whiteboard) and usually takes place in the early 
stages of design process like brainstorming or concept mapping.  
However, higher quantity of ideas does not mean higher quality as well. Usually, not all of them 
are high-quality and intervention of experts is needed in some cases to boost the quality of the 
ideas in terms of creativity, novelty and valuation which in turn results in generating better 
solutions to the proposed problem (Kim et al. 2014). In their study Chan et al. (2016) presented a 
crowd-based ideation system called IdeaGens where experts monitor the crowd ideas and provide 
personalized feedback on incoming ideas. The facilitation offered by skilled experts guides the 
ideators toward presenting improved solutions. They claimed that the results are significantly 
more creative. 
In addition, Siangliulue et al. (2015) showed that if people encounter more diverse and creative 
ideas then they will generate more diverse and creative ideas. However, there is another challenge: 
how an expert or a member of crowd can find the creative and inspirational ideas effectively? 
Although a “synthesis of solution space” has been proposed as an approach for helping members 
of community to access other participants’ creative and diverse ideas,  organizing the ideas in this 
approach needs a group of external workers. The IdeaHound proposed by Siangliulue et al. (2016) 
is a system that encourages internal community members to contribute feedback about ideas. This 
helps other members of the community to face more diverse and inspirational ideas which in turn 
leads to generating high-quality ideas.  
It is important to mention that brainstorming networks play an important role in developing ideas 
which are inspired by other people’s ideas. These networks help people to have constructive 
discussions and participate in evaluation sessions. Regarding this, Ardaiz Villanueva et al. (2009) 
proposed two web2.0 tools named Wikideas and Creativity Connector which are built based on 
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Wiki technology and social networking technology, accordingly. The WikiIdeas provides an 
easy-to-use online space for generating, revising, discussing, evaluating and selecting ideas while 
Creativity Connector fetches the information generated by WikiIdeas and uses it for linking 
participants together, building brainstorming networks and forming innovation teams. 
 
3.2 Collecting Feedback 
Design is an iterative process and evaluating results based on the collected feedback is an 
important step of each iteration. Feedbacks inspire designers and help them to understand the 
“cognitive and emotional impact” of their design decisions (Schneider et al. 2016). There are a 
number of tools which help designers to systematically collect and organize meaningful feedback 
(“d.school Bootcamp Bootleg,” 2013). It has been showed that obtaining a large quantity of 
feedbacks could be done easier with the help of emerging crowdsourcing technologies (Dow et 
al. 2013).  
In their study Xu et al. (2014) focused on capturing feedback on a visual design from non-experts 
and proposed a system that generates the desired feedback from the crowd. They showed that 
their tool could be an example of how crowdsourcing can be utilized to support design process. 
Their crowdsourcing tool Voyant is a crowd-based system that enables its users to reach to those 
who have no experience in design. It collects structured feedback from a crowd of non-experts 
and organizes it into five categories including: “list of elements seen in the design, the order in 
which the elements are noticed, the impressions formed when the design is first viewed, and the 
interpretation of the design relative to guidelines in the domain and the user’s stated 
communicative goals”. According to the researchers, Voyant overcomes the limitations of the 
approaches that computationally generate feedback for design because it is based on “human 
input” and includes “explanations and inspiration for improvement”. It also overcomes the social-
based approaches for collecting feedback because in Voyant it is impossible for the crowd 
participants to identify the users of the system so it lets them remain anonymous. Also, the 
feedback is generated within a structured workflow so it is unlikely that users interrupt each 
other’s activity.  
In another study Schneider et al. (2016) aimed to gather feedback from a large group of non-
expert users in the wild. They wanted to leverage “the opinions and contributions of many 
potential users” as well as to systematically combine and assess their opinions. Their tools are 
called CrowdUX and SortedCrowdUX which are useful for capturing moderated and non-
moderated user experience feedback from the crowd. They examined the quantity, relevance and 
nature of feedback in order to investigate the benefit of trusting in the crowd and reported that the 
collected feedback is of higher relevance which in turn saves money and time during feedback 
analysis. They also reported that employing crowdsourcing technologies helps in discovering 
more “context-rich user stories” than traditional methods. 
However, their experiences showed that engaging crowd for giving more feedback is a 
challenging task and even moderating the process of feedback collection is not enough so other 
strategies like gamification, creative reimbursement or persuasive system design might be 
considered. 
 
3.3 Competitive nature of design 
Generally, designers compete to present the best or most acceptable design solution. Furthermore, 
according to Boudreau et al. (2011) contests are among well-known mechanisms for encouraging 
innovation. This can be a good motivation for presenting a design method which tries to boost the 
effectiveness of crowdsourcing across all design activities.  
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The Crowd vs Crowd (CvC) design method presented by Park et al. (2013) considers the iterative, 
collaborative, and competitive nature of the design process and focuses on the entire design 
process rather than on some parts of it. In CvC large number of non-designers will join design 
teams and collaborate to find a design solution for the proposed problem. Design teams compete 
with each other and in each team, one designer takes the responsibility of the design and 
coordinates the communications. In addition, each time design constraints exist and numerous 
design decisions should be made to tackle those limitations.  
Researchers of this study claimed that in CvC a larger number of people can participate in the 
design process. Their contribution is more useful because a wider range of ideas will be explored 
and more valuable knowledge will be collected. Furthermore, the quality of design outputs is 
higher because the presence of at least one designer in each design team helps to keep the 
communication flow effective and the quality of the final artefact as high as possible. The CvC 
introduces more transparency and saves time and efforts which are needed for obtaining 
information, generating ideas, and gathering opinions. However, it is the designer who decides 
how to visualize the ideas and finalize the design (Park et al. 2013).   
 
3.4 Creativity of Design 
Yu and Nickerson (2011) showed that creativity of design can be increased through combination 
of tools. They examined their idea by employing more than a thousand crowd participants and 
asked them to sketch. Their tool was made by a combination of three technologies: the Amazon 
Mechanical Turk platform which is a leading crowdsourcing marketplace for individuals and 
businesses to outsource their processes and jobs, the Google Docs drawing platform and an 
organizational process which was inspired by the idea of a genetic algorithm. In their combination 
system “one crowd creates a first generation of sketches, and then successive crowds create 
additional generations by combining the sketches made by the previous crowds.” They claimed 
that the sketch combination system showed interrelations between creativity, combination, and 
tools. It combines crowd together and forms a collective mind that is capable of significantly more 
creative design.  
 

4. Conclusion 
In light of the scientific studies on crowdsourcing we investigated a selection of ten 
crowdsourcing tools for supporting design and innovation. These studies showed that involving 
large groups of people with different backgrounds and expertise as crowdsourcing makes it 
possible has several benefits on creativity, design and innovation, and production. The crowd’s 
collective intelligence increases the number of ideas, the quality of design and solutions, and the 
users’ satisfaction towards solutions, the crowd’s work force multiplies the capacity of production 
for the development, and all that allows to save money when participants voluntarily work for 
free as it is often the case with crowdsourcing. In our opinion crowdsourcing had a huge potential 
to explore for creativity, design and innovation, and that is why it represents a powerful method 
in Prospective Ergonomics to support the creation of future products, systems, and services. 
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Knowledge clarification regarding computer work 
Practice-based abstract 
 
 
Anne Marie SALBÆK, Camilla MADSEN 
 
Arbejdstilsynet, Denmark 
 
 
1. Challenges 
Since the implementation of the Directive 90/270/EEC - display screen equipment of 29 May 
1990 the technological development has gained momentum. A more digital labour market 
changes the way we work and creates new ergonomic opportunities and challenges. Digital 
devices such as tablets, laptops and smartphones are increasingly being used today. In 2019, what 
knowledge base, that The Danish Working Environment Authority (WEA) can use to meet the 
challenges of the modern labour market? 
 
2. Activities 
The Danish WEA has completed a knowledge clarification regarding computer work which was 
intended to a) clarify the research and literature of working with display screen equipment and b) 
explore work tasks that involves display screen equipment. 
The first was done in cooperation with the National Research Centre for the Working 
Environment. The latter was done in cooperation with the Inspection Centers. 
Based on the above, there is a lack of evidence from the research literature, especially regarding 
new devices. Therefore, we have cross examined our findings with the available knowledge from 
the Department of Occupational Medicine on work-related diseases due to working with display 
screen equipment. 
 
3. Outcomes 
The outcome of our knowledge clarification will be presented in our presentation at the 
conference. And we will talk about how our knowledge clarification can supplement the display 
screen directive, so that the WEA in a more modern and updated way can regulate the wonderful 
world of digital devices. 
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The Swedish Work Environment Authority introduces medical 
checks for handintensive work 
Practice-based abstract 
 

 

Kersti LORÉN 
 
Swedish work environment authority, Sweden 
 
 
1. Challenges 
Hand-intensive work, that is, hand movements involving high repetition combined with power 
development, is common in a variety of industries in the Swedish labor market today. In addition 
to traditionally male-dominated professions, such as cutting carcasses, hand-intensive work is 
also common in, for example, food processing industry, manufacturing industry, among retailers 
in the grocery trade, among cleaners and among hairdressers. In these professions, many women 
work. Statistics and earlier research indicates that more women than men are suffering from pain 
in neck and upper extremities. 
According to provisions on ergonomics for prevention of MSDs (AFS 2012:2) 7 § The employer 
shall ensure that there is normally no work that is repetitive, closely controlled or restricted. If, 
nevertheless, an employee must perform such work on account of particular circumstances, the 
employer shall prevent the risks of ill-health or accidents as a consequence of health-endangering 
or unnecessarily fatiguing loads. This preventive work must lead to increased variation in the 
work, for example, through job rotation, job diversification or breaks. 
It is important that symptoms of Work Related Musculo Skeletal Disorders (WRMSD) are 
detected early. Then rehabilitation can start early and the problems do not become chronic. The 
Swedish Work Environment Authority (SWEA) regulates currently by provisions (AFS 2005: 06) 
on medical controls in working life prescribing that medical check-ups must be carried out if a 
risk is detected in the OSH management system that cannot be eliminated nor handeled in another 
way. When it comes to hand-intensive work, experience says that risk assessments are not made 
to a sufficient extent, and that even if implemented, it can be difficult for employers to understand 
when medical checks for hand-intensive work are to be ordered. 
 
2. Activities 
In the spring of 2015 SWEA engaged an expert group to provide evidence based input to the 
discussion on adding hand-intensive work as a reason for medical check-ups according to the 
provisions (AFS 2005: 06) on medical controls in working life. 
 
3. Outcomes 
SWEA introduces a new section on hand-intensive work in the Swedish Work Environment 
Authority's provisions on ergonomics for prevention of MSDs (AFS 2012:2) and in the new 
provisions on medical controls. They should clarify to employers when they are obliged to offer 
their employees medical control for hand-intensive work. The Swedish Work Environment 
Authority´s Director General will decide on the new rules in March 2019. The presentation will 
focus on how the changes to the provisions on ergonomics for prevention of MSDs (AFS 2012:2) 
and the new provisions for hand-intensive work in the provisions on medical control should be 
applied. 
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Improving ergonomic risk assessments in the Norwegian Oil 
and Gas Industry 
Practice-based abstract 
 
 
Brit GULLESEN, Anne Sissel GRAUE 
 
Petroleum Safety Authority Norway, Norway 
 
 
1. Challenges 
The Norwegian oil and gas industry has several working environment design standards that are 
being used by ergonomists to prevent Work Related Musculoskeletal Disorders (WRMSD). 
However, ergonomic risk assessments of tasks has been an area with need for improvement within 
the industry. 
 
2. Activities 
Back in 2014 we made a strategy to share knowledge on such risk assessment methods in order 
to improve industrial prevention work. This strategy comprised a set of activities targeting 
different areas; collaboration with the Norwegian Labour Inspection Authority, establishing 
contact with researchers and experts in the field, developing a public guideline and checklists. 
We have also arranged seminars to share knowledge and we have performed audits. 
 
3. Outcomes 
These targeted activities have in sum led to higher consciousness and better knowledge within 
the industry on different risk assessment methods which can be used in order to prevent WRMSD. 
We also see some improvement on how such risk assessments are being performed, however, 
there is still a way to go. Hence, focus on this matter is still needed in future audits.  
We have also experienced a need for better educational possibilities and more networking among 
ergonomists. 
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Improving the investigation and learning of occupational 
accidents in Denmark – some important barriers 
 
 
Frank Huess HEDLUND (1), Per Tybjerg ALDRICH (2)  
 
(1) COWI. Parallelvej 2. DK-2800 Kongens Lyngby. Denmark, Technical University of Denmark 
(DTU). DK-2800 Kongens Lyngby. Denmark  
(2) NIRAS. Sortemosevej 19. DK-3450 Allerød. Denmark  
 
Abstract: This paper reports some results of a study on the accident investigation practices of 
the Danish Working Environment Authority (DWEA). One of the main findings is that the current 
authority response primarily is framed in a context of legal procedure and inspection agency 
enforcement work. A major objective of an accident investigation visit by a DWEA inspector is 
to identify specific violations of the Danish Working Environment Act and to establish sufficient 
factual basis for the appropriate judicial punitive responses (citations, orders and penalties). It 
is also an objective to develop and support the company's capacity to investigate and learn from 
own accidents. This second objective regarding learning can be difficult to achieve however. The 
general atmosphere at the visit may not support an open exchange of information and be 
conducive to learning, given the prospect that disclosure on the part of the company may 
perceived as potential self-incrimination.  
 
Keywords: Accident investigation, learning, apportion of blame, legalism. 
 
 
1. Introduction 
For decades, it has been stated priority of the Danish Working Environment Authority 
(Arbejdstilsynet), henceforth DWEA, to reduce the number of workplace accidents (AM, 1996). 
Many initiatives have been launched, e.g. (AT, 2008), often with elements of higher penalties for 
violations and better targeting of inspections, to give priority to difficult workplaces.  
Some accidents are scheduled for an accident investigation site visit by a DWEA inspector. 
Recently, a new accident investigation toolbox, was launched to support learning from accidents, 
to be used e.g. at such inspector site visits (BM, 2015). 
It makes obvious sense to learn from unwanted outcomes to avoid repetition, and to share the 
lessons learned in order to minimize the number of times the same lessons have to be re-learned 
(Hedlund & Andersen, 2006). It is true that several earlier Danish initiatives to support such 
learning from accidents exist. Some investigation methods were part of a major joint tripartite 
zero-accidents campaign with "30 good methods" (Jørgensen, 2001). Also, during 1999-2007, the 
DWEA ambitiously rolled out a tool for investigation of so-called simple accidents to 700-800 
teachers, who provide mandatory training to workplace safety representatives, and introduced it 
to "all workplace inspectors" (Jørgensen, 2010). The driving force behind these campaigns was a 
realization that accidents were "very rarely investigated" and that mandatory reporting was 
superficial and deficient (Jørgensen, 2010). The campaign's impact and later fate is unclear. 
Recent case evidence, though sporadic in nature, indicate that the current mechanism in Denmark 
for accident investigation, identification of causes and dissemination of lessons learnt after 
accidents continues to be troubled (Hedlund & Hilduberg, 2017; Hedlund & Madsen, 2018). In a 
particularly distressing case, a serious repeat accident took place at the same location at the same 
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company, the second time with fatal outcome, still without identification of underlying technical 
and organizational root causes and proper actions to prevent recurrence (Hedlund, Astad, & 
Nichols, 2014). The recent initiative to support learning from accidents therefore continues to 
have relevance. 
This paper reports some results of an on-going study on the current authority response and 
inspection practices of the DWEA, after a serious and non-trivial workplace accident. One of the 
objectives of the study is to explore reasons and generate hypothesis for why opportunities for 
gaining accident prevention knowledge may be missed. The paper reports some of the barriers 
identified, in particular those related to authority enforcement action and criminal prosecution. 
 
2. Theory 
The emphasis given to punishment and persuasion differs across nations. A contrast study 
between Sweden and the U.S. (Kelman, 1994) is, despite its age, illustrative. American workplace 
inspectors had little faith in the automatic acceptance of the law and there was widespread mistrust 
of employer intentions. In contrast, Swedish inspectors were more sanguine, though not naïve. 
When it was concluded that previous enforcement methods were not working well enough, 
enforcement in the U.S. was made more punitive. In contrast, the role of the safety steward was 
revitalized in Sweden. U.S. inspectors generally believed enforcement should be tough, while 
Swedish inspectors generally believed it was better to persuade (Kelman, 1994).  
To most outsiders, there is little difference between Denmark and Sweden. Both countries adhere 
to a corporatist and consensus seeking governance model, particularly so for the labour market. 
In Denmark, strengthening of the local safety committee at the workplace is a major strategy, and 
workplace inspectors have historically given some advice, pursued persuasion, and occasionally 
resorted to arm twisting. The last decade however, appears to have given way to a more arms-
length regulatory approach with a stronger focus on punishment, although the issue has not been 
examined systematically in the Danish literature.  
Punishment and persuasion is no new discussion. In 1985, Braithwaite examined whether 
punishment works as a regulatory strategy, whether persuasion works and whether punishment 
and persuasion are incompatible strategies – indeed if persuasion is morally acceptable at all; for 
can it be right for the law to be negotiable? (Braithwaite, 1985). 
More recent work has examined the side-effects of a punitive approach – in particular the damage 
it can do to learning. Punishment is said not only to undermine the incident analysis component 
of safety programs; punishment literally clashes with behavioural research findings, that co-
operative, non-retributive organizational cultures are more likely to encourage employee 
reporting and create self-improving programmes (Baram, 1997). 
Other authors argue similarly: Organizations can either learn from an accident or punish the 
individuals involved in it, but hardly do both at the same time (Dekker, 2005). 
 
3. Material and methods 
The work presented in this paper is based on two primary data acquisition activities. The first was 
documentary analysis of internal DWEA quality procedures, guidelines and other supporting 
material assisting workplace inspectors in carrying out a proper accident investigation visit. 
The second activity was passive participant observation during an announced accident 
investigation visit by an DWEA inspector at company premises. A short unstructured interview 
with the inspector took place at a debriefing meeting immediately following the visit in order for 
the researcher to align his understanding of the events of the meeting with that of the inspector. 
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Companies have a duty to notify the DWEA of workplace accidents resulting in one or more 
workdays lost. DWEA software screens incoming notifications and assigns priority based on 
certain criteria of which the number of workdays lost ranks high as an important criterion. A 
committee of experienced DWEA workplace inspectors reviews the notifications and selects 
those for which an inspector should carry out an accident investigation site visit. 
Selection of visits, five in total, for this project was based on a high score for severity (number of 
workdays lost) as a proxy for seriousness, and committee consensus, if the accident would qualify 
as serious and non-trivial. The DWEA is obliged to protect the privacy and confidentiality of the 
workplaces. Therefore, consent had to be sought from the workplace that the researcher could 
join the accident investigation visit and the companies and the individuals involved must remain 
anonymous.  
 
4. Results of documentary analysis 
 
4.1 Purpose of DWEA accident investigation visit, as espoused in written procedures 
The DWEA's quality procedure DT-3 titled: "Undersøgelse af kvoterede arbejdsulykker" 
(Investigation of workplace accidents), states that the purpose of an accident investigation is two-
fold: 1) To ensure that repetition has been effectively prevented. 2) To instruct and support the 
company in using the DWEA's Accident Investigation Tool with the objective to facilitate 
learning and enable the company to take precautionary measure to prevent that future accidents 
take place. 
The DT-3 quality procedure furthermore states, that the investigation shall also provide the 
necessary factual basis permitting the DWEA to ascertain if a violation of the Danish Working 
Environment Act (henceforth: The Act) has taken place to enable the Authority to take proper 
administrative enforcement action. 
As stated in DT-3, the ranking of inspector priorities are; a) to rectify deficient workplace 
conditions and prevent recurrence; b) to support and enhance the company's general ability to 
identify unsafe acts and dangerous occurrences, analyse causes and contributing factors and take 
corrective preventive action at the local level; and c) to fulfil the Authority's obligation to take 
administrative enforcement action if negligence or violations caused or contributed to the 
accident. 
 
4.2 The concept of a Grov Overtrædelse (GO) 
In case of so-called Serious Accidents, the case must be referred to DWEA's legal department for 
an assessment of whether criminal prosecution shall be sought.  
The quality procedure DT-3 defines a Serious Accident as one where 1) a violation of "clear and 
well-known rules and regulations" has taken place and danger was evident or imminent, and/or; 
2) the consequences of the accident are serious, for example death, expected permanent disability 
or many workdays lost. 
If the accident is serious, the inspector is obliged to file a standard GO form G-204 "Tjekskema 
ved grov overtrædelse" (Check list for [grov] violation). The Danish term grov can have several 
meanings, such as serious, aggravated, gross or – in a judicial context – wilful. A translation of 
Grov Overtrædelse, henceforth GO, can either be serious violation or even be a wilful violation. 
Selected items of the form G-204 are: 

- Q4: Was an employer representative present at the time of the accident? If affirmative, 
state the specific location. 
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- Q5: How was the work task planned and executed? (were safety measures adequate, were 
the technical aids suitable? etc)  

- Q9: Was equipment in good working order? 
- Q10: Were safety functions / control measures disabled at the time of the accident? 
- Q11: Had the employee been instructed how to carry out the work in a safe manner? 
- Q17: Did managerial supervision of the workplace take place? 

It is important to note the somewhat cloaked link between a Serious Accident and a GO form 
titled "serious (wilful) violation". Accidents are generally understood to be a product of error and 
chance circumstances. A violation is a much more sinister concept involving negligence, 
intentional disregard of rules and wrongdoing, certainly when associated with the term grov.  
It is also important to note that length of absence from work itself is a sufficient criterion for the 
accident to be classified as serious, and hence as a GO. Based on talks with inspectors, three 
weeks or more of absence from work will cause the accident to be classified as serious, and a GO.  
Whenever a GO form G-204 has been filed, the inspector is obliged to inform the company in 
writing that the accident according to customary practice will be referred to the DWEA's legal 
department for a judicial assessment, in order to determine if the DWEA should react with 
administrative enforcement action (notice, order, economic penalty, etc.) or whether the case 
potentially should be referred to the police for criminal prosecution. 
 
4.3 The concept of Clear and Well-Known Rules and Regulations 
The interpretation of a violation of "clear and well-known rules and regulations" is important as 
this concept is part of the definition of what constitutes a serious accident, and a GO. An internal 
DWEA guideline for the legal department (AT, 2016) defines the concept as rules, regulations or 
practices that are well-known, or should be well-known, within the trade. Examples are: 

- working at height without proper control measures such as guardrails, safety harness etc. 
- machine guards disabled or removed 
- working in a trench without protection against cave-in of trench walls 

It is understood that safety practices described in guidelines and good practice documents 
published by the DWEA or its partner organization in the trades, on e.g. scaffolding, powered lift 
platforms, crane safety etc., also qualify as well-known. 
 
4.4 Accident investigation guidance material 
The DWEA has developed an accident investigation method/tool, the "Guide to learn from 
accidents", available also in English (AT, 2015b). A set of Guidelines (AT, 2015c) explain how 
to use the tool. The first section of the tool helps provide a basic reconstruction of the accident. 
This is followed by a section with 57 questions organized under 15 themes. The final section 
includes open-ended entries for suggestions on how recurrence can be prevented.  
The guidelines state that the inspector can either use the tool actively at an accident investigation 
visit using a so-called dialogue board (AT, 2015a) for all of the participants of the investigation 
to see, or simply use the tool as a checklist at the end of the visit to ensure that no issues have 
been overlooked. The questions shall help identify, in a systematic and structured manner, the 
factors that played part in the accident and the at times complicated interactions between physical 
problems, personal carelessness and oversights in planning.  
At face value, it is a tool for basic fact-finding. The questions, however, also exhibit an 
unmistakeable attention to fault on the part of the employer's general duty in The Act to provide 
a safe and sound workplace.  
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For instance, theme 1, "Organisation of the work site", lists these four questions (emphasis 
added):  

- Did the site lack space or lighting?  
- Did the employee or others have an inadequate view across the work site?  
- Was there inadequate buttressing, shielding or fencing?  
- Were there inadequate warning alarms or escape routes? 

Similarly, theme 8, "Technical equipment or machinery" offers these questions (emphasis added):  
- Was the technical equipment/machinery unsuitable for the job?  
- Was the technical equipment/machinery inappropriately designed?  
- Was the accident caused by an error in machine controls or programming?  
- Was the accident caused by wrongful maintenance of the technical 

equipment/machinery? 
An affirmative answer to seven out of those eight questions would imply a violation of the 
stipulations of The Act supporting some sort of DWEA administrative enforcement action. In 
conclusion, the guide assigns as much attention to fault-findings as it does to fact-finding. 
 
5. Result of participant observation activity 
 
5.1 The inspector's standard opening announcement 
The inspector initiates an accident investigation visit with a standard announcement that 1) an 
accident has taken place, 2) the outcome was serious, and 3) the inspector has come to the site to, 
amongst others, determine if there has been a violation of The Act. The inspector duly informs 
that, depending on the outcome of this meeting, administrative enforcement action, such as an 
order or an economic penalty, may result. The inspector is keen to emphasize however, that this 
decision is not to be taken by him, but by the legal staff at the DWEA head office.  
The inspector then states that the purpose of the meeting is to understand why and how the 
accident happened, to collect information on the events that took place before and during the 
accidental event and identify the factors that played part in the accident in order to prevent 
recurrence.  
 
5.2 An elephant in the room 
Workplace accidents are rare and most workplaces are unfamiliar with the presence of a DWEA 
inspector in general, and an accident investigation visit in particular. This is particularly true for 
the injured person and his immediate superior (the employer representative). While they in the 
beginning of the meeting may appear unreserved and candid, they become more reluctant, 
reserved and guarded as the meeting progresses and they sense that potential sanctions are in wait. 
Some workplaces with a dedicated OHS manager appear guarded from the beginning.  
There is a palpable uncertainty about the intentions of the inspector and the potential sanctions 
that may result. But it is unspoken – there is an elephant in the room.  
 
5.3 Case example: Cook scalded while moving hot soup 
A company had contracted with a catering services company to operate their canteen. Two 
professional cooks were assigned to the kitchen. In preparation for making veal stock, a cook was 
moving a container with hot soup. While setting it aside in a hurry, he lost grip of the container. 
Hot soup spilled over his foot, resulting in localized 3rd degree burns. Workdays lost exceeded 
three weeks and the site was scheduled for an accident investigation visit. The manager of 
operations and the OHS manager of the catering company attended, as did the injured cook.  
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It is not unreasonable to assume that it was important for the catering company not to be served 
an enforcement notice or order, which could tarnish their OHS performance record. They were 
guarded in attitude and measured in their responses.  
The incident was a GO due to the number of workdays lost and the inspector was obliged to 
determine if a violation of clear and well-known rules had taken place. This was not easy, as the 
inspector had limited domain knowledge of canteen kitchen routines and no specific rules 
apparently exist for moving hot soup. The inspector then focussed on the employer 's general duty 
in The Act to instruct and supervise the work (Q11 and Q17 of the GO form).  
This resulted in lengthy talks about how to interpret regulations, how to carry out managerial 
oversight of professional cooks (who work unsupervised), and if it was necessary to have a written 
procedure for how to move hot soup safely in order to demonstrate, upon request, that instructions 
have been given.  During the meeting, the inspector silently followed the outline of the accident 
investigation tool and duly presented it at meeting's end.  
The researcher's subjective impression was that the meeting had a reserved undertone, a 
reluctance to provide a rich description of events, perhaps elements of alienation, in essence an 
atmosphere not conducive to learning, and that the catering company saw limited or no value 
added of the meeting.  Post-meeting information indicates that, eventually, the catering company 
agreed to produce a written procedure for moving hot liquids.  
 
5.4 Case example: Bricklayer injured shoulder when climbing scaffold 
The accident happened at a general construction company with 50-100 employees. A 50-60 years 
old bricklayer with musculoskeletal problems and no longer able to keep up with the work pace 
of younger bricklayers assisted the company owner with planning and coordination of tasks, e.g. 
inspecting workplaces to make sure scaffolding etc. was ready before work teams were sent to 
the site. When climbing a ladder to a scaffolding level about 1 m above ground, he reached for a 
cross beam, lost balance and tore a biceps tendon at the shoulder. Workdays lost exceeded three 
weeks and the site was scheduled for an accident investigation visit. The owner of the company 
and the injured bricklayer were present at the accident investigation visit. 
The incident had taken place some time ago and the company was unprepared, as they thought 
the inspector had arrived because the bricklayer had been involved in another more recent work-
related injury, leading to lower back pain, when reaching out for a small box of plastic spacers 
for concrete slab rebar in the cargo bay of a van.  
The incident was a GO due to the number of workdays lost and the inspector was obliged to 
determine if a violation of clear and well-known rules had taken place. For scaffolding, many 
specific rules exist. The inspector quietly and systematically questioned the company in an 
attempt to reconstruct the conditions at the workplace prior to the accident. What type of 
scaffolding?, who erected it?, was the ground level?, etc. Eventually, he addressed the ladder 
leading up to the first level, about 1 m above ground. Was the ladder secured at the top? – Yes. 
At the foot? – Yes. How far did the ladder extend above the floor of the first level? It was difficult 
to remember, perhaps half a meter or so. The inspector then pointed out, that according to rules 
and regulations, the ladder should extend one meter above the floor.  
This resulted in an outburst of anger, as the bricklayer felt he had been led into a trap. The 
company owner coolly asked the bricklayer to calm down, as he, not the bricklayer, would be 
served the penalty. The inspector was very skilled and managed to defuse the conflict, to provide 
guidance on the interpretation of rules, the rationale for the rules, and even on the importance of 
safety culture, without using the culture-word. At the end of the meeting, the inspector presented 
the tool for learning.  
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The researcher's subjective impression was that the meeting at times had been adversarial with 
episodes of manifest mistrust, not conducive to learning.  
Post-meeting information indicates that when the inspector subsequently discussed the ladder 
issue with DWEA's legal staff at headquarters, the case was quickly rested. All distances had been 
given as per memory, and the ladder might well have extended 1 m.  
 
6. Discussion 
 
6.1 Purpose of accident investigation visit, in practice 
The purpose of a DWEA accident investigation visit, as espoused in written procedures, is to 1) 
prevent recurrence and 2) to instruct and support the company in using the DWEA's accident 
investigation tool to facilitate learning and last, 3) determine the appropriate authority 
enforcement response.  
Participant observation indicates however, that in practice, the foremost priority of the inspector 
is to gather factual information that could support to punitive administrative enforcement actions.  
 
6.2 Side-effects of legal prosecution, particularly for learning 
It is generally recognized that a judicial punitive approach to accidents has substantial side-effects 
– in particular the damage is does to learning (Baram, 1997). Dekker (Dekker, 2005) argues that 
organizations can either learn from an accident or punish the individuals involved in it, but hardly 
do both at the same time. He advances several arguments in support of this proposition: 

- Punishment emphasizes that failures are deviant. In contrast, learning means that failures 
are seen as normal, as resulting from the inherent pursuit of success in resource-
constrained, uncertain environments. 

- Punishment, rather than helping people better manage conditions that contribute to error, 
actually conditions people not to get caught when errors do occur. 

- And perhaps most important for this paper: Punishment is about the search for closure, 
about moving beyond and away from the adverse event. Learning is about continuous 
improvement, about integrating the event in what the system knows about itself. 

In addition, a judicial punitive approach is bad for safety because the legal system suffers from 
knowledge shortcomings. Being held accountable by somebody who has a limited and superficial 
understanding of what it means to be a professional in a particular setting (a construction site, a 
kitchen, a ward, a lumber yard), the punishment meted out will be seen as unfair, coarse and 
uninformed. Indeed, as unjust. Research shows that this results in less disclosure and a 
polarization of positions, rather than openness and willingness to learn (Dekker, 2007). 
 
6.3 Accident investigation bodies of other domains 
It is relevant to examine international standards and recommended practices for accident 
investigation boards. Within civilian aviation, for example, the relevant international convention 
states that: "The sole objective of the investigation of an accident or incident shall be the 
prevention of accidents and incidents. It is not the purpose of this activity to apportion blame or 
liability" (ICAO, 2001) (emphasis added).  
Similar mandates can be found in the statutes for the Danish Maritime Accident Investigation 
Board and the Danish Accident Investigation Board for railways and aviation. 
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6.4 The inspector's opening announcement 
The inspector is obliged to open the meeting with a standard announcement, that he has come to 
the site to, amongst others, determine if there has been a violation of The Act. The inspector also 
informs that, depending on the outcome of this meeting, administrative enforcement action, such 
as an order or a penalty, may result. There is full transparency that the inspector has come to 
apportion blame. 
Why is the inspector obliged, as a matter of routine, to notify a company of potential future 
punishment, even before there is any evidence of negligence or safety violations? An internal 
DWEA guideline for the legal staff (AT, 2016) provides an explanation: If the DWEA has omitted 
giving notice of potential future prosecution, or if other delay, inactivity or communication on the 
part of the DWEA has given the company fair reason to assume that no further action will take 
place, the DWEA risks having forfeited the possibility to refer the case for criminal prosecution. 
Strictly from a judicial standpoint, the opening statement makes good sense. From a learning 
point of view, the approach is counterproductive  
 
7. Conclusion 
Occupational accidents that meet certain severity criteria such as permanent disability and length 
of absence from work are selected for an accident investigation visit by a DWEA inspector. The 
response is largely framed in a context of legal procedure and administrative agency enforcement 
work. To develop and support the capability of workplaces to investigate own accidents, 
inspectors have recently begun to bring with them an accident investigation tool.  
Despite the good intentions of this focus on learning from accidents, this study concludes that 
there are major challenges associated with attempts to combine learning with an activity that 
apportions blame and assigns sanctions (punishment) such as citations, orders and economic 
penalties.  
There is also evidence to suggest that the learning tool is as much concerned with fault-finding as 
it is with fact-finding. The general atmosphere at the visit may not support an open exchange of 
information and hence not be conducive to learning, given the prospect that full disclosure on the 
part of the company may perceived as not serving own interests, potentially even as self-
incrimination.  
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Abstract: Moving and handling people in healthcare is the main cause of musculoskeletal 
injuries. A national moving and handling people guideline was launched in New Zealand to 
help implement multi-faceted moving and handling people programmes and reduce injuries. 
Using a questionnaire this study showed that the guidelines reached the main user groups, but 
not all sections of the questionnaire were used to the same extent. Use of sections led to 
change in 50%- 60% of cases. Three case studies showed that Health and safety managers and 
moving and handling coordinators initiated and drove implementation of the guidelines. In 
order to succeed in implementation, they conducted organisational work using health and 
safety legislation and analysis of injuries to gain management support and worked with carers 
to achieve staff involvement. 
 
Keywords: Patient handling programme, national intervention, evaluation. 
 
 
1. Introduction 
National guideline material is often developed to help control risk to workers’ occupational health 
and safety (OHS) and reduce work related injuries. Whether guidelines work or have any effect, 
or not, depends on many factors. They have to reach actors in the target organisations. The actors 
need to decide to use/follow the guidelines and start the process of implementing the content. If 
they succeed in implementing the content, then the effect would rely on implementation of the 
content actually reducing risk and injuries. Dissemination and implementation processes are 
complex and influenced by many factors at different levels, such as legislation, organisation of 
OHS advice and support, values in the industry and workplaces’ human and monetary resources. 
Musculoskeletal injuries and disorders (MSD) are particularly prevalent amongst healthcare 
workers such as nurses and carers, who move and handle people (MHP) (Yassi & Lockhart, 
2013). Many countries have developed national guidance material to help reduce MHP related 
MSDs but very little of this has been evaluated (Lahti, Olsen, Lidegaard, & Legg, 2019). The 
limited literature on evaluation of MHP interventions indicates that single-component 
interventions, concentrating on MHP technique or training, do not reduce MSD risks or injuries 
and that multi-component interventions, including risk assessment, has reduced MSD risks 
(Hignett, 2003; Tullar et al., 2010). In New Zealand the Accident Compensation Corporation 
launched in 2012 a national MHP guideline based on evidence from literature and consultation 
with international experts (Accident Compensation Corporation, 2012). It recommended 
implementation of a MHP programme containing three organisational system components (OSC): 
policy and programme planning, workplace culture, and monitoring and evaluation (sections: 1, 
2, and 10-13 of the guideline); and five core components (FCC): risk assessment, techniques, 
training, equipment and facility design (sections 3-9 and 14). A recent analysis showed that the 
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Accident Compensation Corporation’s MHP related injury claims rates had not declined, but 
instead had increased two to four years after the MHP guideline was launch (Lidegaard, Olsen, 
Legg, & Douwes, 2019). Whether this was influenced by the MHP guideline is difficult to say. 
The present study aimed to identify the extent of awareness of the MHP guidelines amongst 
intended users; to what extent they had used the guidelines, if they were aware of tehm; which 
components they had used and if  use of these components had led to change. Additional aims 
were to identify how the MHP guideline programme components were implemented, what 
influenced implementation and the outcome.  
 
2. Methodology 
The study used a mixed method design. The programme theory of the MHP guidelines - how the 
Accident Compensation Corporation anticipated the guideline should work and who should use 
it –- was identified through interviews with the developers, review of the MHP guideline and 
documents justifying its development (Lidegaard, Olsen, & Legg, 2019). This was used to 
develop an internet-based questionnaire about awareness and use of the MHP guideline and if use 
had led to change and to identify potential participants (intended users of the guidelines). 3,025 
potential users of the guidelines were invited to complete the questionnaire, which was distributed 
via third parties: employers’ organisations, trade unions, professional interest groups and the 
Accident Compensation Corporation’s mailing lists. To assess differences in awareness and use 
of the guidelines between people in different work roles, a work role cohort (463 respondents) 
was extracted from the 638 respondents to the questionnaire. Chi-Square tests were used to 
determine differences in awareness and use of the MHP guideline. All responses to the 
questionnaire were used to assess which sections were used more than others and which sections 
most frequently had led to change in the organisation. Only respondents that were familiar with 
a section were asked if they had used the section and if their use of the section had led to change 
in the organisation. In order to identify what influenced implementation of the components of the 
guidelines three case studies were conducted of two public and one private hospital. Data was 
collected at each case study hospital through a chronicle workshop (Olsen, Lidegaard, & Legg, 
2018) with people involved in development of each hospital’s MHP programme and people 
influencing MHP and through semi-structured interviews with a senior manager, a OHS manager, 
a MHP coordinator and additional key actors identified during the chronicle workshop (Olsen et 
al., 2018). The interviews were transcribed and a story was written on the basis of the chronicle 
workshop. The transcripts and the story were thematically analysed to identify facilitating and 
hindering factors for implementation, which resources were introduced, how the actors reasoned 
and what changes it led to. 
 
3. Results 
 
3.1 The MHP guideline programme theory 
The programme theory for the MHP guideline is presented in Figure 1. It shows that the 
developers imagined the guideline reaching the target groups through mail and email, conferences 
and the internet. The target group was the whole health care sector but the main target groups, 
who were expected to drive change, were MHP coordinators, OHS managers and managers in 
charge of OHS. They would decide to use all the components of the guidelines because it would: 
reduce injuries and improve care (ethical reasoning), reduce costs related to injuries (economic 
reasoning), and comply with the OHS legislation (legal reasoning). Using each of the components 
would in itself lead to an outcome and together it would lead to safe MHP practice, which would 
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reduce injuries related to MHP. The implementation of the components would require 
management support and engagement from key stakeholders and front-line staff, which the 
implementor was supposed to create. The MHP guideline developers identified that MPH 
guidelines were needed to help reduce high MHP injury rates and related cost, and prevent an 
increase likely to be caused by an aging workforce and an increasing proportion of  overweight 
clients. They imagined that aligning the guidelines with the requirements of the national H&S 
legislation and OHS incentive programmes and using public hospitals as drivers for change, 
would facilitate uptake and implementation of the guidelines. However, they saw the following 
factors as barriers to implementation: increased health costs and budget constraints, deficiencies 
in existing building regulation and facility guidelines, a culture in the health care sector focusing 
on patient care and not staff safety, diverse needs in the sub-sectors and, a low priority of MHP 
from the Ministry of Health. The developers imagined the following internal factors would 
facilitate implementation: increased MHP related injuries and related cost, high staff turnover, 
the existence of OHS programmes and a supportive management. However, they also identified 
internal barriers for implementation: cost of a multifaceted MHP programme, a focus on training 
only in healthcare organisations, resistance to change, un-supportive management and diverse 
and strong views on safe MHP.  

Figure 1: The programme theory for the MHP guideline. 
 
 
3.2 Awareness and use of the MHP guidelines and change after use 
Table 1 presents how the respondents in the work role cohort was distributed on work roles and 
how they were distributed, by size of organisation. Table 2 presents how many from each work 
role were aware of the MHP guideline and how many had used any section of the MHP Guideline. 
Significant fewer carers were aware of the MHP guideline and used any sections. In contrast, 
significantly more MHP coordinators and therapists were aware of the MHP guideline and more 
MHP coordinators and therapists had used sections of the guideline compared to the remaining 
work roles, when removing first carers (X2 (4, n= 161) = 12.11, p = 0.017) and then therapists (X2 
(3, n= 136) 6.95, p = 0.074) from the analysis. Table 3 shows how many of the 638 respondents 
had used the different sections of the guideline and how many perceived their use had led to 
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change in the organisation (Olsen, Lidegaard, & Legg, 2016). The number of respondent (n) to 
the question for use of each section varies because only respondents that answered they were 
familiar with the section were asked if they had used it and only respondents that had used a 
section were asked if use had led to change. 

Table 5: Distribution of respondents on work role and organisation size (number of employees). 
Work role Frequency (% of total) Employees in organisation  Frequency (% of total) 

  < 49 50-99 > 100 
OHS manager 33    (7.1) 11  (33.3) 2    (6.1) 20  (60.6) 
MHP coordinator 47  (10.2) 13  (27.7) 9  (19.1) 25  (53.2) 
H&S representative 28    (6.0) 10  (35.7) 4  (14.3) 14  (50.0) 
Manager 59  (12.7) 21  (35.6) 14  (23.7) 24  (40.7) 
Therapist 25    (5.4) 9  (36.0) 4  (16.0) 12  (48.0) 
Carer 271  (58.5) 25    (9.2) 28  (10.3) 218  (80.4) 
Total 463   (100) 89  (19.2) 61  (13.2) 313  (67.6) 

 
Table 6: Frequency of respondents being aware of the guidelines, and having used them, 
stratified by work role. 

Awareness 
Work role Yes (%) No (%) Total X2  (‘Yes’/‘No’) P 

OHS manager 28  (84.8) 5 (15.2) 33 10.58     (4.57/ 6.01) 0.060 
MHP coordinator 44  (93.6) 3   (6.4) 47 25.96 (11.12/ 14.21) <0.001 
OHS representative 18  (64.3) 10 (35.7) 28 0.64     (0.28/ 0.36) 0.986 
Manager 41  (69.5) 18 (30.5) 59 3.87     (1.67/ 2.20) 0.568 
Therapist 25 (100.0) 0   (0.0) 25 19.01   (8.21/ 10.80) 0.002 
Carer 107   (39.5) 164 (60.5) 271 33.13 (14.31/ 18.82) <0.001 
Total 263   (56.8) 200 (43.2) 463 X2 (5, n= 331) =93.19 <0.001 

Used any section 

Work role Yes (%) No (%) Total X2  (‘Yes’ vs ‘No’) P 
OHS manager 22  (73.3) 8  (26.7) 30 0.20  (0.06/ 0.14) 0.999 
MHP coordinator 41  (91.1) 4    (8.9) 45 9.85  (2.99/ 6.85) 0.080 
OHS representative 13  (68.4) 6  (31.4) 19 0.01  (0.00/ 0.01) 1.000 
Manager 30  (71.4) 12  (28.6) 42 0.07  (0.02/ 0.05) 1.000 
Therapist 24  (96.0) 1    (4.0) 25 8.24  (2.50/ 5.73) 0.144 
Carer 76  (56.3) 59  (43.7) 135 11.28  (3.43/ 7.85) 0.046 
Total 206  (69.6) 90  (30.4) 296 X2 (5, n= 296) =29.64 <0.001 

X2 = Chi-Square score for ‘Yes’ vs. ‘No’, (Yes/No) indicates the contribution to the Chi-Square score from ‘Yes’ and ‘No’, 

respectively; P=Bonferroni adjusted p-values. 

 
Table 7: Distribution of use and change after use of MHP guideline sections. 

Section Used Change after use 

Frequency (%) n Frequency (% ) n 
1: Introduction 141 (47.5) 297 50 (38.8) 129 
2: Why MHP programmes are needed 210 (63.1) 333 121 (62.1) 195 
3: Risk assessment 255 (75.2) 339 141 (60.3) 234 
4: Techniques 287 (82.9) 346 181 (68.6) 264 
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5: Training 216 (68.6) 315 136 (69.4) 196 
6: Organising training 135 (48.4) 279 83 (68.0) 122 
7: Equipment 263 (76.7) 343 149 (60.8) 245 
8: Equipment management 147 (46.8) 314 77 (57.0) 135 
9: Facility design 78 (31.7) 246 36 (51.4) 70 
10: Policy and programme planning 103 (41.0) 251 57 (60.6) 94 
11: Workplace culture 149 (49.2) 303 80 (58.8) 136 
12: Monitoring 138 (48.8) 283 73 (58.4) 125 
13: Auditing 107 (42.8) 250 60 (62.5) 96 
14: Bariatric 131 (51.6) 254 77 (63.6) 121 

 
The sections most commonly used were on technique, equipment and risk assessment. In contrast, 
sections on facility design; policy and programme planning, and auditing were used by fewest. 
The sections that were perceived by most of its users to have led to changes were training, 
technique, and organising training. In contrast, the sections on introduction and facility design 
were perceived to have led to changes by fewest users, compared to the rest of the sections. 
 
3.3 Implementation of the MHP guideline in three hospitals 
The three case study hospitals had differences and similarities. Two were large public hospitals 
situated in two large cities in New Zealand. We have called one of these “Public” and the other 
“Frontrunner”. We chose Frontrunner because it was considered to be the furthest advanced, 
nationally, with implementing a full MHP programme. Its MHP coordinator was involved in the 
development of the MHP guideline. The third hospital was a small private hospital, hereafter 
called “Private”. It was part of a national hospital chain owned by a charity trust. All three 
hospitals were audited to the Ministry of Health’s Health and Disability Service standard and 
Accident Compensation Corporations Accredited Employer standard and complied with the 
Health and Disability Service (Safety) Act, 2001. Being in the Accredited Employer scheme 
meant that they managed their own employee injuries and injury claims and their OHS 
management system was audited every year, alternating between external and internal audits. 
Frontrunner and Public were funded by Ministry of Health which set their budgets and targets 
and could decide what type of services they should provide. They were both bureaucratic and 
hierarchically structured. Public had 5300 employees. Frontrunner employed 6500. They 
provided all types of secondary and tertiary health care services available in New Zealand. Private 
provided short stay surgical care with a higher freedom to de-select high-risk patients. It had 50 
employees. It provided facility and care to the patients of self-employed medical doctors. Private 
benefitted from knowledge and procedures developed by the national H&S manager and the 
larger hospitals in the chain. All hospitals had budget constraints. For the two public hospitals, it 
was expressed in high workloads, shortage of staff and centralised decision making. For Private 
it was limited by funding for facilities and equipment but did not lead to high workload. Staff 
turnover was high in the two public hospitals but very low in the private hospital. All three 
hospitals were affected by the sectors’ values of putting patient safety before employee safety 
However Private was also affected by the chains’ core values: responsibility, respect, teamwork 
and aspiration. 
The background for developing a MHP programmes for all three hospitals was their experience 
of staff injuries related to MHP. Private and Frontrunner started implementation after analysis of 
MHP injuries. Public started after being fined based on not complying with OHS legislation in 
relation to two serious MHP related staff injuries. Thus, implementation was driven by the burden 
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of MHP related injuries, desire to reduce these injuries and related costs. In addition, all three 
hospitals acknowledged that the increasing number of bariatric patients increased the need for 
safer patient handling. A new national OHS Act was introduced in 2015 after an increased focus 
on OHS regulation initiated by a mine explosion in 2010, where 29 workers died. This focus and 
the new Act emphasised senior management’s OHS responsibility and liability, employee 
engagement and participation and OHS risk management. This made it easier to gain senior 
management support and influenced all three hospitals to improve OHS management including 
MHP risks management. 
Passionate individuals, who saw the need for MHP, drove the implementation process in all three 
hospitals. At Private and Frontrunner, the H&S managers initiated the development of a MHP 
programme before passing it on to a dedicated MHP coordinator. At Public the MHP coordinator 
identified the need for a MHP programme. The MHP coordinators worked partially in isolation 
but had support from the OHS managers (at Private it was the national OHS manager). The MHP 
coordinators spent considerable time seeking support from others in their organisations for 
implementation of the components of their MHP programme. They particularly found support in 
OHS managers, trainers and some senior and middle managers who were supportive of MHP. At 
Frontrunner and Public the MHP coordinators used the OHS managers to help gain top-
management support. Support from management was critical. When it was lacking e.g. at ward 
level, it influenced frontline staff, MHP or OHS representatives making it difficult to implement 
the MHP programme components, particularly attendance to training, availability and use of 
equipment, practice of safe MHP techniques and MHP risk assessment. Lack of ward level 
management support was perceived as a larger barrier at the two public hospitals. The MHP 
coordinators at all three hospitals emphasised that implementing MHP programmes should be 
seen as a team effort to create support from staff and management. Private and Frontrunner 
particularly emphasised a participatory approach. The MHP coordinator at Private particularly 
used it when identifying problems and solutions to problems. At Frontrunner, the MHP 
coordinator identified interested staff to become MHP champions and they involved staff in the 
process of identifying new safe MHP equipment. 
All hospitals experienced resistance to change from staff. There were some common explanations 
for staff resistance: people had used ‘unsafe’ practices for many years and had not experienced 
problems and it was difficult to change ‘old habits’; the values of prioritising patient care over 
staff safety; managers that did not support MHP programme elements influenced staff negatively. 
At Public and Private some medical doctors and surgeons did not support use of new MHP 
equipment and techniques. At the two public hospitals, high workload was perceived to create 
resistance to change and in particular resistance to participate in the MHP programme. 
In order to overcome these barriers it was important to create opportunities to exchange 
knowledge and experience between staff involved in implementing and running the MHP 
programme. This was achieved, for example, through training days for MHP champions, regular 
meetings for MHP trainers and MHP coordinators attending H&S committee meetings. The H&S 
managers and MHP coordinators expressed a need for opportunities to exchange experience with 
other people in the same roles from other organisations. They felt that they were rather isolated 
within their own organisations. Implementing policies was also seen to help change attitude 
towards MHP because it raised awareness. 
At all three hospitals implementation of a MHP programme started before the MHP guideline 
was launched and implementation was incremental. It started with implementation of training in 
safe handling techniques and purchase of some equipment. When the need for a programme was 
realised, policies and procedures were implemented. Senior management support was particularly 
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based on expectations of reducing injuries and injury cost and to make sure they complied with 
the national OHS legislation. When the MHP guideline was launched, it was used to check the 
existing policies and programmes. More resources for equipment, training and MHP staffing was 
an outcome of creating the policy at all three hospitals. Changing culture around MHP was a slow 
process and was still in progress at the time of data collection. All three hospitals identified the 
importance of the focus the new OHS Act had initiated. It had increased focus on monitoring and 
evaluation, in particular on reporting, investigation of and follow up on incidents and injuries, 
which in turn had increased the awareness of MHP risks. Implementing MHP risk assessment 
seemed to be difficult. At Public, staff were not interested in risk assessment and management 
found it time consuming. At Frontrunner, low visibility of the OHS/MHP hazard register and 
putting patient care before staff safety were identified as barriers. At both hospitals the OHS 
manager’s priority of MHP was an important factor in overcoming the barrier. At Frontrunner, it 
resulted in integration of MHP and OHS risk assessment in the business risk assessment and MHP 
risk integrated in calculating staffing based on patients care needs. At Public, the OHS manager 
used the new OHS Act’s focus on risk assessment to put pressure on management and facilitated 
risk assessment by developing templates. At Frontrunner this was perceived to have increased 
awareness of MHP risks and performance of MHP risk assessment of new patients. To implement 
MHP techniques and training all three hospitals found that they had to overcome staff resistance. 
This was a bigger barrier for the two public hospitals. Particularly high workload, staff turnover, 
budget cuts and first line managers’ resistance were identified as contributing to resistance 
towards training and new techniques. To overcome these barriers, they integrated MHP training 
in orientation, in-ward training, used dedicated MHP champions or trainers on the wards, tailored 
training to the wards and job roles, and developed online training combined with reduction of 
face-to-face training time. The MHP guideline’s section on techniques seemed to be particularly 
useful for the trainers. An approach where the trainers worked with carers around patient handling 
seemed to be effective in transferring knowledge and ability to perform safe MHP. The economic 
situation at Private and budget cuts at the public hospitals made it difficult to purchase enough 
equipment. At the two public hospitals two large barriers were a centralised purchase system and 
committees who perceived MHP equipment to only improving staff safety and not patient safety. 
However attention to increased numbers of obese patients, referring to the OHS legislation and 
using injuries caused by poorly maintained equipment as well as applying a participatory process 
for identification of suitable equipment resulted in more available, maintained equipment which 
was used more by staff and by more staff. Renting equipment suitable for obese patient made 
MHP safer. At all three hospitals facility design was perceived as the most difficult to improve 
and was perceived as one of the main barriers for use of MHP equipment. Opportunities for 
improving facilities to accommodate safe MHP was mostly related to renovations or new build 
because of outdated facilities. The main barriers for making use of these opportunities were: the 
Ministry of Health building standards that did not allocate enough space for equipment use, that  
MHP coordinators or OHS managers had to fight to be involved in the planning process, and 
architects, engineers and builders reluctance to involve staff. When MHP coordinators or OHS 
managers were involved, they found the MHP guideline’s section on facility design helped them 
influence the facilities to improve MHP safety. 
 
4. Conclusion 
Responses to the questionnaire (Tables 1-4) showed that the key target user groups (MHP 
coordinators and therapists and, to a lesser extent, OHS managers) were aware of the MHP 
guidelines and were very likely to have used them when they were aware of them. However, the 
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sections of the guidelines relating to the FCC and OSC were not equally used. The OSCs – which 
were intended to create the foundation for a comprehensive MHP programme - were used less 
than four of the five FCCs (techniques, equipment, risk assessment and training). The analysis of 
the case studies showed that when MHP policies were implemented it increased awareness of 
MHP. The section on Facility design – which was intended to create an environment that allowed 
for equipment and safe MHP practice - was used by fewest. The case studies showed that MHP 
coordinators and OHS managers had difficulties becoming involved in facility upgrade, however 
when involved the MHP guideline was used to design more MHP friendly facilities. This indicates 
difficulties in establishing a foundation for a comprehensive MHP programme. Further that use 
of the sections only resulted in changes in 50 – 70 % of the cases emphasises the problems in 
implementing a MHP programme.  
The case studies showed that OHS managers and MHP coordinators with limited power and 
compared to senior and line managers initiated and drove implementation of MHP programmes. 
They had to do organisational work (Theberge & Neumann, 2010) to create support from 
management and participation from staff to implement the OSCs and the FCCs. Ward level 
management’s attitude towards MHP particularly influenced staff’s attitude and willingness to 
participate in the MHP programme. The underlying factors for management and staff attitude 
were the values of putting patient care and safety before staff safety, restricted resources and high 
workload. The initiating factor for implementing MHP programmes was injuries related to MHP. 
Senior management support was particularly based on cost-related MHP injuries and fear of not 
complying with the new national OHS legislation. This support was achieved because the OHS 
managers and MHP coordinators strategically used the new OHS Act and analysis of injuries and 
cost-benefit analysis of a MHP programme. It was particularly difficult for the MHP coordinators 
and OHS managers to influence facility design. However, the MHP guideline section on facility 
design seemed to be the one that most increased their influence in discussion about facilities. 
Altogether, this study indicated that it was difficult to secure: a foundation for change; facilities 
that could accommodate MHP equipment and safe practices and; enough suitable and available 
MHP equipment. If this cannot be established it is unlikely that there will be a material reduction 
in MHP related injuries.  
In Conclusion a MHP guideline based on international evidence can give the key actors in 
implementation of a MHP programme important knowledge upon which to base the programme. 
It can be used to improve their influence and power in relation to securing management support, 
staff buy-in and acceptance from architects and builders. However, influence is also based on the 
resources available in the organisation, the OHS managers’ and MHP coordinators’ strategic 
abilities to establish coalitions with both management and staff. 
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Abstract: Feedback training of postural behaviour is one possible strategy of reducing the risk 
for work-related musculoskeletal disorders. Automated self-training could possibly have an 
impact on such disorders. The aim was to experimentally test the short-term effects of two low 
cost self-training approaches, targeting a reduction in the time of upper arm elevation, for 
influencing the postural behaviour. The two approaches including verbal instructions, and direct 
vibrotactile feedback, were tested in simulated post letter sorting. Based on data from twelve 
participants, this study provides support that direct vibrotactile feedback can influence the 
postural behaviour and reduce the time in high upper arm elevation angles. Additionally, the 
study indicates that direct vibrotactile feedback in combination with verbal instructions is a 
more effective solution than solely providing verbal instructions. 
 
Keywords: the Smart Workwear System, the Smart Workwear Consortium, intervention 
 
 
1. Background 
Work-related musculoskeletal disorder (WMSD) risk factors, such as heavy and highly repetitive 
manual handling, adverse postures, hand-arm and whole-body vibrations and psychosocial 
exposures, are commonly occurring in the working population. Prolonged upper arm elevation of 
more than 45° (Silverstein et al. 2008), 60° (Bodin et al. 2012), 90° (Svendsen et al. 2013) and 
above shoulder level (Seidler et al. 2011) have been associated with increased upper extremity 
disorders. In Sweden, mailmen have a high prevalence of WMSDs compared to the general 
working population, and post letter sorting, which involves frequent movements of the upper 
arms, has been reported as one of the most physically demanding task (Karltun 2007). In addition 
to work design, feedback training has been found to positively influence postural behaviour in 
e.g. industrial production operations (Vignais et al. 2013, Hu et al. 2012), health care activities 
(Riberio et al. 2017) and computer work (de Kraker et al. 2008), and has been associated with 
decreased levels of muscle activity, musculoskeletal pain and disorders (Ma et al. 2011). In the 
multi-disciplinary Smart Workwear Consortium (Lind et al. 2019), an ambulatory system that can 
record and provide automated assessment of biomechanical exposures and provide direct 
feedback to the user was developed: the Smart Workwear System. In previous studies where the 
system has been tested, auditory and visual feedback have been employed as an intervention to 
reduce biomechanical exposures of the upper arms, wrists and trunk (Lind et al. 2019, Mahdavian 
et al. 2018). For this study the focus was, however, to test if direct vibrotactile feedback as well 
as verbal instructions can influence the subjects' postural behaviour of the dominant upper arm in 
manual handling operations. To evaluate this, the aim of this study was to test whether direct 
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vibrotactile and verbal instructions can reduce upper arm elevation in simulated post letter sorting 
among individuals without previous extended work experience (i.e. less than six months) of 
professional post letter sorting. 
 
2. Method 
 
2.1 Participants and instrumentation 
Twelve participants (6 men and 6 women) with a mean (SD) age of 22.5 (3.8) years, body mass 
of 71.8 (12.3) kg, stature of 170 (12) cm, volunteered for the experiment. The study was approved 
by the regional ethical committee in Stockholm, Sweden (2017/1586-31/4), and the participants 
gave written informed consent prior to participation. The participants wore a Smart Workwear t-
shirt (Lind et al. 2019, Mahdavian et al. 2018) which is a stretchy functional workwear t-shirt 
with integrated pockets on the upper arms and the trunk. For this study, an inertial measurement 
unit (IMU; LPMS-B2, LP research, Japan) was placed inside the upper-arm pocket to track the 
participants´ dominant upper arm elevation angles. The IMU transmitted the sampled data via 
Bluetooth to an Android Smartphone that analysed the data in close to real-time. The upper edge 
of the IMU was approximately aligned with the insertion of the deltoideus muscle. For calibration 
of the system, a simplified reference position resembling the “N-pose” was used, in which the 
participants stood up straight while looking horizontally forward and with relaxed arms hanging 
down with palms facing towards the body. To test the direct vibrotactile feedback, a vibrotactile 
actuator with an integrated Bluetooth transmitter was produced and attached on the participants´ 
dominant upper arm (Figure 1). The participants were given direct vibrotactile feedback at two 
intensity levels: a slight vibration at ≥30° upper arm elevation relatively the reference position, 
and a moderate vibration at ≥60° upper arm elevation relative to the reference position. The 
intention was that the feedback should support the participants to reduce the arm (i.e. upper arm) 
elevation exposures of their dominant upper arm when performing a simulated post letter sorting 
task.  

 

 
Figure 1: Picture showing a test session where a participant wears the Smart Workwear t-shirt 
with the IMU sensor placed in a black pocket on the dominant upper arm. The vibration feedback 
actuator is positioned in a pocket mounted on a white flexible strap placed on the same arm.  
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2.2 Experimental protocol and statistical analysis 
As displayed in Figure 1, the study setup consisted of sorting marked letters (0–9) in letter trays 
marked (0–9). For the experiment trials reported here, the letter trays were placed in a horizontal 
column with the bottom of the base tray placed approximately at each participant´s elbow height. 
Before the training session, the subjects were verbally instructed to perform the letter sorting task 
as it being part of their normal job and which they could perform for two hours per workday for 
five days per week. After familiarisation, the subjects performed eight scenarios in which they 
sorted 30 randomly ordered letters using their dominant upper arm, of which five scenarios are 
reported here: I) Baseline, II) Verbal 1, III) Vibration 1, IV) Verbal 2 and V) Vibration 2. Between 
each scenario, a rest period of 3–5 minutes was provided to avoid accumulation of fatigue. The 
verbal instruction, used for the training session, was repeated before the baseline. Prior to the 
Verbal 1 and Verbal 2 scenarios, the verbal instruction was repeated with the addition that the 
participants were instructed to perform the task trying to reduce upper arm elevation by keeping 
the upper arm close to the body. This later instruction, was used for the Vibration 1 and Vibration 
2 scenarios with the addition that the system provided vibration feedback on the participant´s 
dominant upper arm exposure when performing the task with a highly elevated upper arm. To test 
the effect of the intervention scenarios, comparisons of the number of seconds and percentages 
of time of arm elevation of ≥30°, ≥45° and ≥60°, were made between the baseline and the four 
intervention scenarios and between the intervention types, using repeated measures ANOVA 
(SPSS, version 19). 
 
3. Results 
Compared to the baseline (Figure 2–4), the proportion of time and the number of seconds of arm 
elevation ≥30°, ≥45° and ≥60°, were statistically significant lower (p<0.05) for the four 
intervention scenarios (i.e. Verbal 1–2 and Vibration 1–2). The mean time in arm elevation ≥60° 
was reduced by 27–31% for the verbal intervention scenarios and 39–46% for the vibration 
intervention scenarios. When comparing Verbal 2 and Vibration 2 scenarios (Figure 2), a 
statistically significant reduction of mean time in arm elevation ≥60° was observed for Vibration 
2 by 24–27%, indicating additional positive effects of using direct vibrotactile feedback for 
reducing arm elevation compared to only verbal instructions. The proportion of time of upper arm 
elevation ≥45° (Figure 3) was statistically significant lower (p<0.05) for Vibration 1 and 2 
scenarios compared to Verbal 1, and a tendency was observed when expressed in absolute number 
of seconds (p<0.10). The proportion of time of upper arm elevation ≥30° (Figure 4) was 
statistically significantly lower (p<0.01) for Vibration 1 and 2 scenarios compared to Verbal 1, 
and a tendency was observed when expressed in absolute number of seconds (p=0.07 and p=0.13).  
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Figure 2: Mean proportion of time and number of seconds of upper arm elevation ≥60° (N = 12) 
for the five scenarios. 

Figure 3: Mean proportion of time and number of seconds of upper arm elevation ≥45° (N = 12) 
for the five scenarios. 
 
No statistically significant difference in the proportion of time and the number of seconds in arm 
elevation ≥30°, ≥45° and ≥60° was observed between Verbal 1 and Verbal 2 scenarios, as well as 
between Vibration 1 and Vibration 2 scenarios, indicating no significant continuing training 
effects. When the data from the vibration intervention scenarios were aggregated and compared 
with the aggregated data from the verbal intervention scenarios, the proportion of time and the 
number of seconds of arm elevation ≥30°, ≥45° and ≥60°, were statistically significant lower 
(p<0.05) for the vibration intervention compared to the verbal intervention with the exception for 
the number of seconds of arm elevation ≥30°, were a tendency was observed (p=0.06). 

Figure 4: Mean proportion of time and number of seconds of upper arm elevation ≥30° (N = 12) 
for the five scenarios. 
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4. Discussion  
According to the results shown in Figure 2–4, a reduction of time in high arm elevation angels 
was observed for both the verbal and vibration scenarios when compared to the baseline. The 
reduction was observed for both the proportion of time and when expressed in absolute seconds 
of upper arm elevation (≥30°, ≥45° and ≥60°). Secondly, direct vibrotactile feedback was 
associated with a larger reduction time in high arm elevation angels compared to only giving 
verbal instructions. A change in postural behaviour was also confirmed by visual observations of 
the participants. In these scenarios, the participants did not have the possibility to change the 
design of the workstation but could only obtain reduced time in high arm elevation angles by 
changing the work technique. This could, potentially, have forced the subjects to adopt work 
positions that introduced new stressful exposures for other body parts, such as for the wrists, and 
future analysis will include such potential effects. It is plausible that solely repetition of tasks (i.e. 
training) can, at least partly, influence the postural behaviour in this type of setup. To control for 
such training effect, the scenarios could have been randomly assigned and a control group could 
have been used. However, randomization of the task order would likely have introduced unwanted 
spillover effects on learning (Grosse and Glock 2015) from the vibration scenarios, which could 
have affected the verbal scenarios, and hence, hampering the “true” postural behaviour change 
associated with each scenario. Therefore, for this study, each individual acted as their own control 
via the second vibration and verbal scenarios. Additionally, each participant performed a training 
session prior to the baseline. Due to the fact, that no statistically significant difference of time in 
arm elevation angle was observed between Verbal 1 and Verbal 2 scenarios, or between Vibration 
2 and Vibration 2 scenarios, strengthen the assumption that a potential training effect was not the 
main influencing factor to the observed change in postural behaviour (i.e. arm elevation angle). 
Additionally, when the vibration feedback was excluded (Verbal 2) both the proportion of time 
and the number of seconds in upper arm elevation ≥60° increased, followed by a statistically 
significant reduction when vibration feedback was added afterwards (Vibration 2); hence 
supporting an additional positive contribution of providing direct vibrotactile feedback. For this 
study the so-called N-pose was used for calibrating the neutral position of the upper arm. 
Although this position has been used as a reference position in several studies, unpublished data 
from our research group indicates deviations (underestimations) of upper arm elevation angles by 
about 15° relative to the vertical line. Hence, the upper arm elevation angels reported here should 
only be interpreted in relation to the neutral arm position as in the N-pose. Since the study only 
focused on short term effect in a task with low cognitive demands, it is possible that the positive 
effect of vibrotactile feedback compared to solely instructions may increase in more cognitive 
demanding task. Interviews with participants from a study on assembly work (Lind et al. 2019, 
Mahdavian et al. 2018) revealed that several of the participants tended to forget the verbal 
instructions during the assembly work when the cognitive demands of the task increased. This 
suggest an elevated likelihood of forgetting such verbal instructions as the cognitive demands of 
tasks increases. On contrary, the vibrotactile feedback gave, continuously, a reminder to correct 
the posture for every letter sorted with a substantially elevated upper arm. Hence, it was likely 
easier for the participants to understand which upper arm angles that should be avoided from the 
vibrotactile feedback than from the verbal instructions. It should be noted that the task in this 
study allowed an amount of postural freedom for the participants to adopt different work postures 
when they performed the task. Lastly, it is not clear to what extent the reduced time in upper arm 
elevation was attributed to the vibrotactile feedback or due to that the feedback was given close 
to real time, or a combination of both. Hence, other feedback modalities (e.g. auditory or visual 
feedback) could potentially have the potential to influence the postural behaviour in this type of 
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scenario if given in real time. We therefore encourage more studies on this issue, and whether 
similar effects can be found in experienced workers and for tasks with high cognitive load. 
 
5. Conclusions 
This study provides support that direct vibrotactile feedback can influence the postural 
behaviour and decrease the time in high upper arm elevation angles in manual handling tasks 
where preconditions exist to adopt an improved work technique. Furthermore, the study 
indicates that direct vibrotactile feedback is more effective than solely verbal instructions to 
reduce high upper arm elevation angles. 
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Abstract: Workers in United States craft breweries are an understudied occupational cohort in 
a rapidly-growing industry. Researchers partnered with Colorado’s workers’ compensation 
carrier to analyse three years of craft brewery injury claim data. Analyses of workers’ 
compensation data may help characterize injury risks and better target interventions to reduce 
occupational risk. Over half of all claims occurred within the first year of employment. Median 
claim cost was $360,00 USD (range $0 to $60.000,00). A better understanding of injury and 
injury-cost data can assist in the development of strategies to improve quality of work life. 
 
Keywords: Craft brewery, workers’ compensation, occupational injury  
 
 
1. Introduction 
Each year between 2013 and 2018, the annual incidence rate of occupational injuries in beverage 
manufacturing facilities consistently exceeded the injury rates of general industry in the United 
States (US). In response, the Occupational Safety and Health Administration (OSHA) recently 
developed a regional program (Local Emphasis Program) in Colorado to prioritize safety 
inspections of establishments classified as beverage manufacturing facilities. The goal of the 
OSHA Local Emphasis Program is to improve worker safety and health in beverage 
manufacturing environments (OSHA, 2018). 
Beer breweries are a subset of beverage manufacturing facilities in the North American Industry 
Classification System (NACIS 312130). Although large (macro) and small (craft) size breweries 
are categorized under the same NACIS “brewery” classification, the job demands, work 
environments, and occupational risks vary significantly with operation size. Macro breweries 
such as Anheuser Busch InBev, Heineken, and Carlsberg produce the greatest quantities of beer. 
Craft breweries are smaller (in terms of volume and numbers of employees), independently 
owned, and follow traditional brewing processes. By definition, a craft brewery in the US must 
produce less than six million barrels (7,04 million hectolitres) of beer annually (Alworth, 2015; 
Brewers Association, 2016). Anheuser-Busch InBev, one of the largest brewing corporations in 
the world, produced 522,12 million barrels (612,57 million hectolitres) in 2017 (ab-inbev.com, 
2017). Compared to craft breweries, macro breweries have larger production demands and greater 
resources to invest in automated and robotic equipment. Craft breweries have smaller production 
demands and rely on relatively more manual labor, especially with manual materials handling 
tasks. Given the different job task demands and work environments, investigating injury data that 
combines both macro and craft brewery operations may lead to erroneous and ineffective 
workplace intervention strategies for both macro and craft brewery workers. Thus, when 
developing intervention strategies to reduce risk among craft brewery workers, it is imperative to 
understand the occupational injuries and environment specific to craft breweries.   
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Craft breweries are a rapidly growing and an understudied industry in the US. Between 2007 and 
2017, the number of craft breweries in the U.S. has more than doubled, with over 6.000 breweries 
in 2017 (Brewers Association, 2018) . Colorado has the second highest number of craft breweries, 
exceeding 350 in 2018 (Brewers Association, 2018). Nationally, craft beer production accounts 
for 12,7% of the US beer market by volume. However, US craft beers account for nearly one 
quarter of the $111,4 billion total US beer sales (Brewers Association, 2018).  
Oftentimes, craft breweries begin as small establishments that lack the resources to invest in 
automated and robotic equipment. As a result, most of the work is performed through physical 
labor even with increased production demands. Most heavy physical labor at craft breweries 
involves manual materials handling, which may increase the risk of occupational injuries. 
Colorado law requires employers with more than one employee to provide workers’ 
compensation insurance. These policies pay for the medical treatment of injuries and, if 
necessary, a percent of the workers’ salary when recovering from the injury while not working 
(Lagerstrom, Rosecrance, Magzamen, & Stallones, 2015). Workers’ compensation claim data 
can provide information on the nature, cause and cost of injuries, which is useful in the 
development and prioritization of risk reduction efforts. The purpose of this research was to 
conduct an analysis of workers’ compensation claims to better understand occupational injuries 
in the craft brewing industry.   
 
2. Methods 
Three years of workers’ compensation claims data, January 2015 through June 2018, from 
Colorado craft breweries were analyzed. Researchers collaborated with Colorado’s largest 
workers’ compensation insurance carrier, Pinnacol Assurance, to obtain the workers’ 
compensation data. Claims were selected based on a search of NCCI (National Council on 
Compensation Insurance) codes pertaining to brewery work. The workers’ compensation 
database consisted of craft brewery clients of the insurance compensation company. Company 
personnel removed personal identifiers and provided the data to the researchers. Researchers 
obtained exemption from the university intuitional review board because the claims data was de-
identified. Descriptive analyses of craft brewery injury claims were performed. Claim cost 
analysis was also conducted. 
 
3. Results 
A total of 433 claims were identified between 2015 and 2018. The mean age of workers at time 
of claim was 33,1 years (range 18 to 65 years) and 82.7% were male. Over 60% of injuries 
occurred within the first year of employment with a median claim cost of $297 USD among the 
newly hired workers. The median claim claims among more experienced workers (> 1 year 
employment) was $416 USD. The top three injury types were cuts and burns (26,4%), lifting 
(23,1%) and struck or caught by (20,3%). The anatomical areas most frequently involved were 
hands (21,5% of claims), low back (12,8%), and knees (7,7%).  
 
4. Discussion  
The present study characterized occupational risks in craft breweries based on workers 
compensation claims analysis. Although it was not possible to assess rates of occupational injuries 
among craft brewing workers, the dataset does provide valuable information on where to target 
intervention efforts. Researchers will facilitate focus groups to gain further knowledge on 
common injuries in craft breweries. Results from the claims data analysis will provide talking 
points in the focus groups. For example, we will ask craft brewery workers about training for new 
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hires, and ask about the nature of craft brewing that might cause frequently injured anatomical 
areas (e.g., hands and low backs) to be susceptible to injury. Input from workers and management 
will help researchers to better understand results of the workers’ compensation claims analysis in 
relation daily brewing work demands.  
Early analysis results suggests that training interventions related to safe work methods should be 
focused on newly hired workers. Additionally, engineering interventions should be targeted at 
tasks involving the hands (e.g., folding cardboard, handling cans and bottles) and low back 
(manual materials handling). Focus group data will contribute to this body of recommendations.  
As the craft brewing industry continues to grow, it is imperative to understand the unique 
challenges workers face in these operations. A better understanding of the nature and cause of 
occupational injuries is critical for developing strategies to effectively reduce the risk of injury 
and improve the quality of work life for craft brewery workers. 
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Abstract: The RAMP package is composed of the RAMP tool, a website and MOOC training 
courses. The RAMP tool is an observation tool for risk assessment and risk management of MSD 
risks in manual handling. In order to support users globally, the tool was made freely available 
through a web-based platform. Further, RAMP MOOC (Massive Open Online Course) training 
courses were developed and offered. These MOOC courses are also available free of charge 
through edX.org. This paper reports about the dissemination of the RAMP package. In short 
time, the tool has reached over 2600 persons and over 1000 persons have enrolled in the MOOC 
training courses globally. 
 
Keywords: Prevention, occupational health, usefulness. 
 
 
1. Introduction 
Musculoskeletal disorders are since decades a major occupational health problem (EU-OSHA 
2017). Many observation tools that assess MSD risks have been presented over the years (Takala 
et al. 2010). Examples of such tools are the Revised NIOSH Lifting Equation (Waters et al. 1993), 
RULA (McAtamney and Corlett 1993), and HARM (Douwes and de Kraker 2014). However, 
few of them are comprehensive and they do not normally support the user in proposing preventive 
measures.  
 
2. The development of the RAMP tool 
The need for a new comprehensive tool was pointed out by two global manufacturing companies, 
and a starting point for a research project for development of the RAMP tool (Risk Assessment 
and Management tool for manual handling Proactively) in 2009. Literature studies, expert 
judgements and previous experience were the basis of the tool, and the usability of the prototypes 
was tested thoroughly (Rose et al. 2011, Lind and Rose 2016, Lind 2018). In a survey on the use 
of observation tools (Diego-Mas, 2015), almost half of the users reported that they needed more 
easy accessible training of the tools. The intention was to disseminate the tool so that it could be 
downloaded freely, in order to make it possible for researchers and practitioners globally to access 
and learn it.  
The tool consists of four modules, a checklist (RAMP I), a deeper risk analysis (RAMP II), a 
Results module, and an Action module. The tool was presented through a web-based platform in 
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2017 for dissemination (see: https://www.ramp.proj.kth.se). However, in order for practitioners 
to use the tool as experts and to assess risks reliably, training is needed. From a practical point of 
view, it can be challenging to offer training that reaches a global audience. To facilitate this, a 
MOOC training program with three unique courses was offered, via edX.org. The first introduces 
MSDs and the tool, the second provides training and the third supports learners to be skilled in 
using RAMP for risk management. 
The aim of this paper is to present the RAMP package and the dissemination of it. 
 
3. Methods 
Dissemination has taken place through different channels. The tool has been presented at 
conferences such as NES, IEA, ACE and BSE, and courses and information about the tool has 
been given in the Nordic countries, Estonia and Canada. The web-based platform was opened in 
2017 and the three MOOC courses (Rose et al. 2018) were made available in consecutive order 
on edX during 2018, forming a Professional Certificate Program. User statistics were collected 
regarding downloads of the tool and the MOOC learners.  
 
4. Results 
The RAMP tool was downloaded by over 600 users from over 40 countries during the first 12 
months. Further, over 2600 unique individuals visited the RAMP web-based platform within the 
first 18 months. During that time period, the RAMP tool had been downloaded from 70 countries. 
The RAMP MOOCs attracted over 1000 learners from more than 125 countries. The courses were 
offered as self-paced over a period of 7 months (see Table 1 and 2). 
 
Table 1: Number of RAMP MOOC learners and number of learners’ countries of residence.  

Course Learners (n) Countries (n) Time from 
release 

RAMP MOOC 
1 

1182 118 7 months 

RAMP MOOC 
2 

1370 130 5 months 

RAMP MOOC 
3 

951 119 4.5 months 

 
Table 2: Distribution of RAMP MOOC learners’ countries of residence.   

 RAMP MOOC 1 RAMP MOOC 2 RAMP MOOC3             
 13 % Sweden 

12 % US 
  6 % India 
  4 % Canada 
  4 % Pakistan 
  3 % Australia  
  3 % United Arab    
          Emirates  
  3 % Nigeria  
52 % Other 

11 % US 
  8 % India 
  5 % Nigeria 
  3 % Sweden  
  3 % Canada 
  3 % Indonesia 
  3 % UK 
  3 % Pakistan  
61 % Other 

13 % US 
  7 % India 
  4 % UK 
  4 %  Nigeria 
  4 % Sweden 
  3 % Canada 
  3 % 
Indonesia 
  2 % Pakistan  
60 % Other 
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5. Discussion 
The information about the RAMP tool and the MOOCs has been disseminated through 
conferences, research papers, courses and the web-based platform. A large number of users have 
found the tool on the Internet, which means that Internet is an effective channel for dissemination 
of this kind of information. The interest shown by the number of people downloading the RAMP 
tool and involvement in learning activities demonstrates that there is a great need for this type of 
tool. One assumption is that the support to the user in proposing proactive actions is one property 
that makes the RAMP tool attractive. This property and good usability were pointed out as 
important by the global companies when the tool development was initiated. Free availability for 
users in low income countries was an important requirement when starting the development. The 
number of users from low income countries shows that the dissemination strategy has worked.  
 
6. Conclusions 
The RAMP tool was presented in 2017 and has in short time had over 2600 unique visitors, and 
over 1000 persons have enrolled as learners in the RAMP MOOC training courses. It is concluded 
that this dissemination has taken place partly due to that the tool and MOOCs are freely available, 
that there has been emphasis on usability of the tool and that the tool supports the user in 
proposing preventive actions.  
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Abstract: A total of 74 community-dwelling elderly’s fall risk were evaluated using inertial sensor 
data collected from 3M-TUG test. The short-form Berg balance scale is recorded as the 
benchmark. The relationship between features extracted from 3M TUG data and BBS-based fall 
risk classification were explored. Statistical tests showed that features that are significantly 
related to fall risk include test time, multi-scale entropy (MSE) values, as well as the slopes of 
acceleration and the completed time of the sit-to-stand period. Cluster analysis of the MSE 
values derived from 3M TUG data showed that most of the high-risk subjects could be grouped 
together by the t-SNE algorithm.  
 
Keywords: Fall risk assessment, elderly, inertial sensor. 
 
 
1. Introduction and research focus 
Fall-prevention is important for elderly to maintain their life quality. Comprehensive fall risk 
evaluation often requires qualified medical personnel and special equipment. High-risk groups 
hidden at community or home who did not go to hospitals may not be able to be discovered. It is 
therefore desired to have a low-cost and easy-to-use assessment technique that can be applied at 
home and the community context to support fall risk monitoring. A quick, reliable, and valid fall 
risk screening to identify high-risk patients to trigger further fall-related assessments and 
interventions is important for each clinical practice setting. This screening can play a crucial first 
role in implementing an effective and efficient fall prevention program. 
The 3-meter timed Up and Go test (3M TUG) is a commonly used screening tool for falls risk in 
the inpatient and community setting (Podsiadlo and Richardson 1991). Previous research has 
shown that body-fixed accelerometers can provide insight into TUG performance (Weiss et al. 
2010). Recently, with low-cost and small size inertial sensor being available, many researchers 
tried to employ inertial sensor to measure 3M TUG performance. Most of these studies, however, 
focused on the inpatients in a hospital or geriatric clinic while less attention was given to the 
community-dwelling elderly. This paper describes our research efforts toward evaluating 
community-dwelling elderly’s fall risk using inertial sensor data collected from 3M-TUG test. 
Our research results could help develop a low-cost and easy-to-use fall risk monitoring system 
used at home or community centre.   
 
2. Methodology 
A total of 74 community-dwelling elderly were recruited during a fall risk screening service 
conducted in central Taiwan during 2015. Subjects wore an inertial sensor on a belt around the 
waist to collect acceleration data using the 3M-TUG test. In addition, the short-form Berg balance 
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scale (SF-BBS) (Chou et al. 2006), a standard clinical tool for static balance ability evaluation, is 
recorded as the benchmark. The subjects were classified as healthy or fall-risk based on their BBS 
sores, with a cut point 23 as suggested in literature. The 3M TUG data were segmented into 3 
periods, i.e., sit-to-stand, walk and stand-to-sit. Features of these 3 periods along the X, Y, Z 
directions, which correspond to vertical (V), mediolateral (ML), and anterior-posterior (AP) 
direction respectively, were calculated. These features include slope, range, mean, standard 
deviation, time, and multi-scale entropy (MSE) (Costa et al. 2002) scores.  
The relationship between 3M TUG features and BBS-based fall risk classification were explored 
using statistical test and cluster analysis. Statistical tests were performed to find features that 
significantly related to BBS-based fall risk classification. Cluster analysis was performed using 
the t-distributed stochastic neighbour embedding (t-SNE) algorithm (Maaten and Hinton 2008). 
 
3. Research outcomes 
Results from statistic test showed that following features extracted from 3M TUG data are 
significantly related to BBS-based fall risk classification: 1) test time and MSE values of all three 
directions (ML, AP, V) derived from the whole 3M TUG period, and 2) slopes of acceleration 
and the completed time of the sit-to-stand period. 
Using the MSE value of the X-axis accelerometer as input, the t-SEN based dimension reduction 
and cluster visualization results are shown in Figure 1. Each data point in this figure represents 
the 10 MSE values of an elderly’s 3M TUG data, with scale being 1~10. The colour represents 
the fall-risk scales determined by 4 clinical evaluation tools, i.e., SF-BBS, 3M TUG, SPMSQ and 
BI. The SF-BBS and 3M TUG tests have been explained earlier. The third scale, SPMSQ (Short 
Portable Mental Status Questionnaire), measures the elderly’s mental health state. The forth one, 
BI (Barthel index), evaluates the elderly’s basic daily activities. The red points represent healthy 
subjects as they were evaluated by none of the four clinical tools as ‘fall risk’. On the other hand, 
purple points represent subjects evaluated as ‘fall risk’ by all the 4 clinical tools. The light green, 
green and blue points represent subjects who were classified as fall-risk by 1, 2 or 3 evaluation 
tools, respectively. In Figure 1 we can clearly observed three clusters and most of the high-risk 
subjects were located at the lower right cluster.  
 

Figure 1:  Cluster analysis of MSE values derived from 3M TUG acceleration data using t-SNE. 
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Abstract: The purpose of the project was to evaluate the usability assessment of an immersive 
virtual reality game system for upper extremity rehabilitation. Ten Stroke patients participated 
in the field observation and questionnaire, and six occupational therapists were interviewed. 
The results are as follows: (1) patients had positive assessments of the system motivation and 
satisfaction. (2) the effectiveness of the system should be further studied. (3) the interfaces of 
the system should be redesigned for patient needs. (4) Suggestions for improvement design of 
the system are as following: (a) To avoid dizziness, it is recommended to add a cushion to block. 
(b) To design the glasses be wireless and the earphones be the earmuffs. (c) To increase the type 
of game that can train finger movements. (d) Game content meets different age groups. The 
results of this study will provide a reference for innovative design in the medical product design. 
 
Keywords: Virtual reality, Usability assessment, Upper extremity rehabilitation. 
 
 
1. Introduction 
Stroke is one of the world's biggest killers and has been one of the leading causes of death 
worldwide for the past fifteen years (Hatem et al., 2016; World Health Organization, 2018). Upper 
extremity rehabilitation equipment (UERE) is usually used for training the proximal upper 
extremity movement functions (Lee et al., 2010). They are essential tools in the occupational 
therapy (OT) practice and are frequently used in most of Taiwan’s OT clinics (Huang et al., 2013). 
Their individual strengths and weaknesses may affect treatment effectiveness and safety for the 
patient. Many types of virtual reality devices (for example: Nintendo Wii, Kinect for 
XBOX360™, XaviX etc.) are used for medical education and treatment. Existing clinical 
rehabilitation equipment is boring and lacks targeted activities that are consistent with real-life 
scenarios. In order to strengthen the correlation between treatment activities and daily life tasks, 
and to promote the ability of patients to restore their independent lives, the application of virtual 
reality equipment in rehabilitation therapy has advantages and needs. Therefore, it is necessary to 
explore the feasibility of applying virtual reality equipment to rehabilitation therapy. 
Immersive virtual reality devices (e.g. HTC Vive, Oculus Rift DK2, etc.) are designed to simulate 
the real living environment (e.g. simulate a real kitchen environment, where the user removes the 
cup from the cabinet) for purposeful Exercise training, which is highly connected to the actual 
environment and life function (Baldominos et al, 2015). Therefore, the authenticity provided by 
the immersive virtual reality system may be closer to the purpose and expectation of occupational 
therapy.  
The immersive virtual reality system HTC Vive provides users with simulations of visual, 
auditory, tactile and other senses, allowing users to have an immersive experience, and when the 
user moves according to the position, the computer can immediately perform complex 
calculations (Carl and Anderson, 1994). The accurate 3D world image is returned and the image 
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and sound feedback is generated to give the user a sense of presence. During use, the user must 
wear the head-mounted display and the handlebar wireless controller to interact with the task. 
However, whether the operation of these devices is suitable for a stroke patient needs further 
confirmation. Whether the HTC Vive application of the immersive virtual reality system is 
feasible in clinical rehabilitation, priority must be given to the acceptability and usability of 
rehabilitation cases using the device. 
“Human-centered design” is the core of ergonomics. People’s pursuit of high quality of life has 
led to a market demand of products that emphasize user’s physical as well as psychological health. 
Ergonomics, without a doubt, is the science behind this kind of products. This study was followed 
by "Human-centered design" concept to assess the feasibility and usability of the virtual reality 
system (HTC Vive) in upper extremity rehabilitation, and a virtual reality apparatus design 
guideline to meet the rehabilitation needs was proposed. 
 
2. Methodology 
The research contents included three parts: (1) Therapists selected virtual reality games for 
rehabilitation therapy. (2) To field observation of stroke patients used HTC Vive (shown in 
Figure1, 2, 3). (3) A questionnaire was designed to evaluate the use problems and needs of virtual 
reality apparatus in upper extremity rehabilitation therapy. After completing all 30 minutes, each 
patient answered the questions.  
 
2.1 Therapists select virtual reality games for rehabilitation therapy 
Three occupational therapists selected appropriate virtual reality games from existing virtual 
reality game projects based on the needs of rehabilitation therapy and the actions of training 
patients. A total of six games were selected, such as catching butterflies, watering flowers, 
shooting games, archery, fried muffins and playing tennis (shown in Table 1). 

Table 1: Six virtual reality games are selected by the therapists 

Virtual reality games  
/ difficult levels 

Stroke patients complete the actions for the game Virtual reality 
games 

1. Catching butterflies                    
/ Easy 

a. Standing or sitting posture. 
b. Hold the rocker in your hand to perform the upper 

extremity stretching. See the butterfly and use the 
joystick to swing the net. 

c. No time limit, no difficulty choice. 

 

2. Watering flowers     
/ Easy 

a. Standing or sitting posture. 
b. Hold the rocker with your hand and perform 

pronation with your forearm. 
c. No time limit, no difficulty choice. 

 

3. Shooting games        
/ Easy 

 

a. Standing or sitting posture. 
b. Action response is faster. 
c. Hold the rocker with your hand, aim at the target, 

and use the index or middle finger to press the 
rocker after the rocker to make a shooting action. 

d. Have a score record 
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4. Archery                    
/ Medium 

a. Standing or sitting posture. 
b. Normal cognitive comprehension. 
c. Coordinated movements of both hands: hold the 

rocker with one hand to keep the arm raised and 
the other hand keep the bow movement. 

d. Different game task modes can be selected: 
"exercise mode" is to shoot a static target, or 
"direct mode" to shoot a runner. 

 

5. Fried muffins            
/ Medium to 
Difficult 

a. Standing posture. 
b. Good cognitive understanding of the Bay: The 

task of the game is complicated, the patient needs 
good cognitive ability, and according to the on-
screen instructions, the kitchenware and 
ingredients can be brought to the designated 
location → complete several steps to make the 
muffin. 

c. There is a normal balance: some of the actions in 
the task need to be in a squat state, so the patient 
must maintain a normal balance. For example: 
squatting to take objects. 

d. It takes about 20-25 minutes to complete the task. 
It is necessary to consider the adaptability of the 
case operation. 

 

6. Playing tennis         
/ Difficult 

a. Standing posture 
b. Need a good balance 
c. Action response is fast 
d. The range of motion of the upper extremity is 

large, and the entire arm stretching action is 
performed. Perform activities with both hands, 
one hand to control the ball, and the other hand to 
perform a swing action. 

e. No difficulty, no time limit 

 

 
 

 
Figure 1: Virtual reality system (HTC Vive) Figure 2: Usage of the HTC Vive 
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2.2 Field observing stroke patients using HTC Vive system 
Stroke patients were recruited from an outpatient occupational therapy department of Chung Shan 
Medical University Hospital in Taiwan.  
Inclusion criteria were as follows: (a) hemiparesis with upper extremity dysfunction following a 
single unilateral stroke; (b) a history of first-time stroke (3-24 months post-stroke); (c) a need for 
upper extremity rehabilitation to convalescent levels of Brunnstrom stages III to V; (d) ability to 
communicate, and to understand and follow instructions; and e) ability to maintain sitting and 
standing balance unsupported for two minutes under supervision (score ≧ 3 on the Berg Balance 
Scale).  
Exclusion criteria were as follows: (a) engagement in any other rehabilitation studies during the 
study; and (b) serious aphasia or cognitive impairment. Each patient gave informed consent. This 
study was approved by the Human Research Ethics Board of a local hospital. 
Research processes. First, clinical therapists reviewed their patients with the inclusion criteria 
and asked about their willingness to participate in this trial. Subjects who accepted were asked to 
sign an informed consent form. All subjects were asked to complete a total of two training 
sessions, scheduled at 30-minute session (excluding set-up time). Behaviours of stroke patients 
using HTC Vive system was shown in Figure 3. 

 

  

Figure 3: Behaviours of stroke patients using HTC Vive system 
 

2.3 Questionnaire on the usability assessment of using HTC Vive system in upper 
extremity rehabilitation therapy for Stroke patients 
An interviewer-administered questionnaire was designed to evaluate the acceptance of the using 
HTC Vive system for Stroke patients. The questionnaire included two parts: 1) basic information: 
age, gender, time from stroke, paretic side. 2) Usability questions for using VR in rehabilitation 
therapy. The questions were scored on a 7-point Likert-type scale, with 1 signifying “strongly 
disagree” and 7 being “strongly agree”. 
 
3. Results and Discussions 
A total of 10 Stroke patients participated in the field observations and questionnaires (shown in 
Table 2). There were four females and six males; the average age was 53 years (standard deviation 
11.4). Two patients were left-side hemiparesis, eight patients were right-side hemiparesis. Stroke 
time: Two patients with stroke within three months, five patients with more than three months; 
one with cerebellar stroke; the other two diseases. Nine people have used a computer while 
another has never used a computer. None of the 10 patients used digital games for upper extremity 
rehabilitation.  
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3.1 The results of questionnaires by Stroke patients  
Motivation. 50% (n=5) of the patients gave rating of 6, and 40% (n=4) of the patients gave rating 
of 5. Patients agreed that using the HTC Vive system will increase my motivation for treatment 
(mean 5.4, SD 0.7). 
Effectiveness. 50% (n=5) of the patients gave rating of 6, 20% (n=4) of the patients gave rating 
of 5, and 10% (n=1) of the patients gave rating of 4. The patients think that the game was useful 
for upper extremity rehabilitation (mean 4.4, SD 2.4), but they also indicated that the HTC Vive 
system had doubts or uncertainties about the effectiveness of upper extremity motor function 
therapy. From the results that the effectiveness of the HTC Vive system used in upper extremity 
rehabilitation was a necessary for further research. 
Easy to use. For the interface of the HTC Vive system, 40% (n=4) of the patients gave rating of 
6, 10% (n=1) of the patients gave rating of 5, 40% (n=4) of the patients gave rating of 4, and 10% 
(n=1) of the patients gave rating of 1 (shown in Table 2, C3). From the results, patients believed 
that the operation of the HTC Vive system interface may not easy to use. 
Satisfaction. 60% (n=6) of the patients gave rating of 6, 30% (n=3) of the patients gave rating of 
5, one patient did not give score (shown in Table 2, D10). For the question (D11), 60% (n=6) of 
the patients gave rating of 6, 30% (n=3) of the patients gave rating of 5, and 10% (n=1) of the 
patients gave rating of 4. Most patients were willing to continue to use the HTC Vive system for 
rehabilitation. 

Table 2: The research results of questionnaire 
Items No. Questions Mean (SD) 
A. Motivation A1. Using the HTC Vive system will increase my treatment 

motivation. 
5.4 (0.7) 

B. Effectiveness B2. The HTC Vive system is useful for my upper extremity 
motor function therapy. 

4.4 (2.4) 

C. Easy to use C3. The interface of the HTC Vive system (from the menu to 
the game screen) is easy to operate. 

4.6 (1.6) 

 C4. The HTC Vive system is easy to learn, and use it. 4.6 (1.8) 
 C5. The information presented by the interface of the HTC Vive 

system (e.g. begin, task description) was easy to understand. 
4.4 (2.0) 

D. Satisfaction D6. The sound feedback of the HTC Vive system is spiritual. 5.7 (0.5) 
 D7. The information provided by the HTC Vive system (such as 

grades, operating time) can help understand the recovery of 
my upper extremity motor function. 

5.3 (0.7) 

 D8. I am satisfied with the use of the HTC Vive system for 
rehabilitation. 

5.1 (1.9) 

 D9. I am willing to continue to use the HTC Vive system for 
rehabilitation. 

5.5 (0.7) 

E. Compared to 
traditional 
equipment. 

E10 I feel that using the HTC Vive system is fun. 5.1 (2.0) 
E11 I feel that using the HTC Vive system is more interactive. 5.3 (1.9) 
E12
. 

The HTC Vive system may be more effective than 
traditional equipment. 

3.8 (2.7) 
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 E13
. 

The HTC Vive system is easier to use than traditional 
equipment. 

2.7 (2.7) 

 
The results of the HTC Vive system compared to traditional equipment. Patients had positive 
assessments of the fun (E10) and interactivity (E11) of the HTC Vive system compared to 
traditional rehabilitation equipment. Interesting and interactive was an advantage of the HTC 
Vive system, which was also lacking in traditional rehabilitation equipment.  
For the effectiveness (E12), 40% (n=4) of the patients gave rating of 6, 20% (n=2) of the patients 
gave rating of 5, 10% (n=1) of the patients gave rating of 4, and 30% (n=3) not gave rating. For 
the easy to use (E13), 30% (n=3) of the patients gave rating of 6, 10% (n=1) of the patients gave 
rating of 5, 10% (n=1) of the patients gave rating of 2, 20% (n=2) of the patients gave rating of 
1, and two patients were not gave rating. A negative evaluation was gave in terms of use and 
effectiveness. It was necessary to further confirm the strength of treatment effectiveness, and 
modify the design of the HTC Vive system (interface and operations). 
 
3.2 The results of interview by occupational therapists 
A total of six occupational therapists were interviewed. There were one females and five males; 
the average age was 46 years (SD 1.4), average work 20.5 years (SD 1.4). Four of them were ever 
used Kinect game system for upper extremity rehabilitation. The survey results are as following: 
1) HTC Vive system is suitable for upper extremity rehabilitation. Six functional therapists 
believed that the immersive virtual reality gaming system was suitable for upper extremity 
rehabilitation. The reason may be that the VR game is fun and realistic, and provides repeated 
exercises of various upper extremity exercise patterns, and the case can actively complete the 
action to achieve the treatment goal. 
2) It is necessary to verify the effectiveness of the HTC Vive system on the upper extremity motor 
functions. Six functional therapists believed that HTC Vive should be effective for upper 
extremity motor function therapy for two reasons: (a) VR provides many combinations or single 
movements, and is constantly practicing repetitive movements. (b) Compared with traditional 
rehabilitation products, it can enhance the patient's active treatment motivation and the therapeutic 
effect is relatively improved. However, experimental validation is still needed to determine if 
HTC Vive is effective for upper extremity treatment. 
3) The problems of the HTC Vive system application in the treatment process were as following: 
For the hardware: (a) the device has security problems, because of the wired and limited space 
space. (b) Head-mounted displays may have dizziness problems, so the operation time should not 
be too long (preferably 10 to 15 minutes) to avoid excessively irritating or fast moving activities. 
(c) The weight of the head mounted display can affect the visual range of the glasses as well as 
the comfort of wearing. 
For the software: (a) the patient needs time to adapt and needs someone to guide how to do it. (b) 
Patients must have high cognitive ability. For example, fried muffin activities require more steps 
and higher cognitive abilities. (c) There are not many game types to choose from, and only a few 
games have functions that can be adjusted. For example, reaction speed and single operation time. 
(d) Insufficient software sensitivity.  
4) Suggestions for improvement of the HTC Vive system that meet the needs of the treatment 
were as following: (a) The helmet is wireless and the earphones are earmuffs. (b) It is 
recommended to have a safety fence and facilities to avoid falling. (c) A game that provides fine-
motion training. (d) The HTC Vive system is more selective to meet the needs of patients with 
different upper extremity motor function recovery phases. 
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4. Conclusions 
The purpose of the project was to evaluate the feasibility and usability assessment of the HTC 
Vive system for upper extremity rehabilitation. The results of this study can be summarized as 
follows: (1) Most patient thinked that the use of the HTC Vive system, more interactive and action 
feedback, the information provided will help the upper extremity motor function training. (2) 
Functional therapists believed that the HTC Vive system was suitable for upper extremity 
rehabilitation. (3) Functional therapists believed that the application of the HTC Vive system in 
the treatment of upper extremity motor function needs to be verified.  
Suggestions for improving the HTC Vive system that meets the treatment needs are as follows: 
(a) To avoid dizziness, it is recommended to design a closed head mounted display. (b) It is 
recommended that the virtual reality glasses be wireless, the earphones are earmuffs, and easy to 
move. (c) Increase the type of game that trains finger movements. Most existing game training 
focuses on training large movements of the upper extremity and less fine movements. (d) Game 
contents conform to different age groups: It is recommended to add game content suitable for 
users of different age groups, and the patient is highly accepted. (e) The sensing device of the 
immersive virtual reality game system can make timely adjustments on the image in consideration 
of the posture of the patient. The results of this research provided a reference for innovative design 
in the medical and entertainment industries. 
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Abstract: A controlled SEMG study of forearm muscle activity for 6 PC mouse tasks was carried 
out. 20 participants did the tasks with a vertical, a slanted and a horizontal device. Results show 
that muscular dynamics across devices was very similar overall. This paper aims to present a 
compounded muscular activity dynamics indicator, enabling comparison of computer handheld 
pointing devices concerning usage in Computer Aided Design. This muscular dynamism 
approach considers baseline muscular activity (Abductor Pollicis Longus, Extensor Carpi Radialis, 
Extensor Carpi Ulnaris, Extensor Digitorum) relative to the Maximum Voluntary Contraction as 
well as the dynamics of muscular activation. The latter is computed as the ratio of the difference 
between APDF90 and APDF10 divided by APDF50 (APDF-Amplitude Probability Distribution 
Function for the 90th, 50th and 10th percentiles) and APDF10. 
 
Keywords: Surface Electromyography, Graphical tasks, Static contractions. 
 
 
1. Introduction 
Prevalence of static muscular activity of muscles activated in the use of the conventional PC 
mouse is believed to represent a higher risk for the musculoskeletal health of the user than 
dynamic muscular activity. Static (or isometric) muscular activities concern physical effort 
caused by a posture that is maintained over a long period of time.  
Use of computer handheld pointing devices that causes pronation of the forearm, such as the 
conventional PC mouse, may foster occurrence of this type of static muscular activity, which may 
eventually indicate potential risk factors related to musculoskeletal disorders. The computer 
mouse’s shape (its geometry) can be assessed using surface electromyography (S-EMG) by 
measuring the activity levels of certain muscles during the use of the device (Agarabi et al. 2004). 
Wrist extension is associated to musculoskeletal disorders of the hand, namely through 
compression of the median nerve that crosses the carpal tunnel. Moreover, ulnar deviation is 
associated with injury of the ulnar nerve (Agarabi et al. 2004).  
This paper reports on a compounded muscular activity dynamics indicator developed for 
characterizing the dynamics of forearm muscle activity in computer handheld pointing device use 
monitored with surface EMG during the performance of standard graphic tasks (Lourenço et al. 
2017). The monitoring of the activity of four muscles of the forearm of 20 participants has been 
performed (Lourenço 2016). The muscles that had their activity monitored were judiciously 
selected. 
In an earlier study, Ullman et al. (2003) hypothesized that the large differences in muscular 
activity found between pointing devices could not be explained by differences in force needed to 
perform the actual mechanical movement of the PC mice. These authors assumed that the extra 
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activity was an increase in static rather than dynamic, muscular activity. In the current study, the 
level of static-dynamic activity is assessed across the pointing devices usage, based on the time 
changes of the intensity of the contractions, parametrically assessed in the compounded muscular 
activity dynamics indicator.  
 
2. Methods 
An overview of the methods used in the study is given in the following subsections. IBM SPSS 
v.25 was used for statistical analysis of the data. 
 
2.1 Muscle selection and electrode placement 
Wrist extension can be monitored through electromyographic activity of the Extensor Digitorum 
Communis (EDC or just ED), Extensor Carpi Ulnaris (ECU) and Extensor Carpi Radialis (ECR) 
muscles, whereas the extension of the medial fingers occurs through EDC muscular activity, with 
slight or no activity of the other two said muscles (Criswell 2011). Furthermore, registered 
electromyographic activity of the ECR and ECU muscles enables monitoring radial and ulnar 
deviations of the wrist (Criswell 2011). Several studies related to the problem of the use of the 
computer mouse and involving monitoring of muscle activity through S-EMG have been 
published. In this context, some of these studies stand out because they commonly include the 
monitoring of the electromyographic activity of the EDC, ECU and ECR forearm muscles (Lee 
et al. 2007, Houwink et al. 2009, Chen et al. 2012, Lin et al. 2015). In the current study, muscles 
whose activity was monitored assume special relevance in the generation of postures considered 
inadequate and potentially harmful and that are likely to be adopted during the use of the computer 
mouse. These postures involve wrist extension and, or, extension of the medial fingers, as well as 
radial deviation and ulnar deviation of the wrist or hand (ISO 9241-400 2007). Additionally, the 
selection process of the muscles whose activity was monitored also received the useful and 
personal counselling given by Professor David M. Rempel (personal communication).  After 
weighing all the information from literature and expert advice, the monitoring of the ECR, ECU, 
ED and the Abductor Pollicis Longus (APL) muscles was performed. Despite the fact that the 
Abductor Pollicis Brevis (APB) muscle had been initially indicated (applied on thenar 
protuberance of the hand); knowing that this muscle activity is related to thumb motion, the APB 
muscle was replaced by the APL muscle, since it was found after a few pilot trials that the sensor 
applied on the hand was being dragged on the mouse pad and on the surface of the mouse. 
Replacement of the APB muscle by the APL muscle leads to undervaluing monitoring of the 
pinch grasp posture the hand might eventually perform when grasping the mouse. However, 
abduction of the thumb is also recorded by either of these muscles. 
The surface electrodes used to collect the electromyographic signals from ECR, ECU and ED 
muscles were placed following Perotto's (1994) guidelines.  Concerning the APL muscle, the 
situation is different, since the author’s suggested position (Perotto 1994) for the insertional 
electromyography corresponds to the forearm area where this muscle resides, which is under the 
ED muscle.  
 
2.2 Handheld pointing devices assessed and test tasks 
The devices subjected to usability evaluation testing are shown in Fig. 1 with their technical 
specifications. The Anker model and Evoluent model are available in the market and both are 
presented by their respective manufacturers as bearing the 'ergonomic' seal. The former is 
assumed to be a forearm pronation reducer, designed to increase functionality and comfort, 
designed to support the thumb and facilitate grip by fitting the contour of the palm. The second 
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device cancels forearm pronation, supporting the hand and preventing twisting of the forearm 
during use. The rightmost pointing device shown in Figure 1 is the reference conventional model, 
the Microsoft optical 200 device. 
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Resolution (dots per inch) 1000  1300  1000  

Overall dimensions 120x63x75 mm 111x89x77 mm 106x56x36 mm 

Slant angle with reference to 
the horizontal plane 60º 90º 0º 

Figure 1: Handheld pointing devices evaluated. 
 
Figure 2 illustrates all the tasks. In the tasks of pointing, the test is initiated by the participant 
when she or he clicks on the centre circle and the action takes place as in Odell and Johnson 
(2007). The devices were used by participants in a completely random manner. The scroll task 
was only used for subjective evaluation of usability, and to record the muscle activity of the main 
muscles involved, and it was not possible to determine the efficiency or effectiveness of using the 
middle button in the scroll function.  
 

   

   Pointing Large Pointing Medium Pointing Small 
  

 

   Dragging (left and middle) Dragging and Steering 
directions 

Steering 

Figure 2:  Test tasks (pointing, dragging and steering). 
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2.3 Participants 
The study took place during July 2015 and had 20 healthy young adult participants (10 male 
subjects and 10 female subjects). The sessions took place according to the availability of each 
participant. Participants were recruited from finalist students and professional graduates of 
Equipment Design (14 in number). Young students of engineering and architecture, and graduates 
in these areas, as well as professionals in these areas (six in number) participated. All 20 
participants were considered CAD practitioners because they had two or more years of CAD 
training and practice. All subjects were right-handed and had normal or corrected vision to 
normal. Table 2 shows sample data, such as sex, age, length and width of the right hand. The 
length and width of the right hand were measured according to Pheasant and Haslegrave (2005).  
 

Participants Age (years) Hand length (mm) Hand width (mm) 

Number of 

participants 

Sex CAD 

practitioner 

Mean (SD) Range Mean (SD) Range Mean (SD) Range 

 

10 Female 10 23.1 (2.7) 20 - 29 173.2 (7.1) 160 - 183 77.7 (4.6) 72 - 85 

10 Male 10 25.4 (2.6) 22 - 30 192.2 (9.9) 170 - 208 92.6 (2.8) 86 - 96 

Table 2: Characterization of the sample of participants separated by gender. 
 
2.4 Indicator of muscular activity dynamism 
Concerning static 'low-level' efforts, Sjøgaard and Jensen (2006) report that static stresses 
measured by electromyography and analysed through the amplitude probability distribution 
(APDF) function of the electromyographic signal, where the static level is typically defined as 
the probability P = 0.1 does not guarantee the monitoring of variations in muscle length, which 
means that dynamic muscle contractions can occur during the same time window. As a 
consequence, and within the scope of the research developed in this study, it is considered of all 
interest to develop a new indicator of dynamic activity, as opposed to the static level that has been 
and continues to be associated with APDF10. A new indicator of dynamic muscle activity was 
defined, defined as Dind= [(APDF90-APDF10)/APDF50]/APDF10. This Dind parameter 
expresses in a single numerical value, the ratio between the level of variation of the strength of 
activation over time and its baseline value. Hence, this dynamics indicator will increase with the 
increase of the APDF50 normalized amplitude of the signal (APDF90-APDF10); it increases 
further with the decrease of baseline muscular activity (APDF10). The higher the value of the 
baseline muscle activity, the more static it is. The smaller the APDF50 normalized amplitude of 
the electromyographic signal, the more static the muscular activity. Hence, this dynamics 
indicator enables comparisons across alternative The Dind indicator was calculated for all 
devices, muscle and subject combinations of the sample. This new indicator, if used by grouping 
the set of muscles of interest, may help to understand the static and dynamic global muscular 
'involvement' related to the different tasks of the test. It can also be used to determine the level of 
'dynamism' of muscle activity associated with a given device for a specific task. 
Fractional use time of the several operations that were tested, representative of Computer Aided 
Design operations taken from an observational study (Coelho and Lourenço 2018), enabled a 
compounded overview of the dynamics of muscular activity across the range of tested devices, 
according to equation 3 (Dindcomp - dynamic time compound index created). Hence, fractional 
time of use in CAD software use (AutoDesk Inventor) per operation as reported by Coelho and 
Lourenço (2018), was used to create a compounded dynamics index, per subject and per muscle 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 174 

monitored, according to equation 1. This equation is derived from time waiting the  extent of time 
spent in each type of graphical task with the respective muscular activity dynamics for that task. 

 
Dindcomp=0.101*dindpoilarg+0.218*dindpoimed+0.181*dindpoismal+0.231*dinddragleft+0.1
12*dinddragmiddle+0.157*dindsteering              (1)  
 
3. Results 
In order to ascertain the relationship between the efficiency in performance of the tasks and the 
dynamics of muscular activity, correlation factors were calculated between the efficiency index 
previously presented by the authors (Coelho and Lourenço 2018) and based on the same empirical 
data reported in this paper, shown in Table 3, which also shows mean and standard deviations of 
the variables correlated.  
 

 Dindcomp APL Dindcomp ECR Dindcomp ECU Dindcomp ED 
Pearson 
correlation 
with efficiency 
index 

0.105 0.085 0.220 0.145 

Mean (SD)  19.1 (21.8) 4.03 (5.51) 2.75 (2.13) 6.18 (6.20) 
Table 3: Correlation between dynamic time compounded index (Dindcomp) and efficiency index 
(Coelho and Lourenco 2018) (efficiency index mean=0.567, standard deviation=0.094). 
 
A set of very weak correlations was unveiled, the starkest of which concerns muscle ECU, 
involved in ulnar deviation of the hand. Given that efficiency (a component of usability) is more 
concerned with the short term, and that the negative effects on musculoskeletal health of muscular 
activity dynamics (or lack thereof) are more felt on the long term, strong correlations would not 
be expected, in this perspective.  
A task by task and muscle by muscle overview of the results of the dynamic index is shown in 
Figure 3. No statistically significant differences were found across devices between the 
distributions of the dynamic index per task (using the Kruskal Wallis test). 
 

APL dynamic index

 

ECR dynamic index
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ED dynamic index

 

ECU dynamic index

 
 

 
Figure 3: Task by task and muscle overview of the results of the dynamic index calculation 
(clockwise from the upper left corner: APL, ECR, ECU, ED; error bars 95% CI) 
 
3.1 Dynamism compounded index results 
Fractional time of use in CAD software use (AutoDesk Inventor) per operation as reported by 
Coelho and Lourenço (2018), was used to create a compounded dynamics index, per subject and 
per muscle monitored, according to equation 3. The results are shown overall for the four forearm 
muscles monitored in Figure 4.  
 

  
Figure 4. APL, ECR, ECU and ED muscle compounded dynamics index across devices; error 

bars: 95% CI 
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The Kruskal-Wallis test on the APL Dindcomp results per device (Fig. 4) did not unveil 
statistically significant differences across the devices. The results for the Kruskal-Wallis test in 
ECR Dindcomp per device (Fig 4) also did not unveil statistically significant differences across 
the devices. The Kruskal-Wallis test on the ECU Dindcomp results per device (Fig. 4) did not 
unveil statistically significant differences across the devices. The results for the Kruskal-Wallis 
test in ED Dindcomp per device (Fig. 4) also did not unveil statistically significant differences 
across the devices. 
 
4. Discussion 
The compounded dynamism index is based on a particular software (Autodesk Inventor) and is 
hence only specific to a particular activity. Moreover, the set of pointing devices compared is 
quite limited, but with varying archetypes and sizes. Another limitation springs from the limited 
set of muscles that were monitored with SEMG. Although these were selected with support from 
previous literature, as well as expert consultation, other muscles might have yielded differing 
results, regarding the role of hand size on the dynamics of muscular activity. This 
notwithstanding, the exemplification enabled by this example allowed the characterization of the 
dynamics of muscular activity in the use of PC mice for CAD tasks in one single indicator per 
muscle, enabling comparison. 
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1. Abstract 
Virtual reality (VR) is a technology that uses computers to generate and simulates three-
dimensional environment. It provides intuitive and innovative interactions with users. Previous 
research has shown the effectiveness of VR assisted assembly and dis-assembly training system 
in practice. In this study, we develop a VR assisted dis-assembly training system using T91 
simulation gun as an example. The system aims to help novice operators quickly learn the skills 
required in the dis-assembly. It provides interactive design guidelines that guides the operators to 
sequentially complete the dis-assembly process. A user study is conducted to demonstrate the 
effectiveness and efficiency of the VR training system. The evaluation result also serves as 
references for future development of VR based training systems of assembly/disassembly 
operations.  
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A study on the use of smart phone text input mode by the 
elderly 
Practice-based abstract 
 

 

Jia-Cheng CHANG, Jia-Yin LIAO 
 
Southern Taiwan University of Science and Technology, Taiwan 
 
 
1. Challenges 
This study aims at finding the learning disabilities faced by the elderly in using their smart phones 
for text input, exploring the differences vs. younger users, and proposes text input interface 
design. 
 
2. Activities 
In learning to use a new product, comprehension of the elderly may be subject to the impact of 
memory, learning capability and previous experience. This study collects data on learning results, 
learning manners, and use perception with respect to different text input modes by observation 
and interviews. The collected data are then cross examined and analyzed. 
 
3. Outcomes 
Based on the learning results during this study, the younger group performs better than the elderly 
group, as the elderly group is not familiar with Bo-Po-Mo phonetic, have a high operation error, 
and longer learning time for interface adaption and understanding. The elderly give high marks 
to the touch screen for its ease of-use. The elderly prefer handwriting input to phonetic as they 
have less phonetic input experience, and handwriting input is easier to adapt to. The following 
three suggestions are presented based on this author’s observations and interviews: 
1. The hand writing input method is better for elderly users’ text input. 
2. The elderly rely more heavily on text speed menu. More attention should be exercised on the 
interface and layout of text speed menu. 
3. The elderly tend to click the right and bottom area of a screen. The interface sensing area should 
be modified when considering this tendency. 
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Chapter 10 
SPECIAL SESSION: Ergonomic evaluation with 
modern digitalisation technology 
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Occupational evaluation with Rapid Entire Body Assessment 
(REBA) via imaging processing in field 
 
 
He Ling WANG, Yun-Ju LEE 
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Abstract: The current occupational assessments only offer the evaluation outcomes after the 
observations and could not provide instant information. Recent technology on imaging 
processing is allowed to detect bony landmarks and link all markers as a human skeleton 
during activities without significant delays. We aim to utilize OpenPose model implanting into 
the working posture and calculate their joint motions to compare with Rapid Entire Body 
Assessment. In our research, we use the human skeleton drawn by OpenPose to calculate the 
joint angle of the human body. Next, we used the images and calculate joint angles. We 
compare these results with VICON motion system. The averaged error of the leg angle was less 
than 10 digress in the squat task and received the same scores. It shows that the error was 
acceptable and our angle calculation algorithm could be used for occupational evaluation for 
Rapid Entire Body Assessment. 
 
Keywords: Working posture, image assessment, rapid entire body assessment 
 
 
1. Introduction 
According to the Ministry of Labor's Occupational Safety and Health Law, “occupational 
disasters” are defined as: when workers perform their duties, they are exposed to chemical, 
physical, biological, human factors and other factors that cause occupational illnesses. 
Musculoskeletal injuries are the most common conditions among all the occupational diseases. 
In the survey of work environment safety and health conditions, the Labor and Occupational 
Safety and Health Research Institute of the Ministry of Labor found that 35.96% of the employed 
workers had physical discomfort during the past year, the highest proportion of which It was sore 
(62.78%), followed by eyes (41.61%) and sleep (36.49%). The painful part was more severe in 
the shoulder (69.60%), neck (56.98%), lower back or waist (53.04%). The same survey also found 
that 35.87% of employers and self-employed people experienced physical discomfort during the 
past year, the highest proportion of which was soreness (66.84%), followed by sleep (28.73%) 
and eyes (27.97%). Similarly, the percentage of shoulder pain (64.35%), lower back or waist 
(59.61%), and neck (48.27%) was higher. This report shows that the proportion of physical 
discomfort caused by work, employers or self-employed people is quite high, most of which are 
musculoskeletal pain (Lin & Guo, 2013). 
Up to date, there are still many operations inside the industry that rely on the traditional workforce 
to perform. Constant and overload working postures is one of the causes of occupational injuries 
in labor (Melhorn & Gardner, 2004). Occupational injuries are related to repetitive postures, 
awkward postures, poor working conditions, or lack of rest, etc. Musculoskeletal injuries can 
result in reduced labor efficiency and additional medical costs for treatment. The damage is 
permanently irreversible. In addition to the decline in labor productivity and the cost of 
compensation, occupational injuries are a problem that cannot be ignored for workers or 
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companies. Hence, the prevention of labor musculoskeletal injuries has become an important 
issue for occupational safety and health. 
The countries and companies have been aware of the seriousness of occupational injuries and are 
actively looking for solutions. Human factors provide professional ideas and theories for this 
problem and many related research norms for human and biomechanics through human factors 
engineering. There are many evaluation methods for the musculoskeletal posture, weight-bearing 
or working environment, etc., and the effects of prevention and warning are achieved. In terms of 
convenience and speed, the scale assessment method is the most commonly used method to assess 
occupational injuries. The work posture of the worker is judged according to the posture and joint 
angle on the scale, and the scores are graded. There are several commonly used scales: Rapid 
Entire Body Assessment (REBA), Ovako Working Posture Analysing System (OWAS), and 
Rapid Upper Limb Assessment (RULA), European Ergonomic Assessment Worksheet (EAWS) 
and so on (Gomez-Galan, Perez-Alonso, Callejon-Ferre, & Lopez-Martinez, 2017). However, the 
current assessment approach is to use human observation and analyze the scores on a subjective 
basis. The cost is high and time-consuming, and it is impossible to provide immediate feedback 
or long-term monitoring to the workers. However, musculoskeletal injuries are usually caused by 
the execution of work tasks with long-term accumulation. Therefore, immediate and long-term 
monitoring can better reflect the actual working conditions and report scores to the workers. On 
the other hand, when assessing the score, the subjective discrimination of the examiner may result 
in errors when evaluating the posture of the subject and the joint angle. It may result in inaccurate 
scoring or misjudgment. However, the use of laboratory measuring equipment can cause the 
inconvenience of the worker or the inability to work in the usual working posture, thereby 
affecting the validity and credibility of the evaluation results. Therefore, the need for the scale 
assessment method to further develop or widely apply to overcome the above factors. Among the 
current assessment methods, the REBA is applicable to most industries, and the key points are 
joint angle and load weight (Hignett & McAtamney, 2000). The technique of capturing motion is 
also suitable for rapid and comprehensive calculation of the joint angle of the whole body and is 
ideal for REBA. Therefore, considering the applicability and suitability, this study will adopt 
REBA as a scale applied to the motion capture technique. 
Since the development of motion capture technology, it can be divided into the following 
categories: electromagnetic, mechanical, inertial measurement unit (IMU) and optical type 
(Welch & Foxlin, 2002). The electromagnetic type uses the electromagnetic field to be emitted 
and sensed by the sensor in the electromagnetic field to determine the posture and motion of the 
human body; the mechanical type is mounted on the human body by mechanical means, and the 
displacement and action of the mechanical device are recorded when the human body moves. 
IMU is to use the gyroscope in the human body to estimate the human body posture by the 
acceleration and angular velocity detected by the accelerometer and gyroscope; the image type is 
to analyze the posture of the human body in space by using the RGB image captured by the 
general camera. The optical type is used to stick the marked points on the joints of the human 
body, and the plurality of cameras are used to photograph and mark the coordinates of the points 
to obtain the posture of the human body. 
Image analysis technology has developed rapidly and widely used in motion capture and 
interpretation. It can convert human body motion into digital information. In addition to capturing 
the movements of the human body and the trunk, it can also capture facial expressions and hand 
postures. Currently, this technology has been used in sports, medical, industrial, robotics and 
entertainment. The motion data captured can be effectively utilized in various fields for analysis, 
tracking, or simulation.  Image analysis technology on motion capture gives users a new way to 
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analyze or track their movement and improve their performance or experience. The image-based 
motion capture technology uses the RGB image captured by a general camera to analyze the 
posture of the human body in space and further calculates the joint angle. This method does not 
require the purchase of expensive equipment and software, nor does it require the user to wear a 
full-body suit or sensors, which has significant advantages in cost and convenience compared to 
other methods (Colyer, Evans, Cosker, & Salo, 2018). 
In the workplace, it is difficult to assess the working posture by using labor for long-term 
observation. If the monitor inside the factory can be used, or the instant image of the camera can 
be set at a specific position, the posture and motion of the immediate working state of the worker 
can be obtained. Image analysis is performed using RGB images captured by the camera. 
OpenPose Models (Cao, Simon, Wei, & Sheikh, 2017) is a set of image-based motion and posture 
recognition models. This model uses deep learning techniques to construct a system model for 
judging human motion and input RGB images into the system. The skeleton of the human body 
in the image can be drawn, and the skeleton information can be combined with the image analysis 
technology to push back the actual joint angle of the human body. Then, the data of the joint angle 
of the worker is obtained, and the data is applied to the scoring standardized on the scale 
assessment method, and the evaluation result is transmitted back to the user. In this way, the 
factory can use the monitors in the factory to achieve immediate returns on labor positions and 
long-term monitoring, which can make the work environment safer for both workers and 
employers. 
This study aims to establish a motion-based and real-time evaluation system through image 
analysis technology. The objective is to combine the image-based motion capture technique and 
the scale assessment method by using the RGB image captured via the camera as the input 
information and use the OpenPose Models to analyze the RBG image to draw the human skeleton. 
Subsequently, further calculate the camera in the space by the camera correction. The relative 
position of the human body is used to obtain joint angle data. The joint angle data and the REBA 
scale are used for scoring and grading and are transmitted back to the user to determine the degree 
of risk to inform the user of the current status of the work content. This approach will provide a 
quick and long-term response to labor posture and the prevention of human or musculoskeletal 
injuries. Furthermore, the accuracy of this system judgment is critical to the application of the 
scale assessment method and the industrial environment. 
 
2 Methods 
The experiment was set for the three steps. The first step: the camera was placed on the left or 
right side of the user about 90 degrees and away 2.5-3 meters, to shoot the whole body as the 
primary target. The second step was the joint angle calculation: according to the keyframe of the 
captured color image then used OpenPose to draw the human skeleton and implanted the body 
skeleton information, which was shown in Figure 1.  
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Figure 1: The end position in the squat task with the reflective markers on the body (A) and with 
the OpenPose implanted human skeleton model (B). 
 
Subsequently, we calculated the position and information of the human skeleton by using the 
RGB image captured by a single camera with OpenPose image-based motion analysis system to 
calculate the joint angle. The coordinates of the main joint points of the human body such as the 
head, neck, hips, knees, ankles, shoulders, elbows and wrists in the image were collected. These 
coordinates were projected onto the parallel plane to the camera imaging and the vector of each 
limb was used to calculate the joint angle. The third step was the scale assessment system: the 
joint angle data calculated in the second step was used for the evaluation of the scale, and the 
joints were scored according to the standard of the scale specified by the REBA. Finally, the risk 
was analyzed according to the total score, and the result of the classification was output to inform 
the user. 
Figure 2 shows the verification operation flow chart. When using the optical motion capture 
system VICON, the subject will be attached markers to the bony landmarks, while the GoPro 
HERO 6 Black camera was set up at a distance of 3 meters from the right side of the subject. 
Subsequently, the subject was asked to enter the use environment to start the squat task. The 
absolute angle was calculated every second and finally analyzes the joint angle compared with 
the optical motion capture VICON system. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The flow chart of the experimental design and data analysis. 
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3. Results 
Figure 3 demonstrated the five keyframes of a 30-second interval with the OpenPose implanted 
human skeleton models from the standing position and returned to the original position. 
Meanwhile, the scores of REBA were presented by joint angles to the subjects.  

Figure 3: Five key frames in the squat task. Head, trunk, and leg angles of score A were presented 
in red and upper arm, lower arm, and wrist angles of score B were presented in blue.  
 
Taking the leg angle as an example, the absolute errors between VICON system and the image 
analysis system were shown in Figure 4.  The averaged (standard deviation) errors of three trials 
were 9.58 (1.46), 5.67 (3.65), 5.30 (1.28), 6.23 (2.23), and 9.75 (0.79) for the five keyframes. The 
absolute errors were similar for five keyframes, except for the second keyframe.  

 
Figure 4: The absolute errors of leg joint angle in three trials for five keyframes. 
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The REBA scores of each joint were classified and shown in Table 1 based five keyframes on 
Figure 3. Furthermore, the score A was 3, 3, 5, 3, and 3 for the five keyframes. The score B was 
1, 4, 5, 2, and 1 for the five keyframes. The score C was 2, 3, 6, 3, and 2 for the five keyframes. 
 
Table 1: The REBA scores of each joint 
Frame Head Trunk Leg Upper Arm Lower Arm Wrist 

1 2 2 1 1 2 1 
2 2 2 1 3 2 1 
3 2 3 2 4 2 1 
4 2 2 1 2 2 1 
5 2 2 1 1 2 1 

 
 
4. Conclusion  
Differences between the OpenPose and VICON system could be summarized to several reasons:  
the placement of the camera, the systematic errors from OpenPose, and the different joint center 
locations (Cao et al., 2017; Welch & Foxlin, 2002).  The REBA scores were calculated the same 
of the OpenPose and VICON system, which were classified as the negligible risk level at the 
keyframe 1 and 5, and the high-risk level at the keyframe 3. The preliminary results indicated that 
the skeleton of OpenPose was able to calculate acceptable joint angles (less 2 degrees differences) 
while the selected joints were closed to the natural position. It also suggested that the joint angles 
calculated were reliable to determine the occupational risk levels of REBA. 
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Abstract: Modern and innovative technology has been facilitating fast growth and advances in 
ergonomic research and is supposed to progress in improving the quality of our work and life. 
Recently, virtual reality and augmented reality have been applied in various disciplines. In this 
study, we have tested several virtual scenarios with various designs of background familiarity 
levels and environmental parameters for some routine tasks for industrial applications. We 
evaluate the system effectiveness and efficiency for training purposes based on the users’ task 
performance and subjective evaluation as well as behavioural observation. 
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1. Introduction 
Recently, virtual reality (VR) and augmented reality (AR) technology has been commonly applied 
in our daily life and widely used as a tool for various industries. Considering occupational injury, 
accidents, and medical dispute that happen frequently in the workplace nowadays, it has become 
a valuable key solution if we could apply VR/AR applications sufficiently for education and 
training purposes in a simulated work environment. The design and implementation of high-
quality VR requires intense knowledge of various disciplines, such as behavioural and social 
sciences, neuroscience, computer science, physics, communications, art, and even philosophy. 
Under different design settings, e.g. user interaction interface, visual complexity, task dynamics, 
physical fidelity, etc., it may induce the VR users experiencing various scales of presence, 
immersion, task familiarity, and simulator sickness and further affect the user performance and 
simulation effectiveness. In this study, we have constructed several virtual scenarios with various 
designs of background familiarity levels and other environmental parameters for some example 
routine tasks in industry. We evaluate the system effectiveness and efficiency of VR simulations 
for training purposes based on the users’ task performance and subjective evaluation as well as 
behavioural observation.  
VR is getting very popular also a useful tool, however, there are some potential adverse health 
effects of using a VR system, such as nausea, eye strain, headache, vertigo, physical injury, 
transmitted disease, and also some aftereffects (Kennedy and Fowlkes 1992). The sickness level 
of a VR user has become an indicator for the quality of the VR system. Questionnaires or 
symptom checklists are the common means of measuring VR sickness. The Simulator Sickness 
Questionnaire (SSQ) was created based on flight simulators observations, and 16 discomfort 
symptoms were established and validated (Kennedy et al. 1993). The SSQ has become a standard 
for measuring simulator sickness, and the overall severity factor may reflect the best index of VR 
sickness. Presence is a sense of “being there” inside a space even when physically located in a 
different location. It can also be described as the way the user subjectively experiences the 
immersion. Immersion is the real objective degree to which a virtual reality system and 
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application projects stimuli onto the sensory receptors of users in a way that is extensive, 
matching, surrounding, vivid, interactive, and plot informing (Slater and Wilbur 1997). Presence 
level of a VR user is also an indicator for design quality of the VR system. The most frequently 
used method for measuring is the Presence Questionnaire (PQ) developed and revised by Witmer 
(1998, 2005). This study aims to design simulated workspaces and investigate factors that can 
affect presence and simulator sickness level in the simulated workspaces to provide advice for 
future simulated workspace design. The sickness levels are measured by SSQ and the presence 
level is measured by PQ. We focus on the factors “background familiarity” and “culture” because 
on the one hand, people may feel more present and less sick if the virtual workspace looks similar 
to the workspace present in their daily lives, i.e. they may have better task performance in their 
familiar workspace. On the other hand, the preference of the simulated workspace has individual 
differences, and people with similar cultural background may have the similar choice because the 
same social system and culture they share (Nisbett 2003). 
 
2. Methodology 
In the experimental design, the background complexity of the VR training scene (i.e. a hand 
manipulation task) has been set for three levels (Level 0 with no additional decoration items, 
Level 1 with 15 furniture items, Level 2 with 31 furniture items). The familiarity parameter has 
been considered based on a cultural aspect – participants with different cultural backgrounds (e.g. 
nationality) are performing the VR task in some various environmental setup that is similar or 
dissimilar to their own culture. In the first part of this study, we apply customized questionnaires 
in interviews with participants with different cultural backgrounds in order to classify some pre-
selected virtual objects into various cultural categories (Fig. 1).  
 

Figure 1: The Item Choice Questionnaire applied in this study (partially) – Asian and Western 
participants observed each furniture 3D model with VR goggle (HTC Vive) and evaluated the 
item based own experience. A total of 205 furniture and decoration items were evaluated. 
 
Based on the user evaluation outcome, several VR training scenes are constructed using 
abovementioned virtual objects from various cultural categories and with different amounts of 
items integrated in the VR’s (Fig. 2). In the second part of this study, participants are asked to 
wear a head-mounted display (HMD) and to perform a hand manipulation task in those pre-
defined VR’s involving visual inspection process and manual sorting process. Before performing 
the VR task, participants are asked to answer the Immersive Tendency Questionnaire (ITQ) and 
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the Simulator Sickness Questionnaire (SSQ). After performing the hand manipulation task in each 
VR scene, participants have been requested to continue filling out the Presence Questionnaire 
(PQ) (note: an alternative version of PQ excluding sound and haptic items which are not 
applicable in this study design) and SSQ to conclude the experiment. 
 

Figure 2: Example VR scenes of two cultural rooms with Asian and Western design (both with 
26 own cultural items selected from the evaluation results of ICQ and 5 common items). 
  
3. Research outcomes 
A pilot experiment shows that the different levels of background complexity could affect the user 
performance of VR operators. The participants’ total presence level in two cultural VR scenes are 
significantly higher than in the basic VR scene (minimum item numbers). The results also indicate 
that background familiarity (similar or dissimilar to own culture) has a statistically significant 
effect on total presence level. Results of SSQ also show that background familiarity can be an 
influencing factor. For all participants, total simulator sickness score is lower in their own cultural 
VR scene than the other cultural VR scene (but not statistically significant in this study, p=0.7). 
In this study, the effects of background familiarity and culture on presence and simulator 
sickness level in a simulated workspace are investigated to provide advice for future 
simulated workspace design. The results showed that the participants generally have a 
higher presence level and lower simulator sickness level in a simulated workspace with 
higher background familiarity and a simulated workspace with their own cultural 
background. Increasing background familiarity scale also increased the richness of the 
virtual environment, which may cause some side effects such as a high simulator 
sickness level. Designers need to consider both background familiarity and background 
richness, and the cultural characteristics of users when designing a simulated 
workspace. 
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Abstract: We investigated the utility of a low cost, commercial EEG device for neuroergonomic 
studies. 25 participants were exposed to three visual tasks of different attentional demands 
while their EEG was recorded. By means of the proposed method for the evaluation of the EEF 
recordings, demands of visual attention is predicted. We therefore assume that performance in 
visual attention is predictable when using the low cost commercial EEG and evaluating the data 
by means of the proposed method. 
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1. Introduction and research focus 
Electroencephalographic (EEG) recordings have become popular in neuroergonomics studies. 
However, due to some constraints, as for instance a complex and delicate fitting procedure or 
because of the sensitivity of the EEG to electrical noise, the application of EEG recording in 
ergonomics research is limited. Recently, the market offers low cost EEG devices, which are also 
simple to use. As for instance the EMOTIVs EPOC+ device (EMOTIV, San Francisco, USA) 
shown in Fig. 1 comes with a headset including fix mounted electrodes and providing 14 EEG 
channels. The light weight and non-cumbersome headset is easily adjusted on the partici-pant’s 
head within 1-5 minutes and does not require the participants to be wired to the record-ing unit 
as the data are transmitted via Bluetooth to the USB receiver of the recording comput-er. 
Therefore, the device is a good candidate for neuroergonomic field studies. However, its utility 
for such a purpose depends on the sensitivity to measure neuroergonomic correlates. 
In previous work, we developed an ecologically valid test for recording the performance in visual 
attention (Huang YY et al. 2019). In the test, a six-digit number is flashed for a duration of 300 
ms on a PC monitor while the background of the monitor displays a movie of a car drive as seen 
from the viewpoint of the driver. Participants are asked to report whether the digit “3” was present 
in the flashed number or not. The attention test is used in practice for various purposes, such as 
to screen attentional capacities in occupational practice or to assess driving skills in traffic 
controls. While the result of the attention test has proven to be a valuable indi-cator in estimating 
attentional related risks at work, results don’t reveal possible causes of a lack in attentional 
performance. It is therefore desirable, to expand the attention test with other, non-invasive 
measures, enabling an estimation of causes for a lack in visual attention. For this purpose, the 
utility of the abovementioned EMOTIV EPOC+ device was assessed experimen-tally. In a first 
step, this research aimed to investigate whether it is possible to correlate record-ed EEG activities 
to attentional loads caused by the attention test. In particular, we would ex-pect powers in various 
frequency bands of the EEG to show expected variations across differ-ent levels of attentional 
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load. We therefore hypothesized that powers in various frequency bands of the EEG signals vary 
across three conditions of attentional load, which are, a first condition, in which participants are 
relaxed, a second condition, in which participants only observed the video displayed in the 
attention test mentioned above and a third condition, in which participants took the attention test. 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 1: Easy to use low cost EMOTIV EPOC+ EEG headset providing 14 EEG channels. 
 
2. Methodology 
A total of 25 participants were exposed to three tasks varying in attentional load. In the most 
demanding task, participants took the attention test as described above. In a second task, par-
ticipants were asked to sit in front of the monitor and watch the monitor of the attention test 
without performing the test. In the third condition, participants sat relaxed in front of the empty 
monitor of the attention test. During the three tasks, EEG was recorded for a duration of four 
minutes each. The total duration of the experiment was 40 minutes per participant. Fig. 2 shows 
the experimental protocol. 
EEG signals were analysed after the experiment using EEGLAB version 14 running under Mtlab 
r2017b, Excel and SPSS version 25. After a manual and an automatic removal of signal artefacts, 
we computed the spectral powers in alpha, beta and theta bands. For each band, powers were 
compared across attentional tasks by means ratio of powers recorded in each task. The procedure 
was applied to each of the 14 EEG channel. Computed ratios were compared across conditions, 
participants, and channels. The research protocol was approved by the local ethical committee. 

Figure 2: Experimental protocol for recording EEG in the three tasks of varying level of 
attentional demands (According to Bärtsch, 2019). 
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3. Research outcome 
A comparison of the spectral power of the EEGs recorded in the three conditions showed that it 
is possible to identify the three conditions, which were relax, pure observation and taking the 
attention test. We found a decrease in alpha band power when comparing the easiest (relaxed) 
and the more demanding cognitive task (taking the attention test). Effectiveness for recording 
expected variations varied across channels. Most relevant channels showing expected variation 
in alpha power bands are FC6, T8, F8, F7, AF4 (according to the international 10-20 notation for 
scalp electrodes). Expected variations with cognitive demands could not be shown in the beta and 
the theta band. 
 
4. Discussion and conclusions 
In conclusion, the utility of the used device for recording the EEG signals in conditions such as 
typically found in ergonomics field studies has been shown. Performance in the attention test was 
typically at a sensitivity of d’ = 2.5, which is considered as a task of medium difficulty according 
to signal detection theory (Macmillan et al., 2005). Therefore, we assume that a medium level of 
engagement of attention is detectable by the method proposed in our work. However, there are 
some limitations when comparing the capabilities using the low cost device in a real ergonomic 
setting to capabilities when using high-end devices in a laboratory setting. Some improvements 
in detecting the level of attentional performance may be expected when using a combination of 
the ratios between spectral powers in different bands. 
Considering the ease us use of the device and the low level of interference of the device with the 
participant, we may conclude that investigated EEG device is a valuable expansion to the attention 
test, despite some limitations. Including the EEG device to the attention test will help revealing 
causes for a reduced attentional performances, such as sleepiness, drug consumption or hyper-
activity syndromes. 
In a forthcoming experiment, we will use ratios of spectral powers as described above in 
combination with performance in taking the test for visual attention for better predicting 
sleepiness in settings such as found occupational practice (Menozzi et. al, 2019). 
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Abstract: Situation awareness plays an important role in robot teleoperation tasks, which are 
essential in digitalisation and automation. Head-mounted displays have unique advantages for 
virtual reality and augmented reality environments. We present our approach to enabling real-
time measurement of situation awareness in robot teleoperation with a head-mounted display. 
Test results showed that it provided more reliable data for situation awareness measurement 
than the post-trial subjective measure. 
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1. Introduction 
Operation of a mobile robot by a person from a distance has been applied across a variety of 
domains. Robot teleoperation has potentials to become an essential part in digitalization and 
automation of future work. Situation awareness (SA) is the ability to perceive elements within a 
volume of space, be able to comprehend the meaning of these elements and be able to predict the 
status of these elements in the future (Endsley 2000). It is the perception, comprehension, and 
projection of information relevant to the user regarding their immediate environment, which plays 
an important role in teleoperation tasks. It is also a primary basis for operators' performance 
(Endsley 1995). The present research investigates how to enable real-time measures of SA in 
robot teleoperation. In a robot teleoperation project (Hansen et al. 2018), a telepresence robot can 
be teleoperated by a user wearing a head-mounted display (HMD). The user-interface for 
teleoperation is presented as Augmented Reality (AR). This interface supports multimodal control 
by gaze, head, and hands for a variety of use-cases, including disabled people bound to bed that 
can drive a telerobot with head or gaze pointing only. Existing techniques for evaluation of SA, 
e.g., SART (Taylor 1990), and SA-SWORD (Snow and Reising 2000), based on subjective 
measures, may reflect subjective preferences rather than SA itself. Post-test questionnaires only 
capture SA at the end of the task, where early misperceptions or temporary confusions may be 
forgotten.  
Real-time probes with objective measures may overcome the above-mentioned problems. 
However, challenges still exist in the implementation of such measures for robot teleoperation 
with an HMD. For example, when operators do not prioritize their primary task, then the 
secondary task (i.e., SA queries) is known to interfere with the primary task performance (Pierce 
2012). Detailed analysis of tasks and SA are required for implementing this measure in 
teleoperation, and task-relevant queries need to be designed based on SA theories. In the present 
work, we examined the use of real-time queries that we have developed for research in 
teleoperation. 
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2. Methodology 
We adapted the Situation Present Assessment Method (SPAM), which was originally developed 
for air traffic controllers (Durso et al. 1998), to robot teleoperation. Perception-related queries 
focused on the participants' ability to perceive relevant elements in the environment, e.g. 
orientation, voice, presence, and position of a person present in the remote environment. 
Comprehension-related queries were used to investigate the operator's understanding of external 
signs in the room, i.e., a pie chart indicating their current progress, and of oral information about 
their progress status. Projection-related queries examined their ability to estimate the future status 
based on their perception and comprehension of the current situation in the environment, i.e., 
estimate the time or distance to finish the task. 
A total of 16 participants participated in our experiment (Zhang et al. 2019). Each participant 
teleoperated a robot in 2 trials with hand control and 2 trials with gaze control. An HMD was 
used to provide a full 360-degrees view when turning the head around. The participants' task was 
to drive a telerobot through a maze marked on the floor in a remote room. The progress pie-charts 
were displayed on the walls of the room, and a person talked to them via the telerobot. The 
experimenter manually prompted a SPAM query when the robot passed certain areas in the maze 
or when a maneuver, e.g. a turn, had been done. When the participant passed graphical progress 
information on the wall, a query about comprehension was given. Queries appeared as a pop-up 
text box in the HMD (see figure 1 ). All of the queries were initiated with an introductory question: 
“Are you ready to answer a question?” This question was only used to measure response time, 
and the only possible answer the operator could give was clicking “Yes”. Then the actual query 
appeared. Once the query was answered orally, the participant's response time was again 
measured and the answer was written by the experimenter. After each of the four trials, a 
subjective workload questionnaire (NASA-TLX), and questions about their estimation of the total 
distance they had driven, task time duration, and their recollection of collisions with the maze 
barriers, and persons in the maze. In order to compare two methods of SA measures, a subjective 
SA questionnaire (SART) were also included in the post-trial questionnaires. 
 

Figure 1: A user wearing an HMD, and teleoperating a  remote telepresence robot (left). Via the 
HMD display, he can see a Pop-up with a query about orientation (right). 
 
3. Research outcomes 
Log data, video recordings from the room, and screen recordings captured during the experiments 
were analysed. The analysis included the real-time objective measure, post-trial subjective 
measures, and accuracy of estimation and recollection. Workload-analysis was based on 
responses to the subjective workload questionnaire, and the two types of response times recorded 
in real-time measured workload and SA, respectively. 
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Data from real-time objective measure (SPAM) were analysed with ANOVA and followed up 
pairwise comparison with a Bonferroni correction. The results showed that the control method 
had significant impacts on the participants’ SA. The hand control method yielded a higher level 
of SA than the gaze control. 
Our results also supported comparative analyses of two measurement approaches (SPAM and 
SART). With SPAM, we found a correlation of the response times to the introductory question 
from SPAM with the NASA TLX responses. With ANOVA and followed up a pairwise 
comparison with a Bonferroni correction, we found that control method had significant impacts 
on the response times to the introductory question, and the NASA TLX responses. When using 
the hand control, the participants self-reported lower level of workload, and needed less response 
time to answer the introductory questions. 
A correlation between the real-time objective SA measure (SPAM) and the post-trial SA  measure 
(SART) was also found. With ANOVAs and followed up pairwise comparisons with a Bonferroni 
correction, we found that the control method had significant impacts on the participants’ 
performance. The participants had a higher percentage of accuracy in post-trial recollection and 
estimation when using hands compared to gaze. Distance estimation was closer to the actual 
operation for the real-time queries relative to the post-trial distance estimations. 
 
3. Conclusion 
A real-time measurement of SA in robot teleoperation with a head-mounted display has been 
implemented. With a small data size in our test (n = 16), it provided more reliable data and results 
than the post-trial subjective SA questionnaire.  
 
References 
Durso, F. T., Hackworth, C. A., Truitt, T. R., Crutchfield, J., Nikolic, D., & Manning, C. A. 

(1998). Situation awareness as a predictor of performance for en route air traffic 
controllers. Air Traffic Control Quarterly, 6(1), 1-20. 

Endsley, M. R. (2000). Direct measurement of situation awareness in simulations of dynamic 
systems: Validity and use of SAGAT. In Endsley MR, Garland DJ, eds. Situation awareness 
analysis and measurement. Mahwah, NJ: Lawrence Erlbaum Associates, 2000:147–74. 

Endsley, M. R. (1995). Measurement of situation awareness in dynamic systems. Human 
factors, 37(1), 65-84. 

Hansen, J. P., Alapetite, A., Thomsen, M., Wang, Z., Minakata, K., & Zhang, G. (2018). Head 
and gaze control of a telepresence robot with an HMD. In Proceedings of the 2018 ACM 
Symposium on Eye Tracking Research & Applications (ETRA ’18). ACM, Article 82. 

Pierce, S. R. (2012). The effect of spam administration during a dynamic simulation. Human 
Factors, 54, 838–848. 

Snow, M. P., & Reising, J. M. (2000). Comparison of two situation awareness metrics: SAGAT 
and SA-SWORD. In Proceedings of the Human Factors and Ergonomics Society Annual 
Meeting (Vol. 44, No. 13, pp. 49-52). Sage CA: Los Angeles, CA: SAGE Publications. 

Taylor, R. M. (1990). Situation awareness rating technique (SART): the development of a tool 
for aircrew systems design. In Situational Awareness in Aerospace Operations (Chapter 3). 
France: Neuilly sur-Seine, NATO-AGARD-CP-478. 

Zhang, G., Hansen, J. P., & Minakata, K. (2019). Hand- and Gaze-Control of Telepresence 
Robots. In Proceedings of Communication by Gaze Interaction (COGAIN ’19). ACM, Article 
2. 

 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 197 

 

Chapter 11 
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Abstract: A plastic bag has for many years been the dominating way to bring home your 
everyday commodities from your grocery store. The ergonomic problems shown in this 
presentation are mainly based on personal experience. The bags provided in most grocery 
stores, at least in Sweden, have the handles on the short sides of the bag. If you fill the bag and 
grab the handles, applying a neutral hand/wrist position, one of the short sides of the bag will 
interfere with your knee/leg when walking. To avoid this you have to pronate or supinate your 
hand/wrist to turn the bag 90 degrees or alternatively, abduct your upper arm. All these 
hand/arm positions involve exhausting static muscle activities in the forearm or upper 
arm/shoulder.  
The natural solution is to choose a bag with handles on the long sides of the bag. When gripping 
a filled bag with handles on the long sides with a neutral hand/wrist position, the bag will not 
interfere with the knee/leg when walking. Unfortunately, such bags are not provided in grocery 
stores, at least not in Sweden. However, such bags are often offered in clothing shops. A 
personal solution is to always carry such a folded bag in the coat. The manufacturers of plastic 
bags and large grocery shop chains should be informed about these problems to provide these 
types of more ergonomic bags. 
 
Keywords: Musculoskeletal health, shopping ergonomics. 
 
 
1. Introduction 
Plastic bags are today the dominating container to bring home bought items from a shop. Plastic 
bags for single use are today provided in most shops. The general waste of plastics is a general 
problem in the modern world, however not the main issue in this contribution but instead the 
design and usability of the bags. The problems and solution described are based on personal 
experiences. 
 
2. Problem description 
Plastic bags can have two different basic designs; either with handles on the short sides (type 1) 
or with handles on the long sides of the bag (type 2). Plastic bags provided in grocery shops, at 
least in Sweden, are mainly of the first type. When you fill such a bag with merchandise, grab the 
handles and hold it with a neutral wrist and relaxed arm along your leg, the inner short side of the 
bag will interfere with your knee and lower leg when walking. To avoid this there are three 
possibilities: 1. pronate the lower arm/wrist 90° (figure 1); 2. supinate the lower arm/wrist 90° 
(figure 2); 3. abduct the upper arm (figure 3). The muscles for pronation (m. pronator teres and 
m. pronator kvadratus) and supination (m. supinator) are all located in the lower arm (Marras et 
al., 1993). A continuous static pronation or supination lead to tireing static loads on these muscles 
which after some minutes may become painful. However, no data have been found in the 
litterature on how much an increased carried load will increase the load on these muscles in the 
hand/arm positions in figure 1 and 2. But own subjective experiences indicate that there is a 
positive relation between these loads and carried weight.  
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Figure 1: Pronated wrist. Bag type 1. Figure 2: Supinated wrist. Bag type 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 3: Abducted arm. Bag type 1. Figure 4: Neutral wrist and relaxed arm.  
   Bag type 2. 
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The third alternative, with an abducted arm as in figure 3, causes static workloads in the arm 
abductors (m. deltoideus and m. supraspinatus) in the upper arm and shoulder (Marras et al., 1993, 
Palmerud et al., 2000). Similarly, a static arm abduction is tireing and may also become painful. 
Independent of hand/arm position, personal experience indicates that these problems all become 
worse with an increased weight of the bag content. 
 
3 Solution 
The obvious solution to solve these problems is to use a bag with handles on the long sides (bag 
type 2). When gripping the bag with a neutral wrist position (no pronation or supination) and a 
relaxed upper arm/shoulder the bag can be carried without interference with the knee and lower 
leg (figure 4). Personal experience with such a bag confirms this. 
 
4 Discussion 
Bags of the type shown in figure 4 are normally not provided in grocery shops in Sweden. 
However, these types of bags are often provided in clothing shops. The author has personally 
good experience using such plastic bags when shopping everyday commodities. It could be 
claimed that the gripping itself is a fatiguing task that probably does not differ between the two 
bag types. This is certainly true but this is another issue not addressed in this work. 
The general purpose of this contribution is to highlight these problems and hopefully reach out to 
major grocery shop chains and plastic bag producers to make more ergonomically adapted bags 
available in the shops. A general advice to customers is also to always have a folded platic bag, 
preferable of type 2 as in figure 4, in the coat pocket for re-use in order to reduce plastic waste. 
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Abstract: Musculoskeletal discomfort (MSD) is one of the main health problems reported by 
office workers (OW), often associated with visual discomfort (VD) in work environment. The 
aim of the present study was to estimate prevalence of musculoskeletal and visual discomfort 
in association with lighting in workplace among office workers in Estonia. The study included 
210 office workers, who worked (7.9 hours per day) in sitting position with computer. Lighting 
was measured in 167 workplaces. MSD during the last 30 days was localized primarily in the 
subjects’ lower back (69%), neck (68%), shoulders (57%) and upper back (50%). Forty % of the 
analysed office workers had experienced VD due to low lighting (≤ 500 lx) measured in computer 
workplace. We concluded that MSD was perceived by office workers in lower back, neck and 
shoulders, and they also perceived VD, which is associated with low lighting in the workplace.  
 
Keywords: Musculoskeletal discomfort, visual discomfort, ergonomics 
 
 
1. Introduction 
Musculoskeletal discomfort (MSD) is one of the main health problems reported by office workers 
(OW) (Piranveyseh et al. 2016; Shariat et al 2018), often associated with visual discomfort (VD) 
in work environment (Hemphälä and Eklund, 2012). In EU MSD affects millions of workers and 
costs companies a billioneuros annually. OW experience physical discomfort, make mistakes or 
work more slowly. This can have far-reaching consequences in the workplace, such as reduced 
work productivity, increased risk of accidents and personal injuries. It has been proven that the 
emission of sunlight and natural light in the workplace for half an hour has the same efficiency 
as a small nap (Kaida et al 2007). Appropriate lighting in the work environment ensures that 
employees can work efficiently, while inappropriate lighting reduces their work ability, causes 
stress and fatigue (Denk et al 2014). The visual component is very important for maintaining the 
workers’ well-being and good ergonomic properties of the workplace.   
The aim of the present study was to estimate prevalence of MSD and VD in association with 
lighting in workplace among office workers in Estonia.  
 
2. Methods 
A self-report questionnaire was distributed to office workers (n=210; aged 21-68 yrs) (Table 1). 
All participants (77% women, 23% men) worked in Estonian government buildings, and their 
working experience comprised 12.2 ± 10.5 yrs.  
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Table 1: The anthropometric and work experience characteristics of participants (total: n = 210), 
mean ± SD 

 Total Women Men 
 n = 210 

(100%) 
n = 162  
(77%) 

n = 48 
(23%) 

Age (years) 45.9 ± 12.1 46.9 ± 11.8 42.9 ± 11.9 
Body mass index (kg·m-2) 25.1 ± 4.1 25.8 ± 5.4 26.5 ± 3.7 
Years of work experience as an office worker 
(years) 12.2 ± 10.5 13.3 ± 11.0 8.8 ± 8.0 

Working hours per day with computer  (hours 
per day) 7.9 ± 1.02 7.8 ± 0.8 8.1 ± 1.5 

Working hours per week with computer 
(hours per week) 38.4 ± 7.1 37.7 ± 8.0 38.7 ± 5.8 

 
OW work almost for the whole workday (7.9 hours per day, 38 hours per week) in sitting position 
with computer. Since all computer workstations were designed as seated, OW spent their workday 
mainly in sitting position. All participants filled modified Nordic questionnaire, which evaluates 
MSD in the last 30 days in eight different body regions (lower back, upper back, neck, shoulder, 
knee, leg, elbow, wrist). Visual ergonomics was assessed by subjective questionnaire with 
questions regarding the employee’s problems (e.g. eye strain, headache), and the objective part 
consisted in lighting measurements in 167 workplaces.  
 
3. Results 
In the total group of OW, MSD was localized in the last 30 days primarily in neck (69%), lower 
back (69%), shoulders (57%), and upper back (49%). More than 40% of participants had 
perceived pain in upper back, knees, wrists, and legs. Women had perceived more MSD in upper 
back (p = 0.036), shoulders (p = 0.028), and neck (0.002), compared with men. OW who were 
not satisfied with their workplace ergonomics, perceived more MSD (p<0.05) (in wrist, upper 
back, shoulders, and lower back).  OW who did not have an ergonomic chair, felt mostly lower 
back pain (p<0.05). OW’ good health conditions were associated with ergonomic workplace 
design (p<0.01), comfortable work chair (p<0.01), conditions of the workplace microclimate 
(p<0.05) and the pace of work that the employee can determine oneself (p<0.05). Assessing visual 
discomfort, one third of the participants felt eye dryness and had problems with vision during the 
workday. 63% of OW used glasses or contact lenses.  
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Figure 1: Prevalence of perceived musculoskeletal discomfort in OW during the last 30 days 
(total:  n=210, men  n=48, women n=162; ***p<0.001.)  
 
In the total group, good lighting correlated negatively with wrist pain (p<0.01), eye strain 
(p<0.01), eye dryness (p<0.01), upper back pain (p<0.01), and headache (p<0.05). Fatigued eyes 
correlated with shoulder and neck pain (p<0.05), eye strain (p<0.05), headache (p<0.05), causing 
during the workday mental and physical fatigue, and loss of work ability. In 40% of the analysed 
computer workplaces was measured low luminous intensity (≤ 500 lx). In work environment the 
lighting colour temperature was mainly neutral (74%) or warm-white (26%), in 98% of offices 
the colour rendering index was over 80. In 13 offices OW had problems with unified glare rating, 
glare from luminaires. Good lighting was associated with good health conditions (p<0.05), 
whereas 87% of participants were satisfied with artificial lighting at their workplace.  
 
4. Discussion  
This study has revealed that OW had perceived MSD in the last 30 days mainly in lower back, 
neck, shoulders, and upper back. These results are similar to the previous study of Piranveyseh et 
al. (2016), reporting regional MSD in OW during the last 3 months mainly in lower back, neck, 
back, and shoulders. Shariat et al. (2016) also reported the prevalence of MSD in OW in the same 
body areas: shoulders, neck, and lower back. This study established that in Estonian offices cold-
white colour temperature lighting is not used, benefitting the  employees, since warm-white 
colour temperature affects positively the well-being and mental state, however, affecting 
negatively the power of concentration (Denk et al 2014). In this study no associations were found 
between the power of concentration and visual discomfort. We did not find associations between 
MSD and the power of concentration, however, fatigued eyes correlated with shoulder and neck 
pain, and tension in the eyes.  
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5. Conclusions 
OW perceived high MSD in lower back, neck, and shoulders. They also perceived VD, associated 
with low luminous intensity in the workplace. For preventing occupational diseases connected 
with MSD, it is obligatory that the employees can take rest breaks, have their workplace 
ergonomics evaluated, are physically active, and, if necessary, the lighting conditions of their 
workplace are improved. For maintaining musculoskeletal and visual comfort it is important to 
follow ergonomic guidelines, and improve the work environment, for example by providing sit-
and-stand desks or other ergonomic equipment.  
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Abstract: The aim of the DOSES-IGLO project is to investigate, to what degree physical workload 
and musculoskeletal disorders of eldercare workers is determined by factors on organizational-
, management-, team- and eldercare worker level. The project uses a comprehensive and 
multilevel dataset, The DOSES Cohort, based on information of 553 eldercare workers and 1456 
residents from 126 wards at 20 nursing homes in Denmark. 
The first analysis of the DOSES-IGLO project investigating to what degree physical workload (i.e. 
use of assistive device) is determined by factors on organizational-, management-, team- and 
eldercare worker level will be presented at the conference. 
 
Keywords: Multi-level study, Work environment, Eldercare, Physical demands, Pain. 
 
 
1. Introduction and research focus 
The percentage of eldercare workers in Denmark reporting high physical work demands and 
musculoskeletal disorders (MSD) is high. Consequently, in recent years there has been a large 
focus on interventions to reduce the physical work demands and prevalence of MSD among 
Danish eldercare workers. The interventions have often targeted the individual (employee), for 
example with education in ergonomics and correct use of assistive devices. However, these 
individual targeted interventions have shown limited effect on the physical workload and MSD 
among eldercare workers in Denmark. Factors on other levels of the organization (i.e. 
organizational, management and team) may have influence on and determining the physical 
workloads (e.g. use of assistive device) and MSD. There is a lack of knowledge in the current 
literature regarding to what degree physical workload and MSD of eldercare workers is 
determined by factors on organizational-, management-, team- and eldercare worker level. 
The reason that only few studies has investigated the influence of organization, management, 
team and employee factors on physical workloads and musculoskeletal disorders in eldercare is 
most likely, that it requires information from reliable and independent data sources from all levels 
under investigation. Only using questionnaire to collect information on both determining factors 
and outcome would lead to great risk of ‘common-method bias’. Therefore, it is necessary to 
collect independent and objective information for example by using workplace observations and 
technical measurements. Furthermore, to achieve sufficient statistical power to perform multi-
level analysis it is necessary with information from many units. With all this taking into account, 
it requires a lot of resources to collect valid data suitable to investigate to what degree physical 
workload and MSD of eldercare workers is determined by factors on organizational-, 
management-, team- and eldercare worker level. The DOSES-IGLO project uses the “Danish 
Observational Study of Eldercare work and musculoskeletal disorderS (DOSES)” cohort which 
has addressed the above mentioned methodological weaknesses by collecting mulit-level data 
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from many units with mainly information sources not relying on the eldercare worker’s own 
perception (Karstad et al. 2018). 
The aim of the DOSES-IGLO project is to investigate, to what degree physical workload and 
MSD of eldercare workers is determined by factors on organizational-, management-, team- and 
eldercare worker level. 
 
2. Methodology 
The DOSES cohort is a comprehensive and multilevel dataset, based on information of 553 
eldercare workers and 1456 residents from 126 wards at 20 nursing homes in Denmark. The 
participating nursing homes had an average of 6.3 (SD 3.1) wards, 79 residents (SD 28.9) and 70 
eldercare workers (SD 27.7) employed more than 15 hours per week on day- and evening-shifts. 
Two nursing homes were private and 18 were municipal nursing homes. Of the total 126 wards, 
92 wards were categorized as somatic units, 28 as dementia units, 3 as temporary/rehabilitation 
units and 3 as psychiatric units for elderly people with special needs. Data collection was 
conducted from September 2013 until January 2016. At each participating nursing home, the 
baseline measurements took place over one to two weeks. The participating eldercare workers, 
residents, wards and nursing homes where then followed up for 12 months. The baseline data 
collection at the first nursing home started in September 2013 and the last in December 2014, 
resulting in the completion of follow-up in January 2016. Data were structured into five 
organizational levels: 1) nursing home (organizational), 2) nursing home- and team-manager 
(management), 3) ward (team), 4) eldercare worker (employee) and 5) resident. To retrieve 
precise information from all five levels, the primary information was collected by trained 
personnel or technical methods. Trained observers performed both workplace observations of 
physical work demands and use of ergonomic devices, as well as a workplace walkthrough. The 
walkthroughs were conducted at all 20 nursing homes and 126 wards at baseline. One 
researcher spent 1.5 hours at each nursing home following a structured protocol gathering 
information on the interior design (eg, flooring, space around bed and toilet and bath) and 
existence and accessibility of ergonomic equipment. 
Physical activities and postures at work for each participating eldercare worker were measured 
with technical valid accelerometers over several days, and health parameters (e.g. BMI, blood 
pressure) were measured with direct clinical methods at a health check session.  
Information that was not possible to measure with workplace observation or technical devices, 
was collected through questionnaires for the nursing home managers, team managers and 
eldercare workers. The questionnaire for the managers included questions about formal and 
informal organizational structures (e.g. number of residents and eldercare workers, 
organizational changes, polices on workplace health and safety, pain management, 
communication, influence and justice at work). The questionnaire for the eldercare workers 
included questions on sociodemographics, lifestyle and health-related behaviour, health and 
morbidity, physical work environment and psychosocial work environment. MSD were 
measured every month with text messages during the one year follow-up period. 
 
3. Results 
The DOSES-IGLO project started in spring 2018. The first analysis of the project investigating 
to what degree physical workload (i.e. use of assistive device) is determined by factors on 
organizational-, management-, team- and eldercare worker level will be finalized in spring 2019, 
and presented at the conference. 
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4. Conclusion 
Using a unique dataset with information on both organizational-, manager-, team- and individual-
level will contribute to a comprehensive understanding of the factors that determine physical 
demands and MSD among eldercare workers. Furthermore, using workplace observations, 
technical measurements of physical activities and postures, and monthly follow-up on MSD, we 
address methodological weaknesses of previous studies. Overall, this project will provide new 
information that can be used to focus and design specific interventions on all organizational levels 
to reduce physical workload and MSD among eldercare workers in the future. 
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1. Introduction and research focus 
We all sit in different ways and postures, in various types of chairs, and time intervals. But what 
is an ergonomically sustainable sitting behaviour for people to stay physically and mentally fit 
during a working life? Can our sitting position affect our alertness, level of stress and/or level of 
confidence in any way? Are there connections between how we sit and how well we perform at 
work? These questions are of great interest both for furniture designers and businesses. 
The purpose of this study was to examine what kind of studies that have been made on upright 
sitting postures and their effects on health and performance. The aim was to get a deeper 
understanding on what people perceive as upright sitting postures, how these are obtained and 
maintained as well as how they affect the users.  
 
2. Methodology 
The study is mainly based on a thorough scientific literature study, but also written newspaper 
articles, text books and lectures that include topics such as ergonomics, stress, performance, 
confidence in relation to sitting have been used as data sources.  
 
3. Research outcomes 
The first part of the result deals with the definitions of what an upright sitting posture is, as well 
as how an upright sitting posture is defined. The study also states differences in how people in 
real working life (such as office work, vehicle driving, control room operations and learning at 
school) position themselves in various types of office chairs and vehicle seats (car, truck, bus, 
train, airplane). The study also deals with the differences in how people with various 
anthropometric measures, age and BMI achieve an upright sitting posture. 
The second part of the result explores the factors that enhance users to sit upright and investigates 
how users obtain and maintain that specific posture. When, how and why people make changes 
in their sitting postures is also dealt with.   
The third part of the results probed if and how the duration of an upright posture affects the users' 
physical and mental conditions. Muscle activity, blood flow and breathing were the physical 
factors were connections could be found in relation to upright sitting postures. For the mental 
conditions connections were found between user’s alertness, level of stress, level of confidence 
in relation to upright sitting postures. 
To summarize, how a person obtains and maintains an upright sitting posture depends on 
several parameters such as the users’ individual measures, type of work tasks, type of chair and 
its adjustment possibilities. The user’s physical and mental conditions also play an important 
part. By obtaining and maintaining an upright sitting posture may have positive effects on 
alertness, confidence and performance. 
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1. Challenges 
Vision is the main sense of people receiving outside information, except for those with visual 
impairments. Most of the visually impaired people receive information from the outside world 
mainly by tactile perception. Therefore, the tactile sensation is an important information 
processing channel for visually impaired people. Tactile graphical recognition activities are 
necessary and common training in special education. However, most of these tactile shapes are 
presented in a planar manner, and the perspective shapes are complex and less accessible to the 
visually impaired. For the visually impaired people, the shape cognition of perspective tactile 
graphics is an issue worthy of discussion. This study is mainly to investigate the stimuli and 
responses of visually impaired people to perspective tactile patterns and to compare the 
differences in the performance of blindfolded people in a tactile shapes puzzle experiment. 
 
2. Activities 
Forty subjects were invited to participate in this experiment, including 20 visually impaired and 
20 visual blindfolded. Subjects have normal physical activity and can recognize objects normally 
through touch. The independent variable is the type of tactile shape. These shapes have four 
levels, including planar squares, planar circles, perspective cube, and perspective cylinder. Each 
shape is divided into four equal pieces of tactile puzzles. The dependent variables of the 
experiment are recognition time, puzzle time, and error rate. 
 
3. Outcomes 
The results of the study showed that visually impaired people performed better for planar squares 
and circles, while perspective cubes performed the worst in four shapes. The recognition time, 
puzzle time, and error rate of the perspective cube are relatively high. The planar circle takes less 
time and has the lowest error rate. There was a significant difference in tactile recognition time 
and error rate between visually impaired and normal visual blindfold (p<0.01). Normal vision 
blindfolders spend more time recognizing shapes. However, there was no significant difference 
in the puzzle time between visually impaired and normal visual blindfold (p>0.05). For four tactile 
graphics, planar shapes puzzle performance are better than the perspective shapes. On the whole, 
visually impaired people are less familiar with the recognition of perspective graphics. In contrast, 
they can quickly recognize and form a complete planar shape. The results of this study will 
provide a reference for the design of tactile training aids for visually impaired people. 
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Abstract: With increased automation and implementation of information and communication 
technology in occupational settings, more people are working in control room environments 
across various sectors. The work often involves continuous visual assessments of several 
screens. Poor visual conditions can cause eye-related problems and musculoskeletal disorders. 
The purpose of this paper is to describe and discuss the rationale for, and the procedures of, a 
methodological approach for evaluating visual conditions in control room environments. The 
paper draws from experiences gained at four field studies in Sweden, where 13 different control 
rooms have been assessed and involving 30 control room operators. The multi-method 
approach produces a comprehensive and contextualized understanding of the visual 
requirements, as well as of the operators’ perceived work load, visual experience and eye-
related health. The experiences support the relevance of providing an optimized visual 
environment when designing control room work for a safe, sustainable and inclusive working 
life. 
 
Keywords: Visual ergonomics, visual assessment, glare. 
 
 
1. Introduction 
This paper describes and discusses the methodological approach in a research project investing 
visual ergonomics in control room environments in various domains.  
The availability and usefulness of information and communication technology (ICT) has 
advanced rapidly. With an increased automation and implementation of ICT systems in 
occupational settings, more people are now working in typical control room environments across 
numerous sectors. These include industrial process and manufacturing industries; traffic 
surveillance and operation of trains, buses, airlines and ships; and the media industry for television 
production and image processing, to mention but a few. Control room operators are responsible 
for supervising and controlling various processes, performing tasks that often involve continuous 
and simultaneous visual assessments of several computer screens, in combination with active 
interactions with the control system.  
Our visual working conditions are known to affect employee health, well-being and productivity 
(Anshel, 2007). Poor visual conditions can cause pain, musculoskeletal disorders and an increased 
risk of operator error (Hemphälä et al., 2012). When most of the work occurs in a static two-
dimensional (2D) visual environment, such as computer work in front of a flat screen, there is an 
increased risk for deterioration of the binocular control (the collaboration between the two eyes). 
Especially when the static work is performed in combination with other factors that may affect 
the visual system (Glimne et al., 2015). For instance, work that require high visual demands for 
sustained periods of time may lead to vision and eye symptoms referred to collectively as 
computer vision syndrome (CVS) (Klamm et al., 2015). Especially work that includes memory 
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tasks and that the operator needs to concentrate, causes a lower blink frequency that can affect 
the tear film and lead to dry, sore or red eyes (Helland et al., 2008). This risk increases when the 
work requires an upward gaze direction.  
Previous research has proposed a relationship between eye-related disorders and workplace 
design factors. These include lighting in the room and at the work station; luminance differences; 
glare from artificial lighting or daylight through windows; flickering light; reflections on surfaces; 
and readability of the screen based on e.g. text font and size, character and line spacing, contrast 
and colour (cf. Blehm et al., 2005; Jainta et al., 2011; Rosenfield, 2011; Sheedy et al., 2005). The 
height and placement of screens, which affect the gaze angle and viewing distance, are also 
important (Long et al., 2012; Long et al., 2014).  
Inevitably, our vision declines with age. Good visual working conditions are therefore particularly 
important for older operators, due to the optical effect of light scattering straylight on the retina 
which induces glare hindrance. Lower light levels, low contrast, or glare will significantly 
decrease the visual functions in older individuals (Haegerstrom-Portnoy et al., 1999; Nylén et al., 
2014), who are also more prone to suffer from dry eyes (Stapleton et al., 2015). 
Generally, good visual conditions have been shown to enhance cognitive performance, such as 
working memory and sustained attention (Kretschmer et al., 2013), as well as reducing sleepiness 
among control room operators (Kazemi et al., 2016). Several recent studies have examined how 
the layout of control room environments and work organization can be designed and evaluated to 
facilitate safe and effective operations. For instance, various methods for design and evaluation 
of control room design (Simonsen et al., 2018; Stanton et al., 2010), collaborative communication 
(Kataria et al., 2015), and effects of shift work on cognitive performance in control room operators 
(Kazemi et al., 2016). However, visual ergonomic requirements in control room environments 
has received less attention. In addition, many studies investigating lighting quality in other 
settings has been found to have incomplete methods section, leaving it difficult to ascertain what 
has been measured, how and why, in order to draw useful conclusions (Kruisselbrink et al., 2018).  
The present paper seeks to address this gap in the literature. It is part of an ongoing research 
project set out to systematically examine and evaluate visual ergonomics in about 25 different 
control rooms, representing various industries and types of visual and working conditions. The 
overall project aim is to frame practical recommendations for the physical design and organization 
of work in control room environments, from a visual ergonomics perspective.  
Specifically, the purpose of this paper is to describe and discuss the rationale for the 
methodological approach and give a detailed account of procedures for data collection and 
analysis. The paper draws from experiences gained at four field studies in Sweden, involving 13 
control rooms for various processes and 30 control room operators.  
 
2. Multi-method approach: rationale and techniques for data collection and analysis 
Workplace lighting conditions has traditionally been assessed by a single parameter for visual 
comfort – measuring illuminance with a luxmeter. The luxmeter readings show the amount of 
light that falls on a surface but does not correspond to the light that enters the operators’ eyes. In 
near work such as monitoring computer screens, the retina is mainly stimulated by light 
originating from objects in the visual field (Piccolo et al., 2004). 
While illuminance measurements are necessary to assess the visual work environment, it is not 
sufficient. To map how the visual conditions are experienced by the operators, the luminance is 
more relevant (Kruisselbrink et al., 2018). 
To provide a comprehensive understanding of the visual ergonomics challenges during control 
room operations, a detailed analysis of natural and artificial light is needed, in combination with 
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an assessment of the operators’ own perception of workload and visual experience. It is also 
important to identify visual objects of interest – what the operators observe during work – to 
outline where the gaze is predominantly directed, and for how long.  
For this purpose, a comprehensive multi-method strategy is adopted, containing in situ objective 
measurements and subjective assessments that were carried out while the operators were 
performing their everyday work tasks. The objective measurements comprise three main parts: 
(1) Description of the physical layout; (2) Photometric measurements; and (3) Eye tracking. The 
subjective assessment consists of a brief individual interview and a survey questionnaire designed 
to capture the participating operators’ perceived workload and visual experiences. In addition, the 
operators’ visual acuity is checked with and without correction. After the field study, a cross-
impact analysis is performed of the various results, and the findings are compared to requirements 
and recommendations indicated in scientific literature and standards. 
 
2.1 Field study visits and sample 
In all, the research project will include measurements from about 25 different control rooms. Thus 
far, field studies have been performed at four companies in Sweden; at a boxboard mill, two steel 
production plants, and a traffic control centre. Table 1 shows type of company visited, number of 
examined control rooms at each site, number of participating male and female operators, mean 
age and mean length of employment in years. Generally, two operators participated in each 
control room, with some exceptions with one or three people. The second steel production plant 
(nr 4), included operators from two different shift teams working in the same control room.  
 
Table 1: Visited companies, control rooms, and participating control room operators. 

Field 
study Type of company Control 

rooms 
Operators 
(men/women) 

Operators  
Mean age 

Mean 
employment 
length 

1 Boxboard mill 5 9 (7/2) 43 16 
2 Steel production 4 9 (7/2) 50 22 
3 Traffic control centre 1 4 (3/1) 42 7 
4 Steel production 3 8 (5/3) 30 5 

 
2.2 Operators’ subjective assessments and visual acuity 
Before the field study, an information leaflet is sent out with a form for written consent so that 
the operators can decide beforehand if they want to participate or not. When meeting the operator 
for the first time, we describe the purpose and procedure of the measurements and ask if they 
want to participate and receive the signed consent from the volunteers. A brief interview is held 
with the operator, asking questions about the typical working day, work tasks that are performed, 
and under which conditions. To identify individual visual needs and psychosocial factors that are 
known to affect visual and cognitive functions, we also record age, gender, employment 
conditions, working hours, and vision. A standardized visual chart is used to check visual acuity 
with and without correction.  
The operators are further asked to answer a digital survey questionnaire on a tablet. The 
questionnaire is designed to capture how the operators perceive their workload and visual 
experience and consists of two parts. The first part is based on the Raw TLX questionnaire on 
workload (RTLX), a modified NASA-TLX where the overall workload is represented as a 
combination of the factors, rather than weighing the subscales individually(Hart, 2006) and 
includes six questions on mental and physical workload, perceived time pressure, performance, 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 214 

effort and frustration. The questions are answered in a 10-degree Visual Analogue Scale (VAS) 
where 1 corresponds to low and 10 to high levels. 
The second part is based on the CISS-T questionnaire (Convergence Insufficiency Symptom 
Survey) that includes 15 questions related to visual experience and eye symptoms (Borsting et 
al., 2003). These questions are answered on a five-digit descriptive scale 0–4, corresponding to: 
(0) Never; (1) Rarely; (2) Sometimes; (3) Often; (4) Always.  
In order to describe the eye related symptoms and workload of control room operators, a 
descriptive statistics analysis is employed: mean score (M), standard deviation (SD), and 
minimum/maximum value. Results are visually summarized in box plot diagrams. Analysis of 
variance allow us to examine differences between control room designs and age groups.  
 
2.3 Description of the physical layout 
The physical layout of each visited control room and its work stations is described and measured 
by hand. A sketch is made, illustrating the location of panels, table and wall-mounted displays, 
furniture, as well as type and placement of light sources. The reflective properties on table and 
panel surfaces are measured using a hand-held gloss meter Minigloss 101N with an angle of 
incidence of 60° and measuring range 0–100 gloss units. Based on the place where the operators 
state that they perform most of the work, the operators’ focus distances and upward gaze angles 
to screens further away are checked with a steel tape measure. The visibility and readability of 
the displays is mapped by checking character sizes, colours and luminance contrast between the 
digital characters and the computer screen background. 
 
2.4 Photometric measurements 
A detailed analysis of visual conditions in the control room and at the workstations is done 
through photometric measurements of illuminance (lx), luminance (cd/m2), contrast glare and 
reflection glare. All measurements are single measurements that provide a high accuracy 
‘snapshot’ of the current situation. 
 

Figure 1: Example of a luminance image analysed with the LMK Glare Analysis software. The 
image illustrates reflected glare within the field of view in one of the control rooms. The brighter 
the colour, the higher the luminance 
 
  



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 215 

Illuminance and luminance measurements are carried out with a portable Hagner S2 Universal 
Photometer and registered manually on the layout sketch. An advanced LMK Mobile digital 
luminance camera with a wide-angle (‘fisheye’) lens is used to distinguish luminance variances 
within the field of view, behind the computer screens, and between the different visual objects 
that the operators observe – all in one luminance image (Figure 1). The renderings are analysed 
using the software LMK Glare Analysis to determine discomfort glare for artificial indoor lighting 
according to the UGR method (unified glare rating, as defined in EN 12464-1:2011). The UGR 
value express the degree of perceived glare. The higher the value, the more observers are likely 
to feel disturbed by the glare.  
The results of the photometric measurements in the control rooms are presented as measured 
values within the field of view, based on the existing light level at the time of visit. 
 
2.5 Eye tracking 
To identify visual objects of interest and study the operators’ eye movements during work, Tobii 
Pro Glasses 2 wearable eye tracker is used. The glasses are equipped with a full HD wide angle 
scene camera that records the user’s field of view, two cameras for each eye to track the eye 
movements, and sensors that differentiate between head and eye movements. A microphone 
records any discussions going on, which further facilitates analysis when following what the 
operator is viewing and why.  
In brief, the human eye movement during reading and information processing can be divided into 
fixations and saccades (Rayner, 1998). A fixation is when the eye stops and remains still at a word 
or object to stabilize the image on the retina. A saccade is when the eye rapidly moves from one 
fixation to another. This movement can be reflexively or voluntarily. Tracking of eye movements 
is considered to provide an insight to an operator’s cognitive process, for instance mental load, 
task complexity and uncertainty. Common metrics during eye tracking studies are fixation 
duration (time that the eye is still), fixation rate (number of fixations per second), dwell time 
(summation of all fixation durations on a specific area of interest); saccadic duration (time 
between fixations); and saccadic velocity. It is also possible to review certain sequences from 
several operators to identify similar behaviour (see Holmqvist et al. (2011) for a comprehensive 
guide to eye tracking). 
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Figure 2: Illustration of recorded eye movements in a control room where the monitoring work 
involved continuous differences in visual distances.  
 
In this study, the operators’ eye movements while performing normal work tasks are recorded for 
10-15 minutes with a sampling frequency of 50 Hz. Prior to each recording session, the eye tracker 
glasses are calibrated and adjusted to fit the individual operator. The recorded eye movements are 
then analysed for fixation rate and duration on relevant areas of interest, saccadic durations, and 
frequent changes in focusing distances. Figure 2 shows an example of eye tracker data analysis. 
The illustration shows two distinct patterns, fixations and saccades, recorded during two minutes 
of time. The size of the circles illustrates fixation duration and the numbers included in the circles 
represent the number of fixations in numerical order. Afterwards, the findings elicited from the 
eye tracker analysis are cross-analysed with the findings from the luminance analysis to assess 
operators’ visual load. 
 
3. Results and discussion on research design 
As stated earlier, the purpose of this paper is not to report the results from the data collection and 
analysis, but to describe and discuss the rationale for and procedures of the methodological 
approach. Hence, this section summarizes and discusses our experiences from the first four field 
studies.  
The employed research design elicits detailed and rich information on prevailing visual working 
conditions. In addition, we have also gained good insight in the operators’ perceived work load 
during control room work, in combination with their visual experience and eye-related health. 
The attraction of the multi-method approach is that it addresses several dimensions and bring 
together different disciplines. The purpose of adopting this multi-method approach is however 
not to reach one valid result, but to obtain a comprehensive and contextualized understanding of 
the problem and inspire a greater range of solutions, as suggested by for instance Mingers et al. 
(1997). Certainly, it also comes with theoretical and practical challenges. Zhu (2011) argue that 
common problems with meta-frameworks are arbitrary limits on exploration, incoherent 
frameworks and identifying the start and end in practice.  
Our findings provide complementary sources of data that reveal important aspects of the 
operators’ experiences during control room work. Yet, the described approach may require further 
adaptations to accommodate evaluation of novel systems that are now making an entry in 
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occupational settings, such as curved and flexible screens, ‘smart lighting’ and new types of 
luminaires. 
Working in front of computer screens involves visual and cognitive demands. While the visual 
demands are thoroughly mapped by objective photometric measurements, we can compare these 
metrics with the operators’ subjective assessment of their visual comfort, as well as the results 
from the eye tracker to identify sources of problems. For instance, luminance disparities within 
the field of view corresponds to operators’ responding that they experience visual fatigue.  
A general observation from all four field studies is the operators’ need for frequent change of 
focus – often including large differences in light intensity – during their continuous visual 
assessments. The human eye has a capacity to adapt to a large dynamic range of light intensity 
levels (i.e. differences in luminance) within the field of view, but due to optical imperfections the 
eye is unable to form a perfect high contrast retinal image when a scene includes large luminance 
differences. Bright light tends to smear out as a veiling luminance and mask darker areas among 
the retinal image, and therefore induce disability glare effects. Since the retinal visibility threshold 
is approximately proportional to the background luminance (Weber´s law), veiling luminance will 
reduce the visibility of the retinal image. 
The results thus far show that the operators who self-report highest levels of eye-related symptoms 
during control room work in the control rooms where deficiencies in the visual work environment 
have been identified. Similarly, in the control rooms with lower levels of illuminance, the 
operators report a higher degree of sleepiness. Since the general lighting in these control rooms 
could be set by the operators themselves, this issue can be relatively easy solved.  
When asking participants to answer questionnaires on workload and visual experience there can 
be several factors influencing the answers. Age is well known to be directly related to visual 
functions. While gender is believed to have no significant influence, there may be cultural factors 
that do. In this case, if the operator has been accustomed to certain conditions in the working 
environment, the experience and expectations may influence the perception and be reflected in 
the answers. Further, current physical and emotional state can affect a respondent’s perception of 
comfort and lead to a critical view of the luminous conditions, depending on positive or negative 
circumstances. Nevertheless, since psychosocial factors clearly matter, the greater reason for 
evaluation of visual working conditions to not exclusively be based on photometric 
measurements. 
 
4. Concluding remarks 
In sum, the multi-method approach adopted in this project produce a comprehensive and 
contextualized understanding of the visual conditions in control room environments, as well as of 
the operators’ perceived workload, visual experience and eye-related health. The findings 
establish a relationship between large differences in luminance levels within the field of view and 
control rooms operators who self-report that they are troubled by eye symptoms. 
The experiences from employing this research strategy support the relevance of providing an 
optimized visual environment that considers visual ergonomics when designing and organizing 
work in control rooms. Future work includes the framing of practical recommendations for 
industrial practice when planning and designing control room environments for optimum visual 
working conditions and improved employee health. The demographic development imply that 
more people need to work longer before retiring. There is reason to believe that work in control 
room environments will continue to increase and will be performed also by increasingly older 
workers. Hence, it is important that work environments, tasks, and technical systems are designed 
and organized to support a sustainable and inclusive working life. 
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Abstract: The use of electronic health records (EHRs) can make health work faster and more 
efficient, especially when these tools are developed based on usability studies. However, the 
usability principles have been applied in the context of general heuristics that do not take real 
work situations into account. In EHR design, this frame can limit the potential of these tools and 
have deleterious effects on the work processes of health professionals. Thus, to better 
understand this scenario, this article analyses, through a narrative literature review, how the 
work dimension has been addressed in usability studies on EHRs. The review shows that EHR 
usability studies still investigate the work dimension poorly. In short, to overcome this situation, 
it is necessary to address real work situations more effectively and to incorporate the demands 
and solutions that emerge in the daily lives of health workers into the design processes of these 
systems. 
 
Keywords: Electronic Health Records, Usability, Work 
 
 
1. Introduction 
The collection, registration and electronic availability of health information have played a 
prominent role both in the monitoring of individual treatment plans as well as in providing 
epidemiological analyses of populations, subsidizing health organizations and management 
(Detmer et al., 2008; Hillestad et al., 2005). These data come from different levels of the health 
system and can be provided in various formats, such as text, images, vital signs, prescriptions, 
stories originating from clinical meetings, multidisciplinary care or hospitalizations (Marin et al., 
2003). 
This paper addresses a specific type of electronic health information: electronic health records 
(EHRs). According to Häyrinen et al. (2008), the EHR concept encompasses a variety of 
information systems, ranging from the compilation of data from individual departments to 
longitudinal collections of patient information that can be used by different health system 
services. Usually, data are recorded in EHRs by health professionals and managers; in rare 
circumstances, patients can record information themselves. 
Some studies have shown that the use of EHRs can make health work faster and more efficient, 
particularly when these tools are developed based on usability studies (Ellsworth et al., 2016; 
Zhang & Walji, 2011). Regarding usability, it should be noted that there are several interpretations 
of this term. Here, we adopted a definition that was specifically developed to unify the EHR 
usability framework, where the term refers to ‘how useful, usable, and satisfying a system is for 
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the intended users to accomplish goals in the work domain by performing certain sequences of 
tasks’ (Zhang & Walji, 2011, p. 1056). 
However, the principles of usability in the design of EHRs have been applied in the context of 
general heuristics, which do not take into account specificities of everyday work situations 
(Ellsworth et al., 2016; Zlabek et al., 2011; Cusack, 2008). The poor consideration of the actual 
conditions of use in the EHR project, according to several researchers, may limit the potential of 
these tools and have deleterious impacts on the work processes of health professionals (Ellsworth, 
et al., 2016; Almeida et al., 2016; Sidebottom et al., 2012; Sitting et al., 2016). 
Thus, to better understand this scenario and discuss ways to overcome the gaps, this article 
analyses, through a narrative literature review, how the work dimension has been addressed in 
EHR usability studies. 
 
2. Methodology 
This article presents a narrative review of the literature on the usability of EHR obtained from the 
PubMed and Scientific Electronic Library Online (SciELO) databases. The narrative review 
methodology was adopted because these studies allow the acquisition and updating of knowledge 
about a specific theme. It should be noted that this type of analysis does not describe a 
methodological approach that would permit the reproduction of data nor seek to make a 
quantitative analysis (Rother, 2007). 
The guiding question for this review was ‘How have usability studies on EHRs addressed the 
work dimension?’ The inclusion criteria used were peer-reviewed published papers from the last 
10 years written in Portuguese or English that discussed the usability of EHRs. 
The search strategy used in the databases mentioned above employed the terms ‘electronic health 
records’ and ‘usability’ and found 217 articles. Table 1 shows a flow diagram of the study search 
and selection processes. The results were exported to the RAYYAN® application, which ‘helps 
expedite the initial screening of abstracts and titles using a semi-automation process while 
incorporating a high level of usability’ (Ouzzani et al., 2016 p.1).  
 
Table 1: Flowchart of study search and inclusion. 

Database 

Excluded 

Included Duplicates Title -  
Abstract/Full Text 

PubMed 215 5 194 14 

SciELO 2 0 0 2 

TOTAL 217 5 190 16 

 
Thus, after the exclusion of five duplicate documents, three reviewers performed study selection, 
with input from a fourth reviewer when needed. Two reviewers appraised the study quality and 
extracted the following study characteristics: authors, journal, year of publication and study 
objective. The authors synthesized the findings narratively after a full-text analysis. 
 
3. Research outcomes 
The results of this study will be presented from two axes. The first one analyses the characteristics 
of the documents included in this narrative review according to the data shown in Table 2. The 
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second axis presents an analysis of the content of the documents which produced two thematic 
categories that became the framework for understanding how the literature that explored the 
usability of EHRs addressed the work dimension. 
 
Table 2: Summary of the information from selected studies used for the narrative literature 
analysis. 

Authors Journal 
(Year of publication) Study objective 

Zahabi, M., Kaber, D. B. 
& Swangnetr, M. 

Human Factors 
(2015) 

Review EMR and EHR interface usability issues and 
formulate design guidelines for enhanced EMR interfaces 
with a focus on diagnosis and documentation processes. 

Ratwani, R. M., 
Hettinger, A. Z., & 
Fairbanks, R. J. 

J Am Med Inform 
Assoc 
(2016) 

To describe the major barriers to EHR usability 
comparison and propose solutions to overcome those 
barriers. 

Rojas, C. L., & Seckman, 
C. A. 

Computers, 
Informatics, Nursing 
(2014) 

To discuss core usability principles, provide a framework 
for applying these concepts, and explore the role of the 
informatics nurse specialist in EHR evaluation. 

Roman, L. C. et al. 

J Biomed Inform 
(2017) 

To assess the prevalence of navigation-related topics 
within the EHR usability and safety research literature to 
improve access to navigation-related research in usability. 

Ellsworth, M. A. et al. J Am Med Inform 
Assoc 
(2016) 

To evaluate methodological and reporting trends present in 
the current literature by investigating published usability 
studies on EHRs. 

Ratwani, R. M., 
Fairbanks, T. et al 

Appl Clin Inform 
(2016) 

To identify gaps between the current literature and key 
stakeholders’ perceptions of usability and safety practices 
and the challenges encountered during the implementation 
of EHRs. 

Ratwani, R. M. et al. J Am Med Inform 
Assoc 
(2017) 

To demonstrate a framework, based on human factors 
literature and industry standards, to systematically evaluate 
the user-centred design processes and usability testing 
methods used by EHR vendors. 

Ratwani, R. M. et al. Health Affairs 
(2018) 

To understand specific usability issues and medication 
errors in the care of children. 

Hoyt, R. et al. Perspect Health Inf 
Manag 
(2013) 

To report on a qualitative-quantitative usability analysis of 
a web-based EHR for training health informatics and 
health information management students. 

Ratwani, R.M. et al. J Am Med Inform 
Assoc 
(2015) 

To better understand the current range of user-centred 
design (UCD) processes being employed by vendors and 
the specific challenges that vendors face as they practice 
UCD. 

Landman, A. B. et al. J Am Med Inform 
Assoc 
(2014) 

To understand how emergency physicians use electronic 
documentation describing the approach and experience 
setting up, configuring, and using an actual emergency 
department EHR in a medical simulation centre. 

Drews, F. A., Zadra, J. 
R., & Gleed, J. 

Int J Med Inform. 
(2018) 

To assess the impact of the device form factor on usability 
of the EHR by measuring the most commonly used 
devices. This question relates to the applicability of Fitts’ 
law, which does not predict differences in the usability of 
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devices varying in their form factor, assuming a linear 
scaling of the user interface. 

Walsh, L. et al. Perspect Health Inf 
Manag. 
(2017) 

To identify potential e-health-literacy-related usability 
issues within My Health Record through a heuristic 
evaluation method. 

Ehrenfeld, J. M. & 
Wanderer, J. P. 

Curr Opin 
Anaesthesiol 
(2018) 

To summarize recent relevant studies regarding the use of 
EHRs and physician burnout. 

Ronchi, D. C. M et al. Fisioter. Mov. 
(2012) 

To create archetypes and represent through the definition 
of a clinical data set for evaluation of patients with SCI, 
describing the challenges, the difficulties and the 
perspectives during the system's development and 
modelling. 

Almeida, S. R. W., Dal 
Sasso, G. T. M. D., & 
Barra, D. C. C. 

Rev. Esc. Enferm. 
USP 
(2016) 

Analysing the ergonomics and usability criteria of the 
Computerized Nursing Process based on the International 
Classification for Nursing Practice in the Intensive Care 
Unit according to International Organization for 
Standardization. 

 

It was observed that among the 16 articles included in this paper, 10 were issued in periodicals 
dedicated to the field of health informatics/information. They exhibited the following distribution: 
Six were published in the Journal of the American Medical Informatics Association, two in 
Perspectives in Health Information Management, one in the Journal of Biomedical Informatics, 
one in the Applied Clinical Informatics Journal and one in the International Journal of Medical 
Informatics. These journals are generally devoted to the field of health informatics/information, 
while Computers, Informatics, Nursing, which featured an article included here, applies this field 
to nursing practice. 
Three articles were published in clear-cut areas with the following distribution: one in Physical 
Therapy in Movement, one in the University of São Paulo Nursing School Journal and one in 
Current Opinion in Anesthesiology, plus an article in a Health Affairs journal that covered the 
general scope of the health field. Only one article was published in the journal Human Factors, 
which specifically deals with the relationship between people and technologies, tools, 
environments, and systems and has usability as one of its main areas of study. 
Regarding the types of document/methodology of the papers included in this article, seven were 
usability studies, five were literature reviews, three were essays and one was a case report. As for 
their objectives, many papers sought to define a frame of reference to analyse the usability of 
EHRs to facilitate a comparison between different ways of designing these devices, so as to help 
discern which of them are developed to more closely meet the users' needs. 
So far, this section has presented the analyses related to the characteristics of the documents 
included in this research. The following sections will cover the results of the content analysis that 
gave rise to the following thematic units: EHR usability assessments and the usability of EHRs 
and the work dimension. 
 
3.1 EHR usability assessments 
Regarding usability assessments, Rojas and Seckman (2014) showed that in the United States this 
type of analysis occurs during the software design, purchase, adaptation and specific 
configuration processes of the organization. However, Ellsworth et al. (2016) reported on the lack 
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of quality studies that validate usability assessments during the various stages of EHR design and 
implementation.  
Besides that, Ratwani et al. (2016) and Hoyt (2013), when exploring how EHR vendors articulate 
the usability issue, emphasize that the criteria used by these actors are diverse, which increases 
the difficulty of comparing and evaluating the usability on the EHR design process. This scenario 
results in a lack of reliable references to analyse the usability of these devices. 
To overcome this gap, the United States National Institute of Standards and Technology 
developed the EHR usability protocol, which consists of three steps: (1) EHR application analysis, 
(2) EHR interface expert review and (3) EHR user interface validation testing (Rojas & Seckman, 
2014). However, none of the studies analysed in this article explain in detail how these steps 
should be operationalized, and most articles did not use these steps to evaluate the usability of the 
EHRs. 
It was also observed that the articles included in this review used mainly two approaches: the 
application of questionnaires and tool tests. Drews et al. (2018) used questionnaires to evaluate 
the experience of using existing tools to measure satisfaction with and the overall qualities of 
EHRs. Usability tests, in turn, used standard versions of the developing EHR that were tested by 
users with a specific profile (Almeida et al., 2016; Ronchi et al., 2012).  
These tests usually focus on the development, application, and testing of structures that allow 
usability evaluations of tools. These structures, however, are predominantly based on quantitative 
metrics, such as those used by Lyerla et al. (2018); these include some clicks, mouse movement, 
number of errors and others. Other tests for example, that presented by Ratwani et al. (2018)—
evaluated usability through descriptions of user experiences, having as parameters feedback, 
visual interface, data entry and workflow. 
 
3.2 Usability of EHRs and the work dimension 
Concerning the use of ERHs during work processes, the difficulty lies mainly in aligning 
information management tools with the current provider workflow and care delivery priorities 
(Zahabi et al., 2015). The complex practices of health professionals’ work calls for an EHR design 
that is flexible, allowing workflow variances to be honoured (Rojas & Seckman, 2014).  
Patient-provider interactions at the point of care have also been raised as a source of inconsistency 
in the use of EHR tools with real work. To Drews et al. (2018), the presence of a computer affects 
interactions by dividing the provider’s attention between the screen and the patient. The authors 
found that desktop computers tended to be located against a wall, often forcing the provider to 
turn away entirely or partially from the patient while interacting with the computer, thus 
potentially limiting their ability to communicate effectively. 
Ehrenfelda and Wanderer (2018) point out that multiple recent studies have shown that EHRs 
decrease professional satisfaction while increasing burnout and the likelihood that a physician 
reduces their workload or leaves clinical practice. Even though EHRs have many benefits, there 
is evidence of their adverse consequences, including poor usability, incongruent workflows and 
the addition of clerical tasks to physician documentation requirements. Other consequences are 
the tension between direct patient care and indirect patient care work tasks and ‘e-stress’ caused 
by the digital presence in providers’ work lives, which enables 24-hour patient access without 
any system to provide compensation or coverage.  
EHRs should be understandable, natural and reflect the work that users perform. Efficiency is at 
the core of EHR use and serves as a minimum requirement for implementation. That should mean 
that EHR software helps clinicians rather than hindering them (Rojas & Seckman, 2014). In this 
sense, the standardized design of EHRs, regardless of the specificities of the activity and the 
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variability of the work, directly affects the professionals who use these tools. According to Rojas 
and Seckman (2014), nurses and other clinicians have traditionally been passive users of EHR 
technology. However, as primary consumers, they are significantly affected by EHR software 
designs. One issue in EHR design is the relationship between the user of the system and the buyer 
of the system, where hospital administrators involved in system purchases may not consider 
nurses’ views on the system, focusing on revenue functions rather than clinical implications.  
As part of an attempt to tailor the use of the tool to the real work, Landman et al. (2014) describe 
their approach and experience setting up, configuring and using an emergency department (ED) 
EHR in a medical simulation centre. The researchers designed a clinical scenario representative 
of a typical ED visit and each session generated quantitative and qualitative data on the 
participants’ workflow and use of the ED EHR. This could then be analysed to understand and 
improve ED EHR electronic documentation features. To the authors, simulation centres with EHR 
capabilities have numerous applications, including workflow analysis, testing and evaluating 
clinical systems, and training clinical staff in the use of information systems. 
 
4. Discussion  
The goal of this study was to investigate, through a narrative literature review, how the work 
dimension has been addressed in EHR usability studies. With this aim, articles dealing with this 
subject indexed in the PubMed and SciELO databases were collected and analysed in an 
exploratory way. 
Thus, it was identified that most of the studies on the usability of EHRs included in this work 
were published in specific journals from the field of health informatics/information or particular 
areas of health, with few publications from specific journals in the human factors/ergonomics 
field. In this respect, it should be noted that usability is a concept that is extremely closely related 
to ergonomics, which in turn is a discipline that examines the interaction between man and the 
system and therefore has great potential to highlight the work dimension. Given this, it is 
suggested that future studies exploring the theme of EHR usability employ more refined search 
strategies and use other databases, as well as perform manual searches of human 
factors/ergonomics journals to confirm or refute the scarcity of studies published in this area. 
We also observed a large number of articles that sought to establish a reference framework for 
EHR usability analyses. This idea is in line with the findings of the study by Ellsworth et al. 
(2016). The results of the analysis in this literature review also showed that the development of 
EHRs has been improved based on usability studies. In this sense, some parameters such as a 
reduction in the number of clicks and the time required to perform tasks have contributed to 
making work faster and increasing satisfaction with the use of EHRs. However, little has been 
said about the content of the work of health professionals using these tools. For example, these 
contents could include the relevance of the information provided, how the system handles 
unannounced registrations and whether the data is recorded thoroughly and understandably for 
workers from different backgrounds. On the other hand, the problems related to the usability of 
EHRs are linked to the daily issues faced by health workers, such as whether complete clinical 
information is unavailable at the point of care, frustrating user experiences, the inadvertent 
disclosure of large amounts of patient-specific information, an increased focus on computer-based 
quality measurement negatively affecting clinical workflows and patient-provider interactions, 
and information overload from marginally useful computer-generated data. 
In order to overcome the limits of ‘heuristic decontextualization,’ we suggest that studies be 
carried out that use as a reference the presuppositions of Activity Ergonomics (AE), since this 
approach can subsidize the construction of knowledge regarding the content of real work, 
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including, in a differentiated way, the participation of workers in diagnostic processes and 
usability analyses. Besides, by allowing a deeper understanding of the activities encompassing 
the use of EHRs, studies based on EHRs may allow for the enhancement of EHR development in 
areas where traditional studies based on general heuristics have already reached their limits. 
 
5. Conclusion 
In sum, this literature review showed that the application of heuristics and a usability framework 
can improve efficiency, effectiveness and end user satisfaction. However, the work dimension 
was poorly explored in the studies, which may have had adverse effects on the use of these 
systems. The application of general usability rules has limitations in dealing with the 
particularities of the different contexts of work because this kind of design does not take into 
account work’s content, specifications from different users or the lack of adaptation to the 
specificities of various clinics.  
So, this paper’s contribution relays on the hypothesis that the AE approach may contribute to 
overcoming these gaps. This is because, based on AE methods and concepts used to analyse the 
work dimension, designers could be provided with a better understanding of work specificities. 
On the other hand, the development of future works involving knowledge of practical cases 
combining AE and usability heuristics in the design of EHRs could improve our understanding 
of how to overcome the indicated limitations. 
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Abstract: Industrial revolution has been continuously growing for the past centuries. However, 
Manual Material Handling (MMH) still has a critical role in making sure that products are up to 
the standards. This study focuses on the effect of handling position to the operators posture 
segment and muscle activity. In this experiment, a hand-hole box and two height boxes of 
different heights were designed to inspect the influence of hand position, material weight and 
handling height. The results showed that hand position and material weight have an impact on 
the Rating of perceived exertion scale (RPE) and Percentage of Maximal Voluntary 
Contraction (%MVC) which has a significant difference (P-value < 0.05). Furthermore, the joint 
angle also significantly affects the handling position. However, upon observation of the handling 
height, the researchers found out that there were no significant difference showing its effect on 
handling position. 
 
Keywords: Manual materials handling, holding position, Electromyography, Rating of perceived 
exertion scale. 
 
 
1. Introduction  
After Industrial Revolution in all over the world, most factories have been automated in 
production lines. However, Manual Materials Handling (MMH) cannot be completely removed 
because of its critical role in the production line. If the human machine interface is poorly 
designed, the hand movements and the posture might be affected, causing a difficulty during 
handling. A good design of interface could strengthen the superiority of mechanics, to reduce the 
risk of Musculoskeletal Disorders (MSDs). Manual Materials Handling (MMH) refers to the use 
of hand lifts by personnel (Lifting, Lowering, Filling, Emptying, or Carrying). The manual 
material handling is one of the leading causes of musculoskeletal injury. During these activities, 
the operator is exposed to multiple risk factors such as repeated material handling for a long period 
of time, incorrect posture, repetitive movements, excessive exertion, hard contact to sharp objects, 
and long static postures which may have a significant effect on their back, shoulders, hands, 
wrists, or the body's his parts include muscles, tendons, ligaments, nerves, and blood. 
The posture of operator is affected by the handling positions of the Manual Materials Handling 
(MMH). Therefore, this study focuses on validating whether the handling position affects the 
posture of segment of operator and muscle activities. 
 
2. Investigation 
To inspect the influence of hand position, material weight and handling height on the subject 
during material handling, a hand-hole box and two height boxes of different heights were 
designed. The experimental process has been divided into two stages. In the first stage, 30 males 
has participated to use perceptual effort questionnaire to collect the perceptual psychological 
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quantity of in the overall handling process. In the second stage, 20 people, who had been included 
in the first stage and was willing to continue the experiment are randomly selected and got their 
mascular activities measured using surface electrmyography. The sensor and the dynamic joint 
angle meter collected the amount of electrophysiological and angular changes during lifting and 
unloading.  
According to the definition of the handling process, it is divided into three actions: lifting, 
carrying and unloading. Due to the continuation of the carrying behavior, the muscle load and 
joint angle would be more stable after the lifting posture was fixed, which would make the data 
results difficult to distinguish; and to simplify the data complexity and buffered the reaction time 
when collecting data, Therefore, in the second phase of the study, only the "lifting" and 
"discharging" actions has been discussed to find the influence of handling position [symmetrical 
handhold cutouts of upper (P1), middle (P2), lower (P3), and symmetrical handhold without 
cutouts of middle (P4), lower (P5)], materials weight [7kg (W1) and 14kg (W2)] and height [52cm 
(H1) and 72cm (H2)] to Rating of perceived exertion scale (RPE), Percentage of Maximal 
Voluntary Contraction (%MVC) [Extensor  digitorum communis (EDC), Flexor carpi ulnaris 
(FCU), Biceps brachii (BB), Triceps brachii (TB)], and the joint angle (wrist and elbow). 
All participants were handling a hand-hole box to a simulated workstation from different position, 
weight and height.  
A Two-stage data integration was used to understand the perceptual effort assessment, muscle 
load, and joint angle changes during the handling of the subject. The experimental design of this 
study has been reviewed by the IRB of the Kaohsiung Medical University Hospital. 
 
3. Results and Conclusions. 
The table 1 shows the description statistics data about handling weight and RPE.The mean and 
SD of PRE is from 8.02 (2.43) to 12.01(2.93). The 95% confedence intervel of RFE of W1 and 
W2 were 7.74~8.30 and 11.68~12.34. It is statisically significant different. 
 
Table 1:  Handling weight and the Rating of perceived exertion scale (RPE) 

 RPE 
Mean(SD) 

95%confedence interval 
(Upper~ Lower) 

Range of No. 
Min~Max 

 

W1(n=300) 8.02(2.43) 7.74~8.30 6.00~17.00 
W2>W1 W2(n=300) 12.01(2.93) 11.68~12.34 6.00~20.00 

Summery(n=600) 10.02(3.35) 9.75~10.28 6.00~20.00 
Note：W1：7Kg, W2：14Kg. 
 
The table 2 shows the ANOVA statistical test of muscle activities during different handling 
position and wrights. The muscules (Extensor  digitorum communis (EDC), Flexor carpi ulnaris 
(FCU), Biceps brachii (BB), Triceps brachii (TB)) activities of different handle postions were 
statisically significant different (P<0.05). And the muscules activities of  different weight were 
statisically significant different (P<0.05) too.   
Morever, results showed that position and weight has a significant impact on the RPE and %MVC 
(P-value < 0.05), but there was none on the height. The handling position significantly affectts 
the joint angle. Upon data analyzation, the study found out and concluded that P4 was hardest 
position in RPE, the second was P5, and P1, P2, P3 got the smallest RPE scores similarly. W2 
has a significant harder than W1 in RPE (49.75%). 
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P4 was the largest %MVC for most of muscles, but P2, P3 had the least effort conversely. Weight 
factor had marginal effects on muscle force, the top affected was FCU, then BB, and the TB was 
smallest. For the joint angle, P4 was the worst position because of the extreme angle. The elbow 
angle of P1 was closer to 90 degrees after P4 and is fount to be conducive to make force. The 
wrist angle of P3 and P5 were near to neutral than others (Minimal extension and ulnar deviation), 
and could make stronger grip strength. Without considering the low angle of elbow, P3 got the 
smallest mental load, muscle activity, and wrist angle, which will be the best position 
recommended by this study. 
By using wooden boxes for material handling operations, weights of materials at 7 kg and 14 kg, 
and 52 cm, 72 cm. Under the handling height, although the difference between P2 [with hand hole 
(middle)] and P3 [with hand hole (lower)] is not large, it does not consider the elbow joint angle 
is low, which is not conducive to muscle exertion around the elbow. At the time of the impact, P3 
had a relatively lower psychological load, muscle load and wrist angle shift, which was the best 
handheld position in the study. 
In practice, manual material handling should be avoided as much as possible. If it is unavoidable, 
it should be handled by a container with a gripping interface. It is recommended to use a container 
similar to the size and weight set in this study. The hand hole is below the central axis to reduce 
musculoskeletal injuries. 
 
Table 2: ANOVA statistical test of muscle activities for lifting in different handling position and 
wrights 
 

Type / Muscle ANOVA  
F(P)  Eta 

squared  
Power  

Position(P)   EDC 160.54(0.00**)  0.628  1  

FCU 18.28(0.00**)  0.161  1  

BB 16.44(0.00**)  0.148  1  
TB 28.41(0.00**)  0.230  1  

Weight(W)  EDC 50.83(0.00**)  0.118  1  

FCU 95.24(0.00**)  0.200  1  

BB 69.72(0.00**)  0.155  1  
TB 40.69(0.00**)  0.097  1  

Note: Extensor  digitorum communis (EDC), Flexor carpi ulnaris (FCU), Biceps brachii (BB), Triceps 
brachii (TB)] 
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Abstract: Activity-based offices are becoming more popular due to new ways of working, 
digitalization and the efficiency requirements of premises. However, satisfaction, well-being and 
productivity have been scarcely researched. The aim of the study was to analyse employees’ 
expectations and perceptions of the effects of relocation on satisfaction, collaboration, well-being 
and productivity.  This study was conducted in a public administration office three months before 
and 12 months after relocation from a private-room office to an activity-based office. We 
collected the data on employees’ expectations and perceptions by means of an electronic survey 
(N=236). The employees perceived that sense of communality, interaction and collaboration had 
improved, but that privacy had deteriorated. The perceptions of well-being and productivity were 
bidirectional, and many reported no impacts on these factors. Environmental satisfaction had 
decreased. Future workplace design should consider the functional, social and psychological 
dimensions of workspaces to ensure employee satisfaction and productivity. 
 
Keywords: Activity-based office, satisfaction, collaboration. 
 
 
1. Introduction 
New ways of working, digitalization and sustainable thinking are challenging traditional work 
environments. New office solutions ‒ such as activity-based or multi-space offices ‒ are becoming 
more common due to rapid technological development, increasing knowledge work and the 
energy and space efficiency requirements of premises. However, efficient space solutions should 
not be detrimental to the ability to work efficiently and maintain well-being at work. Many 
companies are moving from conventional offices with private rooms to activity-based offices, but 
few studies have evaluated the benefits and drawbacks of such a workplace change.  
Previous research has perceived the positive aspects of activity-based offices to be satisfaction 
with one’s physical workspace, for example, functionality and aesthetics, and with psychosocial 
aspects such as interaction and communication. The problems, in turn, have been related to 
concentration difficulties due to interruptions, lack of privacy, and information and 
communication technology (ICT). (van der Voordt 2004; De Croon et al., 2005; Appel-
Meulenbroek et al., 2011; de Been and Beijer 2014; Engelen et al., 2018). 
In the Nordic countries, organizations expect that activity-based offices will not only promote 
flexibility and space efficiency, but also create a new working culture, characterized by fluent 
communication and collaboration between employees, and creativity and productivity (Bakke 
2007). However, evidence of this is limited, and the effects of activity-based offices on 
employees’ satisfaction, well-being and performance are still unclear (Rolfö et al., 2017; 
Ruohomäki et al. 2017). 
In Finland, the new Government premises strategy 2020 assigns activity-space offices as the 
standard way of organizing office facilities. Its objective is to develop flexible, efficient office 
solutions that have different spaces for different types of work activities: open spaces for 
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collaborative tasks, silent places for tasks that require concentration, private places for 
undisturbed phone calls, and formal and informal meeting areas.  
The purpose of this study was to analyse employees’ expectations and perceptions of the benefits 
and drawbacks of a workplace change in the context of a relocation from a conventional office 
with private rooms to a new activity-based office. The goals of this case organization’s relocation 
were to achieve energy- and space-effective office solutions that minimized environmental 
impacts and at the same time to achieve a work environment that supports employees’ interaction 
and collaboration within and between work units. The newly renovated office consisted of 
assigned work stations in an open-plan space and additional spaces for tasks that required 
concentration or interaction. Although the work stations were assigned, the idea was to use 
different spaces for different task requirements. This paper focuses on the employees’ expected 
and perceived effects of the relocation in terms of environmental satisfaction, collaboration, well-
being and productivity. 
 
2. Methodology and approach 
This descriptive case study was conducted in a public administration office in Finland. Data were 
collected via an electronic survey three months before and 12 months after the relocation 
(N=236). The response rate before the relocation was 53% (N=154) and after the relocation 62% 
(N=146). These data also included responses from a few people who only answered the survey 
after the relocation. The mean age was 49.9 (range 27–68) and the majority (73%) of the 
respondents were women. We used descriptive analysis with means and percentages. The 
analyses were conducted using IBM SPSS Statistics 20.  
The survey before the relocation elicited the employees’ expectations: “Please evaluate how the 
workplace change will affect the following issues”. The response scale was 1=substantially 
improve – 5=substantially weaken. The survey after the relocation asked: “Please evaluate how 
the workplace change has affected the following issues” and had a response scale of 
1=substantially improved – 5=substantially weakened.  
Environmental satisfaction was elicited on a seven-point scale: 1=very dissatisfied – 7=very 
satisfied, by asking: “How satisfied are you with your work environment as a whole?” The 
questions on the functionality of information and communication technology (ICT) systems and 
ability to concentrate offered a five-point response scale and asked: “How do you view the 
following statements about your work environment?”: 1=strongly agree – 5=strongly disagree, 
and “How much has your work concentration recently suffered due to the following factors?” 1= 
not at all – 5= to a very great extent. 
 
3. Results  
Most of the respondents (67%) agreed that space efficiency had improved, although they had 
expected even more space efficiency (Figure 1). 
A clear positive expectation and perceived benefit of relocation was an improved sense of 
communality and interaction (58%), but one fifth of the personnel were critical of this (Figure 1). 
In addition, relocation enhanced collaboration within work units (45% improved, 14% weakened) 
and between work units (34% improved, 13% weakened). Over half of the respondents reported 
that ICT systems promoted virtual interaction and collaboration (55% agreed, 27% disagreed). 
A clear drawback of the relocation to an activity-based office was that opportunities to work in 
peace and quiet, i.e. privacy, had deteriorated (74% weakened, 3% improved), as most of the 
employees had expected beforehand (Figure 1). Nearly half of the respondents (47%) disagreed 
that the work premises supported work tasks that they carried out alone and independently. 
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Talking at nearby desks was considered the most distracting issue (36%). Being able to move to 
a quieter place to work if one could not concentrate was also viewed critically (34% disagreed). 
Twenty-seven per cent of respondents reported that the availability of ICT systems did not support 
switching from one place to another. 
Assessments of the functionality of the workplace were bidirectional: 27% saw improvements, 
whereas 41% considered that the functionality of the new office in relation to their own work had 
deteriorated. Before relocation, 66% had expected reduced functionality. Employees’ perceptions 
of workplace comfort were also divided: 39% reported improved and 29% decreased comfort. 
Before relocation, most respondents had expected improvements in comfort. (Figure 1) 
In terms of employees’ well-being at work, 38% of the respondents reported that it had 
deteriorated, and 19% that it had improved. Before relocation, half of them (51%) had expected 
well-being to decrease. As regards productiveness, 26% of the respondents reported that it had 
decreased, and 12% that it had improved. Before relocation, 44% had expected productiveness 
to deteriorate. Most of the respondents expected and perceived no impact on the fluency of 
work processes. It is also worth noting that after relocation, nearly half of the respondents felt 
that the workplace change had had no impact on their well-being, and over a half of them 
perceived no impact on productiveness or the fluency of work processes. (Figure 1) 
The results showed that the majority of the employees (70%) had been satisfied with their work 
environment as a whole in their private rooms, but that only about a half (53%) were satisfied 
with their work environment in the activity-based office. 
  

Figure 1: Employees’ expectations (Exp) and perceptions (Per) of effects of workplace change 
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4. Discussion and practical implications 
The results showed that space efficiency had improved, which was one aim of the relocation from 
private rooms to an activity-based office of this case organization, like that of other companies 
(Bakke 2007).   The results of this study were in line with previous research on activity-based 
office environments and showed that the benefits of the activity-space office were interaction and 
collaboration, which were also aims of the organization’s relocation. As in earlier studies, the 
main developmental target was the lack of privacy and concentration difficulties (van der Voordt 
2004; De Croon et al., 2005; Appel-Meulenbroek et al., 2011; de Been and Beijer 2014; Engelen 
et al., 2018).  However, this study revealed that employees’ satisfaction with their work 
environment as a whole decreased after relocation, which is in contrast to previous results 
regarding satisfaction with activity-based offices (e.g. van der Voordt 2004; Appel-Meulenbroek 
et al., 2011; de Been and Beijer 2014; Engelen et al., 2018).  This unexpected result may be due 
to the fact that the employees of this case organization moved from private rooms to an activity-
based office, which they perceived as worse for their work environment. Other studies showing 
employees’ increased satisfaction have concerned relocation from an open-plan office to an 
activity-based office (Rolfö et al., 2017; Ruohomäki et al., 2017).  
The results concerning the employees’ expectations as well as the perceived effects of the 
relocation on well-being and productivity were bidirectional and mainly negative. This was not 
in line with the organization’s wishes and goals (Bakke 2007), but was in line with recent results 
regarding well-being and performance, which were nonetheless rather inconsistent and require 
further study (de Been and Beijer 2014; Rolfö et al., 2017; Ruohomäki et al., 2017). The 
employees of this case organization had long-term experience of working in private rooms. 
Therefore, for them, the relocation to an activity-based office was quite radical. These factors 
may have enhanced their negative evaluations, as suggested in previous studies (van der Voordt 
2004).  
This study showed that employees expected the relocation from private rooms to an activity-based 
office to have negative effects on their well-being and productivity. Previous studies (Lahtinen et 
al., 2015) have also reported rather pessimistic anticipated impacts of workplace changes on the 
functionality of work environments. The personnel felt uncertain and anxious about the unknown 
and feared losing their privacy and their own personal territory. They worried about disturbances 
and interruptions at work and were afraid of losing their ability to work in the new environment 
(Lahtinen et al., 2015). However, interestingly in this case, after relocation, the results were 
bidirectional, and many reported no impact on their well-being, productivity, or fluency of work 
processes.  
As practical implications, designers, HR managers and organizational leaders should consider 
employees’ work contents and workplace needs when planning future workspaces, to ensure that 
their environmental satisfaction, well-being and productivity are supported. The same workplace 
solutions are not suitable for all work tasks. Designers should respond to the emergence of 
digitalization and knowledge work by providing spaces for work that requires concentration and 
opportunities for communication and collaboration (Bodin Danielsson and Bodin 2008; 
Ruohomäki et al., 2015). Special attention should be paid to the design elements that support the 
psychological dimensions of work, such as privacy. Well-designed acoustics, as well as separate 
zones for interaction and privacy needs, could contribute to better satisfaction, well-being and 
productivity. In addition, design that supports easy mobility between spaces and good availability 
of ICT regardless of where one works should be taken into account at an early planning phase. 
Future workspace design should consider a user-centred approach and the functional, social and 
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psychological dimensions of workspaces to ensure employee satisfaction, well-being and 
productivity (Ruohomäki et al., 2015).  
 
5. Conclusions 
This study showed that employees’ perceptions of an activity-based office and its effects were 
partly ambivalent. On the one hand, the benefits of the relocation from private rooms to an 
activity-based office were an improved sense of communality and interaction as well as enhanced 
collaboration. On the other hand, the drawback of the relocation was less privacy and lack of 
support for individual tasks that require peace and quiet. The employees’ environmental 
satisfaction decreased after relocation, but half of them were satisfied with their new work 
environment as a whole. Before the move, the employees had expected that relocating from 
private rooms to an activity-based office would have very negative effects on their well-being and 
productivity, but after one year, many reported no impact on their well-being or productivity.  
In the future, more pre-post studies will be needed to investigate the effects of workplace change 
and to qualitatively determine the factors that explain employee satisfaction in activity-based 
offices. This will be next step of our study. In addition, longitudinal studies are needed to examine 
new workplace solutions and their long-term impacts on employees’ physical and mental health, 
well-being and productivity.    
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Chapter 13 
SPECIAL SESSION: Gender, work and health in 
ergonomics 
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The importance of HTO for gender sensitive ergonomics 
Practice-based abstract 
 

 

Minke WERSÄLL 
 
Swedish Work Environment Authority, Sweden 
 
 
There is a need to visualise, compare and reflect for gender equality in the work environment. A 
questionnaire to make OSH-management more gender equal will be presented. 
 
 
1. Introduction 
The Swedish Work Environment Authority (SWEA) was commissioned by the government to 
work with Women´s Work Environment 2011-2016. A lesson learnt was that the work 
environment differs in female coded and male coded organisations. Both men and women have 
the right to a sustainable working life without risks for ill-health. There are urgent problems in 
sectors were mainly women work, taking care of other people. In these sectors male and female 
employees are affected. Hence, there is a need to work in a gender sensitive way. An employer 
can enhance the quality of Occupational Safety and Health management by a gender sensitive 
perspective. 
 
2. HTO with a gender perspective 
Work Environment Inspections have revealed that risks for ill-health and accidents are not always 
the same for men and women at workplaces. Different perspectives of relevance to inequality, 
such as organisational structures, physical workloads and social factors should be visualised. 
Gender patterns in working life are the same as in the society: women´s work is valued less and 
the systematic work environment management needs to have a gender perspective. 
Therefor SWEA compiled a number of questions to support the employer applying a gender 
perspective in risk assessment. The aim is to visualise, compare and reflect on prerequisites for a 
healthy work place in male coded and female coded work tasks leading to solutions to prevent 
and protect employees from ill-health. Inequalities are found in different areas for example in the 
organisation of work, working hours, the use and availability of technical equipment and also 
skills, knowledge and attitudes towards each other at the work place. Therefor the questions are 
compiled from these three perspectives 

- Organisational 
- Technological 
- Human 

The questionnaire was designed in cooperation with researchers and authors of knowledge 
compilations published within the assignment. 
 
3. Expected outcomes 
The questionnaire is intended to support a gender perspective in systematic work environment 
management and needs to be addressed to the level in the organisation were the measures can be 
discussed and taken care of. It needs to be communicated to employers, social partners and 
occupational health professionals in order to start talking about the impact of gender on OSH-
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management and focus on importance of organisational factors for a sustainable work 
environment. 
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Understanding gender, health and work through metaphor 
analysis 
Practice-based abstract 
 
 
Cecilia ÖSTERMAN 
 
Linnaeus University, Sweden 
 
 
1. Introduction and research focus 
Seafaring remains an almost completely male-dominated profession, globally only about 2 per 
cent of all seafarers are women. It is also characterized by a masculine-coded, strong professional 
culture with a high level of risk acceptance. Despite moves by for instance the International 
Labour Organization (ILO) towards a more gender-neutral language in regulations, and various 
campaigns by other actors within the maritime community, women seafarers are largely 
neglected. 
In Sweden, about 12 000 people are employed on Swedish ships, of which almost 30 per cent are 
women. This relatively large percentage of women compared to the global average can be 
explained by the dominance of passenger ships in the Swedish register of ships. Around 89 per 
cent of the women work on board passenger ships in the service department. Research that 
addresses working conditions on board passenger ships is scarce, and especially so regarding the 
work performed in the department where the most women are present. One previous study shows 
that the service crew on board passenger ships report the highest levels of perceived exertion and 
suffers from the highest rates of long-term sick leave over 60 days. They are also over-represented 
in the occupational accident statistics. 
The present paper reports and discusses results of a metaphor analysis of semi-structured 
interviews with service crew on board passenger ships. The purpose of the metaphorical approach 
is to better understand how women seafarers working in the service department make sense of 
their working environment and how they construct their identity in a male-dominated profession. 
 
2. Methodology 
Semi-structural individual and group interviews were performed with managers, supervisors, 
employees and safety representatives who work in the service departments on board Swedish 
flagged passenger ships. In total, the respondents represent ten passenger ships from six shipping 
companies. After obtaining consent, interviews have been recorded, with a few exceptions where 
respondents did not consent to recording. In these cases, only notes have been taken during the 
interview. All recorded interviews have been transcribed verbatim and the web-based program 
Dedoose were used to get an overview and categorize data. 
The respondents were not directly asked to think or express themselves metaphorically, any use 
of metaphors during the interviews are unprompted to reflect their understanding of the work and 
life on board and as a seafarer. 
 
3. Research outcomes 
The metaphors identified in this study reflect how the respondents make sense of their 
professional identity and how they describe their working and living conditions on board. 
Metaphors such as paperless boat refugee was used to describe themselves, extended family and 
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closed world to describe colleagues and the onboard setting, and crocodiles to describe the 
passengers. The presented analysis does not claim to be definitive but generates a thought-
provoking and novel way of understanding what defines a seafarer and illustrate challenges in the 
working and living environment on board. This wider perspective is necessary when designing 
safe, efficient and sustainable working conditions for all seafarers, and may facilitate recruiting 
and retention of more women to one of the last male professional strongholds. 
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Difference in risk perception and risk management of mountain 
guides with gender approach at work: the role of observation 
and interview 
 
 
Sandrine Caroly (1), Antoine Girard (1), Pierre Falzon (2) 
 
(1) Grenoble Alps University, France 
(2) CRTD CNAM Paris, France 
 
Abstract: This paper explores the link between risk perception and risk management according to gender 
perspective in the mountain guide profession. This hazardous area of work has become more accessible 
to women over time. However, it entails a very high accident rate and is characterised by a customer 
relationship (i.e. guiding people with disparate mountain experience and expertise). A guide can be found 
liable in the event of an accident. 
The question is how are mountaineering risks collectively managed by guides and their clients, guides and 
other mountaineers, and guides and different organisations (e.g. agencies)? Indeed, the entire working 
environment of this profession is changing due to global warming but also due to the evolution of society. 
These developments have led to an enhanced or even new perception of risks. To accommodate these 
changes, training has been adapted together with safety equipment. However, it is well known that 
decision-making in the heat of the moment is highly important in risk management. With this context in 
mind, the main question raised here is how gender can affect the risk perception and management of 
courses. 
 
Keywords: Gender, risk, mountain guide 
 
 
1. Introduction 
The aim of this article is to demonstrate that the integration of women in a male environment, that 
of high-mountain guides, brings with it two main questions about accident risk management. The 
first concerns the guides activity and the second concerns their work collectives. We shall show 
that because this field lacks a common references of performance criteria, men and women guides 
do not perceive the same risks. Above all, they do not manage risks in the same way from the 
point of view of the service they provide and their relationship to materiality. To help develop 
this profession, it seems essential to adapt reflexive analysis methodologies to the activity. To do 
this, it is necessary to characterise the different practices of men and women mountain guides in 
situations where they need to make decisions about requirements and resources. This can be done 
through observation during guided trips, following a semi-directive interview about risks, and 
then individual and collective self-confrontation focusing on their actual activity. Such an 
approach may also contribute to improving the ”collective work”. Using collective reflexive 
analysis methodologies based on the guides’ actual work might also help improve initial training 
and further training sessions by including the way in which guides become bodily engaged in 
their accident risk management and customer service relationship activity. More specifically, the 
reflexive activity generated by such methodologies may well increase the potential for developing 
the expertise of each guide as well as provide them with greater ability to act in critical situations, 
hence possibly reducing the risk of accident.  
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2. Context 
 
2.1 A profession with more and more women 
The arrival of women in the guide profession dates back to the 1980s when the first female guide 
obtained her diploma from the ENSA. Today, in 2018, women account for 1.9% of the guide 
population. The professional founded on male stereotypes (eg. force, effort, physical workload, 
etc.) means that women guides have difficulty obtaining the recognition of their male 
counterparts, but also of certain customers who consider that they lack a man’s strength and are 
thus less able to ensure their safety.  
 
2.2 A profession entailing a high accident rate 
The mountain guide profession is a high-risk profession (Girard, Caroly, Falzon, 2018): many 
guides are subject to fatal accidents (an average of 10 a year in a profession employing 1600 in 
all) as well as the clients accompanied by guides (14 deaths occurred between January and August 
of 2018). The data does not show the more accident of women than men, but these women 
population are not important to appear in mountain guides injuries. These ocupationnal accidents 
can of course be explained by substantial and rapid climate changes (snow and ice melt, high 
temperatures triggering more avalanches, rock falls, fissured seracs, etc.), but also by the practices 
developed in the profession in order to control risks. Training is mainly based on a technical 
approach to the job and covers high-level mountaineering notions but not enough on the service 
relationship with customers. 
 
2.3 A profession characterised by a service relationship  
The guide’s task is to manage a customer (male or women) in a dynamic environment. Guides 
may find themselves in critical situations precisely because of their customer requests and 
expectations, together with their behaviour and lack of knowledge about the environment. Indeed, 
a customer will often call on the services of a professional in order to be less exposed to danger 
but will also expect the professional to guide them in activities that they would not do alone. As 
for the guides, their professional culture stems from an amateur culture involving risk-taking and 
physical engagement, which is present in the way they manage the service relationship. Rozen 
Martinoia (2012) in study on risk management shows that the service relationship is primarily a 
business relationship, which can have an impact on the evaluation of risks: a professional can 
hardly ignore the immediate business consequences of making overly cautious decisions.  
The way the customer’s request is negotiated and the joint activity of the guide with their client 
seem to be under-investigated and underestimated in the training process as well as in discussions 
on professional practice (Martinoia, 2012) 
 
3. Theoretical part 
Here, three notions should be explored as part of the theoretical framework in order to produce 
results about risks and gender in the mountain guide profession: the gender approach of work,  
body’s physical engagement in the work, the service relationship and the work collective. 
 
3.1 Gender approach of work 
For many years, gender studies (Messing, Chatigny, 2004; Seiffert, Messing, 2007; Lacomblez, 
Ollagnier, Teiger; 2017) have highlighted the following points:  

- men and women do not perform the same tasks when they hold the same job title. Even 
when performing identical tasks, exposure is not the same and regulation strategies differ. 
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This has various effects on health (musculoskeletal disorders, repetitive stress injury, 
occupational cancer and also type of occupational accidents); 

- the arrival of women in a male environment leads to these women adopting certain styles 
in order to obtain recognition from their male counterparts: they might “do the job like 
men”, even if it means almost becoming men;  or they might “do the job of women” and 
be recognised for the professional expertise linked to this sexual difference (e.g. more 
observation and empathy according to gender stereotypes), which can lead to an 
unofficial division of labour; or they might just “do the job” (if the mixed collective shares 
well developed work values that do not allocate roles according to sex/gender and if this 
work collective is more concerned about the job being well done and each person being 
kept safe). 

- a profession’s feminisation can lead to an originally male profession becoming less noble 
and prestigious; 

- women talk more about their work-related difficulties and their pain and suffering, hence 
authorising men to talk about work-related hardship. This can then lead to a 
transformation of working conditions; 

- the improvement of working conditions following the arrival of women in a profession 
can lead to automation and technical changes in order to provide relief. This, in the long 
term, can reverse the attractiveness of positions: more men are drawn to such jobs, which 
can have a negative impact on women’s recruitment. 

 
3.2 Activity theory 
In work acticitity theory, the concept of expected task by the organizarion and effective 
task.realised by the opertor in real work situation. In the mountain guide profession where the 
work setting is not inside an organisational structure governed by procedures, rules and work 
rates, the context is marked by a certain autonomy even though there are action-related principles 
underlying the technical management of safety taught as part of guide training. Thus, the concept 
of regulation stemming from activity theory is especially interesting and may help us to 
understand the way risks are managed by men and women guides. This question of risk 
management is all the more important given that this type of management takes place far away 
from a regulated and standardised framework.  
Engaging in activity has an effect on the body: physical pain (fatigue, MSD, sleeping disorders, 
etc.), together with possible mental suffering (stemming from a subjective approach to the 
activity), and even a diminished state of health following an occupational accident. Today, 
exploring the links between health and performance in the activity in which the operator engages 
can help us to look at the factors needed to ensure good health and successful action. By focussing 
on individual and collective regulations designed to offset internal and external disruptions, but 
also on the compromises/arbitrations used to manage constraints and resources, ergonomics can 
design enabling environments (Falzon, 2014).  
The management of work situations is based on perceptive data, but also, underlying the sensitive 
information present, the body’s entire personal and professional history is called on. Working 
involves moving beyond what is expected and interpreting our body, since acting is not only about 
producing it is also about transforming ourselves through and for the activity in question (Teiger, 
1993). 
In ergonomics, field observation methodologies and individual self-confrontation focused on real 
activity are a first step towards organising debates between professionals about professional 
gestures hence contributing to the development of a ”work collective”.  
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3.3 A rather casual service relationship with the customer 
In ergonomics, the service relationship is an activity in its own right that can be considered from 
different angles (Falzon, Lapeyriere, 1998):  the customer can be seen as an object of diagnosis 
for the activity to be performed, but also as a factor of the environment that must be managed as 
a constraint, or as a participant of the activity, somebody who, to a certain extent, takes part in 
the collective work with the operator. If we take the latter conception, the interaction between the 
operator and the customer is co-built and can become a resource to help manage risks. However, 
this requires certain conditions such as knowledge, goal sharing, synchronisation and 
coordination. This cooperative work does not lead to the creation of a work collective. 
 
4. Methods 
 
4.1 Demands of ergonomics intervention 
The objective behind the request for intervention research made by the French national ski and 
mountaineering school (ENSA) and the French mountain guide association (SNGM) was to gain 
a better understanding of risk management. The number of accident is high and the cost is 
important (social, economic, marketing). The culture of professional activity is questioning. The 
mountain guides work freelance their activity is above all managed individually even if, in reality, 
guides and would-be guides depend on companies for organising most of their mountaineering 
trips and have a second professional activity. The demand of stakeholders is not directly the 
difference of gender activity but it concerns the gap between the training and the work condition 
in effective task in dynamic environment and customer relationship. The lack of cooperation 
between guides in environment is also a reason on the intervention demand. 

 
4.2 Two studies 
Our research based on first sudy on semi-structured interviews with 17 guides of varying age, sex 
and experience. We have realised integral retranscription on 3 females guides/ 17 interviews. The 
analysis of this interviews concerns the risk perception, the relationship  with customer to risk 
manage in function the environment and other guides.  
The study 2 presents our first observations of the mountaineering trips of two guides with their 
customers. The comparison between two guides, one male (36 yo, 2 years’ experience) and one 
female (33 yo, no experience) on the same route in Mont Blanc mountain (the Cosmiques Ridge). 
Two cameras allowed us to catch and record the behaviour of the guide and the communication 
with his clients. The two clients are same for each race: one male (27 yo- Client1) and one female 
(47 yo- Client2), both experienced in Alpine races. The autoconfontation interviews which 
followed each observation, ten days after (with the video), helped us to confront the guide with 
his own activity observed. 
 
5. Results 
 
5.1 Sudy 1 
During the interviews conducted, the women admit to going to the extent of appropriating a 
masculine attitude to be guides. As one female guide put it, “Being a guide is a man’s job. It’s a 
job that allows you to claim ‘I’m alright. I’m strong’. So you’ve got to be careful about what you 
say. After that, if you find yourself behind this guy and you say, ‘It was difficult for me’, you’re 
going to be taken for a fool” (Woman’s guide). 
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This seems to reflect a lack of vitality in the guides work collective. It is not easy for women 
mountain guides to engage in a “work collective” that does not exist. The lack of collective vitality 
in this professional field raises difficulties for women, depriving them of recognition for their risk 
management skills. 
The birth of a child leads them to change their guide activity towards mountaineering tasks of less 
at risk: stopping the Mont blanc trip road, building customer loyalty, making mountaineering 
service for one day. 
The customer does not appreciate when the female guide decide to stop the course mountaineering 
trips because the weather is bad and the rope proximity with the male colleague continue the trip 
with other customer. Risk-taking is part of the relationship with the customer. Because the 
customer plays a central role in the provision of service and the contract, mountain professionals 
are required to meet the customer requirements (needs, pressure, risk-taking, inappropriate 
equipment, lack of expertise in relation to expectations). Furthermore, the guide’s business 
activity model suffers from instability (activity peaks, dependence on the weather, freelance 
status). The service relationship can therefore lead the professional to take risks in order to find a 
compromise between contradicting objectives.  
With respect to an individual’s engagement in the work, we think that affectivity plays an 
important role. The body must also be engaged in the work collective alongside professional 
values (i.e. the feeling of a job well done). Each know where to stop to avoid a dangerous 
situation. This is not something that is written in books. This is something that the guides feel in 
their body without necessarily having to call on acquired knowledge. Through their body, guides 
are engaged by perception, interpretation, diagnostics and action, much more so than by their 
knowledge of the world. The specific feel in body engagement at work is different between male 
and women mountain guides? 
 
5.2 Study 2 
When we observed two mountaineering trips on the same ridge (the Mont Blanc Cosmiques 
Ridge), one led by a young male guide and the other by a young female guide with the same 
customer (a man and a woman), we were struck by the fact that the service relationship reversed 
the usual sex/gender stereotypes. To be more specific, the male guide seems to be much better at 
listening to the customers need than the female guide. He stopped when his client showed signs 
of fatigue. He pointed out and named different mountains making the trip one of discovery and 
mountain culture for the client. He also talked more often to the client throughout the trip. The 
female guide, on the other hand, focused on the technical aspects of the trip (use of belay stations, 
management of the rope, not wasting time, etc.), without really taking into account the service 
relationship in her activity (at least not visibly). It thus appeared that she tries to do the “good 
job” learned in training. She was unable to engage in her work using her female skills (one might 
have expected her to be sensitive to the service relationship like the man).  
Their expertise is tacit, implicit. It is not discussed when in fact it could enhance the work 
collective and the activity of the male guides, notably with respect to the different strategies 
implemented to manage the trip and the client. During the self-confrontation interview with this 
female guide, she told us that she adapted her technicality to her anthropology (for example, using 
an extra anchorage point to be able to hold the client in case of a fall). She collected more 
information about the customer mountain expertise and knowledge before the trip in order to 
choose the best route.  
We observe that she also did a more thorough check of the customer equipment (e.g. making sure 
the crampons were fixed properly) to ensure their safety. During the first meeting with her before 
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the trip she said she tended to share a lot of emotions with her customer when, in fact, she adopted 
a certain emotional distance during the trip itself. She did not explain to the customer how she 
managed risks. She took charge of her customer safety and did not tell them too much about risks 
to prevent them from changing their behavior and becoming difficult to manage. Is it a difference 
to risk management in relationship with customer between male and female? 
Our observations and self-confrontation interviews permit to illustrate the different ways in which 
the female guide and the male guide to do activity. The customer relationship of both guides was 
observed during their trip covering a comparable section: descent of a snow-covered ridge on a 
glacier where there is a risk of falling. This individual self-confrontation based on monitoring the 
activity did not lead to collective self-confrontation between the two guides observed. This would 
have made it possible to discuss the professional gestures and develop professional rules. Indeed, 
we think to explain there being no “work collective”. It is difficult to be able to express doubts, 
talk about mistakes or bring up questions with somebody else when no relationship of trust has 
been established. Different methods cannot become the subject of dialogue, preventing the 
development of collective vitality and each person’s ability to act. More precisely, there is no 
potential area for development that could improve the safety of female and male guides with 
respect to the work situations they encounter in the field.  
 
6. Discussion of women mountain guides and the relationship to risk: a question of 
collective vitality 
In the mountain guide field, there appears to be an absence of ”work collective”. This lack 
represents some difficulties for young guides which they meet in risk situation with customer. 
This difficulties are more important for the women guides? 
Guides and would-be guides do not really form a professional collective even though they 
sometimes cooperate in the field. In theory, when collective work and the work collective are 
combined, the collective activity pursues three objectives (Caroly, Barcellini, 2014): it fosters the 
review of rules, hence enhancing the work collective through collective work; it facilitates the 
acquisition of skills to protect health; and, finally, it improves the vitality of the work collective, 
which in turn makes collective work more efficient and effective. These three objectives of 
collective activity contribute to improving risk management. In the most developed forms of 
collective activity, individual activity as part of collective work with a work collective 
corresponds to efficient co-activity where each individual carries out an individual activity 
according to a collective work scheme and a professional genre (set of methods describing how 
to act, behave with work instruments, agree with others, etc.). This in turn allows for mutual 
assistance and cooperation whenever necessary. 
The absence of a work collective among mountain guides could diminished ability to individual 
act, more for women which they can develop strategies to be recognized by male gender. We 
observed rope teams overtaking other groups in an effort to complete their trip faster, hence 
endangering other rope teams. We also observed guides having difficulty with their customers 
when the customers failed to understand the decision to backtrack while other teams continued to 
advance in spite of the bad weather. In case they had a “problem” as this meant women guides 
could call on male guides for help if their customers needed rescuing. 
Women and male guides agree that their job comes with risks (they have all lost a colleague), and 
they all have a good knowledge of these risks (avalanches, rock falls, etc.) and the behavior to be 
adopted (based on their training), but they have very few discussions together on the difficulties 
encountered with their customers, how they should say no, adapt the trip, or encourage their 
customers to gain greater autonomy. The questioning of the women integration in mountain guide 
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profession appears a good way to discuss on practice and risk management to develop work 
collective in the future. 
Any discussions they have on social media, during training or while they are on a trip mainly 
concern their exploits and achievements and the fact that they have managed to “take a customer 
right up to the top”, sometimes at the risk of them or others dying. Given their professional 
attitude, their relationship to risks does not allow for any dialogue, or review of risk-taking 
mechanisms or the regulations implemented. In other words, there is no debate within a work 
collective of the dilemmas arising from the activity, the guides fears, difficulties and the means 
they have of individually handling these while dealing with the common aspects of their jobs. 
The research perspective is to questioning the conditions of women integration in this profession 
in long term and to observe the consequences of this evolution on work collective and collective 
work of mountain guides. Guides do not always cooperate with each other. There is a climate of 
competition that undermines the potential for sharing information. Thus, guides and would-be 
guides do not really form a work collective sharing job-related rules about how to manage risks 
with a client in a dynamic and regulatory environment. For example, although there may be some 
discussions before a trip about the customer knowledge so that the trip can be prepared, or an 
exchange of information in a mountain shelter about the routes followed by different people, there 
are fewer discussions about more informal and sensorial knowledge relating to changes to the 
environment or risks run, and even less exchange about the customer skills to manage safety. 
All of these prevention ideas would enable women to develop their professional gestures just like 
men, according to their characteristics, their expertise and the environment in which the activity 
is being carried out. In turn, male guides would benefit from the female guides knowledge and 
know-how when it comes to managing customers in a dynamic environment. In order to organize 
this vitality for a guides in work collective, methods for analyzing real work are essential 
(observation and individual and collective self-confrontation). They would help guides to be 
engaged their body and collective in the risk management. The question to be asked about the 
individual in the work collective is: “Can s/he handle their work situation while keeping safe and 
extending their ability to act?” (Davezies, p.371, 2015). If not, the body suffers and safety is 
jeopardised. Difference of work by women and men seems a perspective issue to develop the 
work collective to complete the professional rules building and the trust to the other. The methods 
on activity analysis by observation and autoconfontation interviews on video are greater to 
improve the visibility on experience body knowledge and sensemaking to exchange between 
women and men mountain guide on real activity. 
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Abstract: For the elderly, the virtual museum is a good way to enjoy browsing the exhibition and 
viewing artworks through the Internet at home. However, some visitors would exhibit symptom 
named cybersickness both during and after the VE experience. In this study, the results of the 
first experiment showed that the scores of simulator sickness questionnaire (SSQ) increase 
significantly with scene rotating speed and exposure duration. In applying these findings, a fuzzy 
warning system was developed. The results of the second experiment showed that the proposed 
system can efficiently determine the level of cybersickness and reduce the incidence of disease 
in the elderly. 
 
Keywords: Virtual environment, museum, health. 
 
 
1. Introduction 
The proportion of people over 65 who use the internet at home would rise from 51 percent in 
2014 to 85-90 percent by 2030 (Malnick, 2014). Therefore, the section of the elder population in 
retirement is expected to greatly increase the number of older web users in the near future. The 
development of the Internet virtual museum is more meaningful for the elderly. The elderly can 
free access through the Internet virtual museum to enjoy browsing the exhibition and viewing 
artworks from a variety of angles for improving the fun of life. However, in the past, there are 
few studies to discuss the adaptability of the elderly in the virtual museum. It is quite trivial to 
apprehend that contemporary VEs don't exactly match the real world and lack information such 
as peripheral vision, responsiveness to limb-movement and, more often than not, subdued 
response to pleasantness (Westerdahl, et al., 2006). A result of this is that people experience a 
virtual environment differently, mostly somewhat subdued, compared to the real world. A further 
confounding factor is that some users exhibit symptoms that parallel those of classical motion 
sickness, both during and after the VE experience (Gavgani et al., 2018). This type of sickness 
called cybersickness. So et al. (2001) found that section and sickness can be generated by 
watching moving scenes in a VE. Section sensation and sickness symptoms will increase in 
subjects exposed to a drum rotating at 60º/s around its vertical axis. Additionally, Duzmanska et 
al. (2018) reported that exposure duration and repeated exposures are significantly linearly related 
to sickness outcomes. Therefore, the effects of the virtual scene rotating speed and exposure 
duration on sickness should be discussed when the elderly immerse in a virtual museum. The 
purpose of this study was to investigate the effects of virtual scene rotating speed and exposure 
duration in the elderly within a virtual museum. If we can determine the relative contributing 
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effects, it will be a step forward to design a warning system with fuzzy sets for preventing 
cybersickness. 
 
2. Method 
 
2.1 Experimental design and the first experiment 
The experimental environment was designed by virtual developing software and presented on the 
tablet with screen size 10.1". The VE scene for this study was an art museum containing: painting 
(35 PCS), pottery (12 PCS), statue (12 PCS) and copper and silver artwork (5 PCS), as shown in 
Figure 1. This study involved a 4 (scene rotating speed) × 4 (exposure duration) between-subjects 
experiment, resulting in a full-factorial design with sixteen treatments. It was designed with four 
levels of scene rotating speed around the vertical axis: 15 ˚/s, 30 ˚/s, 45 ˚/s, and 60 ˚/s. 
Additionally, the levels of exposure duration including 5 min., 10 min., 15 min. and 20 min. were 
designed.  In the first experiment, there were thirty-two older people (F 10 and M 22 between 65 
and 73 years of age and with an average age of 67.2 years) participated. Each participant was 
required to search for some target artworks. When all target artworks were found, the experiment 
was finished. Participants were asked to complete a simulator sickness questionnaire (SSQ). The 
SSQ is one of the most commonly used cybersickness subjective evaluation questionnaire 
developed by Kennedy et al. (1993). This standardized questionnaire quantifies various symptoms 
of simulation sickness, yielding an overall simulator sickness rating, Total Severity (T) score. The 
results indicated that the SSQ scores on the effect of scene rotating speeds were significant at p < 
0.000, the SSQ scores on the effect of exposure duration was also significant at p < 0.000. The 
incidence and severity of sickness of the participants were low within 5 minutes of exposure but 
increased significantly after 10 minutes. In addition, the results also showed that the SSQ scores 
are the lowest at 15 º/s. When the scene rotating speed increased, the SSQ value also increased.  
 
 
 
 
 
 
 
 
 
 
Figure 1: The 3D museum was viewed in the front (left) and inside layout (right). 
 
2.2 An intelligent fuzzy system and the second experiment 
According to the results of the first experiment, fuzzy sets were used to develop a warning system. 
There were two input variables (i.e. scene rotating speed and exposure duration) and one output 
variable (i.e. ratings of cybersickness) constructed in the system. The fuzzy set S which represents 
the linguistic notion “Scene rotating speed,” around the vertical axis including three attributes:  
“Slow speed” (SS), “Medium speed” (MS) and “Quick speed” (QS). Another is the fuzzy set E 
which is defined as the linguistic notion “Exposure duration.” Including three attributes: “Short 
exposure duration” (SD), “Medium exposure duration” (MD) and “Long exposure duration” 
(LD). According to the results of the first experiment, the crisp values in fuzzy set S were defined 
at 4.61˚/s, 9.26˚/s, and 13.88˚/s. Additionally, the crisp values in fuzzy set E were defined at 3.22 
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min., 4.86 min. and 7.29 min. The output variable for sickness prediction, fuzzy set R, was defined 
as the linguistic notion “Rating of sickness” including five attributes: "No symptoms" (NO), 
"Slight" (ST), "Mild" (MD), "Moderate" (MO) and "Serious" (SE). Finally, the IF-THEN rules 
are defined to process fuzzy reasoning. The fuzzy warning system will be linked to a voice device. 
When the rating of sickness higher than 15, the system will continuously sound a 5-second 
"BEEP" and the scene of the virtual store will be locked for about 1 minute. When the rating is 
larger than 22.5, the system will continuously sound a 5-second "BEEP" and the scene will be 
locked for about 3 minutes. When the rating is higher than 30, the system will continuously make 
a 5-second "BEEP" and the operation will be stopped. 
In order to verify the effects of the fuzzy warning system for detecting and preventing sickness, 
a second experiment was conducted. The second experiment used the same set of participants as 
those of the first experiment (i.e. 32 participants). Each participant was randomly assigned one of 
the four exposure durations (i.e. 5 min., 10 min., 15 min. and 20 min.). There were two stages in 
the second experiment. In the first stage, the participants immersed themselves in the virtual 
museum without any alarm. For the second stage, one month after the first stage experiment, the 
participants were asked to come back and complete the second stage experiment complete with a 
fuzzy warning system. After the exposure in each stage, participants were asked to complete a 
post-exposure SSQ. When all participants finished the second experiment, a test of differences 
between means was proceeded. The result showed that the SSQ scores with the warning system 
were significantly smaller than those with ‘no system’ (t (31) = -5.2500, p = 0.000). It confirmed 
our expectation that the fuzzy warning system would reduce cybersickness symptoms better than 
‘no system’ in the elderly within a virtual museum for exposures of longer duration. 
 
3. Conclusion 
This study found that the cybersickness symptoms increased significantly with the increase at 
scene rotating speed and exposure duration in the elderly during and after browsing a virtual 
museum. Utilizing the contributing factors, a fuzzy warning system was developed. The results 
of the experiment revealed that the proposed system can efficiently determine the level of 
cybersickness based on the associated subjective sickness estimates and reduce the incidence of 
disease in the elderly. This finding will be useful for research in estimating the severity levels of 
cybersickness in a particular VE. 
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Abstract: Employees at public service organisations face various kinds of physical and 
psychosocial hazards and risks for accidents at their daily work. This study focuses on meal and 
cleaning service employees employed by a public in-house enterprise. Focus is paid to a large 
public health and welfare service center where such services are provided. This participatory 
study with multiple data sources shows the variety of different development challenges. 
Solution proposals and potential problem solvers are identified during the participatory 
development process to show the complexity but also the potential that such a participatory 
ergonomics oriented development process can provide. 
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1. Introduction 
Public service organisations and their employees encounter various different challenges today 
due to, for instance, an increase in the average age of employees, a decrease in recruitment levels, 
and constant changes in work tasks, sites, and communities (Arnaboldi et al. 2015, Kekkonen and 
Reiman 2018, Reiman et al. 2017). Such challenges may give rise to different physical and 
psychosocial discomfort factors and risks for occupational accidents; all of which can have 
adverse effects on the work ability and productivity of the employees (Dul and Neumann 2009, 
Reiman et al. 2017). This study focuses on a municipal organization and the actors within it. 
Attention is paid to cooperation practices at the workplace level. 
The core focus is on the employees of a public in-house enterprise providing meal and cleaning 
services to a large public health and welfare service center in a city in northern Finland. The 
objective of this study was to identify root causes for discomforts and risks that may cause adverse 
health effects to the meal and cleaning service personnel in their daily work tasks and processes. 
The root causes – later named as development challenges – were identified and further analysed 
in a participatory development process with the aim of developing solutions but also identifying 
key stakeholder groups that could have the most significant impacts in the prevention processes. 
Thus, not only meal and cleaning service personnel participated, but also their supervisors and 
other personnel from the health and welfare service center, i.e. health care professionals, 
management and other administrative and support service personnel. In addition, specialists from 
the occupational health (OH) services and occupational safety and health (OSH) unit were 
involved. Besides the process described above, this study aimed to initiate broader discussion on 
the management processes that take place at such workplaces, where stakeholders from different 
backgrounds act together with the ultimate aim of providing citizens appropriate and efficient 
health and welfare services. 
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2. Methods and material 
This study is based on the premises of micro- and macroergonomics supplemented with a work 
system approach in the analysis phase (e.g. Carayon and Smith 2000, Hendrick 2008). In addition, 
as this study utilizes a participatory development approach, it can be associated to the concept of 
participatory ergonomics (e.g. Haines et al. 2002). Challenges were identified by utilizing 
multiple sources of information and data collection methods. In the first phase, documents (risk 
analyses, OH & OSH surveys and statistics and personnel surveys) were analysed. The documents 
were received from various sources inside the city organisation, including human resources 
department, OSH unit, OH service unit and the enterprise itself. Document analyses were 
complemented with observations and interviews at the health and welfare service center facilities. 
Two researchers performed the observations during one working day. During the observations 
and break hours, the researchers also interviewed employees (n=4) based on a semi-structured 
interview form. Initial development challenges were identified from the material described above 
and further analysed in two participatory, multi-stakeholder development sessions, where root 
causes and solutions for the challenges were identified. At the sessions, a lean -philosophy 
oriented 5 * Why –approach was applied (see Ohno 1988). In the sessions, the question “Why?” 
was expressed several times for each identified development challenge to identify the roots of the 
challenge; after which, the question was changed to “How?” to find out means to solve these 
challenges. 
 
2.1 Findings and discussion 
Identified development challenges were first categorised into seventeen different categories based 
on the session discussions and later by the researchers on five categories by applying the work 
system framework. From the original seventeen categories, thirteen could be associated merely 
to physical discomforts and four to psychosocial discomforts. The identifications were further 
analysed in the participatory ergonomics sessions in which the root causes and development 
proposals were identified and processed. Lastly, the development proposals were analysed to 
identify the relevant stakeholder groups that could contribute in solving (or minimising) identified 
challenges. The challenges, examples of solutions and identified problem solvers are shown in a 
simplified form in Table 1. 
 
Table 1: Challenges, potential solutions and problem solvers categorised in a work system 
framework. 

Work system 
element 

Examples of identified 
challenges 

Examples of solutions Potential problem 
solvers 

Work 
environment 

• Surface materials at the 
premises are challenging 
to clean 

• Furniture at the premises 
prevents efficient cleaning 

 

Improvements in 
information channels 
between the stakeholders 
  
 

Facility management and 
designers, Health and 
welfare service center 
personnel and 
management, Cleaning 
and meal service 
management,  

Work tasks • Heavy lifting at certain 
work tasks 

• Awkward body positions 
at certain work tasks 

Ergonomics training, 
Instructions, Mapping 
and testing potential 
ergonomic aids 

OSH unit, OH service 
unit, Procurement, 
Cleaning and meal 
service management  
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Tools and 
technologies 

• Broken and/or unsuitable 
tools 

Improvements in 
information channels, 
Ergonomics training 

OSH unit, Procurement, 
Cleaning and meal 
service management  
 

Organisation • Unclear flow of 
information between the 
stakeholders 

A procedure to inform 
cleaning personnel, 
Sharing of information 
on good practices, 
Scheduling work tasks 
participatorily 

Cleaning and meal 
service management,  
Health and welfare 
service center 
management 

Employees 
themselves 

• Utilization of existing 
personal protective 
equipment 

• Rules and guidance not 
always obeyed 

Ergonomics aids 
acquisition procedure, 
Foreman support, 
Participatory discussion 
sessions 

Cleaning and meal 
service management,  
Employees themselves 
 

 
Based on the results, a conclusion can be drawn that the challenges can’t be solved solely by the 
cleaning and meal service personnel themselves, but the process must include a variety of 
different stakeholders, ranging from the top management to foremen, internal experts and other 
units inside the city organisation. In addition, concerning potential technological and work 
environment related challenges, the development process should include for instance city’s 
procurement unit and stakeholders contributing to work environment design, such as city 
architects and other personnel from the facility management. This would require a participatory 
and design oriented development approach that is led and facilitated by the top management of 
the city. 
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Abstract: This ergonomic intervention was developed for a group of similar new oil platforms of 
the Brazilian pre-salt to meet the legal requirement of the Brazilian Ministry of Labor. Here, we 
highlight the participative study of manual valves, supported by the 3D model. The goal was to 
increase knowledge about future work in the process plant even during the design phase, 
seeking to increase the reliability of the human and productive system. However, the object of 
this study was already in the final phase of construction, when the demand was presented to 
the team formed in the Ergonomics area. 
 
Keywords: Methodology, valves, 3D model. 
 
 
1. Introduction 
This study presents an ergonomic study developed for the first of the pre-salt replicating 
platforms, with the objective of identifying problems and proposing solutions that would improve 
the working conditions of the operators and, thus, increase human reliability and that of the said 
productive system. Under a strong consensual vision of the company, this action exemplifies the 
will to prevent technological risks (Daniellou, 2013). Aiming at the legal compliance of the FPSO 
with the Brazilian Ministry of Labor and Employment (MTE), some study fronts were chosen for 
the discipline of Ergonomics, where we highlight the manual activation of valves due to their 
importance and quantity in the boat modules chosen for the study. 
 
2. The ergonomic intervention 
Hand-operated valves are devices that need to be accessible and maintained for the human being 
to obtain reliable responses under normal operating conditions or under the influence of 
variability. The selection of this study front was based on the evident importance and evaluation 
of its accesses, highlighting its relation with the demands of the operation and maintenance teams, 
and their impact on safety and production. In the facilities of these production units, numerous 
configurations are generated, where the results may become inadequate due to the multiple 
elements involved, such as the complexity of the human factor within a project situation (Duarte, 
2002). In this way, it was verified that the diversity of the disciplines involved and their varied 
performers contribute to the presence of interferences in the installations of the actual work 
situation, even if one tries to overcome the difficulty of understanding the representation of the 
operational work from the design of the project. 
This demand was presented to the ergonomists with the platform already in the final phase of 
construction. The deadline for execution and generation of recommendations for application in 
the work was small. Thus, from previous studies and the experience of ergonomists involved, the 
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method recommended by NR-172, the Ergonomic Analysis of Work, was applied in an adapted 
way according to the constraints faced for the development of the ergonomic study. Its 
development was the result of the ergonomic team's clarity as to the feasible limits for the study 
to be performed (Guérin, 2001) 
 

2. Methodology 
The ergonomics team developed activities aimed at understanding such as: analysis of project 
documentation; platform visits to observe the actual conditions of the process plant modules with 
employee participation; analysis of operational compliance reports, design documents and 3D 
design. Meetings were also held with representatives of the construction team, with experienced 
operators chosen by the unit to aggregate knowledge and with the professionals of the project's 
engineering team. The follow-up of the workers was carried out with the objective of recovering 
the operational experience through activities such as simulation of characteristic actions. 
As the time available for visits to reference situations was short, the method adopted was based 
on previous studies and the experience of ergonomists. The late start of the ergonomist 
participation ended up limiting the interaction with the designers and consequently the impact of 
the discipline on the result, corroborating with Maline (1994). As an alternative, the ergonomics 
team undertook an intense social construction to overcome the lack of opportunity of integration 
with the project team in the initial phase of the project, when making choices regarding the 
technical systems design (Duarte, 2002). In this way, the participation of important professionals 
involved (operators, engineers and engineering team) was achieved, despite being overloaded 
with attributions in their areas of activity. 
During the integration with the operating team at the beginning of the work, a list was presented 
by them, in which they identified equipment, instruments and valves that were in inadequate 
conditions from the operational point of view. 
This list was generated through an inspection of the facilities in each module of the plant, based 
on the engineering flow chart. The field study described here was based on it as a starting point, 
considering the experiences already developed by ergonomists. 
 
2.1 Selection of valves 
Valve selection followed two main criteria: (a) Category 1 valves according to the American 
Bureau of Shipping (2013); and (b) improperly positioned valves that are difficult to access or 
could cause accidents for operation or maintenance. 
The consideration of the first criterion made it possible to show, from the point of view of the 
operators, the most critical situations such as the emergency context and frequency of use. This 
condition covers manual valves, driven by handwheels or levers / stems, outside recommended 
height ranges based on ABS parameters, or presents some difficulty in positioning / effort for 
operation / maintenance 
Also considered in this study were other issues that may influence activities, such as: difficulties 
to approach the steering wheel due to the presence of obstructions in the environment and / or the 
access region; problems with the positioning of devices and actuators; and frequency of use of 
these valves. 
The deviations found during the inspection of the modules were recorded in spreadsheets and 
were evaluated by the Ergonomics team. The main focus of the survey was: 

                                                        
2 NR-17: Ergonomics rules of the Brazilian Ministry of Labor and Employmente (Legal 
Compliance). 
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- Identification of equipment (hand valves); 
- The heights and orientations of steering wheels and stems inadequate; 
- Obstructions that impair access and postural freedom. 

 
2.2 3D model  
In a 3D computational model selected valves were identified and evaluated. Subsequently, the 
proposed modifications were built with the designers and operators. The analysis was organized 
by modules in a worksheet where the equipment identification number (TAG), a visual proof of 
the problem (when possible), a brief description of the problem (inaccessibility, lack of 
portability, grip restrictions, handling, etc.), 3D model images and guidance to solve the problem. 
During the visits to the platforms under construction, several physical interferences were revealed.  
Not all the interferences could be visualized due to the 3D model software settings and 
adjustments made during construction. The 3D software adopted, the Smartplant Review, 
composed by data imported directly from Smartplant 3D,  used  the configuration of the valves 
wich not represent their actual configuration, presenting as simple composition of generic 
geometric figures because the manufacturers did not provide the 3D model of the equipment 
(valves) that they produced. 
The feasibility of the use of software that adopts the representation of the volume and dimensions 
of the valves has been studied, which will reduce some of the difficulties faced in the presented 
case. 
 
3. Results 
The visits to the platform and the meetings with the engineering teams together with the team of 
operators allowed the construction of the understanding about the work, confronting the 
knowledge of the experienced worker that Wisner calls latent skills, with the knowledge of the 
designers, intermediated by the performance of ergonomists and professionals in the area of 
information technology. 
3D model, used as a tool to inspect, allowed advances in identifying inadequacies, but also 
generate uncertainties followed by rework through confrontation with the actual situation 
constructed. However, if the valve configurations were real (provided by the manufacturers), the 
results of the 3D mock-up studies would achieve better results with more agility in the 
understanding of work situations. However, the whole ergonomic study would not be 
representative without the participation of the operators with their competences and their tacit 
knowledge. 
The knowledge confrontations and the future application of the 3D model, with the configuration 
of the real dimensions of the valves, will provide agility for the understanding of the presented 
work situations. These joint actions will optimize the practice for the treatment of valves in 
inadequate conditions, with the involvement of users, building knowledge for future projects. 
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Abstract: Combining virtual reality (VR) with e-commerce (EC) can improve the user's shopping 
experience. However, VR e-commerce is not general and design criteria is less. It is particularly 
important to design the interface and interaction through the user interface (UI) and user 
experience (UX). Experimental design of the research is through the systematic method, 
especially the brainwaves instrument. In general, based on these measurement tools, we 
conducted induction and integration to develop the "user interface and user experience design 
criteria of VR". It contains five main themes: Screen, Operation and prompt, Safety and 
experience of use, System functions, and Transaction. 
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1. Introduction 
In recent year, popular keywords in the search engine are virtual reality (VR) that attracts global 
manufacturers’, media reporters’ and consumers’ attention. In addition to these application 
(video, entertainment, education, medical and so on), VR can be used in e-commerce (EC) that 
will become one of the key developments. Currently, most EC platform present the product that 
use simple 2D images, text-based interface or animation. But consumers want to know more about 
the products in the online shopping and compare the product's material, colour and other elements 
(Ericsson Consumer Labs Research, 2016). Therefore, combining VR with EC can improve the 
user's shopping experience. However, VR e-commerce is not general and design criteria is less. 
It is particularly important to design the interface and interaction through the user interface (UI) 
and user experience (UX). 
Rose et al. (2000) mentioned that in VR, when users walk through the immersive VR system, 
there may be a phenomenon of cognitive loading. Kim & Hirtle (1995) argued earlier that the 
main reason for the fascination was that the interface design lacked a good interaction with the 
system, causing the user to experience cognitive load. It can be seen that a good interface design 
can provide good interaction, thereby reducing the cognitive load of the user, and has a good user 
experience. Having a good UI and rich UX will increase the willingness of customers to purchase. 
When consumers have a higher willingness to buy, the chances of consumers purchasing goods 
will be greater, and the chances of returning purchases will also increase. At the same time, it can 
also attract new consumers to join and form a good cycle. 
This study focused on the characteristics of VR with general EC. We use this feature to 
interactively study UI and UX between users and designers to generate design criteria. 
Experimental design of the research is through the systematic method. Firstly, we use the 
brainwaves instrument to understand the user status. And then we use the think-aloud protocols, 
Questionnaire for User Interaction Satisfaction (QUIS), User Experience Questionnaire (UEQ) to 
understand the user’s thoughts on UI and UX for inducing and integrating data to produce design 
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criteria. Finally, Delphi method is adopted to validate and evaluate the practicability of design 
criterion. 
 
2. Methodology 
In order to cooperate with the research topic and to quickly and in-depth discussion, this study 
use the focus group method, questionnaire survey, user observation, physiological detection, and 
sound reflection method to collect data, and finally to result output criteria based on the analysis. 
In addition, the study also added the Delphi method to verify the design guidelines. 
This study recruited 30 students from a university in Taiwan. Their ages are at least 20 or more. 
And they have experience with online shopping and buying furniture. In addition, the participants 
were required to wear the HTC VIVE Headset during the experiment. So in the device limit, 
myopia participants can only wear ordinary glasses or contact lenses. And vision should reach 
1.0 or more. Further, twelve or more experts and scholars are invited to participate in the 
experiment, half is for focus group and the other half is for Delphi method that the participants 
must have experience in human-computer interaction, interface design, or VR system research. 
In this study, we explore VR e-commerce and choose the IKEA VR Experience as the 
experimental platform through the HTC vive virtual reality device. In addition, brainwave 
instrument also be used to detect physiological data from 30 participants in the experiment. The 
situation of wearing experiment and brainwave instrument software are shown in Figure 1. 

 
Figure 1: The situation of wearing experiment and brainwave instrument software 
 
This study uses some measurement tools, especially the brainwave instrument that create a brain 
wave map based on the frequency generated by participants in different emotional change states 
to provide researchers with reference. EPOC + EMOTIV with 14-channels EEG is adopted in the 
experiment.  
 
3. Results, discussion, and conclusion 
In this section, we specifically introduce the results of brainwave tests related to this study. This 
study used the EMOTIV company’s mobile application, MyEMOTIV, to measure participants’ 
brainwave status. The application (APP) can be used for brainwave instrument to receive 
participants' brainwaves to record and analyze brainwave data for a period of time. The analysis 
data can be divided into six indicators: Interest, Excitement, Engagement, Focus, Stress and 
Relaxation.  
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In the experimental measurement process, each participant does not necessarily have all the 
indicators, which will change due to the current situation and the state of the individual's brain 
waves. Therefore, in the course of the experiment, if the state of the indicator does not appear, or 
the frequency and time of occurrence are too short, the final analysis result will not appear. The 
results are shown in Table 1. 
 
Table 1: Six metrics of brain waves 
Metrics N Mean Std. 
Interest 29 69.62 3.66 
Excitement 21 41.48 8.76 
Engagement 19 66.32 3.43 
Focus 30 42.57 10.44 
Stress 7 60.71 16.94 
Relaxation 23 48.09 8.55 
 
We present partial results. According to the analysis results of six metrics of brain waves, 
participants are like and willing to use the experimental platform, and think that immersion is 
enough. However, it is not enough for interaction and stimulation. Although the experimental 
platform creates a comfortable and relaxing environment, it is not enough and needs to be 
strengthened. 
In general, based on these measurement tools, we conducted induction and integration to develop 
the "user interface and user experience design criteria of VR". It contains five main themes: 
Screen, Operation and prompt, Safety and experience of use, System functions, and Transaction. 
Through the “UI and UX design criteria of VR” generated by this study, many important design 
elements be proposed and assessed in VR E-commerce. 
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Abstract: We developed an ergonomic work analysis in the Integrated Operations of offshore 
drilling support logistics of an oil and gas company. During this study, we conducted a field 
research through the analysis of documents, interviews and observations of the work at a 
logistics operational integration centre. In order to allow the group to carry out this collective 
work, the Logistic Integrator, the main actor in this study, engages in cognitive and operative 
synchronizations between the different actors. These results illustrate the main characteristics 
of this collective in terms of synchronism, coordination, continuity and the mechanisms through 
which this complex socio-technical system works in face of the high dynamism existing in its 
industrial environment. 
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1. Introduction 
Mainly due to the exhaustion of the closest fields, the oil industry has increasingly explored more 
remote areas followed by its supportive logistic chain. It has presented challenges the oil & gas 
industry tries to solve through Integrated Operations (IO) initiatives that consist in the 
implementation of special offices in the onshore installations, with facilities such as 
videoconference equipment and other Information and Communication Technology (ICT) tools 
and new work processes with the aim to allow for a better integration between offshore and 
onshore teams. It is hoped to increase the integration among the different operational and 
supportive disciplines, among geographically dispersed companies and installations (Ramstad & 
Holte, 2013). These practices seek greater efficiency and continuity of the offshore operation 
logistical support in increasingly more remote areas.  
However, in several IO projects, there is insufficient consideration of these new forms of work's 
arising aspects. They do not consider: (i) the differences of knowledge among the workers; (ii) 
the different temporalities in the use of available data or, (iii) the different usage of these data, 
according to the needs of the various professions involved in the decision-making processes. 
While the differences of knowledge are related to the different professions brought together 
through IO, the available data can be used in different times between the consecutive shifts of 
workers to cover 24h, seven days a week, what demands constant reinterpretation of data, events 
and of the present situation of rigs, materials and other variables. Finally, according to the process, 
different workers will use the information in a different way. For example, the unity of cargo for 
the truck organizer does not consider in detail what kind of piece is inside each smaller box inside 
the container. However, this kind of detail can be crucial to the drilling engineer responsible by 
forecasting the next activities of the drilling rig after receiving the cargo. Simultaneously, the 
detailed dimensions of the cargo are important to the supply ship planner to draw the cargo 
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arrangement of the deck before leaving the port. And all this information are registered in the 
ERP system but used in different moments. 
Apparently, to the workers are left the challenges in: dealing with the difficulties; collaborating 
with teams from other departments; overcoming barriers of organizational segregation, and 
integrating different communities of practice and their particularities in terms of routine, tasks 
and professional objectives. There is no evidence of sufficient support from the organization or 
company in which such IO initiatives are inserted, nor is considered the strong and inherent 
variability of the oil and gas industry (Ramstad et al., 2013). In other words, between other 
challenges, are left to the workers the challenge of building the necessary collective dimensions 
to develop the expected work. 
Since a logistic system involves distributed workers (located at warehouses, trucks, ports, supply 
ships, rigs), the collective dimensions of such sociotechnical systems become relevant. For Caroly 
& Barcellini (2013), the definition of the collective dimension of work may consider the concepts 
of “collective work”, “collective of work” and “collective activity” (Caroly & Barcellini, 2013) 
In this study, we will use the concept of “transversal collective of work”, formed by the actors 
considered from the relation of their actions with the actions of the other workers of the collective, 
not necessarily of the same profession (Poret, 2015).  
In order to have a “collective work”, some prerequisites must be met. In addition to sharing the 
goals, it is necessary that the involved workers agree on the representations made by each member 
about the goals and how to achieve it (Nascimento, 2009). In this way, the interactions through 
which the collective activity is revealed are guided by two complementary objectives: 
synchronization in the cognitive plan and synchronization in the action plan, the operative 
synchronization (Darses & Falzon, 1996). The cognitive synchronization is about the facts related 
to the situation status and knowledge regarding the same general knowledge in terms of domain, 
properties and resolution procedures. It allows the dynamical construction and evolution of this 
“Common Operational Referential” along the collective activity among the operators. 
Complementarily, the Operative synchronization has two functions (Darses & Falzon, 1996): to 
ensure the allocation of tasks among the workers involved in a collective activity, and to ensure 
the articulation of the tasks to be accomplished. 
Despite the relevance of these issues, few studies based on ethnographic methods have been 
developed for achieving a better understanding of the real work in Integrated Operations and its 
collective dimensions. In face of it, this paper presents part of a PhD research in order to discuss 
which collective dimensions of a distributed system, as the analysed logistic system, are necessary 
and how these dimensions are activated in order to achieve its integration needs. We developed 
an ergonomic work analysis of key actors in a net of several workers from offshore drilling and 
logistic departments and other service companies as well.  
 
2. Methodology 
This larger study had its field research developed from October 2013 until November 2014 
through the data collection during different moments and places of the IO implementation in the 
logistics responsible for supporting the offshore drilling in an oil & gas company with operation 
in Brazil. It will be considered here the phase of field research based on the ergonomic work 
analysis (Guérin et al., 2001) on the onshore Centre of Integrated Operations of Logistics, regional 
South (CILS), carried out through: (1) Research and Analysis of descriptive documents of the 
drilling and logistic processes, (2) Analysis of documents regarding the work of logistic 
technicians, like procedures, mapping of processes and other descriptions, (3) Observation of the 
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work of logistics technicians of the CILS and (4) validation interviews with the actors involved 
in the study. 
Actually, the CILS was part of the third phase of a process to improve the integration between 
the actors of this logistic system and the drilling rigs onshore and offshore. During the 
development of this research, the company carried out its logistic operations through seven 
different ports, and the company’s offshore logistic chain transported around 43.000 tons/month 
to serve around 150 offshore units, between production and drilling rigs. To carry out such 
service, the company’s logistics had a fleet of approximately 120 supply boats. In order to deal 
with such geographic dispersion and quantity of handled materials, the company opted for the 
regionalization of the logistic operations. Four operative regional onshore bases were 
implemented. Each regional base started then to manage its own resources such as warehouses, 
trucks, ports and supply vessels. In this paper, we define base as a group of offices of the different 
logistic operations of the same regional.  
After this reorganization, the company began to monitor the regionalization and 
departmentalization of the logistic chain. In order to improve its efficiency, the articulation 
between the drilling engineers and the logistic operations went through three phases: (i) initially 
the interaction was done directly between drilling engineers and the logistic operations; (ii) The 
implementation of the onshore Advanced Posts, with logistic technicians allocated in the onshore 
supportive offices of drilling department, to intermediated the interactions; and (iii) the 
implementation of four onshore regional Centres of Integrated Operations of Logistics that took 
the interactions between drilling and logistics operations to be intermediated by two onshore 
groups of workers: the Advanced Posts and the Centres of Logistic Integration. The former in 
contact with drilling onshore support workers, as the leader drilling engineer, and the CIL logistic 
technicians in contact with the logistic operations representatives allocated in the Centre. While 
the Advanced Post organized the demands registered in the companies’ ERP system by the 
drilling workers and negotiated with actors of one drilling pole, the CIL technicians organized the 
demands received from different Advanced Posts and negotiated it with the logistic operational 
departments. In this study, we focused on the CILS, the onshore Centre dedicated to the operations 
of the regional South of the logistic system. 
During the ergonomic work analysis (EWA) of the CILS workers, this Centre had representatives 
from the operational areas of ground transportation (GT) and maritime transportation (MT), as 
well as workers from the Integrated Operations of Logistics (IO-Log). During the approach, the 
CILS board of workers had around seven workers in weekdays dayshift, and fewer workers 
accordingly to shift systems: one workstation assumed by four IO-Log technicians, taking turns 
in twelve hours shift, here called Logistic Integrators; one IO-Log technician in regular working 
hours weekdays; one workstation assumed by four representatives of maritime transportation 
taking turns in one position per twelve hours shift; one operator of maritime transportation (MT 
Adm) in regular working hours weekdays; one workstation assumed by two representatives of 
ground transportation taking turns in the day shift; one trainee in production engineering; and one 
Integrated Planner (IP) in regular working hours weekdays. 
It supported 33 rigs, divided into 10 clusters of service by the MT via local Port. These 33 rigs 
were divided into 5 drilling poles. Besides the referred rigs, CILS also served at the time 16 other 
maritime units among production platforms, ships and special ships (for services like the 
launching of maritime lines, the connection of wells to production platforms and other 
interventions. 
The central data of this study is about the Logistic Integrator’s work, considered as the main 
articulator and activator of collective dimensions of the activity herein studied. The planning 
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phase was considered ready when the negotiated demands of transportation were registered in the 
plan for the next transport cycle of a determined cluster. After it, this same plan was continuously 
monitored. The Logistic Integrator continuously updated the cargo status during the logistic 
process with information about the different logistic phases and of the drilling operations. In order 
to accomplish such integration, the Logistic Integrator frequently contacted actors from different 
sectors.  
The observation in locus was developed through initial meetings with managers, staff and 
operators of the CILS, observation of the operators working, interviews with different actors and 
visits to logistic installations in order to build a basic comprehension of its functioning by the 
ergonomists. The Logistic Integrator was observed during eight days in different times of the 
working day. These observations included different workers as Logistic Integrator according to 
the work schedule. 
The collected data were analyzed in order to understand the role of the Logistic Integrator in 
activating the collective of work of this complex socio-technical system. We first analyzed it in 
quantitative terms in order to remark the diversity of subjects treated by the Logistc Integrator, 
the diversity of interlocutors contacted and the duration and alternation of such interactions and 
subjects. Afterwards, the data were analyzed through chronological extracts of the real work 
developed by the Logistic Integrators. 
The logistics and drilling operations take long cycles to be finished. The interventions of onshore 
workers in order to regulate, adjust and synchronize the sending of material with the needs of the 
drilling rigs can take also long cycles, like days or even one week, to have observable results, 
which lasts longer than observation periods and/or worker shifts. To overcome this difficulty, we 
analyzed emblematic interventions formatted as stories to remark different activations of 
collective dimensions of work. In this paper, we present one emblematic intervention in order to 
accomplish its goal. 
  
3. Results 
Despite our entire research considered also the analysis of the planning task of the logistic service, 
in this paper we focused our results in the adjustment situations because of its stronger relation 
with the concepts developed herein. It's also noticeable the regulation between logistics and 
drilling operations are demanded because of the variability faced by this organization. 
Consequently, in order to situate the work of the Logistic Integrator we present first the 
variabilities the studied complex socio-technical system faces followed by one emblematic story. 
Afterwards, we analyze the presented story to show how the involved workers activate the 
operative synchronization in order to allow the collective of work to deal with the situation. 
 
3.1 Variabilities in Drilling and Logistics 
In addition to the operations predicted in the well’s project, countless variabilities occur during 
the drilling stages. Soil composition different from predicted conditions may cause lower or 
higher drilling speeds than expected. As there is frequent space restriction onboard the rigs for 
the reception of loads, the speed of materials delivery by the logistic system must be adjusted to 
such variations. Both early and late deliveries in relation to the adjusted prediction of use represent 
problems to the rig. Special operations as fishing to rescue fallen materials from inside the well 
and crane restrictions also bring variability to be handled by the logistic chain. 
Regarding the logistic chain, the main variability sources are related to: (i) the documentation of 
the load during the different stages of the logistic chain; (ii) the variation in the duration of the 
operations of preparation and handling of the load, both for reasons intrinsic to logistic operations 
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and for external reasons, such as meteorological conditions and those of the roads used; (iii) 
matters of available infrastructure unsuitable to the needs of the logistics operations, such as the 
use of ports without retro area, ports of difficult access or inoperative berths due to temporary 
damages; (iv) different routes of the load according to the service ports of each regional office, 
which may favor misinformation in the requests of cargo handling; (v) the different operating 
rules of the different ports; (vi) variations in the transportation capacity of the ground and 
maritime fleets.  
Usually, when variabilities occur and cause delay to the logistic flow of a given load, and whose 
delay affects the drilling, the requesting offshore unit can review its planning for the next 
activities. Such re-planning seeks to avoid the stop or loss of a well while awaiting the material 
arrival. Simultaneously the logistic operation departments try to prioritize actions that enable the 
service in a shorter term than stipulated by the normal chain operation. Therefore, an attempt is 
made to recover delays to deliver the cargo within the deadline negotiated with the maritime unit 
or minimize the time of delay.  
The strong interdependence among the consecutive stages of the logistic operations is highlighted 
here, accentuated in some cases by the lack of adequate infrastructure. In ports without retro area, 
for example, some variations of demand strongly affect the entire logistic flow. As an example of 
these variations, it is possible to mention the requests for large volumes of pipelines and other 
equipment, common to the phases of mobilization of a rig and to the beginning of a well’s long 
drilling phases. 
 
3.2 Engagement in adjustment activities: operative synchronization 
Once the planning concerning a schedule is completed, it may go through alterations. Adjustment 
requests occur whenever there are variabilities either in the drilling or in the logistic operations. 
Between the data collected during the field research, we chose the story below in order to illustrate 
such situations and allow pointing out aspects concerning the activation of collective dimensions 
among the actors involved.  
 
3.3 Activation of the collective for the analysis of alternative solutions: capacity 
levelling with critical loads involved  
Around 9 am of the day in question, the MT representative at the CILS informs the Integrator 
about an email. In this email, s/he requests a rank of priority of the loads to be programmed for 
the respective schedule. During the capacity levelling of the maritime transportation, if the MT 
operator verifies that the quantity of requested loads is larger than the capacity of the boat 
allocated for the referred schedule, s/he asks the Logistic Integrator to interact with the drilling 
sector to prioritize the loads. The term prioritize refers to selecting, in the complete list of loads, 
those that must follow in the maritime transportation in order of priority. Using this list, the loads 
are programmed up to the capacity limit of the respective supply boat allocated for this schedule. 
The Integrator then sends the list of transportation requisitions and the request for priority to the 
three drilling poles served by this schedule. At 10.35am, the Integrator receives the information 
that the drilling sector demanded that two requisitions destined to rig A, in the same schedule, 
travel by an extra boat. This was requested as the loads were numerous and with materials of large 
dimensions. To meet the rig's need in the adequate term, it is necessary that the extra vessel sets 
off with the loads on the same day of the observation. The Logistics Integrator makes use of the 
presence of the one responsible for the coordination of pier manoeuvres at the CILS and 
communicates the request to him/her and to the MT Adm. The MT Adm comments that the two 
requisitions together do not fit on an express vessel (one faster aluminium vessel for smaller 
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loads) and concludes that, to ship the load today, it is necessary prioritization among the items or 
among the transportation requisitions. 
Four workers then talk to one another: the Logistic Integrator, the IP, the MT Adm and the 
Coordinator of pier manoeuvres. They assess the possibility of removing a load of 240 pipes, 
demanded by one of the rigs in the schedule, and leave them for a later date. The IP suggests 
sending two extra vessels the following day. This would anticipate an extra vessel that would be 
shipped on Sunday and would demand to place these 240 pipes on the first scale. The pier 
coordinator is then in charge of sending an email about the prioritization of the load. 
At 10.50am, the Integrator checks an email about the prioritization of the loads for the schedule. 
Simultaneously, s/he receives a phone call from the logistic planner of one of the drilling poles 
and explains that s/he is awaiting replies from the other drilling poles about the prioritization of 
the loads.  
As a final solution, the two requisitions of rig A were shipped on an extra vessel on Saturday. To 
allow for such a solution, the Maritime Support allocated a vessel with the capacity to transport 
both requisitions together. 
 
3.3 Analysis of the story 
The analysis of the problem and the discussion of its solutions involved different “collectives of 
work”. The analysis of the problem involved the transversal collective as provided: the advanced 
posts logistics technicians of the involved drilling poles, the Integrator and the MT 
representatives. Once the situation is confirmed, as well as the greater difficulty in covering both 
logics, of logistics – that wants to use the allocated vessel and avoid the use of extra vessels 
through the prioritization of loads – and of drilling - that, in this case, needed the materials to 
avoid the risk of stopping its operation – another collective of work was involved in the solution’s 
initial design. This second collective covered the IP, the Delta, the MT Adm and the Logistic 
Integrator, and became effective in co-presence. 
Once the possible solution was designed, its description was passed on to the previous collective 
to confirm its possibility of execution and its adequacy towards the needs of the rigs involved. 
When its acceptance was confirmed, it was operationalized. 
In both stages of “collective work”, the Logistic Integrator had a key role in the activation of the 
collective dimensions and in the engagement of their participants. Understanding the problem as 
well as the discussion of its possible solutions demanded the performance of different 
synchronizations and common referential. 
Understanding the problem demanded, besides the general knowledge of the rules of logistics 
operation, information about the real status of the situation, about the rigs involved as well as 
about the planning of loads in the schedule itself. From this understanding, the analysis of possible 
solutions was also based on this common referential and on an operative synchronization carried 
out through a coordination process among the involved logistic operations. 
 
4. Discussion 
As for the IO projects, few are the studies of ethnographic basis like this one, which try to 
understand the work of the central actors in the integration processes. This type of study will bring 
new perspectives to the concepts adopted by the IO authors, which are usually based on aspects 
related to the mapped processes. The approach per process limits the point of view of the actors 
engaged in the IO projects to the descriptive aspect of the tasks, without covering relevant aspects 
of the workers’ real activity (Maia, 2015). Our studies allow identifying the main characteristics 
of this collective in terms of synchronism, coordination, continuity and the mechanisms through 
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which this complex socio-technical system works in face of the high dynamism existing in its 
industrial environment.  
As previously elucidated, the logistic planning is subject to double dynamism. Regarding the 
drilling activity, countless potential variabilities may alter the needs of materials and deadlines 
demanded by the offshore rigs. As for logistics, variabilities inherent to operations also demand 
alterations of the logistic planning. In face of this double dynamism, the logistic planning ends 
up by taking an ephemeral character, constantly subject to alterations. These alterations are 
similar to the agile methods (Yauch, 2007; Asbjørnslett, 2003). 
Making such alterations effective demands the Logistic Integrator activates collective 
dimensions. In addition to the common referential previously built during the planning activity, 
the Integrator engages in concertation activities (De La Garza & Weill-Fassina, 2000). It is an 
operative synchronization in relation to both the tasks of correcting the plan and the logistics 
operations. In adjustment situations, the operative synchronization is predominant in relation to 
cognitive synchronization. 
Both of the Integrator’s structuring moments, the planning and the adjustments, have as main 
objective to keep or to recover the synchronization between drilling and logistics operations. This 
synchronization must be constantly recovered in face of the dynamic character of both operations. 
The activation of the collective dimensions also aims at the building of a “collective activity”. 
Such activation is strongly supported by informatics tools and organizational arrangements 
offered by the studied organization. 
The relevance of the present study is corroborated by the confirmation of a “transversal collective 
of work”, geographically and temporally distributed. The construction of the common 
representations becomes even more relevant in face of the heterogeneity of the planners’ 
knowledge domains (Kiewiet et al, 2005). In turn, the temporal distribution resides in two aspects: 
the time of logistics and the workers temporal distribution.  
The spatial or geographic distribution of the collective studied is also variable in face of the type 
of actors engaged in the situations studied. Along the planning activity, there are interactions 
between actors in different times and locations from the supply companies, from the drilling, from 
the logistics operations and from the IO-Log. During the adjustments, different actors may engage 
or not engage, depending on what is demanded when dealing with the situation. Such engagement 
is similar to ad hoc teams (Maia, 2015). 
During the understanding of the studied “collective work”, the process of dissociation was 
observed (Mascia, 2001). It occurs when final decisions are registered in the computerized 
systems and ends up by dissociating the work result and the real work activity. Here, the data 
registered in the ERP system, or in worksheets used by the “collective of work”, does not reflect 
the previous real work as negotiations developed among different actors; alternatives tried; faced 
variabilities and its handling. This dissociation ends up by generating a model of “collective 
work” that does not consider the work activity of its actors. Future researches could study how to 
develop non-dissociated models of the work activity and suggest ways to feedback the 
organizations. Another perspective opened is the application of this approach, based on activity 
analysis, to projects of other “transversal collectives of work”. This type of collective is 
increasingly common in the studied industry and provision of services, and the understanding of 
its dimensions is still in an initial stage. 
Despite its conclusions, the study presents limitations about research methods and characteristics 
of the situation approached. The “collective of work” is characterized as transversal as it is 
distributed in spatial and temporal terms. Its spatial distribution brought difficulties concerning 
the suitable register of the dialogues of CILS actors with non-collocated actors. The temporal 
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distribution also brought difficulties. Many situations observed lasted longer than the working 
hours of the operators under observation. From a duration of hours to days. These difficulties led 
towards a study about the collective dimensions of work based on the Logistic Integrator’s 
individual activity. Through EWA, we tried to understand and put in evidence a relation of the 
individual activity with the “collective activity” (Jeffroy et al, 2006).  The type of work, with 
general and open tasks, more interactive and situated, more dependent on knowledge about 
similar situations, also makes the analysis more difficult (Raspaud, 2014). 
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Abstract: After years of growth, a financial crisis hit the Norwegian petroleum sector in 2014, 
entailing mass lay-offs lasting until 2017. Within the same period, implementation of new 
technologies and initiatives of digitalization have been highlighted in this sector. The aim of this 
study is to explore changes in work situation among survivors after a mass lay-off, while in the 
same period experiencing large technological changes. The study is an explorative case study 
within one company operating at the Norwegian shelf. Individual and group interviews were 
performed, totally 9 informants. The results show that for this company technological changes 
with additional alterations in the physical environment in combination with mass lay-offs 
entailed negative dynamics between task design and team characteristics, the dynamics being 
crucial for individual workers perception of strain, in particular perception of mastery. Our 
results point to mechanisms that may originate due to interdependencies between different 
large and extensive changes performed at the same time. Lack of awareness among 
stakeholders, particularly regards how new technologies change jobs may have contributed to 
this strenuous situation. In this sector, employee experiences regarding work performance 
through changes should therefore be more emphasized.  
 
Keywords: Digitalization, sociotechnical system theory, petroleum sector. 
 
 
1. Introduction  
After years of growth, unexpected falls in oil prices and downscaling of investments, entailed in 
2014 a huge financial crisis within the Norwegian petroleum sector. The crisis caused mass lay-
offs across the whole sector, estimates showing a drop, in employment from 232000 in 2013 to 
185300 in 2016, affecting both operators and contractors (oil service industry) and administrative 
and operative personnel (Melberg et al 2018). Several reviews address how lay-offs changes 
physical and psychosocial risk factors for health complaints and sick leave in negative directions 
(Westgaard & Winkel, 2011; De Jong et al, 2016). Hence, lay-offs are not only a burden for those 
leaving the organisation, but also for survivors. 
The same time period has been considered a time of transition due to high attention on 
implementation of new technologies and initiatives of digitalization (Gressgård et al. 2018). The 
driver for technological changes seen within this sector has been increased efficiency and 
replacement of manual and physical work tasks, hence assumed to reduce health and safety-
related risks (ibid). However, research indicates that automation may entail worsening of 
psychosocial factors, and higher levels of musculoskeletal disorders as a likely consequence of 
automation is suggested (Wixted, Shevlin, & O’Sullivan, 2018).  
While sick leave in the general population remained stable, figures from Statistics Norway show 
that within the petroleum sector sick leave increased between 2014 and 2017 (Melberg et al 2018), 
indicating negative consequences for individual workers potentially being caused by these 
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different changes, overlapping in time. A question is therefore how technological changes and 
mass lay-offs mutually influence the work situation for survivors.  
A sociotechnical system approach enables us with a framework for particularly addressing 
interdependencies between coinciding changes and individual consequences, as a core aspect with 
sociotechnical system thinking is the emphasis on interdependencies between different domains 
within a work system (Klein, 2014). Suggested domains in a work system might be tools and 
technologies, tasks, individuals, physical environment and organizational conditions, as outlined 
in the work system model (i.e:  the balance-theory) by Smith and Carayon (Carayon, 2009; 
Carayon et al., 2015; Smith & Sainfort, 1989). The aim of this study is therefore by a 
sociotechnical approach to explore changes in work situation among survivors after mass lay-
offs, while in the same period, experiencing technological changes. We specifically ask how lay-
off and technological changes interacts and alters the job situation for survivors and how this may 
influence individual health and sick leave.   
 
2. Methodology   
 
2.1 Design  
This study is designed as a qualitative case study, with one oil company operating at the 
Norwegian shelf as our study case. This case is one of several company cases within a study of 
mass lay-offs and sick leave within the petroleum sector. As the mass lay-offs were the main 
change to be studied in the overall project, technological changes were not particularly addressed 
from the beginning. However, as this case deviated clearly from the others in articulation of 
technological changes, this allowed us to explore the dynamics between mass-layoffs and 
technological changes as experienced by survivors.   
The company were recruited through the researchers’ professional network. Within the company 
the HR department selected informants based on the researchers’ instruction. The informants were 
given written information, clearly stating participation as voluntary as well as assuring anonymity 
and confidentiality.     
The interviews were performed as follow; two employees were interviewed in one focus group 
interview and one employee was interviewed by phone, two managers were individually 
interviewed by phone, one representative from the HR-department and one from the OHS-
department were interviewed together in a focus group interview, and one focus group interview 
were performed with a labour representative and a safety deputy, totally giving 9 informants. The 
employees and the managers were working on the Norwegian shelf, while the others were situated 
onshore.   
The interviews were performed by a semi-structured guide with open questions. The guide had 
two parts, one part covered topics related to the mass lay-off process and the second part covered 
topics related to the work situation after the lay-off for survivors. The interviews took from 60-
90 minutes. The interviews were recorded and thereafter transcribed verbatim and anonymized. 
 
2.2 Analysis  
The analysis was performed by content analysis, but a sociotechnical framework was used as the 
basis for the development of categories. We were particularly interested in the interdependencies 
between technological changes and the mass lay-off and how this changed the work situation for 
individual workers. Therefore, we used a model placing the individual in the centre, namely the 
balance-theory (Carayon, 2009; Smith & Sainfort, 1989). This model uses the domains task 
design, technology, organisation, and physical work environment and the human (individual 
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characteristics) within the centre of the system, but in our study, we have changed individual 
characteristics to team characteristics (Carayon et al 2015). Based on the different interviews, an 
aggregated picture across the informants were made and described. 
 
3. Results  
The results show that the mass lay-off and technological changes clearly interacted, giving 
unpredictable consequences for surviving workers. An overview of the dynamics found is shown 
in figure 1. The mass lay-off was based on the “principle of tenure” (in the illustration in figure 1 
showed as an organisational factor), being negotiated between the employer and representatives 
from the labour union. Tenure as the only principle was particularly argued for by the labour 
union, while the employer also argued for using competence as a criterium. Moreover, the 
financial crisis also entailed other organisational changes like redistribution of personnel 
(departments and crews), as well as reduced resources for training, courses and substitutes. While 
being in the lay-off process, old and manual off-shore installations were replaced with new and 
automated installations, hence new technology, as well as also giving a completely new physical 
environment. Altogether, these changes altered the dynamics between the task design and team 
characteristics.  
 

Figure 1: An overview of the findings, based on the analysis using the balance-theory (Carayon, 
2009) 
 
According to informants’ descriptions, in the wake of the changes the organisation has been 
through, employees experience a new and more demanding job situation. An employee described 
his new work situation at a new and large installation after the lay-off: “now they build something 
that is much bigger [than the old ones], I think they are 6000 square meters, but there is not more 
people to keep it clean, no more people to paint. It is the same amount of work to be done, even 
more, because it is less equipped ...[…]… positions are eliminated, the fifth man at the drill floor 
is eliminated, I believe.”  There are less people, but not less work, hence quantitative demands 
and time pressure increases. The demands are amplified due to less resources to substitutes, were 
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these substitutes’ qualifications also were questioned, not making their work situation easier: “you 
think you got this man, he can be used on the drill-floor and he can lift, do some of the manual 
work, but he can’t be used in the same manner as you were used to with the former crew. Thus, 
you are one man less. But if this is a permanent situation, you need as fast as possible to involve 
him and train him in order to get back to where we were, and as effective as we were.” The 
quantitative demands become even higher when cooperation and social dynamics does not 
contribute to working in an effective way, as they are less experienced with working together as 
a crew. 
At the same time the job content changes, altering the demands itself. An employee stated as 
follows: “it is more technologically advanced, the old installations were more about ‘levers and 
screws’ - now it is more about ‘push buttons and screens’ and such... […]… the technical 
equipment at these new installations reduced the physical load, but they are much bigger, and 
you walk a lot more, there are longer distances.” New technology reduces manual work, but work 
also becomes less varied, in addition to longer walking distances. According to the informants, 
there has been a shift from physical demands to cognitive demands. One employee described his 
new everyday situation, with less manual work, but new demanding factors arising: “but I have 
realized, you become exhausted in your head, it is these phone calls, the radio all day, you have 
the towerpusher above you, a driller beside you, asking whether you have everything ready, 
yelling that you can go to lunch. Things happen in 12 hours, bang, all the time. Phonecalls and 
e-mails and work to do, you are supposed to plan, find people, ask about something, the tempo is 
higher, a lot more is happening at these new installations.” The work days are more exhausting 
in this new environment, compared to the older installations, information flow and tempo has 
increased, and there are a lot more things to be attentive to, also due to the increased size of the 
installations.  
Possibilities for learning and development is initially seen as a positive part of a job. However, 
these aspects of the job are experienced more as an ambiguity and a demand. This may be a 
particular problem arising due to choosing «the principle of tenure» as the only principle for lay-
offs. After the mass lay-off average age increased. An informant representing human resources 
described the situation at one installation: “at that installation, there are 44 crew members, and 
23 are above 60 years of age.” A manager described how it looked from his point of view: “some 
[employees] are more inclined to this [digitalization]process than others. And since we use the 
principle of tenure, this results in a group of employees, who aren’t exactly prehistoric, but are 
perhaps amongst the old guard, who struggle more with the digitalization process than younger 
workers.”  
The “principle of tenure” has entailed that younger workers, with relevant background and 
education regards new technologies, has left the organisation, leaving the survivors in a very 
demanding situation. The older workers possess a lot of experience-based knowledge, that has 
become less relevant at the new installations. An informant stated as follows: “At the moment, 
those in the crew, earlier working at the old installations, not being trained regards new 
installations, are remaining and know nothing, as they have learned from those that were laid-
off.” The older and remaining workers may experience reduced mastery, due to lack of relevant 
competencies. An informant put it this way: “if you have been a competent and experienced 
worker, then being put in a crew, being the one knowing least, and with the least training, that 
can be difficult for some.” Moreover, due to lack of resources for education and training, it ends 
up with “on-the job-training”. It was however stated that composition of crews was emphasized, 
ensuring that someone in the crew knowing and mastering the technology, could follow-up on the 
less experienced ones.   
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It came up across the interviews a lack of match between job performance, demands and 
expectations causing a perception of deteriorated health. An employee stated as follows: 
“Actually, I don’t know if I dare to work in the North Sea anymore, because my impression is, 
there is a lot of good people, but we can’t manage to do everything. It becomes fire-fighting. It 
becomes exhausting for the legs, the arms and it drains out the head.” The above quote points to 
both a physical and mental exhaustion, potentially causing health problems and sick leave. 
Moreover, as technological changes entail a perception of reduced mastery, this might also cause 
sick leave. A higher-level manager put it this way: “Sick leave becomes last chance, before being 
confronted with lack of competencies.”  
 
4. Discussion  
By using the balance-theory as our analytical framework (Carayon, 2009; Carayon et al., 2015; 
Smith & Sainfort, 1989), we found interdependencies between coinciding technological changes 
and a mass lay-off due to a large financial crisis. The interdependencies entailed negative 
dynamics between task design and team characteristics, for individual workers perceived as 
increased quantitative and cognitive demands and lack of mastery, that could be a cause for 
deteriorated health and sick leave. Lay-offs changes physical and psychosocial risk factors for 
health complaints and sick leave for survivors, in negative directions (Westgaard & Winkel, 2011; 
De Jong et al., 2016). A recently published study from manufacturing show that in highly 
automated environments distress and worries, mediated a relationship between cognitive 
demands, job control and skill discretion and upper body musculoskeletal complaints (Wixted et 
al., 2018). Existing knowledge on consequences of mass lay-offs and automation separately 
therefore support our results, but our results additionally points to mechanisms that may lead to 
strain caused by interdependencies between these changes. In the following we will address the 
knowledge and role of potential stakeholders regards these changes.    
The technological changes seen recent years, are suggested to be transformations of 
sociotechnical nature, unlike anything we have earlier experienced, changing the way we actually 
perform our jobs (Kleiner et al., 2015). Hence, how the future will look like might be difficult to 
predict, in both negative and positive directions. The petroleum sector is suggested to be in an 
early phase regards technological transformations (Haavik, 2017) potentially lacking both 
relevant experiences, knowledge and awareness regards how technology interact and change 
work systems and job performance for individual workers. Stakeholders within work system 
design is suggested to be employees (being part of the system directly or indirectly), system 
experts (professionals contributing to system design), system decision makers (e.g. managers and 
purchasers who define requirements), and system influencers (media, government, etc.) (Dul et 
al., 2012). Moreover, worker participation has been suggested as important for ensuring 
sustainable organisational changes, regards health and sick leave (Westgaard & Winkel, 2011). 
The principles for the mass lay-off were decided through negotiations, the labour union being the 
winning part, strictly keeping tenure as the only principle. It may be questioned labour unions’ 
lack of willingness to take into consideration ongoing technological changes and how this reshape 
workers actual jobs and neglecting upcoming work situation for the survivors after the mass lay-
off. The role of labour unions within the ongoing digitalization processes in the petroleum sector, 
has been questioned elsewhere, pointing to labour unions being invisible (Gressgård et al, 2018). 
Moreover, Gressgård and colleagues questioned if employees have been sufficiently involved in 
the digitalization processes (ibid). We may wonder if union representatives both lack experiences 
as well as knowledge regard how new and upcoming technologies affect their members, their 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 279 

work situation, hence also alters, potentially also increasing risks for health complaints and 
exclusion.  
It is also relevant to consider other stakeholders, in this respect system decision makers like 
managers (Dul et al 2012).  In the overall study, from where this paper represents one company 
case, digitalization was particularly mentioned as a way of “working smarter”, but only by 
managers (Melberg, Holte & Einarsen, 2019). The petroleum sector itself expect potential 
consequences of technological changes being increased efficiency and reduced health and safety-
related risks (Gressgård et al. 2018). Technological changes might therefore be argued for, as 
what Westgaard and Winkel (2011) call compensating activities regards lay-offs. Hence, the 
petroleum sector assume that ongoing and large technological changes could be beneficial, 
compensating for the negative consequences for surviving workers. However, our results show 
that removing physical demands may not be the same as removing all risks for ill-health. Instead 
they indicate how new problems may arise due to for instance increased cognitive demands. This 
underscore a need for deeper understandings regards how technological changes reshape the way 
we perform our jobs and how this influence and are influenced by other externally or internally 
driven changes.    
Although technological changes were not particularly addressed in the beginning of study, it 
became clearly addressed through the interviews, the material allowed for a specific analysis. Still 
we assume that issues not brought up during the interviews, due to lack of systematically 
addressing new technology, could have broaden the results. Moreover, this case may not be 
representative for all companies at the Norwegian shelf. Representativity is however not the case, 
instead pointing to potential mechanisms and phenomena arising due to large organisational 
changes involving new technology. At last, our informants were recruited by the company itself, 
hence they could have recruited informants being overly positive towards the company. However, 
this seem not to be the case, as our impression was that the informants were not afraid of being 
honest considering their opinions about the processes, consequences and particular actors 
involved.  
 
5. Conclusion  
In conclusion, our results point to mechanisms that may originate due to interdependencies 
between different large and extensive changes performed at the same time, entailing a new and 
strenuous job situation for individual workers. Lack of awareness among stakeholders, 
particularly regards how new technologies changes jobs may have contributed to this strenuous 
situation. Complex and large organizational changes therefore seem to require more bottom-up 
processes involving employees.  
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Abstract: The aim of this paper is to apply an HTO-perspective in examining the prerequisites 
needed for establishing a coordinated freight terminal and to describe the consequences for 
employees’ working situation. Data were mainly collected through semi-structured interviews. 
Human aspects related to the establishment included individual enthusiasts, thorough 
competence in logistics, and decision makers’ sincere will to support the freight terminal. 
Technology consisted of the physical premises and software systems to support ordering and 
delivering goods. Organizational aspects included strong collaboration between the local 
politicians and the municipality officials, but also political courage to invest in the freight 
terminal and logistics competence. The study also showed that using the freight terminal 
required a change in how the kitchen employees organized their work. After initial hesitation, 
the employees discovered that they had increased control of expected deliveries, could plan 
their work accordingly, and less time was spent on taking care of deliveries. 
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1. Introduction 
Distribution of goods has negative effects in terms of air quality, disturbance from noise, emission 
of hazardous pollutants, and risk of accidents (Mckinnon, 2015). Additional negative effects in 
urban areas are traffic congestion, visual intrusion, and occupancy of kerbside space (Cherrett et 
al., 2012; Quak et al., 2014). One means to reduce traffic caused by distribution of goods is the 
establishment of freight terminals where goods from several deliverers can be coordinated before 
deliverance to the receivers of goods (Allen et al., 2012; Björklund et al., 2018). Apart from the 
potential gains with less traffic, there are also other issues to take into account when considering 
freight terminals. These include the financial aspects so as the needs of and the consequences for 
the receivers (Johansson, 2018). In this case the receivers are the employees receiving goods from 
the freight terminal. Several aspects need to be taken into account when establishing freight 
terminals, why a systems perspective can be appropriate to gain deeper understanding of 
conditions for establishment of successful freight terminals. As earlier research has focused 
mainly on business and environmental aspects, the idea in this paper is to shed light on the 
phenomenon by applying a wider systems perspective. The chosen systems perspective is the 
concept of HTO, which stands for humans, technology, organization (Rollenhagen, 1997). It is 
used within ergonomics to understand complex systems and was initially applied in relation to 
safety but has now spread to several other domains. The basic idea is that the performance of a 
system is based on the interactions between the three systems components humans, technology 
and organization. 
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The aim of this paper is to apply an HTO-perspective in examining the prerequisites needed for 
establishing a coordinated freight terminal and to describe the consequences for the employees’ 
working situation. The study was conducted in a Swedish municipality with approximately 
70,000 inhabitants. 
 
2. The systems perspective of humans, technology, organization 
The HTO concept is a systems perspective, which focuses on the interaction between Humans 
(H), Technology (T) and Organization (O). The concept was first developed to improve safety 
within the nuclear power industry (Rollenhagen, 1997), and has therefore spread to other domains 
and wider use. It has a number of different uses, such as a conceptual tool, an analysis framework, 
a meta methodology, a pedagogical tool, and a design tool (Karltun et al, 2017). As in other 
systems models, it is important to understand the components H, T and O as well as the interaction 
between the components, see Figure 1. 
 
 
 
 
 
 
 

 
 
 
Figure 1: A systems view on the interaction between humans, technology and organization. 
 
Depending on what is in focus in a study, different perspectives on H, T and O can be chosen. 
This will result in different foci on the interactions. The human, for example, may be regarded as 
an information processing system, a member of social groups (Daniellou, 2001), or as exposed, 
cooperative, learning, or acting (Westlander, 1999). Technology (T) can include the physical 
premises, tools and machinery but also the software systems (Wäfler, 2001). T also includes 
technical knowhow, procedures and methods. The organization (O), finally, encompasses formal 
aspects, such as goals, hierarchy, rules, instructions and follow-up systems as well as formal 
aspects, such as organizational culture, individual attributes, management style, and informal 
work practice. 
 
3. Methodology 
The paper is based on a single case study focussing on a coordinated freight terminal in a Swedish 
municipality. Case study research was chosen to investigate the phenomenon in its natural setting 
(Meredith, 1998). Data for this paper were collected during several years of collaboration with 
the municipality, starting in 2013, in which a first description of the project with the coordinated 
freight terminal was given. The collaboration was followed with joint discussion seminars, 
observation study at the freight terminal, and a research project focussing on the business model 
behind the freight terminal. The implementation and development of the freight terminal was thus 
followed during a number of years to understand the initiative, new ways of thinking, 
entrepreneurship, success factors and testing new solutions by the municipality. 
In the current research project, one part is to follow up the outcome of the coordinated freight 
terminal, study the emergence of value adding services, and gain further understanding about the 
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phenomenon. Additional data were therefore collected through semi-structured interviews 
(Willig, 2008) with 13 respondents. To get an overall of the background to the establishment of 
the coordinated freight terminal, semi-structured interviews were conducted with municipality 
developers and strategists, managers for the freight terminal and a local politician. Interview 
topics included the background to the development of the terminal, the receivers’ needs, offered 
services from the freight terminal, the communication and relation between the receivers and the 
freight terminal, etc. Semi-structured interviews were also conducted with receivers of goods 
from the terminal, in this case chefs (approx. half of them also working as cooks) and cooks in 
kitchens at preschools and schools as well occupational therapists. Interview topics with the 
receivers included their needs, consequences for their work when collaborating with the freight 
terminal, the offered services, communication, etc. In many cases, observations of the premises 
were also undertaken when interviewing as the respondents showed their work, delivery and 
storage areas when describing tasks and sometimes perceived problems. An overview of the 
backgrounds of the respondents is shown in Table 1. 
 
Table 1: Respondents in semi-structured interviews 

Role/background of respondents No. of respondents 
Municipality developer and strategist 2 

Manager of the freight terminal 2 
Local politician 1 

Chefs in school kitchens 5 
Cooks in school kitchen 1 
Occupational therapists 2 

 
 
The interviews were recorded and the subsequent transcriptions were of a summary nature. The 
interview data were then analysed and categorized (Williamson, 2002). Data for this study were 
also collected during a kick-off for a new service offered at the freight terminal, and study visits 
at the freight terminal. 
 
4. Description of the studied urban freight terminal 
The studied urban freight terminal was established in 2014 and owned by a municipality with 
approx. 70,000 inhabitants. The basic idea was that the ordered goods to the municipality were 
delivered to the freight terminal, sorted, consolidated and then delivered to the municipality’s 
receivers (in this case also regarded as the customers). The deliveries included food and other 
goods to the kitchens in all preschools, schools, and nursing homes within the municipality. The 
ordering in the kitchens were made by the chefs in the kitchens. Goods, such as aids, furniture 
and equipment to nursing homes, were also distributed through the freight terminal. These latter 
goods were ordered by physiotherapists and occupational therapists employed by the 
municipality. By delivering goods to the freight terminal instead of directly to the receiver, less 
number of transports were made to each receiver. For example, the number of stops of deliveries 
to the kitchens had reduced from 24,000 to 9,000 annually. 
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5. Findings 
 
5.1 Establishing a coordinated freight terminal 
The interviewees described that there were a number of conditions to fulfil for establishing the 
coordinated freight terminal. Since there initially were so many transports, there was a need to 
make changes, not the least from an environmental perspective. Another motive behind the 
establishment of the freight terminal was to increase control over the deliveries and associated 
costs. 
The respondents put forward that a number of prerequisites were necessary for realizing the 
establishment. There was a need for strongly engaged individuals to drive the development. This 
included a project leader, an enthusiast taking initiatives and being able to convince decision-
makers, and individuals with thorough logistics knowledge as there were a number of issues to 
handle, such as costs, resources needed, contacts with suppliers, etc. It was also important with a 
good communicator, which one respondent described as a necessity “to explain to everyone, from 
the municipal to the kitchen personnel why we do this”. It was also found important to have 
knowledge about public procurement and knowledge about how to work in politically controlled 
organizations. 
The establishment thus involved a number of different functions at the municipality. These 
included communicators, project leader, municipal goods receivers, economists, human resources 
(regarding competence needs and hiring drivers and storemen), IT support and logistics. Support 
was also needed from local politicians to get necessary resources for the development. The 
respondents also pointed out the importance of an organizational culture to encourage the work 
with the freight terminal, including both politicians and the employees at the terminal. This 
required a functioning municipal with an interest to change as well as a general will among the 
involved to develop the freight terminal and develop new services. 
Except for being able to find physical premises for the freight terminal where goods could be 
reloaded, it was also important with suitable IT software. The latter included ordering system, 
mail for communication outside the ordering system, route optimization program, and a system 
for marking and tracking goods.	
 
5.2 Distribution of food to municipal kitchens 
The chefs described how the number of deliveries sharply dropped after the freight terminal was 
established. Before, there were many more deliveries and the kitchen personnel did not know 
when they were expected. Now the personnel had the possibility to determine when they preferred 
their deliveries. As a result it was much easier for the kitchen personnel to plan their work. 
Another result of having predetermined delivery days and hours was less flexibility. Before, the 
kitchen personnel could call any day for deliveries. Now much more planning was required. There 
was also increased needs for refrigerators and freezers, since there was no longer daily deliveries. 
The change to receiving the goods through the freight terminal also required specific knowledge 
among the employees, knowledge on how to place orders in the computer system and what 
products to order and in what quantity. Although longer delivery times and initial change 
resistance, the kitchen personnel also put forward positive effects with increased traffic safety 
around the premises. Additional advantages were more thoughtful routines and improved 
overview of the deliveries. 
The respondents also put forward that it was important for the employees at the receiving units to 
have contact with any person with overall responsibility for the freight terminal, to whom they 
could address questions. At the same time, it could facilitate the collaboration if the employees at 
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the receiving units understood what the freight terminal could offer and not and why some issues 
had to be dealt with in a certain way. 
 
 
 
5.3 Distribution of aids for occupational therapy 
The occupational therapists described that before the freight terminal, the aids were placed in 
different units. As a result some units had a surplus of aids that were not needed and other units 
lacked aids. In many cases the therapists drove between the units and tried to keep track of the 
aids. With the introduction of the freight terminal, the aids were delivered to the terminal when 
not needed in a unit, and other units could order them when necessary. The aids were initially 
marked and their placement written in a software system. This system for marking and tracking 
goods was a crucial aspect for the occupational therapists. As a result, the handling of aids was 
facilitated for them to a large extent, which led to both better work conditions and more efficient 
use of the aids. 
 
6. Discussion 
In the studied municipality, food deliveries to the kitchens in all preschools, schools, and nursing 
homes were made though the freight terminal. The same applied for aids, furniture and equipment 
ordered by physiotherapist and occupational therapists employed by the municipality. 
Environmental concerns was a major driving force behind the establishment of the municipally 
owned coordinated freight terminal, but the study showed that more was required to succeed. 
From an HTO-perspective, all components contributed and constituted prerequisites for the 
establishment, see Figure 2. Important human aspects to succeed included individual enthusiasts, 
thorough competence in logistics, and decision makers’ sincere will to support the freight 
terminal. Technology constituted a crucial part, consisting of the physical premises (the terminal 
building) and software systems to support ordering and delivering goods, for example route 
optimization programs, scheduling programs and traceability programs. In the study, the 
municipality had the opportunity to purchase suitable premises with good location for receiving 
distant trucks, which contributed to the decision. Organizational aspects, finally, included strong 
collaboration between the local politicians and the municipality officials, but also political 
courage to invest in the freight terminal. 
 
 
 
 
 
 

 
 
 
 
 
Figure 2: Human, technology and organization prerequisites contributing to the establishment 
from the municipal point of view 
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From a receiver perspective, there were also a number of aspects to take into account for achieving 
a functioning process with the freight terminal. Human aspects included the need for knowledge 
among the employees about the ordering system and what to order as well as understanding about 
how the freight terminal functioned. It was also important to have a clearly designated contact 
person at the terminal. Technical aspects at the receiving units included communication systems 
and ordering systems to be in contact with the freight terminal, but also additional cold storage 
areas for larger quantities of food. Organizational aspects, finally, were the need to adapt the 
organization of tasks to fewer deliveries, a clear distribution of tasks and good communication 
with the freight terminal. See Figure 3 for an overview of HTO-aspects from the receivers’ point 
of view. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Human, technology and organization aspects from a receiver point of view 
 
The study also showed that the use of the coordinated freight terminal influenced the work for the 
employees at the receiving units. For example, before the freight terminal, food deliveries arrived 
several times a day. There was great flexibility in ordering, but the food deliveries had to be taken 
care of directly at the delivery. As a result, other work activities were interrupted. The use of the 
freight terminal required a change in how the kitchen employees organized their work. Although 
there was initial hesitation, partly due to less flexibility in ordering, the employees discovered 
that they had increased control of when to expect the deliveries and could therefore plan their 
work according to that. Furthermore, less working time in total was spent on taking care of food 
deliveries. 
Prerequisites for establishing a freight terminal can be viewed from different perspectives, where 
the financial and environmental aspects are important as basic motives. The results presented here 
demonstrate that integrated HTO-aspects also play an important role in successful establishment 
of a freight terminal and should be regarded when planning for new freight terminals. This 
includes HTO-aspects from the organizing part (in this case a municipal) as well as the receiving 
units (customers). 
 
7. Conclusions 
This study shows that applying an HTO-perspective contributes to the understanding of the 
prerequisites for establishment of successful freight terminals. Humans, technology and 
organizational arrangements play an important role from the organizing part. The study also 
shows that the initiation of freight terminals influences the working conditions for employees at 
the receiving units and that it may require competence development among the employees, access 
to technical support and additional storage areas, and an adaptation of work procedures. It is thus 
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important to also look at the employees’ end to ensure that human, technical and organizational 
arrangements are adapted to fit a new way of working. 
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Abstract: Electricity supply is in the midst of major changes. As part of the green shift, customers 
will be able to produce and sell electricity, charge electric vehicles and control their energy 
consumption in smarter ways. This translates into major changes for power grid operators in 
terms of operations, maintenance, business models and mindset in a traditionally conservative 
industry. In this paper we present the results from the first phase of a larger marcroergonomic 
approach for transformation of a power grid company, the capability approach. The contextual 
analysis is based on interviews with company managers (n=10) in which we identify the external 
drivers for transformation of a power grid company and its preparedness to meet future 
demands. This enabled the identification of four organisational competences that the 
organisation needs to develop further for managing the future demands: analytics, 
collaboration, innovation and influence.  
 
Keywords: Digital energy system, Capability approach, Macroergonomics 
 
 
1. Introduction 
Electric power distribution grid operators (DSOs; Distribution System Operators) are expected to 
face new requirements related to competency, planning, security of supply and decision-making 
capabilities due to increased access to renewable energy, increased efficiency, increased 
flexibility, and a tighter integration with customers (ENERGIX, 2013). The so-called smart grid 
will intervene in the energy supply throughout the value chain. This relates to a fully digitised 
future based on new technologies with cloud computing, internet of things and artificial 
intelligence. Production and consumption patterns are changing from large centralised generation 
of electric power and pure consumers to distributed generation and more complex consumers. 
As summed up by Vinghoets et al. (2016) the power grid companies will have a central role in 
this development “As a first step, the current roll-out of smart meters and smart metering 
infrastructure in Europe will open up wide opportunities for connecting the smart homes, smart 
buildings and industry 4.0 with the energy grids”.   
Political goals enabled by new technology and digitalisation are drivers that will dictate the future 
role and organisation of these power grid companies, which will need to effectively adapt in a 
fast-changing market. However, there is large uncertainty regarding the overall mechanisms that 
will be established in the energy system, and subsequently the internal reconfiguration that will 
be needed of the grid companies for them to meet the new demands (Reiten et al., 2014).   
In a three-year project supported by the Norwegian Research Council, the research institute 
Institute for Energy Technology (IFE) together with distribution power grid operators are 
performing a pilot study to identify and describe the capabilities (i.e. organisational competences) 
that grid operators must possess in order to deliver in a future market. The project focuses on 
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system innovation rather than technology innovation, and addresses the challenges of deciding, 
integrating and implementing new technologies (ENERGIX, 2013). The key issue is to 
characterise the needs for the organisations’ structure, expertise and work in the future. The 
project collects data and develops a method to help grid operators exploit new technologies. 
In this paper we present our results from a contextual analysis in the first phase of the project. 
The aim of the contextual analysis was to perform an organisational diagnosis of a pilot grid 
company through a shared understanding of a) the main external and internal driving forces of 
transformation, both short term (i.e. within next year) and longer term (i.e. 3 years), b) the 
preparedness of the organisation to manage the future demands, and c) the organisational 
competences that should be further developed.  
 
2. Methodology 
In the current study, we adapted an approach for identifying and defining organisational 
competences necessary for digitalisation in the oil industry, the Capability Approach (Reegård et 
al., 2014; Reegård et al., 2015). This approach builds on the theoretical basis of resource-based 
view and dynamic capabilities (Ambrosini et al., 2009; Grant, 2006; Helfat et al., 2007; 
Henderson et al., 2012; Teece & Pisano, 1994) from the strategic management domain, and is 
operationalised within applied human factors and a contribution to work system design and the 
field of macroergonomics (Hendrick and Kleiner, 2002; Kleiner, 2006).  
The first step of the approach is to perform a contextual analysis with the purpose of identifying 
the most influencing contextual aspects for the organisation’s delivery. We used a qualitative 
approach in which we performed semi-structured interviews with 10 managers representing all 
three production areas in the pilot grid company (three section managers and their seven 
department managers). To understand the timeline of when different changes are anticipated to 
occur, we asked the managers to map the changes that they believe will impact on the organisation 
and their work in a timeline stretching from the current year and to 2021 or beyond. We then 
asked how they perceive these changes to impact their work, and their perceptions of the 
section/department’s and wider organisation’s preparedness to manage the changes. To support 
the conversation, we brought with us an example timeline with high-level main categories of 
changes such as regulatory changes (e.g. DSO-role or tariffs), digitalisation (e.g. smart meters), 
and consumers (e.g. electricity demanding products or consumer knowledge, attitudes and 
demands). However, the interviewees were mostly self-driven in identifying and discussing the 
various changes that they experience and anticipate. A research team of three people participated 
in each interview, one facilitated the interview while the two others took notes.   
The data material was analysed through a thematic analysis centred around driving forces of 
transformation, their expected impact on the organisation, and the organisation’s readiness to 
meet the new demands. A central goal of the analysis was to first separate between main changes 
that will impact the whole organisation and changes that are rather a concern for parts of the 
organisation. This allowed us to focus in on the transformational needs that are common across 
the different production areas in the organisation, and subsequently identify the organisational 
competences that will benefit the whole organisation. In addition, we performed a document 
analysis of the organisation’s strategic plan to see if there were any additional drivers that we had 
not identified through the interviews, as well as to identify any relevant measures that the 
organisation had already implemented or was planning on implementing.  
To verify the results of the contextual analysis, the analysis was first summarised in written form 
and distributed to the organisation for their feedback and input. We then discussed the analysis 
results with the pilot company and three reference grid companies in a workshop with the purpose 
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of verifying the main driving forces of transformation. No additional drivers were identified, apart 
from company-specific drivers for some of the reference companies.  
 
3. Results 
The results of the contextual analysis are a description of the future demands of the organisation 
and an identification of competences that must be prioritised to empower the company to meet 
those future demands and, subsequently, what that means in term of transforming their current 
ways of working. The purpose of the contextual analysis was to identify drivers and organisational 
needs that allows for establishment of theory-based measures and solutions, which constitute the 
next steps within our chosen approach. In this section, we first provide an overview of the 
identified drivers of transformation. We then present the analysis of the organisation’s 
preparedness to manage these changes and organisational competence needs.  
 
3.1 Drivers of transformation 
The contextual analysis identified four main categories of changes; digitalisation, power grid 
demands, regulations, and consumer expectations. Figure 1 provides an overview of the timeline 
of when the different changes are expected to occur.  

Figure 9: Timeline of when the main drivers of transformation are expected to occur, from the 
perspective of managers in a grid company 
 
Each of the four types of drivers entail several changes. The analysis made it clear that these 
drivers are all highly interrelated. The basic challenges are connected to the power grid demands 
and the very foundation for changes in both regulations and customer expectations is 
digitalisation.   
A Norwegian political goal is that none of the new vehicles sold within the end of 2025 are fossil 
fuelled. Another significant source for increased power consumption is the decision to ban all use 
of heating oil from fossil sources within 2020 (Heen Skotland et al., 2016). With the strong 
incentives for transport electrification, consumers are already ahead of the plan for transition to 
electrical vehicles. An old and partially under-dimensioned power grid will provide the grid 
operators with two alternatives: Either they must reinforce the network or consumers have to 
reduce their peak power consumption in high demand periods. 
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A key enabler to reduce the need for large reinvestments in the grid is the full coverage with smart 
meters from 2019 which gives the grid companies a unique access to data and the opportunity to 
utilise data for automation of work processes, and to better understand the consumption demands 
of the grid. At the same time, it also requires a great deal of the companies when it comes to 
quality assurance of data and system integration. The smart meter is further seen as part of a 
solution package in which consumers are encouraged to change their consumption with the effect 
of “shaving” the peak power consumption periods. Consequently, the regulator is currently 
assessing different alternatives for tariff schemes to support such consumer behaviour change. 
The grid operator will need to communicate to the changes in the tariff scheme to their customers 
in a way that customers understand so that they can change their consumption behaviour 
accordingly. 
The smart meters provide both the grid operator and the customer with increased information 
regarding each household’s consumption and supply of power. Consumers have increased 
expectations to systems and ever-increasing digitisation provide new opportunities for customer 
communication, with increased self-service capabilities and faster information related to voltage 
quality, interruptions, ground faults, consumption, and connectivity. In addition, the growing 
customer generation has increased demands for digital services and response times compared to 
previous generations. 
Another political goal for the power grid industry is consolidation. Marching orders from Ministry 
of Petroleum and Energy (Reiten et al., 2014) is a reduction from the current 130 different power 
grid companies to larger units and for the industry to take advantage of digitalisation. An 
important regulatory approach is to give some of the grid operators additional coordination 
responsibility in the grid (coordinating DSOs).  
For companies in the power grid industry to survive the next decade, it seems insufficient to have 
the management capability “to effectively coordinate and redeploy internal and external 
competences” (Teece and Pisano 1994, p. 537). Rather, it is essential for them to be able to 
establish competences that enable them to follow ever-faster technology shifts and regulatory 
changes, while maintaining high uptime in supply of power. Currently, the power grid companies 
perceive that the rate of change in technology is faster than the rate of change internally. Both 
regulators, market actors and grid operators need practical experience with ICT, data analysis, big 
data volumes, neutrality, digitalisation, new roles in the energy system as well as changes to the 
DSO role in order to identify solutions for a sustainable energy system. Similarly, the individual 
grid operator will have to go through a trial period to define its internal reconfiguration. At the 
same time, the grid operator will need to capture and internally adjust to the progress and key 
decisions made externally, as well as convey their own experiences in order to influence the future 
regulatory conditions.   
 
3.2 Organisational preparedness and competence needs 
In terms of organisational preparedness to manage these changes, the managers of the pilot grid 
company made clear that they anticipated large challenges ahead. 
First, the organisation had established a large project addressing the new data that will be available 
to them through the smart meters. This project had already run for a couple of years. However, 
the managers expressed concern that the project was too detached from the organisation and the 
people that will make use of the data in daily operations. The managers further explained that the 
understanding of what the project had developed, and what still needed to be done to use the data 
in decision-making was somewhat unclear. An influencing factor was that the project was mainly 
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run by external consultants, and the managers were uncertain if the organisation itself had enough 
competence to continue the work and implement the technical solutions.  
Second, the managers experienced that many processes increased in complexity, needing different 
disciplines to contribute in various parts of the processes. Although several managers commented 
that they had made improvements, the interdisciplinary collaboration was still seen as a challenge 
given that the grid company has traditionally worked within each discipline. They further 
underscored that their need for effective execution of processes is not just internally oriented, but 
also relates to external partners (e.g. vendors) because the organisation has a highly market-
oriented business model in which a high number of tasks are executed by external partners. 
Consequently, the various parts of the organisation all have large interfaces to vendors that they 
rely on and several managers commented that this interface can also be improved both in terms 
of procurement and follow-up of work.  
Third, the organisation had a history of large, successful innovations which was important for 
improving their work and for positioning themselves relative to other grid companies. However, 
the fast-pacing changes in external drivers was understood as requiring equally fast-pacing 
changes internally in the organisation, for which the managers expressed they were uncertain if 
they had the capacity and means to do. Rather, they mentioned success stories of innovation 
related to a handful of individuals. Furthermore, the organisation was about to implement 
“continuous improvements” in an effort to spark a change culture in an organisation that has not 
experienced needing to change how they conduct their work.  
Lastly, the managers underscored that being a grid company means that they are heavily 
influenced by framework conditions given by the regulator. In addition, they have many 
stakeholders such as municipalities that are part-owners, landowners, industry customers and 
private customers that they need to address and whose actions and demands impact on the 
organisation. The managers expressed that creating the understanding of the grid company 
perspective and aligning the views of these various stakeholders was challenging and something 
that they did not have a clear strategy for. Additionally, the anticipated changes and change rate 
mentioned above means that the organisation need to create understanding of new ways of 
working internally as well. Such change management was also seen as challenging by the 
managers.   
To summarise, to meet the future demands, the organisation needs to establish the capability to 
manage and utilise data as a basis for operational decisions (operation, maintenance and 
investment), especially considering the expected increased complexity of operating the grid in 
which prediction will be central for making sound decisions for optimisation of the grid. New and 
changing regulatory requirements, increased grid operation complexity, and increased access to 
relevant data imply a need for greater reliance on interdisciplinary decision-making processes. 
This means that the company should have the ability to collaborate across existing boundaries 
both internally and externally. The fast-paced changes that impact on the energy sector make it 
necessary for the company to build and further develop innovation capabilities for maturing its 
own technology and knowledge stack. Equally important, this will also contribute to strengthen 
the company’s ability to influence its own employees, the industry and regulators to drive 
development in a, to the company, favourable direction. Consequently, the organisational 
competences that the context analysis identified as prioritised focus areas are:  

- Analytics - Extract, quality assure and consolidate data for utilisation in decision 
making; 

- Collaboration - Involve relevant expertise and authority at the right time in decision 
making regardless of organisational and geographical location; 
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- Innovation - Identify and develop business opportunities and leverage new 
development (s) in the organisation; and  

- Influence - Change, develop, and customise the framework conditions to the 
identified business opportunities.  

When addressing and maturing these competences in the organisation, the company needs a 
framework for selection, development and implementation of appropriate measures. Henderson 
et al. (2013) represents the information ecology for competence intensive organisations 
operating in highly developed networked markets as a capability stack model. In this study, we 
adapted the model to represent the identified organisational competences in the company stack 
to support the further development of these competences. The strength of such a model is that it 
provides a logical division of technology levels, analysis levels, people skills levels, and a 
language that supports communication in and with the organisation. The model highlights the 
important point that to ensure business delivery, the needs of each operational task or service 
must be addressed through alignment of all layers. The further detailing and development of the 
organisational competences constitute next steps in our chosen approach and is not within the 
scope of this paper. Figure 2 shows how the identified competences are to deliver into the grid 
company's competence stack. 
  

Figure 10: Stack model representing a support layer consisting of the identified organisational 
competences. 
 
4. Conclusions 
In this paper, we report on a contextual analysis for a power grid company in which we performed 
an organisational diagnosis consisting of identification of main drivers for transformation, how 
these are expected to impact on the company, and the organisation’s readiness to meet the future 
demands. The results from interviews with 10 managers in the grid company show that major 
drivers of transformation are related to power grid demands, digitalisation, regulations and 
customer expectations. Specifically, the basic challenges are connected to the power grid demands 
while digitalisation is seen as a key enabler for solving these challenges and constitute the very 
foundation for changes in both regulations and customer expectations. However, the managers 
did not perceive the organisation to be ready to face these changes immediately. Rather, they 
identified several internal challenges that need to be further addressed. The contextual analysis 
resulted in the identification of four organisational competences that the organisation needs to 
develop further for managing the future demands: analytics, collaboration, innovation and 
influence.  
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The current study is not without limitations. The results in terms of main drivers may not be 
generalisable to other grid companies, although we did take measures to verify that the same 
drivers of transformation apply to others. One of the apparent weaknesses is that the screening 
of what was deemed company-specific drivers was performed prior to discussion with the 
reference grid companies. Furthermore, we did not do the same thorough interview rounds with 
these other grid companies, but rather discussed the main drivers with them in a workshop. 
Consequently, we cannot rule out that other grid companies share similar drivers as those we 
deemed to be company specific, that entirely different drivers exist, or that the drivers identified 
may be more nuanced. 
Despite the limitations concerning generalisability, the main purpose of this study was to 
identify and describe, at a high level, the organisational competences that grid operators must 
possess to deliver in a future market by use of a pilot company. In the next phase of the 3-year 
project, these competences will be described in detail as well as how they can be developed. As 
such the contextual analysis has been a key activity enabling early understanding of specific 
organisational needs in a transformation process. This, in turn, contribute to paving the way for 
acceptance of addressing human, technology and organisational needs through further activities 
and interventions tailored to the organisation.  
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Abstract: The high pace of change has increasing impact on working conditions, which is both 
beneficial and challenging. These influencing factors require knowledge creation through new 
collaborations with actors with different perspectives. In Sweden, a research and development 
network called ´Workplace related R&D for sustainable working life´ gathers actors from 
different academic fields, labour market parties, practitioners and other key organizations. The 
aim of this paper is to describe the network and its work to drive the issue on how future 
workplaces can be developed to meet these fast changes, achieve good working conditions and 
high competitiveness.  
 
Keywords: Sustainable work, sustainable organizations, competitiveness. 
 
 
1. Introduction 
Globalization, technological transformations, demography development and high pace of changes 
have tremendous impact on work. New risks may occur, but also new opportunities and conditions 
for work and workplaces. For example, new ways of utilizing digitalization technology can 
provide intelligent decision support and information accessibility, working without borders, etc. 
Another example from a global industrial company is their experiences of a paradigm shift for 
workplaces where traditional functions and roles are challenged, decisions made closer to 
operations, a need for new areas of management´s competence development, etc. This includes 
integrating artificial intelligence in tools and work processes, utilization of information from data 
tracking during usage, etc. Other workplace issues arise through globalization, which will 
increase cross-cultural collaboration and drive changes of new organization structures, leadership 
culture, strategies for companies’ outsourcing, insourcing, etc. Furthermore, changing 
demographics challenges competence supply and require development of workplaces facilitating 
learning and adaption to the individual´s different needs. For all challenges, there is a great 
potential to interact and learn from different sectors and workplaces. The aim of this paper is to 
describe the research and development network AFoU and its work to drive the issues on how 
future workplaces can be developed to meet these fast changes while achieving good working 
conditions and high competitiveness. 
 
2. Activities 
Based on the needs to gain a deeper knowledge of the fast changes related to the extensive impact 
on working life and workplaces, the network AFoU, (‘Arbetsplatsnära FoU för hållbart 
Arbetsliv’, in Swedish, translated to ‘Workplace related R&D for sustainable working life’), was 
initiated in Sweden. It was founded in 2015 by the HELIX Competence Centre at Linköping 
University (Berglund et al, 2017a) driven together with RISE IVF (former Swerea IVF). It is a 
cross-disciplinary meeting arena for development of future work and workplaces. From the start, 
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a handful researchers from different fields gathered in informal meetings, identified the need of a 
new network and shared experiences of workplace related research approaches. During the first 
year of the network activities, several meetings were held with different stakeholders to discuss 
future demands for research and development of sustainable working life and sustainable 
development of organizations. During this process, more individuals representing different fields 
and functions joined the movement and became members in the open network AFoU. The 
common drivers for joining was the strong ambition to contribute to future development of work 
and workplaces according to the AFoU networks´ common aim: Competitiveness and innovation 
through good working conditions. Important activities in the establishment of the network was 
the deep discussions with the main labour market parties representing both employers and 
employees in different sectors in Sweden. An annual process with a strategic dialogue seminar 
started, followed by theme-based workshops and networking meetings. At present, three strategic 
dialogue seminars have been arranged with the purpose to identify prioritized research areas and 
find new opportunities for collaboration. The network strongly engages labour market parties in 
a reference group. A rotational model is applied with rotating ‘site hosts’ at labour market parties’ 
headquarters and a rotating ‘agenda’ where network members share learnings and initiate new 
interacting collaborations and research projects. The network today engages over 150 individuals 
from over 50 organizations, including universities, industrial companies and public organizations. 
Membership in the network is free of charge and any individual can sign up for membership 
through the AFoU website (Swerea, 2019). Activities have been carried out to learn and further 
develop research methodology with the aim to deliver both high quality scientific research and 
high relevance for practice. A model including eight quality criteria for methodology for 
workplace related R&D projects has been developed (Berglund et al, 2017b): 

a) Interactive ways of working – Research is carried out with and for the workplace, not 
on the workplace, and with early practitioner involvement. Research questions are 
defined together and the activities are planned and carried out in close collaboration 
(Svensson et al, 2015). 

b) Proactivity – Ambition to prevent problems rather than react to them when already 
occurred. Research focus is preventive to eliminate potential problems before they 
occur. This requires collaboration in early project and planning phases. 

c) Collaboration with labour market parties – User driven research based on practitioners’ 
needs from different fields. This enables efficient dissemination of research results and 
increased possibility of utilization of research results in practice. 

d) Research in partnership – Collaboration between stakeholders such as companies, 
public organizations and research, thereby creating partnerships without bias.  

e) Multidisciplinary – Complementary research field contribution and involvement of 
different practitioner functions from different types of workplaces. 

f) High degree of relevance and applicability in practice – Solution-oriented approach 
(instead of problem-oriented approach) of the research. 

g) Transparency during, under, and after the projects – continuous feedback and 
visualization of activities and deliverables during the entire research process  

h) Balance between stakeholders’ interests – Integrity, considering different interests. By 
including different stakeholders’ interests during the research, possibilities increase for 
holistic and more sustainable solutions. 

From a strategic perspective, activities include dialogue with the Labour Ministry and R&D 
collaboration linked to European programmes such as Horizon 2020 (H2020) and Horizon Europe 
(FP9), (Platform for Sustainable work, 2019). 
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3. Outcomes 
The network AFoU has resulted in new cross-collaboration activities and R&D projects bringing 
together different research fields and workplaces. Also new collaborations between ongoing 
research projects have generated synergy effects, learning from each other and initiating new 
activities with the ambition to fill knowledge gaps through further research (Harlin and Widell 
Blomé, 2018). Some examples of projects presented in an inspiration folder (Swerea, 2019) are 
‘Integration of work environment into business development’, ‘Innovation in the Public Sector’, 
and ‘Leadership for learning and innovation’. Some funding investors for research within this 
area in Sweden are ‘AFA Insurance’ (afaforsakring, 2019); Forte, Swedish Research Council for 
Health, Working Life and Welfare (Forte, 2019); and Vinnova, Sweden’s Innovation Agency 
(Vinnova, 2019). The AFoU network and the new authority Mynak, The Swedish Agency for 
Work Environment Knowledge (Mynak, 2019), conduct discussions of how to develop the 
networking collaborations to a new level and strengthen individual initiatives to a collaborative 
platform. Furthermore, there is an ambition to take additional collaborating steps in Europe and 
beyond, providing value to practitioners and other stakeholders in their journey of developing 
sustainable working life and sustainable attractive competitive organizations. 
 
4. Conclusions 
This paper has presented a network model for collaborative networking with the aim to develop 
future workplaces. The network has become an arena for inspiration driving prioritized research 
areas based on needs identified by practitioners and labour market parties. Other outcomes 
achieved are visualization of best practices and research results of value for workplaces, and new 
joint activities with stakeholders from different fields. 
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1. Introduction and research focus 
Studying is an essential activity throughout the majority of children’s life. The studying does not 
only involve the working environment at schools but also the child’s workplace at home. This 
degree project is made in collaboration with The Department of Children’s IKEA and aims to 
elicit user-related aspects to consider in the design of study solutions in home context for 5-14-
year-old children. 
 
2. Methodology 
The data collection involved a literature study and user research. The literature study included 
physical, psychological and emotional aspects, such as children’s cognitive and physical 
development, recommendations regarding biomechanics, view- and lighting conditions, the use 
of anthropometric measurements when developing products for children and equations that can 
be used to ensure matching sizes between a desk- and chair-solution were considered. The user 
study consisted of observations and workshops with students and interviews with teachers and 
families in the Gothenburg region.  
 
3. Research outcomes 
The result is presented as design guidelines and recommendations that have been visualized by a 
concept including a desk and chair. The concept was evaluated by interviews, and lo-fi prototypes 
with three children and one educator specialized in children with special needs. 
The design guidelines are represented in four categories: 

- Facilitate everyday life 
- Strive for a healthy workplace 
- Growing with the child 
- The child in charge 

In this study it is concluded that encouragement of positive postural behaviours, flexibility in 
positions and posture, proper lighting and storage, and solutions for cables and digital devices are 
of importance. Educing positive emotions and the creation of a solution that match each stage of 
the child’s development and remain attractive throughout the childhood were other aspects 
covered in the formulated design guidelines.  
The design guidelines can be used as a starting point for further development of study solutions 
for children within the target group. 
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1. Introduction 
This design project was aimed at developing a proposal for a new lifting system to eliminate the 
unsafe labor in relation to rigging and derigging prefabricated concrete wall elements. Currently 
the rigging and derigging procedure consists of unsafe work on ladders which is both a strain on 
the body and a risky working procedure. The rigging and derigging of the prefabricated concrete 
elements are connected to the transportation of each concrete element. The actors involved in the 
rigging and derigging is the rigger, the mounter and the crane worker. 
  
2. Methodology 
In this project we adopt contextual and qualitative principles for collecting empirical data. The 
project revolves highly around user research and interaction to get to a broad understanding of the 
physical, structural and social aspects that creates the framework for the design. We utilize 
analysis methods to clarify the key elements found in the data and to discover new perspectives. 
For developing the concepts, we use idea generation methods and morphology to systematically 
synthesize concepts. Evaluation methods are employed to discuss and indicate the features to 
further develop. 
  
3. Outcome 
The project presents findings broadly expressing the user needs from three actor groups; Rules 
and regulations, the management at CRH Concrete and the construction workers. To meet the 
needs and regulations of all three, the lifting system requires to be efficient and safe to use. 
The collected data is clarified using analysis methods and translated into design requirements and 
criteria. Several synthesized concepts have been evaluated, sorted and further developed in an 
iterative process. The project results in a proposal for a new lifting system which eliminates all 
manual work related to rigging and derigging. 
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Abstract: We plan to investigate how the central policies on sickness absence and ‘occupational 
safety and health’(OSH) are understood and acted out as procedures by leaders, and how these 
are perceived to influences the occupational safety and health and sickness absence of the work 
by the management and the blue-collar workers. To do this, we will be conducting descriptive 
quantitative analysis of sickness absence and production volume, as well as qualitative analysis 
of the policies, and of differences in procedures and practices. We will compare these analyses 
to understand, how different interpretations of and ways of implementing organisational 
policies lead to structural and organizational differences. 
 
Keywords: Sickness Absence, management, Occupational Safety and Health  
 
 
1. Introduction to the field and the research focus 
In this study, we are investigating six Danish abattoirs with similar production systems but 
different sickness absence profiles. We seek to understand how the central policies on sickness 
absence and ‘occupational safety and health’(OSH) are understood and acted out as procedures 
by leaders, and how these are perceived to influences the occupational safety and health and 
sickness absence of the work by the management and the blue-collar workers. 
Work in abattoirs for blue-collar workers is very standardized, where some work processes are 
highly automated, while others are manual. Most of the workers work an hour and fifteen minutes 
at each workstation, before switching to a new workstation in the team. The work of abattoirs is 
mainly done in production lines, with a high hygiene level, in most processes using conveyer 
belts, which sets the piece rate. In this type of work there is an interdependency among the workers 
to keep up the speed of the production and thereby the piece rate. Which might also influence the 
workers willingness to work less safely in order to work faster thereby increasing the income. 
Team line managers supervise the work and each of the six abattoirs further have their own 
general management.  
There are challenges to OSH of abattoirs in Denmark; this reports the National Research Centre 
for the Working Environment using self-reported data (Working Environment, 2018). A few of 
these challenges are that the job is noisy and physically demanding with e.g. repeating arm 
movements, twisting in the back, heavy lifting, frequent lifting etc. (Working Environment, 
2018). The same data points to a high level of tiredness and a high level of work related sickness 
in the business as a whole (ibid.). This data suggest (ibid.) that work in abattoirs in Denmark pose 
a higher risk of accidents compared to other manual jobs. Furthermore there are a substantial 
number of organisational factors influencing the psychosocial occupational safety and health 
(ibid.), and finally has there been reported a higher level of alcohol consumption amongst workers 
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in abattoirs, which could be understood as a negative coping strategy (Baran, Rogelberg, & 
Clausen, 2016).  
OSH of abattoirs could be further strained by the fact that, the work in abattoirs can be classified 
as ‘dirty work’ (Baran et al., 2016).  I.e. work that in this case involves undesirable work, that 
carries a pervasive stigma, and work that is physically tainting. Furthermore, the work does not 
have the advantage of being a prestigious job, that carries a status shielding function from 
stigmatization (Baran et al., 2016),(E. Ashforth, E. Kreiner, A. Clark, & Fugate, 2007). It has 
however also been shown, that workers at abattoirs find meaning and generate pride from their 
trade and from the physical prowess, stamina, and force of the worker (Simpson, Hughes, 
Slutskaya, & Balta, 2014). This indicates, that some of the factors potentially could be straining 
OSH at abattoirs, might also be reframed into factors that bring pride and meaning to the work 
(E. Ashforth et al., 2007). As described OSH, and thereby the sickness absence, of the blue-collar 
workers is influenced by both the organisation of the work, the characteristics of the work being 
done, by the social position of the workers and by the workers own perception of their work. This 
is why it is crucial to study how the organisation of work and management influence OSH and 
sickness absence in Danish abattoirs. 
 
2. Methodology 
The purpose of the present study is to investigate how management influence the sickness absence 
and occupational safety and health in abattoirs – thereby seeking to contribute to the study of the 
organisation of blue-collar work. We further seek to understand, how the interpretation and 
implementation of organisational policies, into local procedures and practices concerning the 
management of sickness absence, influences the sickness absence in the abattoirs’ OSH as a 
whole. We selected all six abattoirs of similar size, similar product range, and similar production 
methods from the same organisation. Because they belonged to the same organisation, they had 
the same general policies and procedures. 
Even though the work systems are similar, there are different managerial and organisational 
procedures and practices in interpreting the policies of the case-company of this study. We expect 
these differences to influence the frequency, duration, and type of sickness absence in the six 
different abattoirs investigated. We hypothesize that the wellbeing of blue-collar workers are 
influenced by different managerial and organisational procedures and practices resulting in local 
adaptation of policies. Policies are translated top-down through managerial levels resulting in 
significantly different OSH practices for workers and first-line managers and consequently 
affecting the workers well-being and thereby the organizational performance.  
The study will be conducting multilevel mixed methods analysis of OSH and sickness absence in 
the six abattoirs. The different analysis levels of the study, the organizational-, work site-, and 
team specific analysis, will help guide the understanding of the phenomenon at hand in the work 
system (Carayon, 2009). By looking at different organizational levels while focussing on OSH 
and sickness absence, we expect to further the understanding of these phenomena, by 
understanding the complex interactions between the levels and between work systems. This 
interaction between levels and systems are of focal interest to the project. We seek to understand, 
how different work systems in the different organizational levels interact in the abattoirs. We are 
interested in, how OSH changes, through the different abattoirs and teams. Furthermore, we seek 
to further the understanding of, how these differences in people, tasks, technology & tools, 
environment, and organizations influences the different levels of sickness absence (Carayon, 
2009; Carayon & Smith, 2000). 
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Through the study’s explorative and descriptive mixed methods approach, we seek to pin point 
the challenges of OSH in abattoirs leading to differences in the level and type of sickness absence 
at six different work sites. Through the initial quantitative analysis of the organisation’s own 
sickness absence data it has been found, that there is a significant difference in the level of 
sickness absence in 2018 in six abattoirs. These abattoirs are all a part of the same organization, 
and they are conducting the same work in the same way. We will therefore further collect sickness 
absence data from three years from the company’s database for selected and comparable work 
processes (e.g. removing pork ribs at a high piece rate) both at team level and from the six 
abattoirs. The descriptive statistical analysis focuses on differences in the number of sickness 
absence days per month, and on the duration of the absence. The project also hopes to add data 
concerning other key production factors.   
Since the six abattoirs in question have the same policy concerning sickness absence, and since 
they generally perform the same work, in the same way, with the same equipment, the project as 
described seeks to understand differences in local adoption of procedures and practices. Through 
semi-structured interviews (Bell, 2014; Denscombe, 2014; Kvale, 2008) with EHS consultants 
(Environment, Health, and Safety) and production managers, and through document analysis, we 
will be studying the differences in procedures and practices – while also mapping changes to the 
policies to a timeline. We will then compare the descriptive statistical analysis to this timeline.  
In order to understand, how the organizations of the abattoirs manage OSH and sickness absence 
we will be conducting interviews with the plant managers (n = 6). We will also be conducting 
interviews with EHS- and HR consultants, other relevant middle managers, and administrative 
workers (n ≈ 12). These interviews will also give us information on how these issues are managed 
in the daily work. Furthermore they concern, how the policies are interpreted and used in the daily 
work, which procedures there are for the work processes, and what procedures there are for 
managing the daily work. Finally there will be conducted an analysis of the policies and written 
procedures of the worksites, aiming at understanding the structural differences in the worksites 
examining the differences in, how the organisations deal with sickness absence.  
To study, how OSH is managed and experienced in specific departments for the workers, we will 
conduct in total twelve worker interviews (n = 12), from the same type of production line from 
two different abattoirs, as well as interview their respective line managers (n = 2). We expect that 
this will give us an insight into the produced lived traditions, practices and values of the blue-
collar workers. The interviews with plant managers, middle managers, line managers, and the 
blue-collar workers will together form a picture on, how the perception of sickness absence and 
OSH changes throughout the layers of the organisations. This will together with the analysis of 
policies and the descriptive statistical analysis, inform the project on the complex organisational 
interactions between policies, procedures and practices. 
 
 
3. Research outcomes 
We have yet no research outcomes to present, since the project in question has just been launched. 
We are currently collecting qualitative data and analysing the quantitative data, a process that will 
be concluded within the next year.  
The study seeks to contribute to the study of OSH and sickness absence in the organisation of 
blue-collar work, particularly in the context of blue-collar workers in large-scale industrial food 
production. We also wish to further the understanding of, how the interpretation and 
implementation of organisational policies, into local procedures and practices concerning the 
managing of sickness absence, influences the sickness absence and the abattoirs OSH as a whole. 
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Abstract: The present review investigates the scope of secular changes in aerobic and anaerobic 
fitness  and some factors that may modify these changes. The aerobic fitness shows considerable 
secular declines since the 1970s.  These changes often show skew distributions due to impact of 
socioeconomic class, the largest decreases in the lowest classes commonly occupying the most 
demanding jobs. Some potential ergonomic implications are discussed.  
 
Keywords: Secular trends, human physical capacities, ergonomic implications. 
 
 
1. Introduction 
During the recent century, extensive technical and organizational changes in working life have 
led to a dramatic reduction in the occurrence of traditional physically heavy jobs, particularly in 
terms of heavy lifting and high load on the cardiovascular system. In spite of this, several 
occupations still demand high cardiovascular and lifting capacities, i.e. high whole-body 
exposures. Examples are professional cleaning, healthcare and construction. In addition, high 
local physical demands (i.e. high local exposures) commonly occur in working life, e.g. work in 
prolonged and constrained postures. Furthermore, rationalizations of production systems may 
cause ‘work intensification’ (e.g. Docherty et al. 2002, Greenan et al. 2014), which may increase 
the exposures (Westgaard and Winkel 2011). According to this, occupational musculoskeletal 
disorders are still prevalent (e.g. Eurofound 2017) resulting in long-term seek leave and early 
retirement (e.g. Sundstrup et al. 2018).  
Ergonomic interventions consider lack of balance between the specific physical job exposures 
and the physical capacity or fitness of the employee performing this kind of work (cf. Jørgensen 
1985) in order to create ‘sustainable work over the life course’ (for definition see Eurofound 
2015). From an ethical point of view, the exposure/capacity balance should primarily be created 
by reduction of the exposures. However, several reports indicate that the physical capacities of 
the working populations may have been reduced during recent decades. This could justify an 
increased focus on fitness training as part of ergonomic health promoting intervention programs.  
The present review aims to review the scope of secular changes of physical fitness and the 
significance of socioeconomic and geographic factors. 
 
2. Methods 
Our review focuses investigations of secular changes in aerobic (cardiorespiratory) fitness, 
anaerobic fitness and BMI. 
Physical performance ability is commonly referred to as “physical fitness”, which is an umbrella 
concept covering a series of qualities related to how well an individual performs physical activity 
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(Åstrand et al. 2003). Physical fitness tests include one or more of the following aspects: 
flexibility, speed, agility (neuromuscular fitness), aerobic fitness (maximal aerobic power, i.e. 
VO2max) and anaerobic fitness including maximal anaerobic power, muscular endurance and 
maximal muscular force. Changes in Body Mass Index (BMI) is used as an indirect estimate of 
changes in physical fitness (McArdle et al. 2015). BMI categories according to WHO (World 
Health Organization): underweight <18.5 kg/m2; normal weight: 18.5–24.9 kg/m2; overweight 
25.0-30.0 kg/m2; obesity >30.0 kg/m2. 
The literature was mainly searched in Pubmed and Medline and was limited to studies published 
from 1979 to 2018. They contained data from 1890 to 2016 including both genders. Our analyses 
included 13-70 years old individuals. The following keywords and search profiles were used: 
(secular trend* OR secular change*) AND (maximal oxygen uptake OR aerobic capacity OR 
muscle strength OR muscle endurance OR muscl* power OR cardiorespiratory capacit* OR 
aerobic OR fitness OR physical work capacity OR aerobic power OR physical performance OR 
maximal power output OR cardiorespiratory fitness). Obesity studies without physical assessment 
were also included.  
We included primarily original peer-reviewed papers in English. In addition, a few key reviews 
were included due to their comprehensive meta-analyses comprising relevant reports not 
published in peer-reviewed journals. 
 
3. Results 
 
3.1 Aerobic/cardiorespiratory fitness 
The literature search identified 22 journal peer reviewed articles regarding secular changes of 
cardiorespiratory fitness from 13 countries.  Additional 34 non-peer-reviewed papers were 
included in the reviews by Tomkinson et al. (2003) and Tomkinson and Olds (2007a, b) and as 
such included in the present review. In summary, these 56 studies showed secular declines of 
approximately 0,8 % p.a. since the 1970s. The data included adolescents as well as adults from 
both developed and developing countries (Craig et al. 2012, Dyrstad et al. 2005, 2012, Ekblom et 
al. 2011, Photiou et al. 2008, Tomkinson and Olds 2007a, Westerstahl et al. 2003). Earlier studies 
showed a more mixed pattern with increases (Tomkinson and Olds 2007a) and no or small 
declines (e.g. Andersen et al. 2010, Jonsson and Berggren 1979, Westerstahl et al. 2003). The 
same trends were frequently observed in both genders.   
Santilla et al. (2006) showed differences in the secular changes according to socioeconomic class; 
in particular a faster impairment among “poor” performers, thus causing a skewed (“polarized”) 
distribution of aerobic fitness.  Two large studies from the US included approximately 65 000 
Euro-American subjects (20-64 y females, 20-74 y males) belonging to the middle and upper 
socio-economic strata. From 1970 to 2004/2009 the absolute VO2max increased by 0,9% in females 
and 0,4% in males. This opposite effect was probably due to regular physical training and change 
in smoking habits (Li et al. 2015, Willis et al. 2011).  
During 1980 to 2009 the European countries showed the similar secular changes in VO2max. 
However, data from native populations in Mozambique and Canada (Inuits) showed that when 
their economic opportunities improved their aerobic fitness deteriorated markedly (Santos et al. 
2015, Rode and Shepard 1994).   
Conclusions: In general, the cardiorespiratory fitness shows a decline from mid-1970s. This 
decline was larger among the low-educated and economic weaker segments of the populations 
while the high-educated and more well-off showed no or slight increases.  
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3.2 Anaerobic fitness  
The literature search identified 17 peer-reviewed articles regarding secular changes of anaerobic 
fitness from 13 countries. Additional 32 non-peer-reviewed papers were reviewed by Tomkinson 
(2007) and as such included in the present review. The latter included a meta-analysis of about 
50 million 6-19 year olds from 27 countries.  
In general, power and speed test performances have been relatively stable worldwide since 1958. 
This main conclusion was similar for boys and girls, children, adolescents and adults, different 
geographical regions as well as low and high-income economics.  Thus, Ekblom et al. (2007) 
showed no secular changes in abdominal strength and endurance.  A few studies deviate from this 
general picture.  Heebøll-Nielsen (1982) found among 7-17 year old boys and girls that maximal 
isometric muscle strength in 8 different trunk and limb synergies a decrease by 8-10% from 1956 
to 1981.  Silverman (2015) found no secular change in grip strength among children, but among 
grown-up a secular decline that increased with age.  A review of 15 studies on maximal isometric 
back muscle strength using identical measuring procedures showed marginal secular reductions 
(reviewed by Jørgensen 1997). Rode and Shephard (1994) investigated grip and leg extension 
forces among adult Inuits during a 20-year period of rapid acculturation to a sedentary lifestyle. 
They found strength reductions from 7% to 45% depending on age. 
Conclusion: In general, the secular trend of anaerobic fitness shows in general no or marginal 
decreases.  
 
3.3 Body Mass Index (BMI) 
The literature search identified 52 peer-reviewed articles regarding secular changes of BMI from 
24 countries. Additional 5 papers were identified presenting meta-analyses of data from 1 to 200 
countries. Thus, the NCD (Non-Communicable Disease) Risk Factor Collaboration study (2017) 
comprised 200 countries, and 97.4 million males and females ≥20 y. Our BMI literature search 
was not exhaustive. 
The NCD Risk Factor Collaboration study (2016) showed a global age-standardized mean BMI 
increase from 1975 to 2014 of 11.5% among men and 10.4% among women. The rising trends in 
adolescents’ BMI seem to have plateaued at high levels in many high-income countries, but have 
further increased in central parts of Asia, Latin America and Oceania (Finucane et al. 2011, NCD 
Risk Factor Collaboration Study 2016, Rode and Shephard 1994, Santos et al. 2015). In USA 
72.3% of the males and 64.1% of the females showed overweight or obesity with no significant 
increase after about year 2000 (Flegal et al. 2010). In contrast, underweight remains prevalent in 
the world’s poorest regions (NCD Risk Factor Collaboration study 2016). 
Overweight has increased in most low- and middle-income countries, but the increase differs 
between regions (Lopez-Arana et al. 2014). In Western Europe and high-income English-
speaking countries and in Asia-Pacific high-income regions the mean BMI has recently flattened 
out for both genders (Finucane et al. 2011, NCD Risk Factor Collaboration Study 2017).  
BMI seems particularly to increase in occupational groups of low to middle socioeconomic and 
educational levels (e.g Christine et al. 2014, Flegal et al. 1988, Grossschädl and Stronegger 2012, 
Lopez-Arana et al. 2014). Furthermore, Moreno et al. (2000) found a faster secular increase in 
BMI among those initially showing highest BMI, thus increasing the skewness (“polarization”) 
over time. 
Conclusions: In general, the secular trend of global average BMI seems to increase. In some high-
income regions, however, BMI flatten out after about year 2000. Conversely, BMI increases 
continuously in low-income populations with low educational levels. 
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4. Discussion 
 
4.1 Methodological considerations 
The measurements of the physical fitness parameters presented in the reviewed papers represent 
a wide range of methods hampering more detailed comparison between studies.  The physical 
fitness is estimated by i.e. bicycle ergometry, dynamometry, various running and jumping tests 
and the BMI. Furthermore, the ergonomic relevance of these data may vary according to specific 
physical job demands.  
The anaerobic capacity was estimated in terms of e.g. power, strength and speed, and these 
parameters were, in turn, assessed using a broad variety of methods. Thus, comparison between 
studies regarding anaerobic capacity seems even more challenged than comparison between 
studies of aerobic fitness. Due to these limitations, our conclusions are limited to major trends 
only.  
BMI has been used as an estimate of physical fitness. An increase in BMI may indicate reduction 
in relative Vo2max (i.e. per kg body weight) and high jump results, while the absolute Vo2max may 
be unaffected (Tomkinson et al. 2003, Venckunas et al. 2017). The validity of secular changes in 
BMI may thereby depend on the type of applied test. Thus, assessments based on movement of 
the whole body (e.g. 400 m run) may be influenced by increased BMI, but not the static muscle 
strength.     
  
4.2 General discussion 
In general, the secular trend of cardiorespiratory fitness shows a decline from mid 1970s. This 
trend depends on socioeconomic and geographic factors. Conversely, the anaerobic fitness shows 
no or only marginal decreases during the same period.  
Physical fitness depends on age, gender and size as well as level and duration of physical activity 
during leisure time (Asmussen and Hohwü-Christensen 1983, Åstrand et al. 2003). In low-income 
populations, the educational level is often modest (Lopez-Arana et al. 2013). Thus, sufficient 
knowledge regarding lifestyle factors, such as nutrition and physical activity is lacking. This may 
imply that such populations are obvious candidates to low physical fitness and high BMI values 
when their access to cheap and unhealthy food and drink is increased. The dramatic secular 
decreases of aerobic fitness and increases in BMI in Mozambique and among Inuits in Canada 
(Santos et al. 2015, Rode and Shephard 1994) are presumed consequences of the above-
mentioned life-style factors. In general, BMI and other measures for fat-mass have increased 
markedly in large parts of the world (NCD risk factor collaboration Study 2016), whereas the fat 
free mass seems to be stable or gently decreasing (Finucane et al. 2011,  NCD risk factor 
collaboration Study 2017).  
The different trends in aerobic and anaerobic fitness are not easy to understand. Tomkinson 
(2007) presents one possible explanation: “In distance running or other whole-body activities, the 
positive effect of increasing fat-free mass is not enough to match the negative effect of increasing 
fat mass, hence the declines over time. On the other hand, for sprint running and explosive 
jumping, the positive effect of increasing fat-free mass counteracts the negative effect of 
increasing fat mass, hence the relatively stability over time”. 
 
4.3 Ergonomic discussion  
It may be argued that the secular decreases in physical capacities should primarily be met by 
offering physical training of the individual workers. This seems further motivated as some studies 
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indicate that those in the most demanding jobs often have the lowest physical capacities (e.g. 
Karlqvist et al. 2003). 
Sjögaard et al. (2016) have reviewed the effectiveness of different tailored exercise programs in 
terms of improved health. They concluded that physical training at the workplace tailored to work 
exposure, employee health status, and physical capacity may improve health. This was 
documented for jobs demanding high whole-body (e.g. construction workers) as well as local 
exposures (e.g. computer workers and dentists). It is, however, an ethical issue how to balance 
between interventions focusing job demands and individual capacities. Individualized physical 
training may be easier to implement than interventions reducing job demands. Nevertheless, 
interventions coping with the ongoing “work intensification” in working life (Westgaard and 
Winkel 2011) should be included as a significant part of an intervention program, thus allowing 
also the weaker people to enter the labor market. 
 
5. Scientific conclusions 

- Cardiorespiratory fitness shows considerable secular declines since the 1970s.   
- The secular changes in physical fitness often show a polarization according to 

socioeconomic class; the largest decreases in the lowest classes commonly occupying 
the most demanding jobs.  

 
6. Practical ergonomic implications 

- The balance between occupational physical job demands and the physical capacity 
or fitness of the employee is a key issue of ergonomic interventions. It is an ethical 
issue where to put the focus.  

- Some researchers have investigated and suggested tailored physical training 
programs to reduce negative health impact in cases of poor match between physical 
capacity and occupational demands.  
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Changes in young people’s views and attitudes to physical 
activities by their experiences of daily activity measurement:  
Twelve-week real-life trials with wearable sensors 
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Abstract: For healthy life in the aged years, it is of critical importance to habituate regular 
practice of activity at a younger age. This study investigates effects of activity measurement on 
young people’s awareness, views of and attitudes to physical activity, its measurement and 
related issues as well as daily practise levels. For this purpose, a 12-week trial was conducted 
with 40 students who wore activity sensors in their daily life. Questionnaire surveys were made 
to capture participant views of physical activity and its related issues every or every two weeks 
during the trial. Approximately 20% of participants exhibited transition of increased physical 
activity, other 20% showed a decreased pattern, and activity levels were constant or fluctuated 
for more than half of the participants. A similar trend was seen on psychological effects of 
activity measurement in terms of periodic transition of their awareness of and attitudes to 
physical activity and its measurement. 
 
Keywords: Activity sensor, health attitudes, activity measurement. 
 
 
1. Introduction 
In the current aging society, it is required as an urgent challenge to provide the aged population 
with effective supports for their health. There have been a number of studies that suggested long-
term benefits of physical activity for elderly persons on their health and reduction of risks for 
cognitive decline, dementia, chronical diseases, e.g., type-2 diabetes and neuropsychiatric 
disorder such as depression (Reiner et al. 2013). As an idea for the challenge to this social issue, 
with rapid progress of sensor and information technology, it can be considered of great effect to 
provide the feedback cycle of one’s health and activity conditions by a wearable activity sensor: 
monitoring the biometric measures and physical activities; generating assessment of this activity 
and health conditions; and making feedback of the assessment to relevant persons. This feedback 
cycle may be expected for a senior person to get motivated and try to perform more physical 
activities by observing an increased level of his/her activity score, and this may, in turn, contribute 
to a higher level of his/her health condition. In fact, regarding elderly’s health and physical 
activities, it was reported that past habit of exercise emerged a predictor of the current activity 
level (Oman and King 1998). There was a significant relationship in physical activity levels at 
the age between 11 and 67 years old (Friedman et al. 2008), and a higher level of physical activity 
at younger age can predict a higher level in adulthood (Telama 2009). 
From these studies, it may be implied of critical importance for one’s health in later years to 
acquire a habit of physical activity at one’s younger age. There have been a number of studies 
which used activity sensors, and most of which focused on changes in levels of users’ physical 
activities (e.g., Case et al. 2015, Mammen et al. 2012). To investigate persons’ habituation of 
regular physical activity, its measurement by activity sensor and its effects, it is required to 
analyse not only objective, physical activity data but also subjective and psychological aspects 
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such as their views, awareness of, and attitudes to physical activities, their daily measurement and 
health-related issues. 
In the present paper, we investigate effects of the feedback cycle of physical activities and 
biometric data both from physical and mental points of view, focusing on application to young 
people, through long-term use of a wearable activity sensor in the real-life setting. These effects 
are demonstrated weekly changes not only in levels of their physical activities but also in their 
awareness, views of and attitudes to daily activity, its measurement and health-related issues. 
Considering human factors of target population and analogies from aged persons’ characteristics 
mentioned above, we built two main hypotheses in this study: (1) Young persons positively 
change their awareness, views of, and attitudes to physical activity and activity measurement 
through their experience of daily sensor usage – a larger number of persons shift their views and 
attitudes positively, compared to those with no change or negatively changed; and (2) Effects of 
activity measurement by sensor usage vary across persons, depending on their characteristics and 
individual attributes, e.g., daily sport practice and figure – BMI (body mass index). 
 
2. Methods 
 
2.1 Participants and trial 
A total of forty university students participated in a trial. The trial was conducted between May 
and December 2018. Each participant was paid 10,000 JPY (approximately 80 Euro by the rate 
in January 2019) for a reward of his/her participation. During the 12-week period, a participant 
was requested to wear an activity sensor (Fitbit Charge 2) on his/her wrist anytime during the 
trial, except for heavy use of water such as taking a bath and battery charge of the sensor. Four 
participants removed the activity sensor from their wrist long hours (six hours or longer per day) 
in many days (more than 40% of trial days), and their data were invalidated in the analysis sample, 
which included 29 males and 7 females. Their mean age was 22.4 years old (SD: 1.3). 
 
2.2 Activity measurement 
The wearable sensor collected a participant’s biometric and physical activity data such as heart 
rate, the number of steps, burned calories, distance, floors, level of activities and sleeping minutes. 
These data were saved and accumulated as their daily scores once a week in a database. The 
participant could check his/her physical activity and other scores any time on the sensor and 
smartphone screen through the sensor’s mobile application. Among physical activities measured 
by sensors, the number of steps, burned calories and activity calories were used in this study. 
 
2.3 Attitude measurement 
Weekly Questionnaire (WQ in short), which was written in Japanese, was developed to capture a 
participant’s awareness, views of and attitudes to health-related issues, physical activity and 
activity measurement in each week during the trial period. The questionnaire included 20 items, 
each of which was rated his/her agreement on a 7-point Likert-type scale, considering the 
situations in the entire last week (confer correspondence of each item to attitudinal/awareness 
factors to Appendix) . During the trial period, participants were asked to fill out the questionnaire 
on Monday every week for the first six weeks and every other week for the second six weeks. All 
question items [and their relevance to awareness factors] are provided in Appendix. 
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2.4 Trial procedure 
Each participant received instruction of the trial with relevant materials. At the end of instruction, 
he/she completed General Questionnaire (GQ), which was composed of eight items asking current 
states in his/her health, physical activity, and related issues on a 5-point Likert-type scale. The 
trial was commenced on the morning of next Monday. The participant terminated the trial on 
Monday morning after 12 weeks. Then he/she visited the researcher to return the wearable sensor 
and received a GQ survey once again to report the current states after the trial. This study was 
conducted following the procedures approved by the ethics committee of the university to which 
the authors belonged (Approval No. 2017106). 
 
2.5 Attitude analysis 
Participant views of and attitudes to physical activity and activity measurement were assessed 
each week in terms of his/her awareness of the following five factors: (1) contribution of physical 
activity, (2) efforts of physical activity, (3) willingness to activity measurement, (4) sleeping 
hours/quality and (5) inhibited conditions from physical activity (cf. component items of each 
factor in Appendix). These factors were elicited by applying principal component analysis to all-
week responses to the WQ items with 63% of cumulative variance accounted for. Internal 
reliability of all factors was confirmed in terms of Cronbach’s alpha (0.806, 0.753, 0.755, 0.799, 
and 0.532). A participant’s score was calculated in each week as a mean over relevant items to 
each awareness factor. 
 
2.6 Analysis of attitude and activity changes 
Physical activity data were recorded on the daily basis for each participant. After eliminating 
invalid data due to long un-wearing duration and outliers, data were transformed on the weekly 
basis by calculating a weekly mean of each activity index from Monday to Sunday. The trend of 
transition – i.e., increase, decrease and no change (constant or random) – in the 12-week interval 
was determined for each participant for the physical activity and the awareness factor based on 
(1) result of regression analysis, and (2) periodic changes as follows: Firstly, regression analysis 
is conducted with weekly mean of the activity or mean score of the factor as a dependent variable 
and week number as an independent variable. When the model is not significant, the trend is 
further examined based on the periodic changes. In case of a significant model, if an estimated 
slope of the model is positively steeper than SD/12 (for physical activity) or 1.5/12 (for awareness 
factor), a transition trend is referred to increase; if the slope is negatively steeper than this 
threshold, it is determined as decrease. When the estimated slope is rather flat, i.e., absolute value 
of slope is equalled to or smaller than SD/12 or 1.5/12, a trend is constant or no change. 
Secondly, the 12-week trial interval is divided to three periods as well as the start period (Week 
1): early (Week 2-4), middle (Week 5-8), and late (Week 9-12). Each of three periodic changes 
is determined whether a difference between two successive periods is larger than SD (for physical 
activity) or 0.5 (for awareness factor). A difference of positively larger than SD or 0.5 is referred 
to increase (+) of the periodic change and a negatively larger difference than this limit is 
determined as decrease (-). In case of a smaller difference than this limit, a periodic change is 
referred to no change. When at least one of three periodic changes is made with no decreased 
change, a trend of transition is referred to increase. In case of at least one decreased but no 
increased change, a trend is determined as decrease throughout the trial period. Three periodic 
changes with neither increase nor decrease are indicated as a constant trend. A trend including 
both increased and decreased changes indicates a random transition. 
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3. Results 
 
3.1 Trend of transitions 
(1) Physical activity 
During the 12-week trial period, participant scores of physical activities greatly varied day by 
day, depending on their daily life. A periodic transition for each activity index was explored by 
applying the method mentioned in Section 2.6 to each participant sample, and its trend is 
summarised in Table 1 in terms of the number of participants fallen into three categories, i.e., 
increase, decrease and constant or randomly moved. More than half of participants, i.e., 55 to 
61%, neither increased nor decreased their physical activity in the 12-week interval. There were 
almost as many participants who had an increasing trend of physical activity, i.e., walking steps, 
calories burned and activity calories, as those decreasing. 
 
Table 1: Transition patterns of physical activities in the trial interval 

Physical activities Increase Decrease Const./random Total 

Burned calories 8 8 20 36 

Activity calories 8 6 22 36 
Number of steps 7 9 20 36 

(Figure: the number of participants) 
 
(2) Self-reported states in health and activity 
As a summary of responses to the GQ items, Table 2 indicates comparisons of pre- and post-trial 
states in own health, physical activity and its measurement. From results of the Wilcoxon test, 
self-reported states for most GQ items became significantly more positive after the trial except 
for participant confidence of own health condition, i.e., higher level of physical activity, taking 
more strongly care of own health, higher awareness of finding time for exercise, and stronger will 
to perform physical activity. Although their conditions were subjectively increased in the overall 
level, about a half or even higher percentage of participants were not conscious of any changes in 
their own health and physical activity before and after the trial. There were also 25 to 45% of 
people who perceived increased states. In contrast, some participants received negative effects 
for most items by their 12-week experience of activity measurement with wearable sensors. One 
third of participants expressed their decreased confidence of their health conditions after the 12-
week activity measurement. In addition, more than 40% of participants exhibited their reduced 
willingness to activity measurement with wearable sensors after the trial. 
 
Table 2: Comparisons of self-reported states between pre- and post-trial 

General Questionnaire items 
% agreement Number of participants 

Pre-trial Post-trial Increase Decrease No change 

1. My daily physical activity level is higher** 28% 42% 13 3 20 

2. I take care of my health better than others** 17% 39% 16 2 18 

3. Like to perform exercise better than others 53% 61% 10 6 20 

4. Important to find time for exercise** 39% 72% 17 2 17 

5. Wish to use activity sensor 53% 42% 9 15 12 

6. Must perform more activity than I do* 81% 86% 16 5 15 
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7. Confident of my health condition* 28% 22% 4 12 20 

8. Annoying to measure activity with sensor (-) 44% 50% 13 10 13 

 (-) Item labelled negative meaning *: p < 0.05; **: p < 0.01 between pre- and post-trial. 

 
 (3) Participant views 
Like the above-mentioned trend of periodic transition for physical activity, there were not many 
participants whose awareness of and attitudes to physical activity and related aspects were 
positively shifted, and many of them did not change their perceptions of these aspects during the 
trial period.  A trend of transition of participant views of and attitudes to physical activity and its 
measurement is shown in Table 3 in terms of the number of participants for each pattern based 
on awareness factors. For instance, five out of 36 participants increased their awareness of 
contribution of physical activity to their health gradually or at a certain period – but never 
decreased any time – in the 12-week interval, while other four shifted their views of this awareness 
factor to the other direction. A majority of participants, i.e., 75%, were not influenced on their 
awareness of contribution of physical activity. For the other awareness factors, in principle, their 
transition trend can be seen to be similar to Factor I: many participants did not change their views, 
and some of them either increased or decreased – slightly more participants had decreased rather 
than increased awareness of efforts of physical activity (II), willingness to activity measurement 
(III) and awareness of sleeping hours and quality (IV). 
 
Table 3: Transitions of participant awareness and attitudes in the trial interval 

Awareness factors Increase Decrease Const./random Total 

I. Contribution of physical activity 5 4 27 36 

II. Efforts of physical activity 7 10 19 36 

III. Willingness to activity measurement 2 13 21 36 

IV. Sleeping hours/quality 4 11 21 36 

V. Inhibited conditions from physical activity (-) 8 9 19 36 

 (-) Factor labelled negative meaning (Figure: the number of participants) 
 
3.2 Transition patterns by participant characteristics 
(1) Patterns by individual attributes 
As results of Chi-square test, no significant difference in three transition patterns – i.e., increase, 
decrease and no change – was identified for burned calories, the number of steps and activity 
calories between three categories of regular sport practices: vigorous (football, futsal and tennis), 
moderate (jogging, bicycling and physical exercise) and no practice. Classifying figures into three 
classes in terms of BMI, i.e., underweight (lower than 18.5), normal weight (18.5-25.0) and 
overweight (higher than 25.0), no significant difference was seen in the transition patterns 
between these groups. There was also no significant difference by the other individual attribute 
examined in this paper, i.e., between past/current and no experience of sensor usage. 
Regarding effects on participant views analysed in terms of awareness factors, transition patterns 
of awareness of sleeping hours and quality (Factor IV) were observed a significant relationship 
(p < 0.05) with experience of sensor usage. Participants (25%) having current or past experiences 
of sensor usage did not increase – either decreased or did not change – their awareness of sleeping 
hours and quality in the trial interval. Two-thirds of participants who had never used the activity 
sensor prior to the trial did not greatly change their views of this factor, and the other one third 
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had either strengthened or weakened this trend. As for another attribute, participants having 
regularly no (22%) or moderate sport practice (38%) had an increased trend of their acceptance 
for the inhibited conditions from physical activity (Factor V) such as difficulty of spending time 
for exercise and annoying of wearing the sensor than those having vigorous practice (10%) 
although it was not significant at 5% level (p = 0.06). However, 40% of young persons who had 
no regular practice were likely to show a possibility to mitigate the inhibited conditions from 
physical activity. 
 
(2) Patterns by health and activity conditions 
Applying Chi-square test to the participant-based sample, significant relationships of periodic 
transitions were observed for some combinations – but not many – of physical activity indices 
and self-reported states in own health and physical activity, i.e., GQ items. The combinations 
detected statistically significant at p < 0.1 or lower are shown in Table 4 in terms of % matched 
– which refers to as percentage of periodic transition categories, i.e., increase, decrease and no 
change (constant or random), matched between the physical activity and the GQ item – and % 
inversely-directed – which was calculated as percentage of increase-decrease and decrease-
increase pairs of the combination. For instance, transition patterns were matched between activity 
calories and importance to find time for exercise for 50% of participants, while only 8% conflicted 
transition patterns for the physical activity and the self-reported condition of this combination. 
Thus, the periodic transition of physical activity level seems to be synchronised with participants’ 
self-reported conditions specifically for the following three GQ items: importance to find time 
for exercise, necessity to perform more physical activity than what they currently do, and 
confidence of own health. 
 
Table 4: Relationships of periodic transitions between physical activity and self-reported items 

Physical activity GQ items p % matched 
% inversely-

directed 

Burned calories 4. Time for exercise † 50% 8% 
 6. Perform more activity * 33% 19% 

  7. Confidence of own health † 44% 6% 

Number of steps 4. Time for exercise † 53% 11% 

  6. Perform more activity * 36% 22% 

Activity calories 4. Time for exercise * 56% 8% 

  7. Confidence of own health * 42% 3% 
   †: p < 0.1; *: p < 0.05 

 
In the same way, relationships of the periodic transition between participants’ awareness factors 
and self-reported conditions were analysed, and results are summarised in Table 5. There were 
only a few combinations observed significant relationships of the periodic transitions between 
WQ factors and GQ items. For instance, in the first WQ-GQ pair in Table 5, some participants 
who had not only increased but decreased awareness of time for exercise exhibited increased 
awareness of contribution of physical activity to own health in the 12-week interval. Regarding 
the inverse relationship of this WQ-GQ pair, it can be speculated that young people for whom it 
became more difficult to find their time for exercise may consider that they need to perform more 
physical activity, and therefore they must be aware more strongly of its contribution to their own 
health. In contrast, those who perceived no change of conditions for finding time were more likely 
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to decrease their awareness of contribution of physical activity although a majority of participants 
in this group did not change the level of this awareness factor. 
Regarding other WQ-GQ pairs having significant relationships, periodic transitions of both 
participant efforts of physical activity and willingness to activity measurement were dependent 
on transitions of their wishes to use a sensor. The less likely participants are to perceive annoyance 
with sensors, the more strongly they are aware of their sleeping hours and quality and the more 
likely they are to remove inhibited conditions from physical activity. The inhibited conditions 
were also inversely harmonised with their confidence of own health. 

 
Table 5: Relationships of periodic transitions between awareness factors and GQ items 

Awareness factors GQ items p % matched 
% inversely-

directed 

I. Contribution of physical activity 4. Time for exercise ** 47% 8% 

II. Efforts of physical activity 5. Wish to use sensor † 31% 6% 

III. Willingness to activity measure. 5. Wish to use sensor * 33% 14% 

IV. Sleeping hours/quality 8. Annoying with sensor (-) † 53% 3% 

V. Inhibited conditions from activity (-) 7. Confidence of own health * 36% 6% 

  8. Annoying with sensor (-) † 53% 8% 

 (-) Factor or item labelled negative meaning †: p < 0.1; *: p < 0.05; **: p < 0.01 

 
4. Discussion 
From the analysis results of participants’ physical activity records and questionnaire responses, 
biometric and activity measurement and its feedback in a long-term interval did not necessarily 
yield positive influences in terms of activity levels, and attitudes to, views, and awareness of 
physical activity and related aspects. A majority of participant neither altered their activity levels 
nor change their awareness and views of their own health and activity measurement during the 
trial period. Although there was a small part of participants who exhibited positive transitions 
physically, psychologically or mentally, some other persons changed their views and behaviours 
even negatively in the 12-week interval. Based on the results, Hypothesis 1 concerning positive 
effects of activity measurement is not supported. 
Regarding Hypothesis 2, effects of activity measurement with the activity sensor were diversified 
across participants. However, no significant dependency was identified in the transition patterns 
of physical activity by individual attributes examined in this study, i.e., BMI, the experience of 
sensor usage, and regular sport practice. In addition, significant dependency was observed only 
for a few WQ factors by the individual attributes. Even for these combinations having significant 
dependency, different patterns of periodic transition were contained for each category of the 
individual attributes. These results cannot suggest that Hypothesis 2 is supported. 
At least three reasons can be considered for rejection of the hypotheses. Firstly, this study’s 
participants – young Japanese students – were healthy enough, e.g., only two of them were 
overweighed in terms of BMI (mean: 21.0; SD: 2.3 in the analysis sample), with no chronic 
disease, and many of them had already acquired daily sport practices at the period of the trial. 
Therefore, it may be natural to speculate that they did not require themselves for more physical 
practices or activities than what they did, but they might feel activity measurement and sensor 
usage simply as cumbersome or annoying. Secondly, in this study, daily physical activity records 
having over 6-hour un-wearing duration were determined as invalid data. Therefore, the analysis 
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sample included daily activity records for days when the sensor was not worn for some hours. 
Three physical activities taken up in this study, i.e., the number of steps, burned calories and 
activity calories, were not accumulated in the un-wearing duration, and therefore a recorded 
activity score was somewhat smaller than the actual activity of the day, depending on the activity 
in the un-wearing duration. Low reliability of the data may be a possible source for violation to 
derive accurate results. Finally, twelve weeks might not be long enough to detect participants’ 
habituation of physical activity and its effects on their views and attitudes. Comparing self-
reported states related to own health and physical activity between pre and post-trial responses, 
periodic differences, and moreover increased transitions were identified for many of the GQ 
items. In the present paper, scores of awareness factors derived from the WQ responses were 
analysed based on four periods classified within the 12-week trial. The results of GQ item 
comparisons may suggest that additional analyses are required for investigation of effects of 
activity measurement, for instance, by comparing scores of WQ factors between the initial and 
the final phase of the trial, in addition to analyses on the weekly basis. 
 
5. Conclusions 
In this paper, we sought to explore effects of measuring biometric and activity data and their 
feedback as activity and health-related scores by use of wearable activity sensors, focusing on 
application to young persons, from not only physical levels of activities but also psychological 
points of view such as their attitudes to, motivation and awareness of activity measurement and 
health-related issues. Overall, participants’ self-reported levels of daily physical activity, their 
confidence of own health conditions, awareness of taking care of health, and self-requirement for 
more physical activity became significantly higher after the 12-week daily-life application of 
activity measurement. However, their actual activity levels, e.g., the number of steps, burned and 
activity calories, were not necessarily increased for many participants in the trial interval. Increase 
of awareness, motivation and efforts of physical activity and its measurement was observed only 
a part of participants. A larger number of participants exhibited negative transitions of their 
awareness particularly for the following factors in the 12-week interval: efforts for performing 
physical activity, willingness to activity measurement, and awareness of sleeping hours and 
quality. In addition, no clear result was obtained concerning individual characteristics or attributes 
which can distinguish young persons who are influenced positively by activity measurement from 
those who are affected negatively or no contribution. 
Summarising these results, it should be concluded that we could acquire no sound evidence 
concerning positive effects of activity measurement and its feedback with wearable activity 
sensors on their physical conditions and mental or psychological aspects for young users, although 
there may be a possibility to obtain such evidence in further studies. Therefore, we need to 
conduct more trials based on a revised plan and procedure in which the above-mentioned 
limitations can be overcome in a future study. We also need to explore influential factors and 
individual characteristics for classifications of persons who have positive attitudes and views of 
physical activity and its measurement and those who are not interested.  
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Appendix: Weekly Questionnaire items 
1. [Factor III] I am satisfied that I can get the information of my daily physical activity. 
2. [Factor V] I think I have to walk a bit more than I do for my health. 
3. [Factor II] When the indicator tells me to require slightly more steps, e.g., 100 steps, to achieve 

my goal in the end of the day, I definitely try to do so. 
4. [Factor I] When I become 55 years old or later, I would perform daily physical activity as 

possible as I can. 
5. [Factor I] Physical activity makes me improve not only physically but also mentally better. 
6. [Factor V] It is difficult to spend time for daily exercise due to other activities. 
7. [Factor I] Physical activity or exercise does not contribute to my health conditions so much. 
8. [Factor III] I seldom check the indication of my steps during the day. 
9. [Factor II] When I have time, I try to make physical activity. 
10. [Factor IV] I check my sleeping hours every day. 
11. [Factor V] It bothers me to wear this sensor in my wrist. 
12. [Factor III] It is pleasant to see the indication of the number of my steps. 
13. [Factor III] I often check other indicators from the number of steps such as calories spent and 

heart rate. 
14. [Factor II] I feel satisfied when I have achieved my daily goal of steps. 
15. [Factor IV] I am aware of sleeping hours every day. 
16. [Factor II] I want to be boastful to my friends or family about the number of steps that I 

achieved. 
17. [Factor II] When I could not achieve my goal, I will try to walk more next day. 
18. [Factor III] I have no benefit from the feedback of my daily activity scores. 
19. [Factor II] I would like to recommend my parents to use this sensor. 
20. [Factor I] Physical activity is not needed for my life. 
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disorders of operators 
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1. Challenges 
Semiconductor industry is one of the most important industries. The technology has been 
improvement and productivity growth very quickly. Operators need to move more quickly and 
handle more heavy materials in new plants than they did in old plants. The cumulative trauma 
disorder (CDT) has been a health problem in this industry. Inappropriate or bad designed layout 
caused the workers’ musculoskeletal injury. Ergonomic and human factor standards of the 
semiconductor equipment and material institute (SEMI) has recommended that tool or equipment 
should be designed to approach the population of users, such as the populations of 95th percentile 
north American male (189.5-cm) and 5th percentile Asian female (147.5-cm). However, the 
anthropometric data of USA is different from those of Taiwan. 
There were 5 musculoskeletal injury cases have been found during a month, and the plant had 
lost more than 2,000 work hours for sick- leaves in the past three months. According to the 
occupational nurse room records, 100 operators (35.71 %) have complained musculoskeletal 
uncomfortable and 24 (8.57%) have medical care records. The most problem and challenge was 
to stop the sick- leaves and find the course of the musculoskeletal disorders. 
 
2. Activities 
The ergonomics team has been constructed and included ergonomics specialists, occupational 
nurse, manufacture supervisor, operators and the goal is to stop the sick-break of manufacturing 
factory and find the course of the musculoskeletal disorders. The team has measured body-
segment physical properties of the 592 female workers in four semiconductor factories to generate 
the anthropometrics database and 223 workers did the msuculoskelatal disorder and ergonomic 
questionnaires, which were used to survey occupational musculoskeletal disorders or injuries. 
The ergonomic equipment checklists were developed to check whether the height of operation 
level was appropriate or not. 
The results of anthropometrics show the average heights of body, eye, shoulder, elbow, hip, 
lumber and knee and ankle are 158cm, 148cm, 129cm, 102cm, 72cm, 96cm, 42cm and 6cm in 
sequence. Based on the anthropometrics data of these semiconductor factories, the appropriate 
height of surface of workstations to handle facilities are from 96cm to 103cm. The results show 
that from 9cm to 20cm of the surface height of workstations need to be decreased in facilities 
appropriately. 
 
3. Outcomes 
The ergonomics team has recommended the factoroes to redesigne and reengineer their layouts 
and lowdown the operation surface of the equipments. The factory has expended more than 8 
million US dollars to lowdown operation levels of factories to match the height of their operators. 
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After the layout reengineered, the musculoskeletal disorder case has not happened again. The 
operatores, suffered musculoskeletal injuries from the inappropriate layout, have been treated by 
the medical doctors and physical therapists who have hired by the company. 
The team have an advice to the company that we need to check the operation surface of all other 
plants if the operation environment and human machine interface is appropriately for operators 
or not. 
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Chapter 18 
Digitalisation and automation of work 
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Abstract: Implementation of new integrating IT systems i.e. ERP (Enterprise Resource Planning) 
in networks fosters transformation of objects and outcomes of work, community, division of 
labour and rules of working. This implies considerable changes on work tasks, and requires 
learning both the new working practices as well as the use of the new IT system.  Previous 
research has described the system’s introduction and use with different kinds of models that do 
not pay sufficiently attention to systemic features of change and learning. In this article we 
introduce a model which helps to promote more sustainable way of learning at work when new 
IT systems are taken into use. Along with it we can understand more profound the continuous, 
interdependent development of work tasks, work processes and IT systems as tools. We 
demonstrate the use of the model and show how the development of everyday work practices 
and IT systems are and should be tightly interconnected. We also present practical 
recommendations for supporting learning process in digital change of work. 
 
Keywords: Learning, Network, ERP.  
 
 
1. Introduction 
Digitalization offer new, innovative possibilities for organizing work in networks and for creating 
new kinds of services and products. Its primary aim is to boost the effectiveness, competitiveness 
and productivity. However, in order to gain the potential innovativeness of digitalization from a 
viewpoint of sustainable work and processes, we need to take the whole sociotechnical system 
into account. Implementation of new integrating IT systems i.e. ERP (Enterprise Resource 
Planning) in networks fosters transformation of objects and outcomes of work, community, and 
the rules and division of labour (Sakas et al. 2014). The changing work tasks and the new IT 
system mean learning challenges for those working in the sociotechnical system. They need to 
perceive in a new way the possibilities of integrating IT, how to use it in their work, and how to 
understand its meaning in a larger work and production context. This kind of change does not 
happen during a limited implementation phase but proceeds as a long-term process.  
According to previous research the goals of extensive technological reforms are rarely attained 
as was intended (Griffith et al.1999; Huang et al. 2011; Neufeld et al. 2007). There are research 
results indicating that ERP adoptions need considerable time before the full positive effects are 
gained (Nicolaou and Bhattacharya 2006). However, Antoniadis et al. (2015) noticed that among 
small and medium sized enterprises perceptions of the business intelligence potential of ERP and 
the advantages of the implementation of ERP did not increase along with years of usage of it. 
Because of the complexity of the integrating systems and their purview the reshaping of work, it 
can be assumed that more support should be given in post-adoption phase in order to ensure 
learning of the system and new work practices. In these adoption and implementation studies the 
process of learning at work in these complex environments has not been in the focus.  
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The system’s introduction and use has been described with different kinds of models, such as 
implementation, acceptance, adaptation, and diffusion models (Venkatesh et al. 2003; Venkatesh 
and Bala 2008; Straub 2009). Also, the critical factors of system’s implementation have been 
analysed intensively (Nah ae al. 2001; Bradley 2008; Michel at al. 2013). One of the most known 
model based on the Theory of reasoned action (Fishbein and Ajzen 1967) is the Unified theory of 
acceptance and use of technology (Venkatesh et al. 2003) which differentiates the factors 
affecting to the attitudes and the intention of use of technological solution. Those affecting factors 
are performance and effort expectancy, social influence and facilitating conditions. Nah et al. 
(2001) listed the critical success factors of IT implementation more specifically in eleven 
categories. They were as follows: ERP team work, change management program and culture, top 
management support, business plan and vision, business process reengineering, project 
management, monitoring and evaluation of performance, effective communication, software 
development and testing, project champion, and appropriate business and IT legacy system. These 
factors in different kind of combinations have been found relevant in many studies (McAfee 2003, 
Rizzutto and Reeves 2007, Goeurderoy et al. 2014, Antoniadis et al. 2015, Avgar et al. 2018).  
However, these kinds of studies have limitations: they do not pay sufficiently attention on 
systemic features of change. Those models focus on the acceptance and adoption of technology 
from the perspectives of individual’s attitudes and behavioural intentions (e.g. Korpelainen 2012).  
In later model evolution, social and organizational aspects have been taken into account also, but 
not from their dynamic aspects. Moreover, the critical implementation success factors have 
concerned practical and change management point of view (Michel et al. 2013). The 
implementation process in the flow of time and continuous change of the work processes and 
especially learning at work have not been in the focus. Therefore, those models and factor lists 
have failed to advance the innovative post adoption use of the systems as well as intended.  
When implementation process is understood from broader perspective as a reformulation of a 
sociotechnical system, the focus turns into the social and dynamic of the long term change. IT 
system is not seen any more as an outside trigger that existing structures, routines and habits 
should adapt for (e.g. Beaudry & Pinsonneault 2005). On the contrary, its use is problematized to 
seek new self-determined ways to apply it and to develop new knowledge and skills. Thus, 
learning of the use of IT system is embedded in reinvention of work practices and processes (Nevo 
et al. 2016). The aim of this article is to introduce a model which helps to promote more 
sustainable way of learning at work when new IT systems are taken into use. Along with it we 
can better understand the continuous, interdependent development of work tasks, work processes 
and IT systems as tools. 
 
2. A model for learning at work in IT systems implementation 
The reformulation of sociotechnical system requires both learning the use of IT system and re-
constructing the context of applying it. Therefore, the implementation phase of an IT system is 
merely a beginning to develop new work practices. We will introduce a model for learning in IT 
systems implementation that consists of the phases of implementation process and the generalized 
multilevel learning needs of a new IT system. We also analyze differences and temporality of the 
learning processes to meet the learning needs. The phases of the implementation process are 
categorized as planning and preparing; introduction; and establishing. According to the ideology 
of agile development the borderline between IT system development and implementation of the 
system is dynamic, emphasizing iterative and incremental development (Law and Lárusdóttir 
2015). Thus, we emphasize evaluation as a continuous activity in the process.     
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2.1 Multilevel learning needs  
A successful use of a new system requires knowledge and learning in three different aspects. 
Resembling Bygholm’s (2001) view, the knowledge is needed from the equipment itself, how to 
use it as a tool, and the operating model carried out with it. When understanding IT system as an 
object the knowledge concerns a concrete, explicit, rule based and factual aspects of the device 
and its functionalities. Object knowledge answers to the question what the system can do. From 
the learning point of view, it focuses on the performing the concrete operations of the device.   
The knowledge of the IT system as a tool indicates not only knowing the functionality of the 
system but also its use to perform in work situations (e.g. Rabardel and Bourmaud 2003). It is 
knowing how the system should to be used in personal work situations. How its functionalities 
are applied in own work tasks? To attain these new technological capabilities (see Nevo et al. 
2016) the end-user needs to learn new ways to do his work and to integrate system’s 
functionalities in his or her working practice.   
From learning point of view, the most challenging task is to understand IT system as part of the 
whole operating model and apply it within the network of users and organizations. The knowledge 
of the operating model embedded in use of the IT system is not only technological capability to 
attain the goal of work task, but means understanding why IT system is used and what are its 
effects to the production of services. It is knowledge that concerns values, norms, and criteria for 
proper use of the system. It includes understanding how to develop organization and good services 
in line with existing and emerging knowledge, values, and goals. Such knowledge is typically 
tacit kind of knowledge and is usually formulated as explicit only by developers and managers.  
 
2.2 To promote multilevel learning 
The phases of implementation process connected with the multilevel learning needs are used as a 
base for a model to promote learning in different points of time in the deployment of IT system. 
In Figure 1 the first three phases of process are presented in vertical columns and the continuous 
evaluation and development is described horizontally at the top of figure. The learning needs or 
levels are presented as three horizontal rows. With this model the development of know-how and 
emphasis of learning are analyzed in relation to the deployment of IT system. We also discuss 
level specific learning methods. 
At the first level the competence to use the IT system and its features in technical sense is gained. 
Traditionally, formal training situations are focused on technical use and basic know-how 
concerning the system. The technical mastery of the tool is attained in training situations by 
perceiving its operations and learning how to carry out them. In implementation research formal 
training has been seen as one of the most critical factors for a successful outcome. In practice, 
training is preferred to be arranged right before introduction of the system, and to continue 
afterwards as repeated practicing and rehearsals. Different kinds of self-learning materials (e.g. 
short guides, step-by-step instructions, manuals, eLearning materials) are used as exercises in 
training and as support material afterwards. Formal training is found effective when carried out 
closely around introduction (e.g. Lorenzi et al. 2009). 
A good technical mastery of the IT system creates an optimal base for the range of usage and 
content utilization of it in work tasks at hand. To manage in everyday work situations, individual 
needs to understand and to be able to produce knowledge in the IT system that is essential and 
proper for her or his tasks. The mastery of operations is essential for fluent work. Then, at the 
second level of learning needs, user training focuses on a broader scope: from mastery of 
operations towards the situation aware technical capability (e.g. Bygholm 2018). In user training 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 331 

arrangements this is usually made sure by recruiting supervisors having a strong technical mastery 
of the IT system and a deep practical understanding and experience of the subject matter of the 
work and services. The training itself is effective when it orientates to the workflow of the tasks, 
introducing real cases and using a problem-oriented interactive method (Bredfeldt et al. 2013, 
Stephanie et al. 2011, Nicklaus et al. 2015). This kind of learning process proceeds quite a long 
time after system’s introduction and formal training, and it can be supported by facilitators. 
 

Figure 1: A model to promote learning at work in IT systems implementation (Tuomivaara and 
Ala-Laurinaho 2018). 
 
Understanding the importance of the IT system and system information for the service production 
gives a strong motivation for the use of the system.  Highly developed and integrated digital 
platforms and information systems will substantially change the patterns of work and ways of 
working. The introduction of new tools typically aims to increase the productivity and efficiency 
of current service processes. New operating logics are developing, as integrated IT systems are 
enabling a new kind of division of work and networking, automation is replacing routine tasks, 
and the new tasks require new competencies and orientation (Ala-Laurinaho et al. 2018). The 
emergence of a new operating model is long lasting collaborative learning process where the 
meaning of system information is reintegrated and reimagined with work and service process. 
 
3. Learning practices depending on implementation phase  
Reforming of a sociotechnical system calls for new competencies in use of an IT system, tasks 
performed with it, and of the context it is used in. This reformation is ongoing iterative and 
interdependent process with technology and action, where users build new practices in line with 
the new goals, work situations and context (Savioja & Norros 2013). The reformation of the 
operating model requires explicating the old and implicit premises, and re-evaluating practices.  
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The model, presented here, gives a deep understanding of the quality criteria for competence 
development when analyzing it from the point of view of learning at work.    
 
3.1 Informal learning at work 
This chapter introduces how learning needs in time frame are analyzed by using conceptualization 
of informal learning by Ellström (2011). Informal learning is defined as learning that takes place 
regularly in work and everyday activities. However, it is “subordinated to other activities (e.g. 
work practices) in the sense that learning is not their primary goal” (Ellström 2011, 106). In such 
situation learning can occur implicitly, or it can involve also some conscious effort to learn. 
Learning is seen as a reciprocal process between the learner (individual or team) and the 
environment; learning means both adapting to the environment and re-shaping it.  
Informal learning at work is divided into two aspects: adaptive and developmental learning 
(Ellström 2001). In adaptive learning the focus is on the mastery of the given tasks to improve 
performance or create routines in an organization. It primarily concentrates on advancing 
competencies for handling routine tasks and solving problems that are frequent. Developmental 
learning, on the other hand, emphasizes individual or collective development and considerable 
change of an ongoing situation. This “is assumed to occur when individuals or groups within an 
organization begin to question and explore existing working conditions or established definitions 
of the problems and tasks at hand, and act to develop new ways of handling the duties and often 
complex problems involved in a job” (Ellström 2011, 107). 
 
3.2 Informal learning at work and IT implementation 
Adaptive learning and developmental learning are in different roles and they center on different 
phases in implementation process. Mastering system features and operations are mainly trained 
in formal educational sessions closely before and after introduction. This kind of formal training 
emerges as formulating of rules, practices and competencies, and probably promote informal 
adaptive learning at work (Eidskrem 2009). After those training sessions basic know-how of 
functions and use of the IT system in technical sense are adopted as new routines among tasks 
that recur quite frequently in everyday work. As such, formal education, training and practicing 
are seen catalyzing adaptive learning but the focus still stays on learning of the use of the system. 
When switching to mastering the system as a tool in a work process, informal aspect of learning 
emerges more obvious and adaptiveness dominate. Ability to use system, mastering its content 
and functionalities in ordinary work situations, produce and use system information are learned 
when performing work tasks for service production.     
Implementation of integrated IT systems as a tool for network of users is not starting from scratch.  
Planning and preparation of it and ideas of its applying begin from more or less stable 
understanding of network’s work tasks, processes, division of work and actions in production, 
with main target to develop production and to attain better productivity. The broader and more 
comprehensive change of operating model and service process with integration of IT systems and 
functions, the more profound effects are for the individuals and teams. Introduction of a new 
integrated system question predominant practices and course of actions, and creates natural 
starting point for forthcoming developmental learning (e.g. Ellsröm 2011). 
When acting in renewing network with new system ensemble, the established competencies, 
routines and norms, even values are not accurate anymore, and they need to be reformulated. The 
established practices involve individual based and clustered knowledge, conceptions, attitudes, 
ability to act and solve problems, be in interaction, and perceptions of structures of action. These 
facilities are based on both explicit and implicit (tacit) knowledge, mainly on tacit knowledge 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 333 

(Polanyi 1966, Nonaka & Takeuchi 1995). To the master the new operating model and logic, 
production and service process embedded in the integrated systems, the actors first need to 
become aware of that implicit and tacit knowledge, and then re-evaluate and reformulate it.    
Developmental learning process is devided on knowledge-based and reflective action. According 
to Ellström (2011) at the knowledge-based level conscious control of the actions emerges, and 
actions are outlined by tasks and goals, experience and environmental conditions. The process 
activates when learner encounter novel and unfamiliar situations and no rules or experience based 
procedural knowledge are available. Then actions are controlled by goals and based on explicit 
knowledge. In knowledge-based level factual knowledge (i.e. goals and environment) and more 
general and explanatory knowledge (i.e. operating model and logic) is applied. To reach new kind 
of rule and skill based i.e. routinized action there is a need for reflection and evaluation that 
concerns both the performance and consequence of actions and, alike the task and the goals. This 
reflection process makes explicit and testable those implicit and for granted premises of actions. 
Informal learning at work is an interplay between routinized and reflective levels of action. In 
implementation process new routinized level for the group from the view of operating model and 
logic is reached when users are able to perceive and understand content, meaning and connections 
of the system information in the production and service process. They are competent to do work 
tasks with integrated system in a reflexive way. To achieve this level of competence at 
stabilization phase, requires time and a lot of collective learning efforts. 
 
4. Conclusions and implications 
Models of IT implementation and adaptation have not been sufficient to analyze the adoption 
process of new integrated IT systems from the point of view of ongoing learning at work (e.g. 
Neufeld et al. 2007, Huang et al. 2011). In this article we elaborated a model for IT systems 
implementation process in which learning and adoption of a new operating model and logic are 
taken into account. In the model different learning needs and temporal dimension of learning in 
implementation process were combined. This learning process begins before and lasts long after 
the introduction of a system; during it connections between work, processes and use of a system 
are reinvented and tightly interrelated to each other. Ellström’s (2011) theory of informal learning 
at work complement the understanding of the value and temporal focus of different learning 
processes, i.e. adaptive and developmental learning, during the adoption.  
The model highlights the developmental challenges for adequate learning in an implementation 
process. In a network of users, they should focus on cooperative development and mastering of 
operating model and logic, production and service process embedded in integrated systems, 
before and long after the introduction of a system. In these phases the developmental learning 
approach and organizational practices to promote such kind of process are essential. To promote 
the development of new kinds of technological capabilities (e.g. Nevo et al. 2016) in network of 
users, developmental activities, structures and functioning platforms for knowledge-based and 
reflective level of actions are needed (e.g. Ellström 2011). In these platforms the interrelated 
development of work practices, processes and IT system usage will materialize towards fluent, 
meaningful and productive work. Obviously, decent mastery of the system’s features and 
operations creates foundation for this development.   
For further development of the model it will be essential to deepen the understanding of the 
learning process in and between groups of users. As it is known, the meaning of tacit or implicit 
knowledge depends always on the context. The recreation process of implicit knowledge and 
routines is therefore useful to investigate in the customer – employee – system supplier entity. A 
fruitful tool for analyzing the crossover and creation of knowledge and reinvention of joint work 
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practices in everyday work situations can be the concept of community of practice by Lave & 
Wenger (1991). Furthermore, the model must be applied to the real life’s implementation cases 
to test its functionality and reliability, and for further elaboration. Through these experiences new 
practice based instructions for promoting learning in IT implementation process can be illustrated.  
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Abstract: As part of their digital transformation, companies adopt social platforms to support 
knowledge work and company communication. Based on interviews in a software company, we 
investigate the consequences of digitalized company communication for the psychosocial work 
environment using the six golden nuggets model. We found the most positively mentioned 
dimension was the degree of social support, but also negative experiences in the demand 
dimension. Our results indicates that managers have to mitigate negative effects by introducing 
guidelines, but also allow a certain flexibility in order to keep open communication. 
 
Keywords: social media, case study, company communication, six golden nuggets, employee 
well-being. 
 
 
1. Introduction and research focus 
Social Media has entered the business world, disrupting businesses, but also introducing new 
opportunities and challenges to the psychosocial work environment. ‘Social media’ is reshaping 
work processes in organizations, which is potentially streamlining also the internal 
communication. The usage of social media can increase employee performance, but it can also 
constrain employee behaviour (Kane, 2015). Organizational culture can encourage or impede 
knowledge sharing and communication within a company (Michailova, Minbaeva 2012). 
Previous studies already investigated such organizational factors to adopt social media 
communication in a company, e.g., training and reward systems, management support, guidelines 
for contributions to the systems and the assignment of a responsible person (Kirchner et al. 2008). 
These significant changes in communication are affecting the complex mix of psychosocial job 
characteristics, social and organisational context that constitutes the working environment, and 
can therefore potentially affect the employees’ health, wellbeing and productivity. Brooks (2015) 
found that personal use of social media leads to lower task performance, increased technostress 
and lower happiness. Another study found that the use of social media at the workplace led to 
higher co-worker and supervisor support and helps to alleviate work-related stress 
(Charoensukmongkol 2014). The influence on a company-wide usage of social media at the 
workplace is still not well researched. 
In this paper, we present a case study from a mid-sized German software company that has 
introduced the cloud-based software ‘Slack’ as a social media tool for internal communication 
throughout the whole company. The company started 10 years ago with a small number of 
employees sitting all in one room and having direct communication. With a growing number of 
employees, a direct communication to all was less and less possible. The use of the cloud-based 
team collaboration tool Slack started in the engineering department, and spread around gradually 
until it became the main tool for internal communication. Slack changed the way of internal 
communication in the company in a positive way, but it also faces some challenges. In our paper, 
we analyse the consequences of using ‘Slack’ for the psychosocial work environment for the 
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employees and thereby answering the question how such social media tools might influence the 
well-being of employees. We further investigate how social media in the enterprise could be 
managed to avoid negative effects on well-being. 
 
2. Methodology 
The case study is based on two interviews conducted in the software company with the original 
focus on business value of using social media in a company (Kirchner et al 2019). In the 
interviews, we asked which tools are used in the company for internal knowledge sharing, how 
these tools were adopted, and which benefits and challenges the interviewees see when they are 
using these tools. The interviews were recorded and transscripted.  
Afterward, the interviews were analysed focusing on the psychosocial work environment. We 
have applied the Copenhagen Stress Model “The six Golden Nuggets” (Kristensen 2004, 
Kristensen 1999, Pejtersen et al 2005). This model identifies six dimensions of particular 
importance for the psychosocial work environment. These dimensions are Degree of influence, 
Degree of meaning, Degree of predictability, Degree of social support, Effort/reward and 
Demands:  

- Degree of influence: The extent to which the individuals has influence on his own work 
and work conditions. For instance, the overall organisation of work, working time, 
collaborators, work procedures and tools, working hours and workspace layout. 

- Degree of meaning: The extent to which the individual can connect his or her own work 
with the overall product of the organisation. This depends on the organisations/the 
manager’s ability to convey the overall purpose and values of the organisation and 
whether the individual is able to identify with the purpose and set of values.  

- Degree of predictability: Predictability is about getting the relevant information at the 
right time in order to avoid uncertainty and anxiety; it is not about knowing all the details 
of the daily work. 

- Degree of social support: The extent to which individuals get the required support when 
it is needed. The support can be both practical as well as emotional, and can be offered 
from both managers and colleagues. 

- Effort/reward: It is important that the reward measure up to the effort otherwise it will 
be perceived as unfair. The reward can be both economical but also appreciation from 
colleagues and managers and opportunities for personal development. 

- Demands: The quantitative demands must be appropriate, meaning that the individual 
must have neither too much nor too little to do. The qualitative demands must also suit 
neither the individual so the demand are perceived neither as to easy nor too demanding. 
The demands must be clearly communicated so it is clear when the job is done acceptable. 

According to this model, the optimal psychosocial work environment can be characterized as 
follows: a high level of basic predictability, good social support, meaningful work, a high level 
of influence at work, a balance between efforts and rewards, and demands that fit well the 
resources of the person (Kristensen 1999). 
 
3. Research outcomes 
In our interviews, we collected positive as well as negative experiences with the use of 
‘Slack’ for internal company communication on employee well-being. In the two 
following sections, we will analyse these findings using the six golden nuggets. 
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3.1 Positive Effects on well-being 
Our analysis of the interviews shows that the use of a social media tool for internal communication 
has affected the collaboration and work processes in the case company. When we apply the model 
of “the six golden nuggets”, it becomes apparent that the use of the social media communication 
tool has affected the psychosocial work environment in several of the six dimensions identified 
by the nuggets (table 1):  
 
Table 8: Positive Effects: Examples from the interviews 

Golden Nugget Example quote from the interviews 
Degree of social 
support 

[With Slack,] “you might get an answer from someone who you didn’t have 
in mind before. Otherwise, you only have in mind one person, who you 
could ask, and this person is currently probably on holidays or two days in 
a training. Then you have to wait for 2 days, but if you post in the public 
channel, then there might be five other people who can also answer my 
question.” 

Degree of 
predictability 

“…our CEO has his own channel where he posts something every 2 days, 
what he is working on and thinking about, or with which interesting 
customers he just talked and so on. It should be all transparent, there should 
be discussions started.” 

Degree of 
meaning 

And the CEO “in the last year, started a discussion on Slack which should 
be the…” objectives and key results for next year 

Degree of 
influence 

“the ease with which we were able to communicate with each other, 
and it saves traveling. I can just call my colleague in the US any time 
she is in the office…” 

 
One of the dimensions where we see most experiences reported regarding the six dimensions is 
in the ‘degree of social support’. The power of the group is increased using the tool. Instead of 
writing an email to a single colleague and hope for a quick answer, questions can be posted in a 
public channel in ‘Slack’. Therefore, an employee might get an answer from someone she/he did 
not have in mind to ask before. This brings the employees closer together in a joined effort to 
solve tasks. In the process of integrating new employees in the company, ‘Slack’ contributes to 
the feeling of belonging and social support. A new employee joins ‘Slack’ on her/his first day, 
and has access to the whole history of all channels. In this way, ‘Slack’ works as a knowledge 
base, to see what happened in the department or project and what the next steps are. ‘Slack’ can 
be therefore seen as a carrier of the open organizational culture. 
Regarding the ‘degree of predictability’, the employees have experienced a higher level of 
transparency by using ‘Slack’. Each department has an own public channel were the head of 
department can post news that can be read by every employee. Furthermore, the CEO has his own 
public channel where he posts regularly. There he starts discussions with all employees, e.g., 
about company’s objectives for the coming year. Employees can contribute to the discussion and 
thus better identify with the company’s aims and products, which increases the ‘degree of 
meaning’. In this manner, ‘Slack’ can be used as a tool for employee involvement and 
participatory processes. 
The degree of influence is also changed in a positive way. By using ‘Slack’ an easy connection 
with employees in offices abroad is possible, and travel time is saved. This higher level of 
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flexibility offers a higher degree of influence of the individual’s own work. The employees can 
decide on their own which channels they want to join and which questions they want to answer. 
This leads to a higher autonomy in the company. 
 

3.2. Negative effects on employee well-being 
However, the data also indicates some challenges in the use of a social media tool as 
‘Slack’ especially regarding the dimension ‘demands’(Table 2). 
 
Table 9: Negative Effects: Examples from the interviews 

Golden Nugget Quote from the interviews 
Demands “We have around 100 channels in the company, and if you follow all of 

them, you spend a lot of time with them.” 
“If it is a positive thing for the business, it is maybe not a positive thing 
for the workers necessarily. Because, it is into this mind-set of that you 
always have to be on, and in a way you are always working.” 

Degree of 
predictability 

“In reality, it is not so easy to find a concrete information, because Slack 
is a chat system with a lot content.” 

Degree of Social 
Support 

“so a couple of questions come in and no one is answering. So, he! Why 
is no one coming back to us?” 

 
The employee can be constantly online and be bothered with messages even outside working 
hours. Thus, the work/life balance is challenged. In the interviewed company, every employee 
can individually set his/her working hours in ‘Slack’ if he/she wants to do so. Outside these self-
defined “working hours”, employees do not receive or receive less push notifications. However, 
there are also employees who like to be always online and answer to questions. 
Some employees like to follow many channels and answer to questions, so they spend a lot of 
time in the system. Therefore, the use of the systems require a lot of information management of 
the individual employees.   
On the other hand, there are also employees who do not use or do not regularly use ‘Slack’. This 
is usually recognized by other employees, and they then write email or call these colleagues. If 
an employee posts a question, there is a certain possibility that no one answers quickly, because 
no one feels responsible to answer. This way, the employee lacks social support from his 
colleagues. 
Furthermore, ‘Slack’ is working like a chat system, so it is not easy to find a concrete information, 
and ‘Slack’ can thus not be used as a full knowledge base for the company. Because of the 
information overload, ‘Slack’ can make the working life more complex and thus unpredictable. 
That has a negative effect on the ‘degree of predictability’ dimension. In the future, qualitative 
content analysis could be applied to identify and summarize topics in the chat and thus avoid 
information overload.  
 
4. Discussion and Conclusions 
Using the Six-Golden-Nuggets model, we found positive as well as negative comments regarding 
the use of ‘Slack’ on the psychosocial working environment and thus on the well-being of 
employees. Like in the study of Charoensukmongkol (2014), we also found positive outcomes on 
the degree of social support, because employees can collaborate with more colleagues and the 
management and find quicker answers for work-related problems. Additionally, we examined 
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influences on the degrees of predictability, meaning and influence. We did not get any comments 
regarding effort/reward, because the employees seem to be self-motivated to use the systems and 
contribute, and they like the way that Slacks supports the transparent communication in the 
company.  
On the other hand, high demands on the employees, like to be always online and available, spend 
too much time in the systems or feel overwhelmed by the huge amount of content, can negatively 
influence the well-being of employees.  
Fuglseth and Sørebø (2014) who investigated technostress in connection with general ICT usage 
at the workplace propose that the management should actively encourage employees to use the 
systems and share knowledge about it and reward employees to use them in order to minimize 
technostress. In general, the use of social media in the company should be part of the 
organizational culture. Slack made the organization more transparent, because information is not 
inclusive, but a lot of information is shared. In order to mitigate negative effects on the well-being 
of employees, some guidelines for the use of the systems are necessary. However, such rules 
should not be too restrictive in order not to reduce flexibility and open communication. As an 
example, employees have the opportunity to restrict their interaction with the system to the 
working hours, but they can also be always online. Issues with too extensive use or non-
participation can be also clarified among the employees without intervention from the 
management. 
Based on only two interviews in a medium-sized company, we cannot generalize our results. In 
the future, we plan to extend our work by conducting more interviews in different companies. 
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Abstract: While PC-based systems have long been offering sufficient quality for one to one 
interaction, video conferencing with digital document sharing between meeting rooms has been 
reserved for expensive high-end solutions. This paper describes key points for establishing a 
collaboration solution supporting a physically dispersed organisation with sufficient usability, 
functionality and quality based on smart assembly of off the shelf components. 
 
Keywords: Work systems design, Collaboration technology, Power grid operators. 
 
 
1. Challenge 
In a three-year research project supported by the Norwegian Research Council, Institute for 
Energy Technology (IFE) and a Norwegian power grid company perform a pilot study to identify 
and describe the capabilities that power grid companies must possess in order to deliver in a future 
market. Through identification of main drivers for transformation and description of competence 
needs, “Collaboration” was identified as a key organizational capability supporting a wide range 
of operative decisions (Reegård et al. 2019). Based on the identified requirements from the 
organisational capability development analysis the following high-level goals for the 
collaboration solution were identified: 1. Suitable technology and arenas for interaction within 
and between locations 2. Cross 
organisation competence in interaction as 
a working method 3: Expertise in user 
support for interaction tools. 4: Adaption 
of interaction to external parties’ 
preconditions. Requirements were 
developed for both the human, process, 
organisational and technological elements 
of the collaboration capability. The 
challenge this paper addresses is how to 
identify and develop solutions that 
respond to the technical requirements. 
 
2. Development activities 
The following collaboration needs were identified in the organisation: 1: The digital collaboration 
arena is not limited to the collaboration room but have moved out to the place where people do 
their work. This means the office desk, out in the field, the home office and on travel. 2: 
Contractors´ and vendor companies should be able to interface towards the grid company 
collaboration solutions. These prerequisites were developed into a model for collaboration as seen 

Personnel out in the 
field or on travel 

Single 
person

Small groupLarge group

Vendor

Company

Figure 11: Collaboration model 
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in Figure 1. All parties should be able to connect, share common digital surfaces and have good 
quality sound and video picture. New software collaboration platforms like Microsoft Office 365 
and Google G Suite has made high-end expensive video walls unnecessary for most of the 
collaborations between a company’s locations. When collaborating one-to-one or in smaller 
groups, the pc-based solutions can even improve the participants’ experience of technological 
ease, nearness and availability of remote colleagues. The company under study had chosen Office 
365 with Microsoft Teams as their solution. For the one-to-one collaboration situation, choice of 
equipment was pretty straight forward. Replacing the small and medium size video meetings with 
sufficient quality pc-based solutions need considerably more caution. 
Results from the collaboration capability development described above were taken into designing 
a collaborative environment that would meet the requirements for flexibility and out of house 
connections towards other company locations and external actors. Based on experiences from 
collaboration environment development from integrated operations in the Norwegian petroleum 
industry (Drøivoldsmo et al., 2013) a pilot set-up was developed and evaluated with respect to 
necessary functionality. The solution supports PC-collaboration with video and possibilities for 
screen sharing between locations. As shown in Table 1 below, the basic equipment for each 
instance of the solution is laptop, personal or room video camera, microphone and loudspeaker. 
Meetings with larger groups (more than 10-12 people at one location) still require advanced 
hardware for adequate sound and video transfer and were outside scope for this development. 
 
3. Outcomes 
Three different collaboration arena solutions were developed, supporting small group size (3-
persons) and medium group size (7-12 people) in addition to the individual remote user. 
Collaboration rooms had to be accommodated in existing buildings and adapted to these. 
Consequently, compromises were made regarding the size and capacity of rooms. A collaboration 
room is not a permanent work place and does not have to comply with the work place space and 
air quality requirements. However, the room size is important in terms of supporting activities in 
the room, especially having enough room to easily move behind the chairs (minimum .7m), 

sufficient distance from the table to the monitors (1,5m) and wall space for drawing boards. 
Examples from rooms built are shown in Figure 2.  Technology selection and installation were 
done through several iterations. A variety of off-the-shelf technologies for sound and picture were 
tested, with and without switch solutions for screen sharing. We landed on the Barco Clickshare 
as the basic hub for input both for the 3-7. and 7-12-person size rooms, see Figure 3. This made 
the switch and control touch panel superfluous saving cabling and equipment cost. Cost estimates 
for Table 1. alternative B and C cover one monitor solution only. The Barco Clickshare CSE-800 

Figure: 12. a) and b) Example layouts with use of one or two screens for video 
conferencing 
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has a cost of approx. 3500€. Cabling and installation costs are not included in the estimates.  
 

Figure 13: Sketch with overview of basic components in the configuration of equipment 

 
Table 10: Equipment and approximate cost for different size rooms 

Solution Room size Monitors Video Sound Sum  
A. Single 

person 
 

Cell office 
or 
landscape 

Standard 
monitor 27” 
 
350-500€ 

External web-
camera HD 1080p 
 
80-120€ 

USB PC headset with 
sound cancelling 
microphone 
60-200€ 

 
 
 
≈600€ 

B. 3-7 
people 

 

15-20 m2 Min. 2 x 70” or 
1 x 80” HD 
1080p monitor 
4500+€   

HD 1080p video 
camera with 
pan/tilt and zoom 
600-800€ 

Table speakerphone 
 
 
≈250€ 

 
 
 
≈ 5000€ 

C. 7-12 
people 

 
 

>20 m2 Min. 2 x 75” or 
1 x 80+” HD 
1080p monitor  
4500+ € 

HD 1080p video 
camera with 
pan/tilt and zoom 
600-800€ 

Ceiling mic with 
USB sound card. Mic 
≈ 700€ Sound-card 
≈150€ 

 
 
 
≈5500€ 

 
4. Recommendation for development of the collaboration technology solution 
In order to harvest the benefits from investments in collaboration tools and arenas, the 
implementation must be targeted against the identified goals for organisation development and 
alignment with the company strategy for digitalisation. Building a solution supporting the 
collaboration capability of an entire organisation requires anchoring and mutual understanding of 
the requirements within the ICT-department. It is important to ensure quality in both ordering, 
construction and operating phases. If the goal of moving the collaboration arena to where people 
do their work shall be a reality it implies that all office desks, meeting rooms and field locations 
should have support for a common way of interaction. This includes selection of affordable 
solutions suitable for interoperability with contractors and vendors. Depending on the work 
domain, different parties will have more or less resources to make them compliant to operators’ 
solutions. Implemented the right way, PC-based solutions of today can deliver sufficient quality 
to support this functionality at an affordable cost.  
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Abstract: The development of digital technology creates opportunities for innovations and 
smart ways of working. However, especially small and medium size enterprises need carefully 
compare the pros and cons of introducing new technology. We investigated the IT-strategies of 
four companies, and tested the usefulness of the concepts of automate and informate in the 
assessment of them. The concepts proved powerful in distinguishing main features of the IT-
strategies of the companies, including their consequences on organizational design and human-
technology relations. The informating strategy creates possibilities for sustainable development 
of work, and thus, it is important to open up its potential for companies. 
 
Keywords: Digitalization, automate, informate. 
 
 
1. Introduction 
The development of digital technology will have profound effects on business and work by 
creating new opportunities for innovations, smart ways of working and augmentation of human 
capacities. To ensure sustainable changes and gain the benefits of digitalization, the entire socio-
technical work system with strong focus on human, technology and organization (Karltun et al. 
2017) must be considered when introducing new digital devices and information systems. Here, 
the concepts of ‘automate’ and ‘informate’ by Zuboff (1985) are, again, useful.  
To automate refers to a strategy where information technology is deployed for cost effectiveness 
and efficiency to ensure competitiveness in the current business. It involves partition and 
standardization of work tasks and replacing human work with automated algorithms and 
operations. A further consequence may be fragmented tasks and less possibilities to make 
decisions and influence one’s work, and thus, less skill requirements. To informate, on the other 
hand, refers to a strategy that seeks possibilities of growth and innovation based on new 
technologies. Rather than replacing, the new technologies are used to augment the human 
capacities; for example, by exploiting real-time integrated databases, members of the organization 
are involved in process and product improvements, and even in creating new business 
opportunities. Participation, agency, enlarged work roles and high skill requirements with abstract 
and conceptual reasoning are distinctive features of individual and organizational development 
when implementing informating strategy. Though these strategies may not be explicitly 
expressed, they nevertheless manifest themselves in the speeches and visions of managers, in the 
development processes, and in the elements of the emerging socio-technical work system.  
In our on-going research, we focus on the digitalization processes of small and medium size 
enterprises (SMEs). Digitalization is a crucial endeavour for SMEs, and the possibilities and gains 
are carefully set against the investment costs and risks. In this article, we test the usefulness of 
the concepts of automate and informate in the preliminary assessment of SMEs’ IT-strategies. 
We investigate what kind of goals, conditions, operational models, user roles and needs for skills 
the management expresses when considering acquisition or renewing integrating IT systems. We 
analyse and interpret them in relation to the features of automating/informating strategies. 
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2. Methodology and Data 
To test the analysis frame, we use data of four SMEs in our research project. The case-companies 
represent different branches, sizes, and phases of digitalization. Company A is a traditional metal 
engineering works with 20 employees, considering implementing production planning system 
and ERP; B is a hpac enterprise with 39 employees, introducing mobile tools and applications; C 
is a new metal engineering works with 5 employees, aiming to steady growth and flexible use of 
IT-tools; and D is an e-commerce clothing company with 9 employees, whose business is based 
on shared IT-tools and digitalization. The interview themes covered current IT systems and 
integration, future plans on IT-systems and digitalization, and anticipated consequences on work, 
processes and business. Both entrepreneurs/management and employees were interviewed, and 
the results were discussed in workshops. Here, we focus on management interviews and workshop 
discussions. The analysis was based on the content analysis method (Krippendorf 2012); the 
transcripted interviews and discussions were classified and coded according to the principles of 
the theory base, in this case, operationalizing the features of automate and informate strategies. 
 
3. Results 
The results of the analysis are presented in the table 1, differentiating the key features of 
automating and informating strategies in IT implementation and digitalization (Zuboff 1985).  
 
Table 1: Features of automating and informating strategies and examples in case companies. 

Feature Automate Case examples Informate Case examples 

Primary 

goals 

 

cost effectiveness, efficiency, control, continuity  

A: monitoring and controlling production; higher 

utilization rate; integration of systems 

B: integration of systems, accurate information, 

lower inventories, control of work progress 

C: planning, prioritizing; integration of systems 

D: inventory management, turnover, product 

cycles; automation of routine operations 

growth, innovation, develop operation & business 

B: new operating model based on accurate 

information and mobile tools 

C: new business e-commerce; system integration; 

information of processes and products; better 

service for customers 

D: new markets, e-commerce, e-marketing; system 

development; transparency; optimising algorithms 

Organiza-

tional 

model/roles 

-Use and 

users of the 

system 

 

 

 

Hierarchy, fragmented division of labour;  

-Main users managers and ‘technical elite’ 

A: hierarchy, fragmented division of labour; 

-a new person needed to maintain data & system; 

production manager as user of information; 

system use as extra work for machinists 

B: hierarchy, limited self-organizing  

-managers and foremen for production planning, 

monitoring and control based on real time 

information 

C: flat organization;  

-management/supervisors plan and schedule the 

production  

Enlarged roles; participation and agency 

-info made available to improve and innovate 

B: tool for assemblers; possibilities to plan own 

work due longer time span and mobile tools  

C: self-organising workers; planning and 

scheduling together challenging products; 

-everyone uses the systems; shared situation 

awareness and product knowledge; documents  

D: low hierarchy, self-organizing, job rotation; 

transparency 

-everyone uses the systems as core tools; shared 

situation awareness; information, anticipation and 

preparation; participation in development 

Skills and 

competen-

cies;  

”division of 

learning” 

Narrowed tasks; minimal skills at information 

interface; little understanding of system  

A: production manager: skills to operate systems; 

workers: task specific skills, no need for specific 

IT- skills mentioned  

Organization as a learning environment; high skill 

requirements, knowledge of processes and systems 

B: all: understanding the new operating model; 

managers and foremen: development of processes 

based on information 
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B: all: technical use of new tools and new, 

consistent and standardized work practices 

C: all: good mastering of IT-tools, understanding 

production process, plan and develop process and 

tools; managers: skills to develop IT-tools 

D: all: understanding the business, processes and 

systems, customer service; managers + all: 

developing the systems as tools and customer 

interface; participation in development 

In the company A, a critical concern of the management was whether the new IT system would 
spare time and resources more than take them. They felt an extra person would be needed to 
maintain the data and system; “machinists’ task is to machine, not to use computers”, expressed 
the manager. On the other hand, the system would spare time of production manager by helping 
to control the production, allowing better situation picture, and offering information of progress 
of orders. Integration into administrative systems were beneficial, but systems suitable for both 
production and administration were expensive; the cost-benefit ratio was constantly mentioned 
as a criterion for acquisition of IT-systems. 
Company B was introducing a new operating model based on accurate information and mobile 
tools. Managers as main users of the system would plan and monitor production based on real 
time information. Also, employees would have possibilities for planning of own work due longer 
time span and mobile work orders, drawings and instructions; they could, e.g., agree on schedules 
with customers. This would require good skills in using the mobile tools and an overall picture of 
the service with customer specific phases, tasks and materials. 
Company C aims to steady growth of business and e-commerce paced with developing the 
operating model, IT systems and their integration, as well as with learning the use of new tools. 
Entrepreneurs/managers use the IT systems to plan and schedule production, and they also refine 
systems for company needs. Everyone uses the systems, feeding orders and information into the 
systems and getting instructions. The IT tools provide shared view of schedules, priorities and 
division of work (situation picture) as well as of products, e.g. digitized pictures used with tablets 
in the production. Thus, good knowledge of both tools and production is required of everyone. 
Company D aims to growth and new markets via e-commerce and e-marketing. The entrepreneurs 
co-operate with system suppliers to ensure system’s fit with business, usability and customer 
service. Routine tasks should be automatized and algorithms developed to support optimizing of 
product turnover, sales campaigns and purchase. Everyone uses the systems as core tools in 
different work tasks due job rotation. Transparency is valued, and shared situation awareness is 
supported via systems to ensure anticipation, preparation, and participative development. 
To summarize, the IT implementation in company A clearly follows automating strategy, B and 
C are in between, seeking benefits of both strategies, and D is focusing on business strategy based 
on enhanced use of IT-technologies, in line with the informating strategy. 
 
4. Discussion and conclusions  
Automate/informate concept proved useful tool for analysing the management’s goals and visions 
concerning IT and digitalization in the near future. It supported assessing the consequences of 
strategic IT choices on human-technology-organization relations (Karltun et al 2017): the 
dominant automating/informating strategy in the companies was manifested in very different kind 
of goals, operational models, user roles, and skill requirements. As also stated by Zuboff (1985), 
the informating strategy creates possibilities for sustainable development of work, with 
meaningful tasks, enlarged work roles, participation and continuous learning (Zink, 2014). It is 
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thus important to open up the potential of informating strategy and support it among the SMEs, 
for both well-being at work and long-term organizational success. 
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Enabling data-driven decisions in power grid companies 
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Abstract: Electric power grid operators in Norway have full coverage of smart meters from 2019. 
This provides them with unique access to data that were previously not available. These data 
enable the grid companies to better understand the grid health and grid events closer to the 
customers and can be utilised for better informed, data driven business decisions.  In a 3-year 
pilot project we found that the combination of a cloud-based analytics platform that integrates 
information from different sources, an in-house analytics development team and a collaborative 
arena where multidisciplinary teams can create user-driven solutions was key to success. 
 
Keywords: Power Grid Operators, Work System Design, Energy Analytics, Information 
Dashboards, Decision Support Systems, Innovation. 
 
 
1. Introduction 
In a three-year research project supported by the Norwegian Research Council, Institute for 
Energy Technology and the power grid operator Agder Energi Nett perform a pilot study to 
identify and describe the capabilities that power grid companies must possess in order to deliver 
in a future market. Electric power grid operators in Norway have full coverage of smart meters 
from 2019. This provides them with unique access to data that were previously not available. 
These data enable the grid companies to better understand the grid health and grid events closer 
to the customers and can be utilized for automation of work processes and for better informed 
(data driven) business decisions. “Analytics” (the capacity and ability to process and analyze data) 
was early identified as a key organizational capability supporting a wide range of operative 
decisions. Henderson et al. (2012) and Lilleng et al. (2012) describes a stack model to represent 
the analytics competences to support the further development of the analytics capability (see 
Figure 1). This model provides a logical division of technology levels and people skills levels that 
supports communication in the 
organisation. One of the challenges we 
identified was how to integrate and present 
the new information in a useful and 
effective way to support daily operations. 
Expert systems are tailored for specific 
needs, but lack integration and become 
information “silos”. The grid operator´s 
initial strategy for dealing with this 
challenge involved making the vendors of 
these different expert systems improve 
functionality and integrate better with other 
systems. This approach failed for a number 

Figure 14: Information stack model 
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of reasons. The distance between the customer and the system vendors proved too large to enable 
a productive dialogue and real understanding of end user needs. It also tended to create 
unnecessary overhead in terms of specification documents and other commercial work, which 
resulted in costly and slow processes that failed to take full advantage new opportunities. Also, 
many legacy systems are not made for big data, greatly restricting the kind of analytical 
capabilities that was possible to achieve this way. 
 
2. Activities 
To improve the analytic capability three main activities were performed, more or less in parallel. 
First, an “analytics platform” was established which includes various technologies to import, 
merge, analyze and present data from various sources and systems. The requirements from the 
case work (see below) called for solutions that could analyze and visualize data in various ways, 
tailored to different user needs. A Microsoft Azure platform was selected, utilizing Power BI 
dashboards and ArcGIS map-based solutions. Azure offers a rich set of development tools and is 
able to deliver useful information and functionality in an integrated fashion to different operative 
areas of the power grid company, see Figure 2.  
 

 
Figure 15: From data to decision: The analytics platform enable integrated and user-friendly 
surfaces tailored to specific work processes 
 
Second, a dedicated inhouse analytics team was formed with the relevant ICT expertise to develop 
tailored solutions on the chosen ICT platform. Third, dedicated collaboration rooms named 
“FutureLabs” were established across the company and equipped with state-of-the-art 
presentation technology and video conferencing tools to facilitate creative, cross-disciplinary 
workshops, see Figure 3. 
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Figure 16: FutureLab sessions 
 
A “case”-approach was developed for technology development where specific “analytics” user 
needs were addressed in strategically prioritized areas. One such case dealt with customer 
complaints. The challenge is that some complaints are quite complex, and personnel responsible 
for handling them have limited access to, and training in, the required skills and tools for 
determining appropriate customer compensation. Through a series of FutureLab sessions, a 
dashboard solution was developed that synthesizes information from customer meters, grid 
maintenance activities, errors reported in the grid and weather information into a single set of 
visualizations that end users can filter and sort according to need. Examples of this solution are 
shown in Figure 4. 
 

Figure 17: Dashboards for improved customer complaint handling 
 
Another case dealt with preventing people to build dangerously close to power lines. Handling 
situations where this already has happened is both costly for those involved (often private 
households) and hurtful to the public image of the company. An analysis of the processes and 
stakeholders involved served as basis for a brainstorm on preventive measures that yield the 
greatest effects. These activities pointed to the municipality’s treatment of incoming building 
applications. Municipality staff responsible for handling building applications were invited to a 
series of lab-sessions, resulting in a pilot project to develop a map layer that show power lines 
and “zones of concern”. This map will seamlessly integrate with current tools and work processes 
utilized across municipalities, not requiring such personnel to change their way of working.  
 
3. Outcomes 
Establishing an in-house development ability proved advantageous for several reasons: Increased 
ownership of the solutions, improved development speed and competence, and tighter 
collaboration between data scientists and domain experts created a shared sense of empowerment.  
This conclusion was generally supported by polls, usability tests and business value assessments 
performed for the various tools that were developed. In the customer complaints case, the 
dashboard solution was found to enable staff to handle more difficult complaints faster than 
before, and with better quality. Time previously spent emailing, calling, searching and “nagging” 
could now be used in a more productive way using the new self-service analytics tool, resulting 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 352 

in an estimated yearly saving of NOK 200´. The tool did not eliminate the need for cross-
disciplinary meetings and discussions, but these could now be better targeted and executed more 
efficiently, using the new tool to create a common understanding. In the case on preventing 
building too close to power lines, development work is still in the pilot phase, but feedback so far 
emphasizes the value of the collaboration arena that has been established between the grid 
operator and local municipalities, as well as the grid operator´s ability to identify, prototype and 
demonstrate useful solutions in a rapid, collaborative and user-centered manner. 
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A framework for aligning humans, technology and organisation 
in Industry 4.0 
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Abstract: Overcoming human work and work organisation related challenges emerging with the 
concept of Industry 4.0 demands new ways of incorporating Human Factors and Ergonomics 
throughout the different organisational levels of industrial companies. In this extended abstract, 
we present a framework for aligning humans, technology and organisation with the aim of 
ensuring human wellbeing and business outcomes. The framework provides a guideline for how 
to incorporate Human Factors and Ergonomics from the design of a strategy concept to 
operations on factory shop floors. Furthermore, we use empirical data from several industrial 
case studies to illustrate elements of the framework.  
 
Keywords: Industry 4.0, strategy, work system. 
 
 
1. Introduction 
The changes introduced by Industry 4.0 are creating new opportunities and challenges throughout 
the different organisational levels, affecting business outcomes, productivity and human 
wellbeing. However, because of the lack of experience and knowledge on the pertaining digital 
technologies, industrial companies are facing a challenge in aligning humans, technology and 
organisation. While the International Ergonomics Association’s defines the aim of Human 
Factors and Ergonomics (HF/E) as to optimise human wellbeing and overall system performance 
(IEA 2018), many companies often associate HF/E solely with occupational health and safety, 
thus giving it low priority (Dul and Neumann 2009). To overcome this misunderstanding and to 
fully utilise the benefits of HF/E as defined by IEA, Dul and Neumann (2009) suggest linking 
HF/E to the company’s strategy. This is equally important in Industry 4.0 context, where business 
outcomes is regarded as one of the main drivers (Müller et al. 2018) 
These pertaining human work and work organisation challenges demand new tools, models and 
frameworks that integrate business and HF/E, thus the research question of this paper, “how can 
industrial companies align humans, technology, and organisation in Industry 4.0 to ensure human 
well-being and business outcome?”  
In this extended abstract, we present a conceptual framework for incorporating HF/E and business 
throughout the different organisational levels (strategic, tactical, and operational) of a company. 
We use examples from industrial case studies illustrate aspects of the framework. 
 
2. Methodology 
We conducted several case studies at different small, medium and large industrial companies 
located in Denmark that had started their industry 4.0 journey and implemented new digital 
technologies in their shop floor work systems. The data collection consisted of semi-structured 
interviews with workers and decision makers on all three organisational levels, in addition to 
observations and demonstrations of the new digital technologies in action. We have used the 
results of case studies to illustrate aspects of the framework with examples. 
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3. Results 
The idea of the framework is to consider HF/E aspects in different organisational levels the 
objective of ensuring human wellbeing and business outcome. The frameworks intended users 
are decision makers on the three organisational levels, strategic, tactical, and operational, which 
we have also have specified in the framework. Refer to Figure 18 for an overview of the 
framework. 

 
 
3.1 Strategic 
At this level, strategic decision makers should incorporate HF/E considerations when designing 
strategies and developing industry 4.0 related strategic concepts. Decision makers at this level 
might include senior management e.g. C-level executives or company owner (in SMEs) and/or 
middle management e.g. regional managers and plant managers as well as consultants and 
ergonomists. Decision makers should incorporate HF/E in their strategy to evaluate the effect of 
new digital solutions and compatibility between the new strategy initiatives and the company’s 
current organisational culture, capabilities and procedures. Thus ensuring the desired business 
outcomes and human wellbeing. Decision makers at this level, can incorporate HF/E by achieving 
a holistic understanding of essential organisational elements of their company and evaluate which 
ones might become a challenge and address them in the company strategy and long-term 
objectives and communicate them to the rest of the organisation.  
In one of the case studies at a large company (>250), the strategic level had defined a strategy for 
the next five years that included digitalisation. In this context, they had evaluated that their staff 
might not have the necessary skills and competences to achieve their strategic objectives. To 
overcome this challenge, the decision makers had introduced an organisational pillar to their 
overall strategy focusing on staff development and empowerment, which was no. 2 priority (out 
of 6) in the company’s overall strategy. 
 
3.2 Tactical 
Tactical decision makers should incorporate HF/E considerations when translating strategic level 
concepts and decisions into tangible solutions and projects.  Tactical level decision makers might 
include company owner (in SMEs), middle management, and lower-level management e.g. team 
leaders and assistant managers as well as consultants, and ergonomists. Decision makers at this 
level should incorporate HF/E in their decisions to ensure successful realisation of the company’s 
strategic concepts and HF/E considerations, thus accommodating the workers wellbeing and 

Strategic

Tactical

Operational

• Who: Senior management, middle management, consultants and ergonomists 
• What: Incorporate HF/E considerations in the design of strategic concepts
• Why: To ensure future business, desired  business objectives and human wellbeing
• How: Understand of organisational capability and prioritise HF/E 

• Who: Middle management, consultants and ergonomists 
• What: Incorporate HF/E when translating strategic concepts into activities
• Why: To ensure successful strategy implementation and human wellbeing 
• How: Define clear projects and parameters and assign the right resources.

• Who: Lower-level management, shop floor workers, consultants and ergonomists 
• What: Incorporate HF/E in the design of new digital solutions in work systems
• Why: To design accommodate workers’ wellbeing and overall system performance
• How: Use HF/E frameworks and models to (re)design industry 4.0 work systems

Figure 18: Framework for aligning humans, technology and organisation in Industry 4.0 
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overall system performance in operations. Decision makers at this level might incorporate HF/E 
by defining clear parameters for the operational level decision makers e.g. allocating the right 
recourses, defining a clear scope, identifying cross-departmental dependencies, and providing 
needed training. In addition, the decision makers should consider assigning operational level 
decision makers that are familiar to HF/E. 
In one of the case studies at a large company, the tactical level decision makers had clearly defined 
a physical work system for a pilot project testing a new digital solution to ensure the viability of 
the solution before companywide rollout. In addition, they had purposely chosen one of their 
internal Lean consultants to be in charge of designing the new solution because the decision 
makers viewed him as a young technology enthusiast whom also had an understanding of the 
“human-side” of the business. 
 
3.3 Operational 
Operational decision makers should incorporate HF/E when implementing new digital 
technologies and designing new digital solutions in operations work systems. Operational 
decision makers might include lower-level management, production- and production 
development engineers, operations level workers as well as consultants, and ergonomists. These 
decision makers should incorporate HF/E to design efficient work systems and accommodate 
workers’ wellbeing and optimise overall system performance. Thus creating well-functioning and 
human-centred solutions for operations. The decision makers at this level might incorporate HF/E 
by using human centred design approaches and other HF/E frameworks and models to (re)design 
industry 4.0 work systems.  
In one of the case studies, the operational decision makers had followed a process similar to 
Human Centred Design (BSI Group 2010) to redesign one of their work system in connection 
with the introduction of a new digital solution. They had actively involved the shop floor workers 
and created a continuous feedback loop to accommodate the workers and ensuring the business 
objectives as defined by the tactical decision makers.   
 
4. Conclusion 
Successful incorporation of HF/E in industry 4.0 work systems in operations require 
considerations and engagement from all decision making levels within a company. In this 
extended abstract, we presented a framework for aligning humans, technology and organisation 
in Industry 4.0, with the aim at accommodating human wellbeing and meeting business outcomes. 
The framework describes who, what, why and how in relations to HF/E considerations for each 
of the three organisational levels.       
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Digitization of production: safety & security groups of new 
technologies for prevention 
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Abstract: Digitalization is bringing new technologies to market faster and faster. For certain 
industries, this means many advantages and at the same time new dangers, especially with 
regard to the effects of cyber-security on work and machine safety. 
Grouping technologies based on safety and security helps the prevention department classify 
information, prioritize new projects, and collaborate with research institutions and partner 
companies. Groups: Smart Human, Cloud Internet, Artificial Intelligence, Digital Factory, Robots 
cover most of the new technologies currently known in industry 4.0. Within each group, 
subgroups are proposed and exemplary security measures are recommended. Further research 
projects will be proposed in the context of this work. 
 
Keywords: digitalization, safety, security. 
 
 
1. Introduction 
New technologies offer enormous potential: they can improve occupational safety, better protect 
workers, make workplaces more ergonomic and promote health. The global networking of 
machine controls, databases and software services also brings with it new threats that need to be 
identified and evaluated. 
As digitalization progresses, innovation is accelerating enormously and development times for 
new products and production facilities are getting shorter. The disadvantage is that these systems 
are too complex to be adequately tested and the necessary risk analysis is incomplete, which in 
turn can lead to new workplace hazards. 
 

Figure 1: Objectives of cyber-attacks on productions (Malisa 2018b) 
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In the age of digitalization, employee protection is to be understood as a combination of safety 
(machine safety) and security (cyber-security or IT security). However, these two areas: safety 
and security pursue different strategies that must be coordinated to ensure the safety and health 
of workers. 
Cyber attacks can be carried out by individuals, groups or government-funded institutions and 
can have different objectives. The methods and attack scenarios used are often dependent on: 

- size of the business,  
- product portfolio, 
- if the aim of the attack is to steal the know-how, 
- whether the target is a critical infrastructure. 

In general, as shown in Figure 1, cyber attacks on an enterprise can have the following objectives: 
1. building and energy supply 
2. individual machines and production equipment 
3. employees 
4. quality of products 

 
2. Grouping of new technologies according to safety & security relevance 
Based on the discussions with safety experts in the context of the prevention inspections and an 
analysis of research projects in Austria and Germany, new declared technologies were currently 
structured and analysed. From the point of view of machine safety and employee protection, or 
the expected impact of IT-attacks on safety, the new technologies of digitization are divided into 
five main groups (see Figure 2): 

1. Smart Human 
2. Cloud-Internet 
3. Artificial intelligence 
4. Digital Factory 
5. Robots 

This division of new technologies into five groups should facilitate consideration of the links 
between safety and security and the impact on the protection of workers. It makes sense to identify 
commonalities first and then to explore new technologies in detail. Prevention activities should 
be bundled, planned and provided for each group. 
 

Figure 2: Grouping of new technologies according to safety relevance (Malisa 2018b) 
 
2.1 Smart Human 
Routine tasks are increasingly automated and people are confronted with increasingly complex 
tasks. Such complex tasks are usually not automatable or an automation would be connected with 
very high costs. The complexity of machines and plants is constantly increasing, so that the 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 359 

troubleshooting and maintenance of the machines places too high demands on the operating 
personnel. To relieve the operator, new devices and digital assistants are being developed that can 
be used by personnel or worn on their own bodies, such as smartphones, smart gloves, virtual 
reality glasses (VR glasses), wearables, touchscreens, wristband devices, etc. The result is that 
the operator has to be able to work with the equipment and to perform the maintenance on his or 
her own body. (see small overview in figure 3) 
  

Figure 3: Smart Human 
 
All electronic devices and digital assistants can be attacked via the Internet. All portable electronic 
devices and sensors should be checked for malware and approved. According to the current state 
of the art, a direct connection of portable devices to the Internet is not permitted, as the danger of 
being manipulated by cyber-attacks is very high. Portable devices can be used in a multi-tiered, 
secure intranet. Within the intranet, however, all electronic devices and sensors attached directly 
to the workers' bodies should be protected separately in a segmented network.  
In general, the equipment used should not restrict the work itself but improve the working 
conditions; therefore, the equipment to be used must always be adapted to the process, the 
operator and the workplace. 
 
2.2 Cloud & Internet 
Cloud can be understood as a large data store that can be accessed anytime, anywhere via the 
Internet. The cloud offers not only the possibility to use storage space, but also the computing 
power as required by many networked computers. Software tools, cloud services and application 
software are accessible at all times via various mobile and stationary devices and from any 
location.  Software in the cloud can be developed in-house or used as a service. 
The Internet of Things (IoT) connects machines, devices and software with each other. IoT 
enables real and virtual objects to network and share data.  In this way, each device can 
communicate directly with each other worldwide, exchange information, place orders or receive 
orders. 
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Still science fiction today, it is a dream of researchers to connect all service robots via the cloud, 
to record all data in large databases and to make them equally accessible to all robots. 
In particular, the constant availability of a cloud offers the possibility to hack, copy, delete or 
manipulate it. Despite these threats, more and more cloud services are being used. Large 
companies are planning to set up their own server farms, develop their own cloud services, 
network their own global production sites and control, restrict and secure access to data and 
services. 
Statistically speaking, cyber-attacks are very common due to remote access to machine controls 
and industrial systems. According to the list "Top 10 Threats" published by (BSI 2016), shows 
that the break in network via remote maintenance access is very high, in 4th place. In the case of 
remote maintenance, it is particularly important for operators of machines and industrial plants to 
fend off possible cyber-attacks and to avoid negative effects on machines and production lines. 
Cyber-attacks via such maintenance accesses must be prevented so that the necessary safety and 
security level of workstations and machines can be guaranteed. 
 
2.3 Artificial Intelligence 
Artificial Intelligence (AI) is a scientific field dealing with the development of novel algorithms 
for the simulation of human intelligence. Computers should be able to solve complex tasks 
independently and to simulate human behaviour. AI is very often associated with robotics, mostly 
service robots. Service robots should be able to perform the tasks and make the necessary 
decisions independently. A great deal of basic research still needs to be done to ensure that 
machine intelligence functions optimally according to the application. Since the concept of human 
intelligence is not clearly defined, artificial intelligence cannot yet be tested and validated. 
Each machine is designed for the respective application. In this case, the AI should be used with 
the aim of optimizing machine performance (output) and continuously improving the product. 
The AI must not impair machine safety or endanger employees. It is currently assumed that the 
AI can only be used in the user program of a machine if the safety devices, machine limits and 
optimum product characteristics can be monitored by means of a safety control. Therefore, it is 
first necessary to establish application-specific rules for AI and to define limit parameters. If the 
rules are violated or limit parameters are exceeded, the safety controller must initiate an 
emergency stop. All limit value parameters must be continuously monitored for safety reasons. 
The limit values for the AI of a machine are determined by the properties of the respective module, 
individual components and process-dependent or system-relevant parameters. Limit values can 
be e.g. minimum and maximum speed of a motor, min. and max. compressed air, process 
temperature, etc.. It is conceivable to define the limits indirectly via material strength, maximum 
force and pressure of an assembly or a component. In addition, it is recommended to implement 
a test application or a demo program, with which AI can be tested at any time. It must also be 
possible to check the AI by initialisation during the machine start procedure. In this way it should 
be possible to determine whether a control program is still within the specified limits. 
There is currently no legal or normative basis for the certification of such systems.  



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 361 

2.4 Digital Factory 
A digital factory uses digital technologies to model, communicate and monitor manufacturing 
processes, from CAD and simulation to digital twin (see Figure 4). A "digital twin" (digital image 
of real production) refers to simulation tools and mathematical models used for failure analysis, 
predictive maintenance or further development of machines and production lines. 
 Not least due to the rapid development in hardware and software, the improvement of 
mathematical models, advanced production technologies and more intelligent sensors, simulation 
offers an efficient tool to support solution finding. With advances in computer technology, cloud 
computing and increased computing power, it is now possible to process larger amounts of data 
and more complex models in less time. Novel sensors provide more accurate data from 
production, which is the basis for good and reliable simulation. 

Figure 4: Subareas of Digital Factory 
df - shares of digital factory, rf - shares of real factory 
 
Flexible production systems are characterized by a very high complexity, so that fast decisions 
overtax even the experienced engineer and at the same time increase the error probability. 
Especially in dynamic systems, which are characterized by the interaction of different processes, 
the use of simulation models offers a technically qualitative and economically good solution. 
These are simulation tools that run parallel to production and continuously deliver forecasts based 
on real data. Before making a decision - e.g. whether to stop a machine for two hours for 
maintenance - the engineer can simulate this case and use the simulation results to create an 
optimal production plan for the next two hours. 
 
2.5 Robots 
The ISO 10218-1/-2 standards define the safety of industrial robots and robot systems as well as 
human-robot collaboration systems. These standards are currently being revised to include mobile 
robots. Mobile robots are defined as mobile platforms with their own autonomy. These can be 
designed as a platform alone or with an integrated industrial robot or another processing machine. 
As part of the production processes, drones are currently being tested, e.g. at ZF in 
Friedrichshafen (ZF 2019), for transporting workpieces from one hall to another. In order to 
enable the tests to be carried out, extensive safety measures were implemented, such as setting up 
emergency landing pads, crossing pedestrian zones, equipping the drone with a spare battery, the 
possibility of an emergency landing in the event of a rotor failure, and a person who constantly 
monitors the flight.   
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Several research projects are underway to deploy drones in the production halls. The first tests 
were carried out in the high-bay warehouse where inventory is taken with drones. It is quite 
conceivable that other production processes can also be implemented using drones.  
Since there is only little experience and the standards have not yet been developed, it is to be 
expected that the workplaces in production will soon become much more dynamic and much more 
complex, such as in combination: 

- Workstation one or more stationary human-robot collaboration systems 
- Workplace with one or more operators working together with machines. 
- Workstation with one or more autonomous mobile robots for the delivery of 

workpieces  
- Workstations with one or more landing sites for drones to supply machines and 

people with workpieces, as shown in Figure 5. 
 

Figure 5: Complex collaborative systems (changed according to (Malisa 2018a)) 
1 – drone, 2 – landing pad, 3 - conveyor belt, 4 – human-robot colllaboration system,  
5 – human-robot colllaboration incl. landing pad, 6 – mobile platform incl. landing pad,  
7 – mobile robot  
 
3. Effects of security on safety 
By grouping the new technologies presented here into five groups, overall risks and associated 
prevention measures can also be classified as: 

- general measures 
- group-specific measures 
- technology-specific measures 
- process-dependent measures 

The division of prevention measures into groups leads to clarity, better division of tasks between 
departments and those responsible, easier hazard assessment and ultimately better documentation. 
This topic is being developed as part of an ongoing international project.   
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4. Conclusions and Discussion  
Understanding the impact of security on safety in the digital age has become very important and 
indispensable. Which goals hackers actually pursue depends on the positioning of a company and 
its product. Safety experts and IT security specialists must work closely together in companies in 
order to guarantee occupational and machine safety in the future. The bundling of new 
technologies in five groups according to the principle of safety and security helps to better 
understand the rapid changes at the workplaces. It can be assumed that general prevention 
measures can be defined for each group and that additional specific measures must be developed 
for each subgroup. As many new technologies come onto the market very quickly, cooperation 
in research and development between the institutes is necessary. Cyber-safety affects everyone, 
and knowledge of the impact on safety should be quickly transferred to all institutions involved 
in prevention. In addition, workplaces are becoming more dynamic and complex, leading to the 
development of new methods and the use of new technologies in prevention to control workplace 
safety. 
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Chapter 19 
Cognitive ergonomics  



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 365 

Analysis of nursing mental workloads in chemotherapy 
medication administration 
 
 
Sheau-Farn Max LIANG, Wen-Yu CHEN 
 
National Taipei University of Technology, Taiwan 
 
Abstract: To reduce and prevent chemotherapy medication errors, we need to understand the 
chemotherapy process in the first place. The focus of this study is on the analysis of nursing 
mental workloads in chemotherapy medication administration. The McCracken-Aldrich 
technique was applied to rate the levels of demanded mental workloads in performing the 
identified 26 tasks in the administration process. A radar chart was proposed to represent the 
results of these ratings for identifying potential areas of improvement, indicating the support 
needed from the environment and technology, and comparing the differences in resource 
allocation among the tasks. 
 
Keywords: Mental workload, task analysis, oncology. 
 
 
1. Introduction 
Statistics show that "medication incidents" have been the most frequent occurrence compared to 
other types of healthcare incidents in recent years (Joint Commission of Taiwan, 2017). Among 
these medication incidents, special attention has been drawn to the incidents of chemotherapy 
medication due to their severe adverse consequences. Currently most healthcare professionals 
attribute the incidents to human errors, and the main suggested preventive measure is through 
education and training. However, from the perspective of human factors, a human error is viewed 
as a symptom rather than a cause, which reflects deeper systemic problems (Dekker, 2017; 
Maurino, 1997). Moreover, education and training may only solve a small portion of the problems 
(U.S. Food and Drug Administration, 2011). Therefore, to be able to understand the root causes 
of the problems and find effective solutions, a thorough human factors analysis on the 
chemotherapy processes is necessary. This paper reports our initial attempt to analyze nursing 
mental worloads in chemotherapy medication administration process, which the most medication 
errors have been intercepted. 
 
2. Methods 
The procedures of chemotherapy medication administration have been identified by applying 
hiearachical task analysis, reviewing literature (e.g., Cheng et al., 2012), and interviewing nurses. 
The McCracken-Aldrich technique (Aldrich et al., 1989) for measuring mental workloads on the 
four aspects: Visual, Auditory, Cognitive, and Psychomotor (VACP) were used to assess the 
degrees of mental workload on each identified task. There are eight different rating scores for 
each aspect to represent the levels of task demand, but these scores range from 0 to 7 for all the 
four aspects, as shown in Figure 1. Score of zero means no activity in that aspect, whereas score 
of seven indicates the highest level of task demand. The overall rating for each task is the sum of 
the scores of the four aspects. This technique has been validated in measuring the mental 
workloads of physical therapies (Liang et al., 2014). Two evaluators individually assessed mental 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 366 

workloads on the identified medication administration tasks. Any disagreement on the ratings 
between the evaluators would be resolved by further discussion to reach a consensus. 

 
Figure 1: Rating scales of the McCracken-Aldrich technique (adapted from Aldrich et al., 1989) 
 
3. Results 
Five main stages of chemotherapy medication administration have been identified. They were (1) 
verification of physician’s order and medication, (2) pre-medication administration, (3) 
preparation of administration, (4) administration, and (5) observation and recording. These stages 
were further decomposed into 26 tasks. The mean and standard deviation of mental workload 
ratings for these tasks were 11.5 and 3.9, and the ratings ranged from 2.0 to 18.6. Note that the 
floor and ceiling of the ratings are 0.0 and 28.0, respectively. It was found that most of the tasks 
without any auditory activity (i.e., the rating in auditory aspect was zero), except three tasks at 
the administration stage. One was the task of patient identification, which needs to hear patient’s 
feedback. The other two tasks were done by two nurses separately at the same time to speak aloud 
for each other for listening the medication names on the prescription and the labels on the 
medication packages. The highest rating, 18.6, was on the task of connecting the needle and line 
for intravenous (IV) injection. It had the highest rating, 7.0, in the visual aspect since the task had 
to continuously monitor the connection of the needle and line. It also had the highest rating in the 
psychomotor aspect since the connection was a serial discrete manipulation. The rating of this 
task in the cognitive aspect was 4.6 since the task needed to evaluate the suitability of the 
connection. 
 
4. Discussion 
Nursing mental workloads in chemotherapy medication administration were rated in the aspects 
of visual, auditory, cognitive, and psychomotor. Results not only can identify the resources 
needed for performing certain tasks, but also can understand the necessary support from the 
environment or technology. For example, since it had the highest visual demand in connecting 
the IV needle and line, an adequate illumination is necessary. Furthermore, this task also had the 
highest demand in psychomotor, therefore, technology may be applied to reduce the demanding 
visual and psychomotor workloads. For those tasks had auditory workloads, the noise level in the 
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environment should be considered during the performance of the tasks. A radar chart shown in 
Figure 2 is proposed as a tool to identify potential areas of improvement, to indicate the support 
needed from the environment and technology, and to compare the differences in resource 
allocation among the tasks. 

Figure 2: A radar chart of mental workloads on two tasks 
 
5. Conclusion 
This study provides methods to analyze and represent nursing mental workloads in chemotherapy 
medication administration. However, since the whole work is still in progress, it is suggested that 
further investigation should be conducted on the chemotherapy processess. Moreover, results of 
this study should be compared with the results from typical healthcare analysis techniques, such 
as the Healthcare Failure Mode and Effect Analysis (HFMEA) (DeRosier et al., 2002). 
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groups 
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Abstract: At the beginning of the study, the four target use groups were set up by scenario 
analysis:  commuters, leisure and entertainment users, sightseers/shoppers, and competition 
fitness enthusiasts. Then, the three designers used the mind mapping method and the means-
end chain to express the cognitive structure of the bicycle service. Finally, through the 
implication matrix, four large-scale target group questionnaires were used to clarify the 
differences in the understanding of “bicycle service design” among different user groups. The 
preliminary results indicated that the perceptions of demand generated by different user groups 
were different. 
 
Keywords: bicycle service, product cognition, user behaviour 
 
 
1. Specific objective 
Under the trend of energy saving and carbon reduction, the number of bicycle riders has increased, 
which has also driven the development of accessories and services. The bicycle industry is based 
on bicycles and accessories. The industry can be divided into two subindustries. The bicycle 
manufacturing to include components and production and bicycle services to include sales and 
service. The basic structure of the bicycle is mainly divided into the frame system, transmission 
system, wheel system and control system. The bicycle service content is mainly divided into three 
categories: health management, situation interaction, and rental system. In order to meet the 
diversified needs by changes in user behaviour, the bicycle industry is bound to become a future 
development trend from the R&D and manufacturing service design field. In the development of 
bicycle service, if user-oriented situational design can be introduced to meet the user's experience 
and needs, service quality and satisfaction will be improved. 
 
2. Methodology 
This research method uses the cognitive structure model (Hsieh et al. 2013) as the infrastructure. 
This model combines Mind Mapping, Means-End Chain and Implication Matrix. To express the 
cognitive process of the user and the designer, and to quantify the degree of association between 
the two elements considered by the respondent. When the theme of the mind map is set, the 
designer can begin to develop new product services. When drawing a Mind Map, there are several 
tips(Gelb 1998, Buzan 2002, Reed 2005)：(1) text or image rendering central of the paper, then 
extending the trunks. (2) on an extension of the branch, just write a keyword, any ideas are free 
to play, uncritical. (3) all of the branches of each node to form a structure. (4) There are two ways 
of brain storming. (5) meet thoughts blank, a few lines may be added after the keyword. (6) 
BOIs(Basic Ordering Ideas) is  principle classification through thinking system. 



50th Nordic Ergonomics and Human Factors Society Conference 2019 

 370 

The method destination chain advocates that the product or service is stored in the user's cognitive 
process in a hierarchical meaning structure, that is, the link process of product attributes, 
consumption consequences and personal values, This property is important to the user if it can be 
linked to a more abstract value class (Chiu 2005, Ferran 2007, Klenosky 2002). The BOIs of the 
mental map of this study, combined with the method destination chain, classify the ideas into 
categories, from the inside out to the Values - Consequences - Attributes. 
The attributes, results, and value elements produced by the mind map provide the basic content 
for the development attribute-consequences (AC), consequences-value (CV) implied matrix 
questionnaire. In other words, the implication matrix is used to investigate the user's perception 
of the interrelationship of these elements, so as to guide the user to connect the elements that are 
personally important. This stage is a method of collecting questionnaires, which is directly scored 
by the respondents on the degree of association between the two pairs of elements. This first use 
the implication matrix to understand the user's cognitive orientation, and then to understand the 
cognitive structure of the product or service in the user's mind. After the survey is completed, the 
data provided by all subjects is used to construct a total implied matrix. 
 
3. Data analysis 
This study focused on the design of bicycle service which the three designers used the mind map 
method to conduct a brainstorming session This lasted 1.5 hours. In total, it generated 32 attributes 
elements, 16 consequences and 5 values. The generated mental map trunks are value-level  of 
"health management", "Lohas roaming", "increasing self-confidence", "convenience and 
comfort" and "save time and cost, the branch extends  to obtain the results, and the next layer 
extends to provide the attributes provided. The designers uses their own experience and 
professional knowledge, supplemented by the principle of hierarchical classification of mental 
maps, to carry out creative design thinking process to clarify the designer's cognitive structure of 
"bicycle service". The results are shown in Figure 1. 

 

Figure1: Mind map for bicycle service design 
 
The elements categorized in Figure 1 are used to construct AC and CV implication matrices. The 
attributes are listed first in the row, and the results are listed in the column, resulting in an AC 
matrix. In the matrix, the respondent's pair of attributes and the result indicate the correlation with 
the result. The score is based on a 5-point scale, with a strong correlation of 5 points, a strong 
association of 4 points, a normal 3 points, a few associations of 2 points, and no one-pointing. 
Similarly, the CV matrix lists the results and values. A total of 20 pre-test questionnaires were 
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sent, of which 5 were for each target group. Then through the aggregated matrix, the inter-factor 
correlations scored by the four different types of user groups were integrated. One of the AC and 
CV implication matrices using the total of commuters is shown in Tables 1 and 2. 
 
Table 1: AC implication matrix summary                      Table 2: CV implication matrix 
summary 

-commuters                                                                     -commuters 
 
 
 
 
 
 
 
 
 
 
 
 
The study found that the most critical link for commuters was to support multiple payment 
methods → prompt and timely → save time and cost(The strength of this chain is expressed as 
follows：[0+43.2]+[97.0+16.0] +[47.2+0]=203.4). For leisure and entertainment users, the most 
critical link was clear position orientation → route navigation → Lohas roaming For group 
sightseers and shoppers, the most critical link was the combination of catering culture → 
compound operation → convenience and comfort. For competition fitness enthusiasts, the most 
critical link was the special riding environment → seeking stimulation → Increase self-
confidence. The results indicated that the perceptions of demand generated by different user  
groups were different. 
 
4. Conclusion 
Taiwan is one of the major  manufacturing and design countries in the global bicycle market. 
Moeover, the bicycle industry plays a pivotal role in domestic economic growth. This study 
actually applied the cognitive structure model to bicycle service design, mainly using the mind 
map method to present new ideas, and then using the implied matrix to focus on the needs of 
different user  groups, and finally to compare the cognitive differences of different user  groups. 
It was concluded that it was particularly important to be user-centered and to make the services 
provided by the products should meet the needs of the end user. 
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Abstract: Assembly work in manufacturing companies is frequently associated with 
monotonous, repetitive tasks and heavy physical loading. Vehicle manufacturers have during 
the last 20 years increased their share of product variants, placing high demands on the 
operators’ abilities to make the right decision at the right time, using their cognitive skills. 
Operators must be able to memorise, improvise and perform assemblies with high quality and 
under time pressure. This case study aims to examine cognitive workload factors in 
manufacturing from the perspective of skilled operators with multifaceted work tasks, involving 
high levels of complexity and performance demands. Multiple cognitive workload analysis 
methods were utilised on a team of expert operators performing the assembly of customised 
equipment, mainly at the stages of final assembly when the product is almost complete. The 
study also reflects on what resources the operators use as a team to solve cognitively demanding 
tasks. 
 
Keywords: Cognitive workload, Expert operators, Manual assembly. 
 
 
1. Introduction 
Manual assembly work in manufacturing companies is an area that is frequently associated with 
monotonous, repetitive and heavy physical loading. In Sweden, most manufacturing companies 
assess and map the physical workload according to the national systematic work environment 
legislation (Swedish Work Environment Authority, 2001). One area that is currently under-
investigated within manufacturing and manual assembly is the cognitive workload affecting the 
operator. Work-related psychosocial conditions are often mapped at the case company by yearly 
employee surveys. While these give more of an overall view of the conditions, they rarely point 
out which factors in the environment cause the cognitive workload.  
Vehicle manufacturing companies, along with other industries, have during the last 20 years 
increased their share of product variants. This is a result of increased competition between 
companies and increased demand for individually customised products. When the number of 
variants increase, so does the demand on the operator’s ability to make the right decision at the 
right time, using their cognitive skills. The operator needs to be able to memorise, improvise and 
perform assemblies with high quality, and most likely under time pressure.  
Different models of a vehicle might demand different assembly solutions for the same assembly 
and adding or replacing special features or devices can create even more complex and diverse 
work tasks. The interest for individually equipped vehicles has increased and the number of 
possible customisation choices is enormous. These individual customisations can include both 
interior and exterior equipment. 
An operator’s cognitive abilities both limit and benefit the assembly. To be able to decrease or 
optimise the mental or cognitive workload for the operators, it is important to have knowledge 
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about what factors are affecting the operator’s cognitive abilities in their work environment. How 
do they cope with demands and are there solutions (technical, organisational or personnel-related) 
that could contribute to easing the mental workload? 
The aim of this case study is to identify present cognitive workload factors within manufacturing 
from the perspective of operators with multifaceted work tasks, often with high levels of 
complexity and high demands on performance (as this affects product quality). The study will 
also reflect on what strategies the operators use as a team to solve cognitively demanding tasks. 
The outcome can be used as a first indicator of which cognitive functions are affected by the 
assembly work, and what individual, environmental or organisational factors contribute the most 
towards perceived high cognitive workload.  
 
2. Methodology 
The research question for this study was: What factors (originating from the Human-machine 
system) affect the perceived cognitive workload for an expert operator within manual assembly? 
This was investigated using multiple cognitive ergonomics assessments from established 
literature to explore how the team works together, how decisions and judgements are made, what 
mental models the team uses to solve tasks and problems, and how the mental workload stemming 
from the work tasks is perceived by the operators. The methodology for data collection and 
analysis included on-site observations, interviews, HTA (Hierachical Task analysis; Annett, 
2003), NASA-TLX (Task Load Index; Hart & Staveland, 1988), ACTA (Applied Cognitive Task 
Analysis; Militello et al., 1997) and SAM (Self-Assessment Manikin; Bradley & Lang, 1994). 
NASA-TLX was selected because of its extensive track record of use in production industry, and 
for covering both the demands of the work and the human’s resources. To complement the NASA-
TLX with a method that covers the causes of high cognitive workload, ACTA was used as a 
probing interview guide. In order to also include aspects of work satisfaction, opportunities for 
control and levels of “arousal”, the SAM was used. All materials for the assessments were 
translated to Swedish, to ensure the participants’ comprehension of the questions.  
The study and necessary translations were carried out by a main investigating researcher (IR) who 
visited the assembly site several times. The IR acquired permission from plant production 
management (PM) to observe and interview a selected team of expert operators. 
 
2.2 Sample 
Table 1: Overview of the three expert SE operators. 
 

 
Operator 1 Operator 2 Operator 3 

Gender Female Male  Male 

Body size, constitution Short, petite Tall, large build Tall and slim 

Years of experience at the case 
company in automotive assembly  

12 17 12 

Previous assembly experience  Engine assembly Chassis, special 
assemblies and cab 

trim  

Final assembly  
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Years working at the Special 
equipment (SE) unit  

3 1 2 

Language preconditions Native Swedish 
speaker 

Non-native Swedish 
speaker 

Native Swedish 
speaker 

 
The subjects in this case study were selected by the IR and plant management as a purposive 
sample (Maxwell, 2005), selected on the basis of being a team of highly-skilled collaborating 
colleagues, working at a special equipment (SE) installment unit within the automotive company. 
All were expert special assembly operators tasked with performing the assembly of customised 
equipment, mainly at the stages of final assembly when the vehicle is almost complete. Table 1 
summarises some basic information about each SE operator (SE-Op).  
 
2.2 Procedure 
The SE-Ops in the selected team were informed about the study by the PM and were asked for 
their consent to participate. The IR then explained the purpose of the study to the participants and 
which instruments would be used, as well as provided a working definition for cognitive workload 
(using the NASA-TLX scope as a starting point) and confirmed that the SE-Ops understood. After 
an initial group interview about their work scope, the IR observed the SE-Ops performing some 
work tasks on-site, and using a think-out-loud protocol, the SE-Ops described their tasks and 
thinking to the observing IR as they worked. They also described how they planned their day and 
the rest of the work week. The IR interviewed each SE-Ops individually in the on-site office space 
about work time, spare time activities, how they worked, collaboration with other factory workers 
and with evening shift personnel, how they felt about their workplace, and personality traits.  
At a second visit, the IR showed the SE-Ops a first draft of the HTA and sociotechnical system 
map, which the SE-Ops commented and suggested amendments to. Following this, the IR carried 
out a NASA-TLX assessment, an ACTA interview and a SAM assessment together with each of 
the SE-Ops (Operators 2 and 3) in their office, spending about 30 undisturbed minutes with each 
person. Operator 1 was not available at this time and carried out the assessments with the IR one 
week later.  
At the third visit, the IR carried out the three assessments with the remaining SE-Op.  
Finally, the IR complied a total description of the cognitive workload for the three SE-Ops and 
presented it to them for member checking and verification. They confirmed that the result was 
coherent with their own perception of the workplace, work tasks and workload. This confirmed 
result is reported in the next section.  
 
3. Results 
The SE operators described their work to the IR to establish a sociotechnical map of the work 
system (Figure 1), and a HTA over the work tasks (Figure 2).  
The Special Equipment customisation ordered by a customer triggers a so-called “S-job”, where 
a customised solution is first constructed by an SE designer, and a list of S-jobs is constructed by 
an SE Assembly planner who creates a Bill of Materials (BOM) and an assembly task list (Figure 
1). When a new solution is constructed, the SE Assembly planner is informed, then the SE-Ops. 
The SE Assembly planner must ensure that the Special Equipment is possible to assemble at the 
production line, or that the task is taken to the SE unit and that the SE-Ops are informed about 
what to do. If the SE-Ops discover incorrect information in the assembly task list, they alert the 
SE designer and SE Assembly planner of the mismatch. They also inform the Internal Materials 
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Centre (IMC) if materials are wrong (leading to the IMC operator changing the material) or 
missing.  
The team shares a goal of manufacturing customised high-quality trucks. They act as a problem-
solving team, their communication is decentralised and they interact autonomously and intensely. 
Their manager is regarded as an external coach rather than a work leader; all assembly is guided 
by human decisions and actions, so the level of automation is low.  
At the SE unit, all of the SE operators performed all occurring tasks, unless someone’s body size 
(too short, to wide etc.) or any pain or ailment hindered them from performing the task. The team 
members were also aware of each other’s strengths and physical limitations, so they made sure to 
help each other. The SE team didn’t perceive their workload as unevenly distributed, i.e. no single 
person performs more or heavier lifts that the others, and nobody has a more repetitive task load.  
 
 

Figure 1: Sociotechnical map of the work system, based on interviews with (and member-checked 
by) the SE operators. 
 
The HTA resulted in a structured decomposition of the work tasks (including the execution plan), 
which was member-checked by the SE-Ops. The main steps of the overall work of “SE Assembly 
were identified as: 1) Print the BOM and assembly task list. 2) Compare if lists match. 3) Check 
material. 4) Define assembly order. 5) Define workstation for each cab. 6) Inform forklift driver 
about cab destination. 7) Pre-assembly. 8) Assemble according to BOM and assembly task list. 
These steps constitute the top level of the HTA shown in Figure 2.   

Figure 2: HTA of the work performed at the SE unit, based on interviews with (and member-
checked by) the SE operators. 
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Although the HTA provided clarity regarding sequential work order, it was decided that for 
further probing with ACTA, the IR chose to concentrate the rest of the analysis to the steps 3) 
Check material (referred to here as “Material handling”) and 7) Pre-assembly (“Assembly”), as 
the operators expressed that these two aspects of the job brought about very different cognitive 
challenges. Much of the Material handling work involved contacting and relying on actions from 
colleagues outside of the SE assembly area. 
The SAM assessment (Figure 3), which has participants select their “position” on a visual 
analogue scale using stylized human figures as representations for three affective states (Pleasure, 
Arousal and Dominance) showed that the operators’ affective state of mind regarding the job was 
fairly similar regarding Pleasure (described to the SE-Ops as “well-being”) and Arousal aspects, 
indicating a positive attitude towards their work, but a difference was found between Operator 2 
and the others in the Dominance aspect. The interviews revealed that this was attributable to being 
“the new guy” who felt slightly less experienced compared to his colleagues.  

 

Figure 3: Self-Assessment Manikin (SAM; Bradley & Lang, 1994), used to determine the 
affective state of the operators 
 
The NASA-TLX assessment (Figures 4 and 5) involves the participants rating the task demands 
based on six workload factors (Performance, Temporal demand, Effort, Physical demand, Mental 
demand, Frustration), marking their rating (on paper) on a visual analogue scale. The scales have 
20 increments but are not explicitly numbered; instead, each end of the scale has a guide word to 
orient the participant’s choice. However, for scoring purposes, the placement of the participant’s 
mark is translated into a value between 0 and 100. It is very important to note that for all NASA-
TLX scales except one (the Performance factor, whose lower end of the scale indicates a “Perfect” 
execution), a high score tends to indicate high workload, implying an undesirable state. Therefore 
a “low” score on Performance should be interpreted with care, potentially as a high demand.  
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Figure 4: NASA-TLX weighting of workload factors for the two tasks Assembly and Material 
handling, resulting from pairwise prioritization of each factor. 
 
The assessment was performed both with and without weighting, a process where all six factors 
are systematically shown in pairs to the participant who prioritizes each factor over the other 15 
times, leading to a relative prioritization “weight” of each factor. Figure 4 shows how each SE-
Op weighted the different factors for the two selected tasks using this pairwise prioritization 
process, leading to the conclusion that in Assembly, in spite of high Performance demands, the 
SE-Ops did not feel that Frustration was more important than any other factor (weight =0). 
However, in the Materials handling work, considerable discrepancies between the SE-Ops’ 
weighting regarding Temporal demand and Frustration were identified. 
The left side of Figure 5 shows the average assessment scores the three SE-Ops gave for each 
workload factor, while the right side shows the weighted result, i.e. the scores multiplied by an 
average of the three SE-Ops’ weightings of each factor. 

 

Figure 5: NASA-TLX results for Assembly vs. Materials handling; unweighted and weighted 
scores (note the difference in scale)  
 
Although this “averaging” approach has a tendency to slightly misrepresent the factors for which 
differences are large (especially in such a small group of operators), the results give a contrasting 
view of the relative importance of each factor for the overall loading.  The weighted vs. the 
unweighted NASA-TLX results also reveal differences in workload factor importance between 
different SE-Ops. The weighted version shows that the factor “Performance” is overall the most 
important (Although it should be noted for clarity’s sake that in NASA-TLX, the ideal 
Performance assessment score is a low one).  
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The ACTA assessment (combined with the interviews) probed the findings of the NASA-TLX 
assessment using the six probing themes Past and future, Big picture, Noticing, Job Smarts, 
Opportunities, Self-Monitoring, Anomalies and Equipment difficulties. The result of the probing 
interviews was extensive and rich and many examples were given by the SE-Ops that explained 
the previous assessment findings. Table 2 summarises the most important ACTA findings.  
 
Table 2: Summary of ACTA result: Assembly and Materials handling 

Difficult 
cognitive 
element 

Why is the task 
difficult? 

Common errors Cues and strategies used 

Assembly • Need to keep all 
instructions in one’s 
memory 

• Unable to assemble 
product due to errors/ 
mistakes made on the 
regular line 

• Wrong information in 
the assembly task list 

 

• Keeping high performance due to 
high product and part knowledge.  

• Open-minded colleagues that can be 
asked and help out. 

• Plan ahead and check at line 
assembly for mistakes 

• Sharing the same mental models 

Material • Mixed incoming 
materials 

• Need to order material 
if missing, wrong or 
damaged 

• Not able to rely on 
incoming material 

• Wrong part in right 
package. 

• Parts missing 
• Damaged 

• Double check article number of part. 
• Keep several steps ahead 
• Order material in advance 

 

 
4. Discussion 
Few empirical studies exist in the literature of how skilled manual assembly operators deal with 
cognitive workload. This study has therefore contributed to knowledge with an empirical 
examination of a high-skill assembly scenario.  
The interpretation of the exercise with the sociotechnical systems map and the HTA indicated 
that the three SE-Ops had a shared mental model that they drew much support from in their work. 
The SAM analysis partially showed a shared affective state in relation to the job demands, but the 
observed discrepancies (that were complemented by interview findings) seemed to be explained 
by relative differences in SE assembly experience as well as personality traits (Operator 3 had a 
very calm disposition). The NASA-TLX results from the weighting exercise, as well as the 
separate scoring of the Assembly and Material handling tasks, indicate that while individual 
differences in cognitive resources exist, the areas where the SE-Ops gave similar assessments of 
the workload exist can give a fairly good assessment of the harmfulness of the situation. It should 
be noted, however, that the NASA-TLX does not take teamwork into account, and that the average 
scoring should be handled with caution.  
During the ACTA analysis, one of the SE-Ops found it difficult to answer some of the questions 
in the office setting (possibly because of language difficulties), but was later able to complement 
some missing or misunderstood answers to ACTA questions after returning to the assembly site 
again. When performing the work physically, he was more readily able to connect some of the 
ACTA probe questions to his work situation and managed to gradually describe his insights to 
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the IR as he worked. This points to a potential difficulty with the ACTA instrument as a stand-
alone method; some insights may be difficult to describe if the worker has not previously 
verbalised their thoughts and actions in words. Some tacit knowledge about cognitive activity is 
perhaps only possible to elicit in-situ while work is on-going.  
 
5. Conclusions 
The cognitive workload in the presented automotive industry case was examined and elaborated 
using multiple cognitive ergonomics assessments from literature. The results from the multiple 
analysis methods successfully complemented each other in giving insights to the Special 
Equipment team’s cognitive loading and resources. It was found that two dominant task types, 
Assembly and Materials handling, exposed the team to rather different levels of cognitive 
workload. Overall the NASA-TLX indicated that a high mental workload was present, but the 
interview and ACTA results clarify that this is not seen as a problem since the mental challenge 
enriches the work with more content, requiring the SE-Ops to make decisions and come up with 
solutions, thus distinguishing the job as being more stimulating compared to regular on-line 
assembly work. On the other hand, the Materials handling task involved both high mental 
workload and frustration, due to the time aspect and the fact that the SE-Ops themselves cannot 
affect the conditions and feel in control. The Weighted vs. the Unweighted NASA-TLX results 
also provide different insights by highlighting differences in workload factor importance between 
different SE-Ops, as well as between the different tasks. The weighted version showed that the 
factor “Performance” is overall the most important – perhaps not surprisingly, as the most 
important value delivery for this workplace is Product quality.   
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Abstract: Proper recognition of emotions can be useful in improving man-machine interaction. 
However, it is still unclear for the relationship between multi-sensation stimuli to pupil 
constriction. Therefore, this study aims to understand the relationship between multi-sensory 
stimuli (video) to eye movement. Twenty-eight young adults were recruited to participate in this 
study. The findings of this study indicated that multi-sensation stimuli cause different emotion. 
Gender and emotion variation influence on pupil constriction, maximal pupil size and the pupil 
absent duration. Furthermore researches were required to precisely calculate pupil size 
variations a computer input signal in affective computing applications. 
 
Keywords: Eye movement, emotion, gender. 
 
 
1. Background and Introduction 
As the widespread use of Smartphone, the instant messaging and mobile instant messaging have 
become a major means of computer-mediated communication (CMC). Emotion recognition 
becomes a crucial and interest issue in human-computer interaction system. Proper recognition 
of emotions can be useful in improving man-machine interaction and in designing effective user 
interfaces. Emotion which is individual’s feelings and thoughts comprising with automatic 
psychological and physiological reactions to the outside situations or their own stimulation. 
Across cultures, people recognize at least six primary expressions of emotion from the face, 
including joy, sadness, fear, anger, disgust, and surprise (Ekman & Friesen, 1975). The autonomic 
nervous system (ANS) plays a important role in the several physiological modulations, e.g., heart 
rate variability, electro dermal activity, pupil size and eye movement variation, to regulate subject 
behaviour or emotional status. Partala and Surakka (2003) investigate pupil size variation during 
and after auditory emotional stimulation. It founded that pupil size was significantly larger during 
both emotionally negative and positive stimuli than during neutral stimuli. Female subjects had 
significantly larger pupil responses than males’ only to neutral stimuli and only during the 
auditory stimulation. Kinner et al (2017) investigated the effects of different emotion regulation 
strategies on pupil dilation, skin conductance responses, and subjective emotional responses. It 
revealed that pupil dilation and skin conductance responses were significantly enhanced when 
viewing negative relative to neutral pictures. Vasquez-Rosati et al (2017) showed that negative 
images evoked a greater pupillary contraction, a weaker dilation and a faster physiological 
recovery to baseline level for meditation practitioners. Previous study suggest that the autonomic 
nervous system is sensitive to highly arousing emotional stimulation to induce the variations of 
pupillary constriction. However, it is still unclear for the relationship between multi-sensation 
stimuli to pupil constriction. Therefore, this study aims to understand the relationship between 
multi-sensory stimuli (video) to eye movement. 
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2. Methodology 
 
2.1 Subjects 
Twenty-eight subjects (gender-equalled) were recruited to participate in this study. Their average 
age was 21.3 (SD=1.03) years old. All of them were self-report with normal hearing and normal 
corrected vision capacity without physical and mental disorders.  All procedures conformed to 
the Declaration of Helsinki and were approved by the ethic committee of the Institutional Review 
Board (IRB) at National Tsing Hua University (Taiwan).  
 
2.2 Measurements 
Participants were seated in an adjustable chair in front of the computer screen. The Tobii Pro X3-
120 eye tracker was used to collect the eye movement with sampling rate of 120Hz. The distance 
from the participant’s eyes to the eye tracker and monitor was approximately 60 centimetres and 
the gaze angle (α) was around below horizontal plane 35 degree. The dimension of monitor is 
1920×1080 mm (width ×height). Six scenarios (film clips) with dubbing were selected and 
extracted from the free video channels (YouTube). These films were presented to subjects 
randomly to induce six various emotion including happy, surprise, disgust, angry sad and scared 
feelings. Each film lasted for around 4 minutes and before each film clip presentation, there were 
3 minutes blank interval to collect the natural (calm) emotion. The measurements include pupil 
diameter, the fixation velocity and the pupil absent duration for both eyes. All the measurements 
were normalized with the natural (calm) situation and calculated as the variation of pupil size (Δ 
pupil size, mm), maximal pupil diameter (mm), fixation velocity (mm/s) and the pupil absent 
duration (s) for both eye. 
 
2.3 Analysis 
Two-way ANOVA was performed to evaluate the effect of emotion and gender on the 
four measured eye movement. The significant level was set at p-values at 0.01. 
 
3. Results and Discussion 
The primary results of this study revealed that video induce significant emotion changed. As table 
1, during emotion adjustment, gender and emotion have significant influence on pupil size (p < 
0.01). The film clip would cause individual emotion changed and altered the pupil size during the 
emotion variation.  In general, men have remarkably pupil size changed than women (p < 0.01) 
(as fig.1). This finding is inconsistent with Partala and Surakka (2003) study that women have 
larger pupil response after the auditory stimuli. It is possible that gender have different sensitive 
perception from auditory and multi sensory stimuli to cause these variations in pupil adaptation. 
The obviously pupil dilation appeared during scared, sad and angry feelings for both genders (p 
< 0.01). Since emotional arousal is a key element in modulating the pupil’s response and changes 
in autonomic function consistent with sympathetic activation (Gilzenrat et al., 2010). Moreover, 
the scared emotion cause manifestly maximal pupil diameter for both gender (p < 0.01). This is 
coherent with previous studies that negative feelings induced a greater pupillary contraction. 
Furthermore, there were no significant differences on the fixation velocity between the emotion 
alterations (p > 0.01). It is possible because the fixation velocity dependent on the tempo and plot 
of drama in the video. There was significant difference on the pupil absent duration between 
emotion variations (p < 0.01). Happy cause longer period pupil absent duration than the other 
emotion.  
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Table 1: The effects of emotions and gender on pupillary contraction. 
Measurements Emotions Gender Emotions×Gender 
Variation of pupil size 
(mm) 

Left  0.00*  0.01* 0.37 
Right  0.00*  0.00* 0.38 

Maximal pupil 
diameter (mm) 

Left  0.00* 0.03 0.95 
Right  0.00* 0.60 0.99 

Fixation velocity 
(mm/s) 

Left 0.74 0.61 0.55 
Right 0.57 0.94 0.77 

Pupil absent duration (s)  0.00*   0.00* 0.06 
* Significant level was set at p< .01 

Figure 1: The variation of pupil size (mm) between women and men. 
 
Based on above results, it concludes that multi-sensation stimuli cause different emotion. Gender 
and emotion variation influence on pupil constriction, maximal pupil size and the pupil absent 
duration. Multi-sensory emotion-related cues could also be utilized to modulate the user’s 
emotional reaction. Furthermore researches were required to precisely calculate pupil size 
variations a computer input signal in affective computing applications. 
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Abstract: Currently, the video game industry is flourishing, and these games not only affect 
human lives but also their cognitive abilities. The present study aimed to explore differences in 
the attention-switching ability of video game players and non-players as well as determining 
whether the different modalities of response influence the attentional performance of action 
and puzzle game players. To understand the stimulus-response and visual-attention-switching 
effect, different response modalities and switching types were manipulated. In the experiment, 
participants were asked to respond vocally or manually to different targets depending on the 
colour of a visual stimulus. The results showed that the puzzle game players had a lower cost of 
switching their attention when the task changed. Regarding the different response modalities, 
the participants performed better in vocal than in manual response, and this effect was 
significant for non-players. These results could provide some suggestions for designers of 
human–computer interaction. 
 
Keywords: Attention switch, game player, video game. 
 
 
1. Introduction 
With the growing popularity of smartphones and mobile devices, the number of video game 
players is increasing daily. With the rising prevalence of video games, video game companies 
have developed many different types of games, which can be roughly classified as action, puzzle, 
strategy, adventure, fighting, sports, and other games. In different games, players must utilize 
different capabilities, such as attention, reasoning, and hand–eye coordination, to complete tasks 
in the game to obtain a higher score and better performance. Our institute hopes to examine 
whether long-term video game players show benefits in cognitive function in addition to 
entertainment provided by games. Previous studies (Castel et al. 2005, Feng et al. 2007, Green et 
al. 2012, Murphy and Spencer 2009) have pointed out that video games will affect attention, 
spatial ability, switching ability, dual-tasks, search ability, executive control, memory, and other 
different cognitive abilities. Castel et al. (2005) found that players with action video game 
experience exhibited better visual spatial attention, dual tasks, task switching, UFOV task, and 
visual search task performance. Dobrowolski et al. (2015) employed dynamic object tracking and 
visual task switching for experiments to examine the differences in cognitive abilities in different 
types of video game players. Strategy video game players showed better tracking and task 
switching performance than did puzzle video game players. Oei and Patterson (2014) found that 
attention and inhibition training can aid in the task switching performance of puzzle video game 
players but had no significant improvement in other types of video game players. Chisholm et al. 
(2010) employed different distractor items to examine the performance of action video game 
players and non-video game players. They found that the response speed and accuracy rate of 
action video game players were higher than in non-video game players when distractors were 
present, and the former showed better attention performance. 
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During task switching, participants must switch between different tasks and respond differently 
to different stimuli. Green et al. (2012) used three experiments to examine the effects of action 
video game experience on task switching. In experiment 1, different response modalities 
(keyboard, verbal) and types of task switching (switching, repetition) were used for colour and 
shape identification switching tasks to understand the differences in response performances 
between action video game players and non-video game players. Action video game players 
showed better performance than non-video game players in both verbal and keyboard responses. 
In addition, action video game players have lower switch costs than non-video game players, i.e. 
players require a shorter duration for task switching. In experiment 2, cognitive and perception 
tasks were included in task switching to examine whether different tasks affect switch costs. The 
cognitive task involves determining whether numbers are greater or lower than 5 and whether 
they are odd or even while the perceptual task involves determining shape and colour. Results 
were similar to those of experiment 1. Video game players showed better performance in 
switching or repetition tasks than non-video game players, but there were no significant 
differences in cognitive and perceptual tasks. Experiment 3 examined the effects of cognitive and 
perceptual tasks on task switching. The cognitive task was to determine the size of a number and 
whether it is odd/even while the action task involved responding with the left or right hand under 
different colour backgrounds. Participants showed better performance in cognitive tasks than 
action tasks, and the performance of action video game players was better than that of non-video 
game players. With regard to switch costs, these costs were significantly lower in cognitive and 
perceptual tasks in video game players than in non-video game players. Overall, action video 
game players performed better at perceptual, cognitive, or action tasks than did non-video game 
players and had lower switch costs. Therefore, players possessed flexible task-switching abilities. 
Strobach et al. (2012) employed dual-task and task switching to examine the differences in 
response performance between action video game players, puzzle video game players, and non-
video game players. In the dual-task, different SOA (50, 100, 400 ms) and stimuli presentation 
modes (visual, auditory) were used. The dual-task performance of video game players was 
significantly better than that of non-video game players. In addition, the participants’ task 
performance was significantly poorer in long SOA scenarios. During task switching, a group of 
numbers and letters appeared, and participants had to determine their responses based on the 
location of the stimulus, determining whether the letter was a consonant or vowel and whether 
the number was odd or even. Video game players had shorter response times and lower error 
rates. This shows that video game players had significantly better task switching performance 
than non-video game players. In experiment 2, different types of games were used for training 
participants. These games included action video games and puzzle video games. The content of 
the experiment was identical to experiment 1. Puzzle and action video games improved the 
participants’ response speeds in dual-tasks, of which the proportion of reduction was higher after 
action video game training. Similar results were observed with action video game training for 
task switching as participants’ reaction time significantly decreased after training. This shows that 
training with either action or puzzle video games can increase dual-task performance. In addition, 
action video game training can improve task switching performance. 
Oei and Patterson (2014) administered a flanker and Go/No-go task for testing and task switching 
to examine the performance differences of training in different types of games. The games 
included an action video game, a puzzle video game, an arcade video game, and a real-time 
strategy game. The experiment results showed that puzzle video game training could decrease the 
false alarm rate in the flanker and Go/No-go tasks. This shows that puzzle video game training 
can effectively decrease the probability of participants misjudging visual stimuli. In addition, the 
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switch costs of participants significantly decreased in task switching after puzzle video game 
training. This shows that puzzle video games can improve task switching abilities. From the 
results of these three tasks, we can see that only puzzle video game training can effectively 
improve high-level task execution abilities. 
The aforementioned study results showed that attention or task switching performance is 
significantly better in video game players than in non-video game players, suggesting that video 
games can improve the cognitive abilities of video game players. In addition, training with 
different types of games can improve cognitive performance. Among different genres of games, 
action and puzzle video games exhibit more significant effects. Therefore, this study examined 
the differences in task switching performance between action video game players, puzzle video 
game players, and non-video game players. Different response modalities were used to examine 
the effects of different modalities in repetitive task and task-switching performance. 
 
2. Methodology 
This experiment involved visual attention task switching, which was used to measure the 
differences in reaction time and accuracy of action video game players, puzzle video game 
players, and non-video game players under different conditions. The experiment required 
participants to make rapid and accurate responses through manipulating the switch and response 
modalities. The experiment aimed to examine the differences in performance in action video game 
players, puzzle video game players, and non-video game players based on the type of switching 
and modalities of response when the stimulus was a visual presentation. 
 
2.1 Participants 
A total of 30 participants (15 males and females) participated in this study. Their mean age was 
21.77 years. Ten of these participants were action video game players who played at least 5 hours 
of action video games in a week, 10 were puzzle video game players who played at least 5 hours 
of puzzle video games a week, and 10 were non-video game players who played 1 hour of video 
games or less in a week. 
 
2.2 Experimental equipment 
A TOSHIBA 13.3 laptop containing the Windows 7 operating system was used to present the 
visual stimulus. The E-prime 2.0 software was used for generation and collection of relevant data, 
and SPSS 22 was used for data analysis. During the experiment, participants had to use the Z, X, 
N, and M keys on the keyboard for responses. 
 
2.3 Experimental design 
This study employed a 3 (group) × 2 (switch type) × 2 (response modality) 3-factor design. The 
inter-group factor was groups, which were the action video game players, puzzle video game 
players, and non-video game players. The intra-group factors were the switch type and response 
modality. The switch type was divided into switch or non-switch. When the stimulus changed 
from a red frame to a blue frame or vice versa, differences in the participants’ responses were 
termed as ‘switches’. The response modality was divided into keyboard and vocal responses. The 
dependent variables were accuracy and switch costs. The experiment presented 4 combinations: 
switch/keyboard response, switch/vocal response, non-switch/keyboard response, and non-
switch/vocal response. The experiment was divided into two blocks based on the response 
modalities, and each block was conducted three times with 30 questions in each session. The 
visual stimulus used two groups of similar English alphabets; one group was B, D, O, P, Q, and 
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R while the other was E, F, H, I, L, and T. The letters B and E, which are similar, were used as 
target letters. The target shapes were squares and diamonds, which are similar and were used as 
stimuli. 
 
2.4 Experimental procedure 
This experiment involved visual attention task switching (Figure 1). Before the start of the 
experiment, the participants were informed of the aim of the study and the experimental 
procedure. Then, the participants signed the consent form. One trial was conducted for the 
participants before the start of the experiment based on different conditions so that they were 
familiarized with the response operation. After it was determined that the participants understood 
the experiment, the actual experiment was conducted. At the start of the experiment, instructions 
were displayed to inform the participants of situations to respond to. After participants pressed 
the spacebar to start the experiment, random visual stimuli were presented. The participants were 
to make correct responses based on the different colours. When the stimulus was a red frame, the 
participants was to respond to the target letters B or E using the Z and X keys on the keyboard. 
When the stimulus was a blue frame, the participant was to respond to shapes of squares or 
diamonds using the N and M keys on the keyboard. The participants were required to make fast 
and correct responses when the stimulus was presented. If the participants did not respond, the 
next question was automatically shown after 3000 ms. After the experiment ended, the accuracy 
rates and reaction times of the participants were collected. 

Figure 1: Experimental procedure for visual attention task switching 
 
3. Results 
The E-Prime 2.0 software was used to collect relevant data for visual attention task switching. 
The accuracy and reaction times and the task switching costs of the participants were recorded. 
The number of repeats was used for analysis, and the least significant difference (LSD) test was 
used for post-hoc test. 
 
3.1 Accuracy 
The collected accuracy results were used for 3 (group) × 2 (response modality) × 2 (switch type) 
ANOVA. There was a significant interaction between response modality and group (F [2, 27] = 
5.007, p = 0.014), as shown in Figure 2. LSD post-hoc testing found that, under the keyboard 
response condition, there were significant differences between groups (F [2, 27] = 6.524, p = 
0.005). Under the keyboard response condition, accuracy was significantly higher in action and 
puzzle video game players than in non-video game players (0.85) (t [18] = 3.24, p = 0.005 and t 
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[18] = 2.40, p = 0.027, respectively); there was no significant difference between action video 
game players and puzzle video game players (t [18] = 1.09, p = 0.29). Under the vocal response 
condition, there was no significant difference between groups (F [2, 27] = 0.75, p = 0.48). This 
shows that the attention switch performance of different groups is not affected by vocal responses 
and does not differ. 
However, among different groups, the different response modalities had significant effects on 
non-video game players (t [9] = −5.61, p < 0.001), and the manual responses of non-video game 
players were poorer than vocal responses. However, this phenomenon did not occur in the 
performances of action and puzzle video game players (t [9] = −1.49, p = 0.17 and t [9] = −1.53, 
p = 0.16, respectively).  
 

Figure 2: Accuracy interactions between group and response modality 
 
In addition, ANOVA also showed that interaction was present between response 
modality and switch type (F [1,27] = 4.332, p = 0.047), as shown in Figure 3. Post-hoc 
test showed that the accuracy of keyboard responses for task-switching was significantly 
lower than vocal responses (t [29] = −3.52, p = 0.001). This shows that keyboard 
responses are prone to error for visual task-switching. During repetitive tasks, there was 
no significant difference between response modalities (t [29] = −1.97, p = 0.06). 
 

Figure 3: Accuracy interactions between response modality and switch type 
 
3.2 Switch cost 
According to Wylie and Allport (2000), the switch cost is the difference in reaction times between 
switch questions and non-switch questions. The larger the switch cost, the longer the time spent 
in switching. Therefore, we referenced the calculation method of Wylie and Allport (2000) and 
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used the reaction time to calculate the switch costs and employed 3 (group) × 2 (response 
modality) × 2 (switch type) ANOVA for analysis. 
There were significant differences in inter-group factors between groups (F [2, 27] = 4.15, p = 
0.027), showing that the switch costs for visual task switching differed significantly among action 
video game players, puzzle video game players, and non-video game players. An LSD post-hoc 
test found that mean switch cost was lower for puzzle video game players (M = 173.26 ms) than 
for action video game players (M = 318.86 ms, p = 0.01) and non-video game players (M = 288.09 
ms, p = 0.04), but there was no significant difference between action video game players and non-
video game players (p = 0.57). This result shows that puzzle video game players can carry out 
task switching with fewer switch costs. In addition, ANOVA results showed that there were 
significant differences between response modalities (F [1, 27] = 24.71, p < 0.001) with the mean 
switch cost of keyboard responses (351.02 ms) being significantly higher than that of vocal 
responses (186.32 ms). This shows that keyboard responses require greater switch costs when 
carrying out task switching (as shown in Figure 4). 
 

Figure 4: Switch costs of groups and response modality 
 

4. Discussions and conclusions 
The experiment results showed that the accuracy performance of action video game players and 
puzzle video game players in visual attention task switching was significantly better than that of 
non-video game players, which is similar to the results of Chisholm et al. (2010) and Dye et al. 
(2009), who found that action video game players have better visual attention. This shows that 
video game players can rapidly reject distractors and respond to targets, demonstrating better 
performance in task switching. With regard to different response modalities, this study found that 
the accuracy of vocal responses for visual attention was higher than that for keyboard responses 
in action video game players, puzzle video game players, and non-video game players. This is 
similar to the results of Stephan and Kock (2010), who found better attention performance under 
vocal responses. 
Under the task switching and repetitive task conditions, the performance of participants for 
repetitive tasks was better than that of task switching. This shows that participants must spend 
more time for task switching, which is the switch cost. In the switch cost analysis, the switch costs 
of puzzle video game players were lower than those of action video game players and non-video 
game players for both vocal and keyboard responses, showing that the time spent for task 
switching was shorter for puzzle video game players. Oei and Patterson (2014) found that puzzle 
video game training could significantly improve the performance of task switching. The reason 
for this is that puzzle video games require continuous re-planning and assessing past decisions 
and changes to obtain higher scores. Although more time is required to respond to targets, these 
players can flexibly switch attention during task switching. However, although the accuracy 
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performance of action video game players was higher than in puzzle video game players and non-
video game players, their switch costs were the highest. This shows that action video game players 
require more time for task switching. Boot et al. (2008) believed that there were complex and 
variable scenarios in games. Therefore, video game players must rapidly switch attention to 
complete many tasks in the game, and the cost of switching tasks will be lower than in non-video 
game players. However, as the game content of action video games mostly involves tracking, 
action video game players must continuously track dynamic objects using the same method and 
rapidly and accurately respond to targets. Therefore, they experience less task switching. Hence, 
although action video game players can rapidly and accurately complete tasks, switching between 
different tasks will require more time for attention switching. 
On the other hand, the switch costs of vocal responses were significantly lower than keyboard 
responses, showing that the time taken for task switching using vocal responses was shorter. This 
is similar to the results of Green et al. (2012), who found that participants required more time for 
task switching using keyboard responses. In this study, we found that participants were prone to 
confusion between left- and right-hand decisions for keyboard responses, resulting in longer 
keyboard reaction time and lower accuracy. The possible reason for this is that, in addition to task 
responses, participants had to determine whether to respond with the left or right hand, resulting 
in higher switch costs for task switching. In contrast, participants did not require movement 
switching for vocal responses. 
In summary, we found that action video game players showed the best performance for accuracy 
in task switching followed by puzzle video game players, and non-video game players had the 
worst performance. This shows that action video game players can rapidly respond to targets 
regardless of the type of task. However, action video game players had significantly higher switch 
costs than puzzle video game players. This shows that there was a significant difference in the 
reaction time performance between repetitive task and task-switching for action video game 
players, i.e. action video game players must spend more time for attention switching. However, 
puzzle video game players have the lowest switch costs among the three groups. This shows that 
puzzle video game players do not need to spend more time on attention switching when switching 
between different tasks. 
Video games have some effects on cognition in players, and different types of games can train 
different abilities. Our study found that action video games can improve the accuracy and 
response speed in attention switching in players while puzzle video games can strengthen task or 
attention switching in players and result in lower switch costs. In general, both in manual and 
vocal response, playing video game effectively improve visual attention performance in accuracy 
and this effect was evident in the switching task. It indicated that task-switching abilities of 
individuals would be more flexible through video game playing, especially for puzzle games 
players. 
Therefore, regarding applications, the results of this study can provide references for designing 
teaching materials for children or older adults by integrating game content and improving the 
different cognitive functions of students. In addition, regarding response modalities, our study 
found that vocal responses are significantly better than manual responses. In particular, there are 
significant differences in the performance of non-video game players. Therefore, we recommend 
that more vocal responses be used when designing the early stages of games or interactive 
interfaces to decrease the response bottleneck of non-video game players, thereby improving their 
performance. 
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1. Introduction and research focus 
In 2018 a user behavioral research study was conducted in Sweden on "Spoken Information at 
Railway Stations" including results from questionnaires from about 400 people in various ages 
and types of impairment. The results showed a number of improvement ideas to enhance customer 
experience regarding the traffic information given to provide efficiency, safety and satisfaction 
for travelers. The need for an attention signal that new information is available emerged as one 
important point of improvement as well as a revision of the content of the spoken information 
message, which sometimes was perceived as inadequate and contradicting. The purpose of this 
study was to investigate whether and how a visual and/or audible attention signal should be 
designed to improve the customer experience of the Swedish Transport Administration's delivery 
of important information at railway stations, especially for people in the user groups hearing 
impaired, visually impaired and elderly. Furthermore, a review was performed of how the content 
of the given spoken information could be presented to be more precise and not perceived as 
contradicting, especially during disturbances.  
 
2. Methodology 
A further analysis of the information found in the 400 questionnaires used in the previous study 
was made regarding the users’ opinions of what they missed and needed regarding the traffic 
information. Then a number of design proposals, also based on appropriate design guidelines, 
were created of visual and audible signals. Also, some of the today existing audible information 
messages were rephrased. In the evaluation phase, first expert evaluations were made with six 
human factors experts. Then user tests, both in the usability laboratory and at railway stations 
were performed. In total 30 people were included in the laboratory tests and 60 people in the real-
world environment at railway stations. The test subjects were in different ages and some were 
also visually and audible impaired.  
 
3. Research outcomes 
The results showed that especially an audible attention signal needs to be developed to maximize 
travellers’ attention and alertness for new updated important traffic information. This could be 
achieved by using an distinct sound that is unique and perceived as much important to notice. It 
should however not be masked by the background noise. Regarding the spoken information 
during disturbances, the amount of given information should be decreased and shorter more 
precise and correct announcements should be given, where only relevant information is provided. 
This, along with a fine-tuning of the timing of when spoken announcements are given in relation 
to train departure, resulted in that the given information were perceived as more reliable and up 
to date. A consequence of this is that fewer announcements are made, which in turn reduces the 
experience of the announcements as ambiguous and their credibility increases. To conclude, this 
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study shows that the need of a better attention signal and improvements of the messages’ content 
are much appreciated by the customers. 
 
 


