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A B S T R A C T   

Configurators have the potential to revolutionize the business processes of Engineering-to-order (ETO) com-
panies. Despite their positive impacts on ETO companies’ operations and strategies, there is a paucity of 
empirical investigations examining the development processes and practices of configurators, in particular in-
tegrated configurators. We, thus, carry out a longitudinal case study in a large ETO company to study and 
compare the characteristics and dynamics of the development process of an integrated sales and technical (ST) 
configurator with these of a sales configurator and a technical configurator. First, the findings uncover the nature 
of the integrated ST configurator development process in terms of development team formation, development 
planning activities, processes and activities that went wrong, and unplanned events and their handling. Second, 
performance evaluation with respect to several criteria contributes to a holistic picture of the development 
process of the integrated ST configurator. Based on the findings, we further shed light on managerial implications 
including the business process changes associated with the application of the integrated ST configurator and the 
need of having a clear, comprehensive project plan before development. To conclude, our study is expected to 
broaden ETO companies’ understanding of the development processes of integrated configurators and to guide 
them to make wise decisions in developing configurators.   

1. Introduction 

Configurators are recognized as important tools to elicit customer 
needs and further find matches between customer needs and company 
offerings (Forza and Salvador, 2002; Kristjansdottir et al., 2018a; Sal-
vador and Forza, 2004; Sandrin et al., 2018; Trentin et al., 2012; Wang 
et al., 2021).). They are, in nature, information systems supporting the 
automatic, multilevel specification of customized products based on 
predefined options, features, modules and components (Hvam et al., 
2008, 2019). Additionally, configurators are seen as complex informa-
tion systems because of i) the large and complex knowledge bases and 
their continuous extensions, ii) the details of the communication levels 
in development, and iii) the need for specific documentation and 
maintenance of configuration knowledge (Shafiee et al., 2018). They 
have been increasingly applied in various industries and offering 
important enablers for attaining the efficiencies of product custom-
ization (Bramham and MacCarthy, 2003; MacCarthy, 2013). Reported 
by CyLEDGE, just for web-based configurators operational in practice, 
the number increased from 900 in 2013 to 1200 in 2016 (https://www. 
configurator-database.com/report-books). 

Configurators perform multiple functions and generate various 
output, such as quotations, sales drawings, product technical docu-
ments, i.e., bill of materials (BOM), engineering drawings of compo-
nents, routings and manufacturing sequences (Kristjansdottir et al., 
2018b). In accordance with the different functions and output, the 
end-users of configurators are either sales staff, customers, design en-
gineers, production/process engineers, or a combination of two or more 
(Mäkipää et al., 2012). In this study, for the configurators, which are 
mainly used by sales staff and/or customers to generate quotations 
and/or sales drawings, we refer to them as sales configurators. We call 
them technical configurators if their fundamental functions are to 
generate product technical data, such as BOMs and engineering draw-
ings of components, and the major users are designers and/or design 
engineers. 

In the Engineering-to-order (ETO) environments where systematic 
management of product specification throughout the order handling is 
challenging (Colledani et al., 2008; Cameron and Braiden, 2004), con-
figurators have been receiving more and more attention recently. Au-
thors have proposed solution tools and methodologies to facilitate the 
development of configurators in ETO companies by coping with 
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different issues and tasks. For example, Shafiee et al. (2020) suggested 
the use of Scrum, which is an agile software development methodology, 
to develop product configuration systems, thanks to its capability to deal 
with the development challenges. In another example, Hvam et al. 
(2008) proposed a procedure including seven phases to develop 
configuration systems for mass customization. A careful examination of 
this kind of studies reveals that empirical evidence of configurator 
development processes in ETO companies is left untouched, which was 
also pointed out in (Ghosh et al., 2019). More specifically, what were the 
knowledge profiles of project teams and how were they formed? How 
did the participants interact with one another? Which processes and 
activities went wrong? What were the unexpected or unplanned events 
and how participants reacted and interpreted such events? There are 
many more questions to be explored. However, the answers to these 
questions are unclear due to the lack of empirical evidence. This is 
especially true for the development of integrated configurators, such as 
integrated sales and technical configurators. On the other hand, several 
studies have stressed the importance of applying integrated config-
urators to automate seamlessly most activities of order handling from 
sales to engineering (Hicks et al., 2000; Myrodia et al., 2018; Shafiee 
et al., 2018; Willner et al., 2013; Zhang et al., 2010). In particular, 
Bredahl Rasmussen et al. (2021) highlighted the benefits from imple-
menting integrated sales and technical configurators, in comparison 
with separate sales configurators; Zheng et al. (2017) and Poot et al. 
(2020) stressed the need to have integrated sales and technical config-
urators to better address personalized configuration. In this regard, 
there is a gap between research and practice. That is, while ETO com-
panies can benefit significantly from the empirical studies examining the 
development processes of integrated configurators, to the best of our 
knowledge, major studies empirically studying such processes in a 
detailed manner have not been carried out. 

To address the above-mentioned gap that has important practical 
implications, in this study, we focus on the development processes of 
integrated sales and technical configurators in ETO environments, 
aiming to uncover its nature. In particular, we intend to answer the 
below research question: For integrated configurators, what are the 
development process characteristics, potential business values, and 
development challenges? Accordingly, this study seeks to fulfill the 
following objectives. First, we aim to reveal the characteristics of pro-
cesses for developing integrated configurators in the complex ETO en-
vironments. More specifically, we want to examine i) development team 
formation and ii) development planning activities. Second, we aim to 
reveal the potential development problems, such as processes and ac-
tivities that went wrong and the unplanned events, as well as their 
handling. Third, we are to shed light on the performance of integrated 
configurator development processes. The major question is: What are 
the positive sides as well as drawbacks from developing integrated 
configurators? Performance evaluation contributes to a holistic picture 
of developing integrated configurators so that companies can make 
suitable decisions on configurator project. Based on the findings, we aim 
to provide managerial implications for the integrated configurator 
development. 

We carried out a longitudinal case study1 in a large ETO company in 
Denmark during a period of five years to investigate the development 
process of an integrated sales and technical configurator (hereafter 

called integrated ST configurator). To highlight the changes and dif-
ferences, we also studied the development processes of a sales config-
urator and a technical configurator. To better understand the 
development processes, we employed various approaches to collect 
data, such as managing configurator development, direct observations, 
organizing and attending meetings, studying company’s official docu-
ments and reports, and performing interviews. Similarly, we adopted 
different methods to analyze the data collected, e.g., tabulation, brain-
storming. With data analysis results, we shed light on the characteristics 
of the integrated configurator development process and detailed its 
performance evaluation, in comparison with these of the two separate 
configurators. We expect that our study can serve ETO companies as a 
benchmarking tool for them to decide i) whether or not they develop 
integrated configurators, ii) how they should develop such integrated 
configurators, and iii) how they can effectively handle the potential 
business process changes caused by the application of integrated 
configurators. 

We structure the rest of the paper as follows. Section 2 offers a 
thorough review of the relevant literature. In Section 3, we highlight our 
research method. In the following section: Case study setting, we 
describe in detail the company, the configurator projects examined, data 
collection and analysis methods, as well as evaluation criteria of the 
performance of the development processes. We present the results in 
Section 5, including the processes and their characteristics with a focus 
on the integrated ST configurator development. We also present per-
formance evaluation results in this section. In Section 6 we discuss 
further some issues, such as business process changes and a clear plan 
needed for any configurator development project along with the 
managerial implications. We end the paper in Conclusions by pointing 
out the limitations of this study and highlighting the potential avenues 
for future research. 

2. Related work 

We organize the most relevant studies into three streams: config-
urator development solutions, configuration models, and development 
processes and risks of IT/software systems. In the first stream, we 
gathered the relevant literature published recently to present solutions 
to address diverse configurator development-related issues. The solu-
tions reported not only address some of the most significant challenges 
in the configurator development literature but also highlight the lack of 
empirical evidence of development processes of configurators, in 
particular integrated configurators. In the second stream, we review 
articles discussing configuration models (i.e., the organizations of 
configuration knowledge) and corresponding configurators. With this 
stream of literature, we are able to i) define the differences as well as 
interactions between sales and technical configurators and their 
configuration models and ii) present, discuss, and evaluate the inte-
grated configurator development based on empirical investigations. In 
the third stream, we review the literature relevant to development 
processes and risks of IT/software systems. This literature review shows 
the importance of empirically investigate the development processes, 
dynamics and practices of IT/Software systems. 

Configurator development solutions: Many solution methodologies, 
approaches and techniques have been discussed in literature to facilitate 
the development of configurators by dealing with various issues, e.g., 
configuration knowledge representation, configuration diagnosis, con-
figurator development. In a review paper, Zhang (2014) provided a 
comprehensive review of the solutions published earlier. Thus, in this 
paper we present the solution proposals or new findings recently dis-
cussed while referring the readers to the earlier ones in the above review 
paper. 

Recognizing the fact that many customers do not possess the domain 
knowledge of products when selecting suitable components, parts and 
features predefined in a product configurator, Wang et al. (2019) pre-
sented a relative preference-based mechanism to design product 

1 Being a well-known research methodology in the Information Systems (IS) 
literature, longitudinal case studies have been frequently carried out by re-
searchers to investigate a variety of phenomena, in particular systems devel-
opment: “Management Information Systems researchers rely on longitudinal case 
studies to investigate a variety of phenomena such as systems development …” 
(Street and Ward, 2012, p. 160). From 2005 to 2011, 180 articles based on 
longitudinal case studies were published in four top IS journals: MISQ, ISR, EJIS 
and JAIS (Street and Ward, 2012). Considering the fact that configurators are 
information systems in nature, we carried out a longitudinal case study. 
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configurators, which are expected to reduce customers’ confusion and 
frustration in configuration processes. In a similar work (Wang and Li, 
2021), the authors proposed a needs-based mechanism based on natural 
language processing techniques to facilitate the development of product 
configurators, which require customers to input their needs, instead of 
selecting the predefined components, modules and features. Ghosh et al. 
(2019) examined how the components and parts were reused and shared 
by multiple configurators that support the sales processes of different 
products in the case company. Their findings on the reusability and 
sharing of components and parts are expected to help companies, in 
particular ETO companies, better structure and develop multiple con-
figurators. Authors also addressed configurator development by inves-
tigating other issues, e.g., product modeling, configuration knowledge 
organization, configurator documentation, configurator development 
strategies. Understanding several main drawbacks of the available 
configurator documentation solutions, such as too much manual work 
involved, configuration knowledge duplication, and low quality of 
product models, Shafiee et al. (2017) proposed an agile documentation 
framework based on two techniques: PVM and CRC-cards to facilitate 
one of the fundamental tasks of product configuration system develop-
ment: product modeling. In a similar study, Shafiee et al. (2020) 
examined the application of two approaches, including RUP and Scrum, 
to addressing documentation challenges in product configuration sys-
tem development, and highlighted the advantages offered by Scrum. 
Based on the onion-view model for software engineering described in 
(Alexander and Robertson, 2004), Schäffer et al. (2018) proposed to 
manage configuration information and knowledge at three layers, 
including a physical layer, a digital layer, and a meta layer, in devel-
oping configurators. To ensure the continuous maintenance and updates 
of configuration knowledge in the future, Shafiee et al. (2018) proposed 
a four-stepped framework to manage configuration knowledge in 
developing configurators. They carried out two case studies in two ETO 
companies to validate their framework. Based on the characteristics of 
configurators reported in literature, Hönigsberg et al. (2019) put for-
ward a reference model to facilitate or even automate product config-
urator development. The authors included adaptation mechanisms in 
the reference model to ensure a flexible development of company spe-
cific configurators. Shafiee et al. (2021) discussed the application of 
Computer Aided Software Engineering (CASE) tools to fully conceptu-
alize the knowledge from different users and generate configurators 
automatically from the CASE tools. In view of the challenges of config-
urator projects in ETO companies, Cannas et al. (2022) examined the 
corresponding actions that their case companies took to overcome the 
challenges in the three phases of configurator projects: 
pre-development, development, and post-development (i.e., operations 
and maintenance). They expected that the findings on the actions can 
inspire companies to plan better suitable actions considering their 
unique business environments. While Cannas et al. (2022) focused on 
the challenges in configurator development, our study is to examine the 
holistic configurator development processes including challenges. 
Aiming to satisfy individual customer requirements more effectively, 
Zheng et al. (2017) put forward a product configurator framework based 
on an adaptable open architecture product platform. They also proposed 
a method including modular design and scalable design to develop the 
product configurator. Essentially, their product configurator consists of 
a technical configurator and a sales configurator. Addressing product 
configurator development at a high level, Haug et al. (2012) defined 
seven development strategies and examined their strengths and weak-
ness. They identified the conditions for adopting the suitable develop-
ment strategies and expected that their study can provide guidelines for 
companies to select suitable strategies. 

In summary, in an endeavor to facilitate configurator development, 
authors have addressed many issues, such as documentation, configu-
ration knowledge management, configurator development challenges, 
components and parts reuse and sharing, and offered various solutions 
or findings. Consequently, the prior studies may have well advanced 

research in configurator development. However, they do not offer 
empirical evidence of the characteristics of the processes of configurator 
development, in particular integrated configurator development, in ETO 
companies. Our study is, thus, aimed at examining empirically the 
development processes of integrated configurators in ETO companies. 
Regarding this, in addition to our main contributions (see our objectives 
in Introduction), we expect that the findings of our study can help re-
searchers develop practical methodologies to facilitate configuration 
information and knowledge organization, configuration knowledge 
maintenance, configurator design, configurator documentation, and so 
on. 

Configuration models: The organization of configuration knowledge 
has been well recognized as a linchpin to the development of config-
urators (Aldanondo et al., 2000; Felfernig et al., 2001; Myrodia et al., 
2019). In accordance with the major functions of a sales configurator: 
generating commercial descriptions of a product and quotations, the 
underpinning sales configuration model organizes the data, information 
and knowledge such as features, possible feature values, and relation-
ships among them (Zhang et al., 2013; Helo, 2006). Use computer, as an 
example, temporary memory and permanent memory are two typical 
features. Each of them has several values addressing different customer 
requirements. Essentially, the sales configuration model entails the 
feature (or functional) hierarchy that defines the product from a sales 
perspective (Aldanondo et al., 2000; Haug, 2010; Zhang et al., 2013). In 
addition, it includes the rules and sequences of questions, which guide a 
customer (or a sales person) to find such features and values that can 
better meet customer requirements (Forza and Salvador, 2008). More-
over, it includes processes and rules that are used to calculate costs and 
possible delivery dates (i.e., two important elements in quotations). 

Based on the results of sales configuration processes, a technical 
configurator facilitates order fulfillment by generating specifications 
that technically define products, such as component drawings and 
BOMs. Accordingly, a technical configuration model organizes such data 
as components, their design parameters, possible values, and relation-
ships among them. Use steel block as an example, its typical design 
parameters are mass, length, width, and thickness. A technical config-
uration model, thus, represents the component hierarchy, which tech-
nically describes the product from a design perspective (Aldanondo 
et al., 2000; Haug 2010; Zhang et al., 2013). Similarly, it includes 
constraints and rules contributing to the generation of BOMs, drawings, 
and other technical documents. Additionally, it possesses the links (or 
mappings) between products’ functional specifications and technical 
specifications (Forza and Salvador, 2008; Haug, 2010; Zhang et al., 
2013). As highlighted in (Haug, 2010: 812), facilitating the sales and 
engineering processes in order fulfillment in ETO companies, the sales 
and technical configurators carry both individual and overlapping in-
formation: “… … in the sales phase the sales prices may be relevant, while 
not in the engineering and manufacturing phases, where, on the other hand, 
component definitions of a greater level of detail may be included. However, 
basic component definitions may be identical across all three views, and such 
overlapping information, obviously, has to be consistent across configuration 
models.” 

To conclude, sales configuration models and technical configuration 
models possess both unique data, information and knowledge describing 
features (or components in the latter case) and common ones that cap-
ture the links and mappings between sales and technical specifications. 

Development processes and risks of IT/software systems: Authors have 
recognized the importance of the development processes and practices 
of IT/software systems. Pressman (2005) explained the four pillars of 
software projects: personnel, product, process, and project and showed 
that these pillars interact and affect jointly the development processes 
and dynamics, thus further the project results. Abbas et al. (2012) 
reviewed more than 250 academic articles published in the period of 
2008–2012 and identified five categories, including software develop-
ment processes and software management. In their study, 90 papers 
accounting for 35% addressed software development processes and 75 
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papers accounting for 30% studied software management where team 
management was a major issue. Attempting to facilitate system devel-
opment, Rosen (2020) described the development process of a software 
system as a sociotechnical process. With a belief that a better develop-
ment process results in a better software product, Coleman and 
O’Connor (2007) interviewed 21 Irish software product companies to 
understand their development processes and practices. Similarly, 
McLeod (2008) recognized the ongoing need for a full understanding of 
IS development processes and practices and devoted her PhD pro-
gramme to empirically examine the complexity and dynamic nature of 
the development processes of IS. Understanding software development 
being generally an organizational activity that includes complex in-
terrelationships among people, structure, procedures, politics and cul-
ture, McLeod et al. (2011) reported a longitudinal case study where they 
investigated the in situ processes and practices of an IT project in a 
company in New Zealand. 

Risks are an intrinsic part of any IT/software projects and most IT/ 
software projects face severe risks in the development processes (Masso 
et al., 2020; Riaz et al., 2019). Recognizing the above importance of risks 
in IT/software projects, authors identified top risks and classified them 
into different categories. Based on a thorough literature review, Menezes 
Junior (2019) listed three top risk factors in Development environment 
class: “conflicts between team members”, “ineffective communications 
between team members”, and “insufficient discipline”. In 30 frequently 
cited papers, Sonchan and Ramingwong (2014) identified similar risk 
factors, including “communication gaps”, “conflicts among team mem-
bers”, and “inappropriate development process”. Similarly, Wallace and 
Kell (2004) found top risk factors being “ineffective communication”, 
“frequent conflicts among development team members”, and “lack of 
cooperation from users”, and “conflict between users”. To summarize, 
team members’ communications and conflicts are very important in 
IT/software projects and are, thus, indispensable in the development 
processes and practices. This raises the importance to empirically 
investigate the dynamics of development processes caused by team 
members’ ineffective communications and conflicts together with the 
unintended consequences (Lethbridge et al., 2005). This is further 
stressed by Al-Sabbagh and Gren (2018) who showed in their empirical 
case study that the dynamics within software development team mem-
bers correlate to their ability to deliver the expected outcome. 

3. Research method 

We observed and were involved2 (see detailed research activities in 
Table 1 in Section 4) in the development of the three configurators: the 
sales configurator, the technical configurator, and the integrated ST 
configurator during a period of five years from 2013 to 2018 at the case 
company. In the last year, after the development of the integrated ST 
configurator, we continued the formal interactions with the company to 
analyze the performance of the development processes and to track the 
application of the integrated ST configurator. Thus, our work was a form 
of longitudinal case study. 

The longitudinal nature of our study is important because developing 
configurators, in particular integrated configurators, requires long-time, 
evolutionary processes during which such special information systems 
can be gradually refined (Shafiee, 2017). This indicates that doc-
umenting the development over an extended period is necessary to 
understand the characteristics and dynamics of the processes (e.g., 
events, project team’ and stakeholders’ reactions and interpretations). A 
longitudinal case study can provide rich data that can be analyzed to 
trace the dynamics of change, which is important when trying to un-
derstand the complex interactions in the development of information 
systems (McLeod et al., 2011; Street and Ward, 2012). Wamba et al. 
(2015) showed how their longitudinal case study helped them collect 

sufficient data for assessing the business value of big data. Furthermore, 
interactions and communications over a longer time create more fa-
miliarity with the development team and all other stakeholders 
involved, as well as a better understanding of the company and its 
business processes. This potentially provides “repeated trials for approx-
imating and understanding a research question or topic” (Van De Ven and 
Johnson, 2006: 813). Additionally, the use of the case study, which is 
explorative in nature, allows the examination of developing the inte-
grated configurator in its natural setting, thus contributing to a real 
empirical evidence and managerial implications. 

4. Case study setting 

4.1. Case company profile 

Being well-known in both the domestic and foreign markets, the case 
company: ABC specializes in catalyst3 production. (Per the request of the 

Table 1 
Detailed research-related activities, from 2013 to 2018.  

Managing projects6  Total 
duration 

Technical configurator  One year 
Sales configurator  9 months 
Integrated ST configurator  One year 
Developing configurators   
Technical configurator  One year 
Sales configurator  9 months 
Organizing meetings with Number of meetings 
Project members form the Technical department 35 (TC: 13, SC: 5, IST: 17)7 

Project members from the Commercial 
department 

30 (TC: 5, SC: 10, IST: 15) 

Project members from other departments (e.g., 
R&D for integrating the calculation system 
with the configurators) 

4 (TC: 2, SC: 0, IST: 2) 

Non-project members from the case company (e. 
g., steering committee) 

7 (TC: 2, SC: 1, IST: 4) 

Reading reports and documents Number of reports and 
documents 

Project description for initiation, acceptance 
and confirmation of the projects 

3 (TC: 1; SC: 1; IST: 1) 

Project planning and details (resources, risks, 
changes, Scrum planning, etc.) 

10 (TC: 3, SC: 3, IST: 4) 

Reports on project progress and deliverables 20 (TC: 7, SC: 4, IST: 9) 
Reports on success, failures, and lessons learned 

for IT department 
15 (TC: 5; SC: 4; IST: 6) 

Reports on IT development, documentation of 
code, product models, and integrations (for 
documentation and future maintenance) 

10 (TC: 3; SC: 2; IST: 5) 

Meeting minutes 76 (TC: 22; SC: 16; IST: 38) 
Performing interviews with Number of 

interviews  
Configurator developer 2 (TC:0; SC: 1; 

IST: 1) 
2 h 

Two product owners 2 (TC: 0; SC: 1; 
IST: 1) 

2 h 

Five domain experts 2 (TC: 0; SC: 1; 
IST: 1) 

4 h 

Having informal talks with Number of 
informal talks  

Product owners 15 (TC: 4; SC: 3; 
IST: 8) 

2 h 

Domain experts 10 (TC: 2; SC: 2; 
IST: 6) 

3 h 

IT resources 30 (TC: 12; SC: 4; 
IST: 14) 

4 h 

Top managers 4 (TC: 1; SC: 0; 
IST: 3) 

15 min  

2 One co-author was a project manager in all three configurator projects. 

3 Catalyst is a substance that enables a chemical reaction to proceed at a 
usually faster rate or under different conditions (as at a lower temperature) than 
otherwise possible. 
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company, we used a disguised name ABC, instead of its real name.) Its 
headquarter is located in Denmark and employs more than 2000 em-
ployees worldwide, with an annual turnover of more than 65 million 
Euros. We selected ABC to carry out our case study because of several 
reasons. First, it had more than 10 years of experience of applying 
configurators and planned to develop configurators in house. The 
accumulated experience of configurator applications and the plan to 
develop configurators in house made ABC particularly suitable for our 
study. Second, it was an industrial partner of one co-author’s university 
and had been involved in many collaborative configurator-related in-
vestigations and research projects. With the partnership, ABC’s top 
management agreed to support our study by funding it, granting com-
plete access to its data sources, and guaranteeing the dedication of all 
involved participants to configurator development. 

4.2. Configurator development projects 

In this longitudinal case study, the unit of analysis was at the level of 
individual configurator project. As mentioned earlier, we examined the 
development processes of three configurators, including a sales config-
urator, a technical configurator, and an integrated ST configurator. All 
the three configurators were planned to facilitate order fulfillment of 
one of ABC’s bestseller catalysts. 

With extensive knowledge on configurators and their applications, in 
2013 ABC decided to develop in house the technical configurator to 
address the technical configuration of the catalysts. Because the Tech-
nical department requested to develop it to facilitate the engineering 
activities, the Technical department was the product owner4. The 
development lasted for almost one year, as shown in Fig. 1. During the 
one year of application of the technical configurator in the year of 2014, 
the Technical department received certain benefits. Hence, in 2015, the 
Commercial department requested to develop the sales configurator, 
aiming to automate activities in the sales processes of the same catalysts. 
Thus, the Commercial department was the product owner. Thanks to the 
experience of developing the technical configurator, it took ABC less 
than one year to complete the development. However, the applications 
of these two configurators in the two departments did not achieve the 
expectations, as evidenced by the fact that many meetings involving 
staff from both departments were still held for processing a customer 
order. This was because i) that the two configurators only automated the 
internal tasks and activities of the corresponding departments and ii) 
that they did not facilitate the automatic alignment of configuration 
activities in between the two departments. Consequently, the two de-
partments still needed to invest much time and resources to communi-
cate with each other when processing an order. 

In 2016, upon repeatedly receiving the same request from the two 
departments, ABC’s top management decided to develop the integrated 
ST configurator. Unlike the above two separate configurators, the inte-
grated ST configurator was intended to be used by both the Commercial 
department and the Technical department. Consequently, both de-
partments were the product owners. The development of the integrated 
configurator lasted around one year from 2016 to 2017, as shown in 
Fig. 1. In all three projects, one co-author served as a project manager 
being responsible for managing and coordinating the planning and 
development including testing of the configurators. 

4.3. Data collection 

To get a deep understanding of the practices, processes, and dy-
namics in the configurator development as well as a comprehensive 
performance evaluation, we collected both quantitative and qualitative 
data and information. Along with data collection, we searched and 

analyzed the relevant studies throughout the whole case study, as shown 
in Fig. 2. 

When ABC developed the technical configurator, we managed and 
observed the development processes, organized and attended the plan-
ned formal meetings as well as had many informal talks/meetings/ 
conversations, e.g., in the office corridor, lunchrooms and tea-break 
rooms. During the observations, meetings, and informal communica-
tions, we took notes and raised questions regarding the process and 
activity details, as well as unplanned events and reactions from the team 
members. At the end of the technical configurator development, we 
started reading the archived documents, including meeting minutes and 
diverse reports. During the development of the sales configurator, we 
carried out similar research activities, trying to understand the practices, 
processes, and dynamics. Table 1 summarizes our detailed research- 
related activities in this study5. 

Additionally, after the development of the sales configurator, based 
on the many communications, the analysis of the archived documents, 
and literature analysis, we carried out four semi-structured interviews. 
Each interview took around 60 min. The interviewees included a 
developer (being involved in both projects), two product owners and 
five domain experts (from the two separate configurator projects). One 
main purpose of the interviews was to understand the pros and cons 
associated with the two separate configurators. Thus, the major ques-
tions were related to the development, application and maintenance of 
the two separate configurators. The second main purpose was to discuss 
the possibility to develop the integrated ST configurator, the organiza-
tion of the data and knowledge pertaining to the two configurators, and 
the potential development challenges. Based on the interviews and 
discussions, together with the case company, we put forward a frame-
work for integrated ST configurator development, as shown in Fig. 3. 

According to the framework, a sales configuration model organizes 
the data, information, knowledge, rules and processes describing fea-
tures, their relationships, and the generation of quotations; a technical 
configuration model includes these that technically define the product 
and generate technical documents, such as BOMs and component 
drawings. A core knowledge model organizes the common data, infor-
mation and knowledge, i.e., the links and mappings between products’ 
sales specifications and technical specifications. This core model is 
shared by the sales configurator and the technical configurator. Essen-
tially, the configuration model8 of the integrated ST configurator con-
sists of the core knowledge model and the two models defining products 
from each individual view. 

During the development of the integrated ST configurator, we 
regularly organized and attended project meetings where the problems 
encountered during the development were reviewed; solutions were 
proposed; new action plans were made. Similarly, we had informal 
conversations with the other team members to obtain, e.g., their addi-
tional comments and feedback. After the development of the integrated 
ST configurator, we held four semi-structured interviews to mainly 
examine the development challenges of the integrated ST configurator, 
in addition to its advantages and disadvantages. The interviewees were 
the same as these in the four interviews earlier. Similarly, each interview 

4 The technical configurator was the product. Similarly, the sales configurator 
and the integrated ST configurators were products in their respective projects. 

5 Because we were involved in developing the two separate configurators and 
were not involved in developing the integrated configurator, in the table 
summarizing our activities, we provide time durations for our activities in 
developing the two separate configurators.  

6 Managing projects encompasses project management activities, such as 
planning and coordination, whilst developing configurators involves the tech-
nical activities to develop and test configurators.  

7 TC/SC/IST denotes the technical/sales/integrated ST configurator project.  
8 In line with this model, the customers passed the needs to ABC’s sales 

specialists; the sales specialists processed the needs and subsequently input the 
pre-processed customer needs into the configuration engine of the integrated ST 
configurator, which started a configuration process. 
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took 60 min. See a summary of the interview questions in Appendix 1. 
The questions were designed based on our literature analysis and 
experience of configurator projects in similar ETO companies. Based on 
our earlier work (Kristjansdottir et al., 2018a), we categorized the 
questions into different groups related to resources, knowledge acqui-
sition, and so on, as shown in the left section of Appendix 1. In addition, 
we developed several statements to describe each challenge and used a 
five point Likert-scale for the response options. 

In addition to the qualitative data collection above, we collected 
quantitative data, mainly for the purpose of performance evaluation. 
They were collected mostly from the classified project reports and 
documents as well as from the steering committee meetings. To sum-
marize, during the five-year period, we collected large volumes of both 
quantitative and qualitative data and information. 

4.4. Data analysis 

In general, the qualitative and quantitative data collected was 
analyzed simultaneously. Additionally, data analysis was performed 
regularly in many stages of the case study. Each analysis was built on the 
results of previous analysis and on the additional data collected since the 
last analysis. When applicable, we tabulated both quantitative and 
qualitative data, contributing to a holistic visualization of the related 
data. In more detail, small-scaled analysis was frequently carried out 
mainly for classifying or tabulating additional data and information 
collected or making notes. Such data analysis was made after, e.g., 
reading the minutes of a meeting, having an informal talk with a project 
team member, reading a project report. Large-scaled analysis was con-
ducted after the development of each configurator by, e.g., reading the 

business cases and project documentations. Based on the results of the 
relevant small-scaled analysis, the large-scaled analysis was to identify 
the characteristics and dynamics of configurator development processes. 
Analysis was also carried out after the interviews. The results of data 
analysis were documented in different forms, such as excel files, dia-
grammatic charts, notes, lists, and so on. We documented the results in 
the way such that the quantitative data added new or deeper insights to 
the findings from the analysis of qualitative data9. While we provide 
data analysis process above, we classify analysis activities10 into several 
types, including data organization where we organized data based on 
their relationships, data examination where we examined the data to 
understand the possible indications and interpretations, data grouping 
where we categorized data into different groups based on their in-
dications and interpretation, and result interpretation where we inter-
preted the data analysis results. 

4.5. Performance evaluation criteria 

To comprehensively evaluate the performance of the development 
processes of the three configurators, we adopted both quantitative and 
qualitative criteria. In terms of quantitative metrics, we used ROI, 
manhours of configurator projects, and configurator parameter 
complexity. Regarding the qualitative measures, we examined the 

Fig. 1. Timeline of configurator development and application.  

Fig. 2. Timeline of research activities.  

9 For example, the data related to manhour analysis (see Table 3 and the 
relevant text) added quantitative evidence supporting the interview remarks 
about the easy maintenance of the integrated ST configurator (see Table 5).  
10 These activities took place in the small-scaled analysis. 
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advantages and disadvantages from developing the configurators. 
Moreover, we invested the challenges in developing the integrated ST 
configurators. 

Being a cost-benefit ratio (Phillips, 2003), ROI is well recognized in 
configurator project evaluation (Kristjansdottir et al., 2018b). Similarly, 
the literature (Barker et al., 1989; Haug et al., 2011; Hvam et al., 2013) 
has stressed the suitability and practicability of manhours for perfor-
mance evaluation of configurator projects. In this study, we used man-
hours consumed in configurator development and maintenance. In 
addition, we also examined the manhours reduced (or saved) in sales 
order processing thanks to i) the automation of routine tasks, which 
were executed manually in the past, and ii) the elimination of many 
iterative meetings involving staff from two departments. The ROI values 
were computed based on the saved manhours, as the benefits from 
configurator application, and the total manhours consumed in config-
urator development and maintenance, as the total project costs, as 
shown in Eq (1). Another popular performance metric is configurator 
parameter complexity (Brown et al., 2005; Keller et al., 2007; Shafiee, 
2017). By following the literature, we adopted two major parameters 
measuring configurator complexity: attributes and constraints11. 

ROI =
Saved  manhours − (manhours  of  development  and  maintenance)

manhours  of  development  and  maintenance
(1)  

5. Results 

5.1. Development processes 

Development processes of the two separate configurators: As mentioned 
earlier, the two separate configurators were planned to automate the 
configuration tasks and activities in one single department (e.g., the 
calculations of prices and delivery dates) and preparations of quotations 
in the Commercial department, the calculations of different parameters 
involved in catalyst loading: e.g., loading rate, the temperature of a 
reactor and preparations of technical-related documents and reports in 
the Technical department. Thus, the major domain knowledge and 
expertise in catalysis configuration lied within the walls of one depart-
ment, be it the Commercial or Technical department. Accordingly, in 
each project the formation of project team was straightforward and 
relatively simple. As shown in Table 2, one co-author served as the 
project manager in both separate projects. This fact greatly helped ABC 
obtained skills in configurator development. In each project, there were 
two developers and the same co-author also worked as one developer. 
The project manager and the developers were responsible for developing 
(from modeling and developing the configurator to integrating with 
other information/software systems and final testing) the two separate 
configurators. The domain experts (who provided and clarified the 
necessary input data, information and knowledge in configurator 
development), the main configurator users, and the product owner were 
all from the same departments, for which the two configurators were 
developed. This fact that most of the important team members were 
from a single department significantly contributed to the smooth plan-
ning and development of the two separate configurators. (Note: In the 
sales configurator project, one domain expert was from the Technical 
department and one from a third department: Catalyst Sales department. 
The expert from the Catalyst sales department connected/aligned data 
and knowledge from the two domains in the project based on his 

Fig. 3. Framework for developing the integrated ST configurator, adapted from (Forza and Salvador, 2007).  

11 An attribute is a specification that defines a property of an element (e.g., 
shape of catalyst loading) in a configurator. A constraint imposes a limit or 
restriction to attributes. Attributes can have constraints associated with them, 
which typically indicate maximum value, minimum value, and so on. 
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extensive experience of working with the two departments.) 
In planning configurator development in both projects, the discus-

sions, meetings and information exchanges, in general, went well; the 
team did not encounter unplanned/unexpected event, e.g., the cancel-
lation of a planned meeting. In the planning phase of the technical 
configurator project, due to the lack of priori experience, the team had 
more discussions and meetings in comparison with the sales config-
urator project. Nevertheless, the planning phase was a success, which 
greatly motivated the team to develop the configurator. The smooth 
planning activities in both projects benefited from the fact that most 
communications and information exchanges involved domain experts 
from a single department. This was especially true for the technical 
configurator project. 

In developing either the technical or sales configurator, the project 
team carried out tasks and activities by following the plan developed in 
the planning phase. In other words, there were no significant delays or 
unexpected/unplanned events in the development processes. Similarly, 
this is because in each separate configurator development, most 
important communications and information exchanges, in particular 
these between the developers and domain experts/configurator users, 
took place within one department, instead of between two departments. 
With the same domain knowledge and closely related work experience, 
the domain experts or configurator users naturally, yet easily, agreed 
with one another on, e.g., a term or concept to be used in the config-
urator’s database, a term to be used in the user interface, the layout of 
the user interface. Considering the smooth development of the two 
separate configurators, we briefly describe the processes below. 

In each project, the developers built the data and knowledge bases by 
communicating with the relevant domain experts (e.g., the cost esti-
mator from the Commercial department, the chemical engineer from the 
Technical department) for necessary inputs or clarifications (e.g., the 
cost corresponding to a certain catalyst volume, the catalyst loading rate 
corresponding to the pressure of the reactor). With the timely responses, 
the data and knowledge bases were completed according to the project 
plans. When developing the other parts of the two separate config-
urators, e.g., the configuration engines, the interfaces, though there 
were more communications and exchanges among developers and 
domain experts, the project manager efficiently coordinated these 

discussions and did not encounter difficulties. To summarize, in devel-
oping the two separate configurators, serious delays or unexpected/ 
unplanned events did not happen, and two projects were completed on 
time. In fact, based on the experience of developing the technical con-
figurator, the project team finished the sales configurator development 
around three months earlier. 

Development processes of the integrated ST configurator: The integrated 
ST configurator was intended to automate the manual configuration 
tasks and activities in both the Commercial and Technical departments. 
This necessitated the inclusion of both sales-related and technical- 
related data, information and knowledge in the configurator, as shown 
in Fig. 3. In accordance with the larger volume of data and knowledge 
and the complex relationships among them, the development of the 
configurator was rather time-consuming, in comparison with the two 
separate ones. Similar findings were also reported in (Forza and Salva-
dor, 2008; Haug, 2010; Zhang et al., 2013). First, the project team was 
expanded, as shown in Table 2. A third developer was added to mainly 
perform continuous, iterative testing and validation along with config-
urator development. Such test and validation was necessary because the 
common data and knowledge (in Fig. 3) called for additional system 
components and modules to be developed in the data and knowledge 
bases, configuration engines, and interfaces. These additional compo-
nents and modules must be self-consistent as well as consistent with all 
the rest. Continuous, iterative testing and validation was, thus, indis-
pensable to ensure the consistencies during the development, which is 
also pointed out in (Shafiee et al., 2021; Shafiee, 2017). Furthermore, in 
accordance with the many additional development activities and tasks, 
two project managers were appointed to manage configurator devel-
opment with different focuses. While one project manager (i.e., one 
co-author) was responsible for coordinating the development activities 
from the technical, or IT, perspective, the second project manager (who 
was an engineer from the Technical department) managed and facili-
tated the communications and information exchanges i) between de-
velopers and the rest team members and ii) among domain experts, 
users, product owners and anyone else from ABC who might be 
involved. Similarly, to ensure domain experts to be available when 
needed, the managers from the two departments were appointed as 
product owners. Likewise, one more engineer from the Technical 

Table 2 
Team formation in the three configurator projects.  

Project team Technical configurator Sales configurator Integrated ST configurator 

Developer How many 2 2 3 
From which 
department 

IT IT IT 

Responsibility Developing the configurator (data and knowledge bases, configurator engine, interface), integrating with the relevant information/ 
software systems and performing continuous, iterative testinga 

Project 
manager 

How many 1 1 2 
From which 
department 

ITb ITb Technical + ITb 

Responsibility Coordinating the communications, information exchange, development and documentation activities 
Product 

ownerc 
How many 1 1 2 
From which 
department 

Technical Commercial Technical + Commercial 

Responsibility Ensuring the human resources from his department to be available when needed 
Domain expert How many 2 3 4 

From which 
department 

Technical Commercial (1) + Technical (1)d + Catalyst 
Sales (1)e 

Technical (2) + Commercial (1) + Catalyst 
Sales (1)e 

Responsibility Providing and clarifying domain data, info and knowledge and aligning the data, info and knowledge from two departments 
Main users Engineers from the Technical 

department 
Sales staff from the Commercial department Engineers and Sales staff  

a Such continuous, iterative testing was carried out for the integrated ST configurator only. 
b During the case study, the co-author serving as the project manager and the developer worked in the IT department of ABC. 
c In all three projects, product owners were the department managers. 
d One domain expert in the sales configurator project was an Engineer from the Technical department, providing and clarifying necessary data, info and knowledge 

related to, e.g., catalyst structure and chemical processes. 
e In these two projects, one domain expert was from a third department: Catalyst Sales department and mainly responsible for connecting/aligning the domain data, 

information and knowledge from the two departments. 
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department was included in the team to provide and explain necessary 
domain data, information and knowledge. At last, to cope with the po-
tential difficulties in communications between the two departments, one 
business project manager was added to the team. (Note: Because the 
position of business project manager was created in the integrated ST 
configurator project only, we did not include it in Table 2.) To sum-
marize, in accordance with the development complexity, the project 
team was expanded to include in total 12 members, whereas there were 
six in the technical configurator project and seven in the sales config-
urator project. 

Because of the inclusion of data, knowledge and experts from two 
domains, project planning was rather difficult and time-consuming. The 
team had more than 10 meetings and three workshops during a period of 
three months to develop the project plan. In this phase, the major dif-
ficulties that the team encountered included i) team members’ dis-
agreeing with one another on, e.g., the milestones to be achieved, ii) the 
unavailability of team members, in particular product owners, and iii) 
the unexpected absence of some team members in meetings. Basically, 
the difficulties and complexities in the planning phase were mostly 
caused by the lack of communications and collaborations between team 
members from two departments in the past. This result confirms the top 
risk factors in IT/software projects identified in the literature (Menezes 
Junior, 2019; Sonchan and Ramingwong, 2014; Wallace and Kell, 
2004). To highlight the complex communications and reactions from 
team members, we provide some examples. In the first example, at the 
end of the first planning meeting, the team determined a date for the 
second meeting to further develop the project plan. However, because a 
team member did not complete his task (because he was part of another 
project), which was a very important input to the second meeting, the 
project managers had to explain the situation to the team, inquired 
about their availability, and rescheduled the second meeting. Although 
this unexpected rescheduling disturbed, to different degrees, the activity 
agendas of the team12, all of them accepted the rescheduled meeting 
cooperatively without complaining. In the second example, in another 
meeting, some team members had different opinions about the duration 
for configuration engine development and proposed different dates by 
taking into account their own workload. Because of the disagreement, 
the meeting did not produce the results (e.g., when the configuration 
engine should be developed), as expected. The two project managers 
had to discuss, contact all the team members, and proposed a date for an 
extra meeting. In the third example, the participants (who arrived on 
time in a meeting) waited for a domain expert for almost 20 min and 
received a call saying that the domain expert would not join the meeting. 
As a result, the project managers had to cancel the meeting and 
rescheduled it. Due partially to the similar rescheduling in the past and 
partially to the fact that their agendas were, once again, disturbed, some 
participants started complaining by saying, e.g., “Why we go through this 
again and again …”, “People need to learn to respect others”. In another 
example, in the last planning workshop, there were so many irrelevant 
discussions about configurator development, e.g., the future version of 
the configuration project and how to extend it, reactor installation. 
Because of these irrelevant discussions, the objective of the workshop 
was not achieved and the project managers had to schedule an addi-
tional workshop to finalize the scoping and planning of the project. In 
brief, the planning phase of the integrated ST configurator project was 
rather time-consuming and difficult, caused by many cancellations and 
rescheduling. Although at the beginning, the team accepted unexpected 
events in a corporative way, after several cancellations most team 
members started showing their disapproval towards, e.g., the absence or 
disagreements or irrelevant discussions of (or among) meeting 
participants. 

With the experience of developing the two separate configurators 

and the “know-how” obtained, the project team did not experience 
significant difficulties in developing the integrated ST configurator from 
the technical/IT perspective. The developers efficiently modeled the 
knowledge, built the data and knowledge bases, developed the config-
uration engines, tested and validated continuously partial de-
velopments, and so on. However, the team did have frustrations in 
communications among team members in the development phase. More 
specifically, the domain experts from the two departments quite often 
disagreed with one and the other on the trivial issues or subjects, e.g., 
the location and color of a button in the user interface, a term used in a 
document. Because the domain experts from each department were not 
willing to make compromises, commonly accepted results were not 
obtained. Consequently, quite a number of additional meetings were 
organized for discussing the same issues. This caused many complaints 
from team members, such as “Again, this will be a time-wasting meeting 
without reaching any agreement …” and “We cannot just sit in several of the 
meetings to discuss a simple issue …” . (Most of such unexpected problems 
were solved with the help of product owners.) These additional meetings 
and discussions inevitably prolonged the configurator development 
because the developers had to wait for the commonly accepted results. 
At the end, the team took two more additional months to complete the 
configurator development. 

To summarize, from the technical perspective, the development 
process of the integrated ST configurator was smooth, whilst it had many 
tough and unexpected communications between the domain experts 
from two departments. In these communications, it was very frustrated 
for the project managers to coordinate domain experts to reach 
agreements. 

5.2. Performance evaluation 

5.2.1. Return on investment 
Table 3 provides the results including ROI values as well as devel-

opment, maintenance, and saved manhours. These results were based on 
the data obtained from the first year of application of the three config-
urators after the development. As shown in the table, in general, the ROI 
values of all three configurators are high. The ROI value of the inte-
grated ST configurator is significantly higher than these of the other two. 
As the ROI ratios were computed based on the manhours saved from the 
automatic sales order processing and the total manhours for config-
urator development and maintenance (see Eq. (1)), the high ROI value 
indicates that the integrated ST configurator is more effective than the 
two separate configurators. To conclude, from the perspective of ROI, 
the integrated ST configurator outperforms the two separate ones. 

Regarding configurator development, developing the integrated ST 
configurator consumed 1100 manhours, which is higher than the man-
hours for developing either of the two separate configurators. This is 
understandable. The integrated ST configurator contains much more 
data, rules, constraints, procedures, and processes than the two separate 
ones. Such larger data and knowledge bases unavoidably consumed 
more human resources in terms of manhours. This result, in fact, con-
firms the study from Forza and Salvador (2007) who highlighted that the 
development of larger configurators needs more human resources. It is 
worth to point out that the manhours for developing the integrated ST 
configurator is lower than the sum of the manhours: 1520 (i.e., 800 +
720) for developing the two separate configurators. The organization of 

Table 3 
Evaluation results with respect to ROI and manhours.  

Criteria Technical 
configurator 

Sales 
configurator 

ST 
configurator 

Manhours Development 800 720 1100 
Maintenance 100 50 200 
Saved 2140 1800 3940 

ROI 137% 130% 200%  
12 All of the team members had many other tasks and work, in addition to 

developing the configurator. 
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data and knowledge common to sales and technical configuration ac-
tivities contributes to this reduction. Regarding the manhours for con-
figurator maintenance, the manhours: 200 for maintaining the 
integrated ST configurator is more than the sum of these for the two 
separate ones: 150 (i.e., 100 + 50). This result is not surprising. Haug 
et al. (2019) pointed out that along with the increase of the data and 
knowledge bases, the difficulties in maintaining configurators increase 
exponentially. Additionally, as shown in the table, the manhours for 
maintaining the sales configurator is lower than that for the technical 
configurator. This result is, in fact, justified. The reason is that the 
technical configurator was integrated with many other software sys-
tems, e.g., simulation tools. In addition, the technical configurator in-
cludes some sales-related data and knowledge, e.g., features and their 
costs, for the correct configuration activities. With the above results and 
explanations, we conclude that i) the organization of the common data 
and knowledge greatly helped the development of the integrated ST 
configurator and ii) the integrated ST configurator outperforms the two 
separate ones with respect to development manhours and ROI. 

5.2.2. Complexity analysis 
Table 4 provides the evaluation result regarding configurator 

parameter complexity. Based on the complexity classification scheme 
proposed in (Shafiee et al., 2017), the assessment of the three config-
urators with respect to attribute complexity and constraint complexity 
was made. As shown in the table, the integrated ST configurator includes 
more attributes and constraints. This result is acceptable because the 
integrated ST configurator includes data and knowledge necessary for 
both sales and technical configuration. 

Thanks to the organization of the data and knowledge common to 
sales and technical configuration activities, both the numbers of attri-
butes and constraints are lower than the corresponding sum of the two 
separate configurators, more specifically: 1500 attributes <2415 attri-
butes and 790 constraints <1375 constraints. Similarly, it is interesting 
to note that the sales configurator has fewer attributes and constraints 
than the technical configurator does. As explained earlier, this is because 
the technical configurator contains some of the sales-related data and 
knowledge. In fact, such sales-related data and knowledge is organized 
in the common part of the configuration model, as shown in Fig. 3. 
Regarding the level of development complexity of the configurators, all 
three configurators had the same levels (or sizes), in particular, being 
small size in terms of attributes and medium size in terms of constraints. 
To summarize, the number of attributes (or constraints) of the integrated 
ST configurator is larger than that of the sales (or technical) config-
urator, whilst it is much smaller than the sum of the two separate con-
figurators. On one hand, the increased numbers of attributes and 
constraints contribute to the increased manhours consumed by devel-
opment and maintenance (see Table 3). On the other hand, the relatively 
small difference between 1500 attributes (or 790 constraints) in the 
integrated ST configurator and 1299 attributes (or 720 constraints) in 
the technical configurator highlights too the significance of organizing 
the common configuration data and knowledge in developing the inte-
grated ST configurator. At last, the same levels of development 
complexity of the three configurators indicate that organization of the 
common data and knowledge facilitated the efficient development of the 
integrated ST configurator. 

5.2.3. Advantages, disadvantages and challenges 
The results with respect to the advantages and disadvantages are 

provided in Table 5, whilst the result pertaining to the challenges 
categorized based on (Kristjansdottir et al., 2018a) is provided in Ap-
pendix 1. As shown in Table 5, the two separate configurators have some 
common advantages, e.g., suitable and efficient for simple products, 
certain automation in the relevant department. They also possess some 
common disadvantages, such as lack of alignment with the other 
department, longer order processing lead-time in each department, and 
difficulties in maintaining the configurators. Similarly, the integrated ST 
configurator has both positive sides and drawbacks. Some remarkable 
advantages include lower investment, less development efforts, no 
human interaction in configuration (i.e., complete automation), huge 
reduction in order processing time and resources, as well as effective and 
efficient communication between the two departments; the two impor-
tant drawbacks are the need for well-planned communications between 
the two departments and more efforts for project management. To 
conclude, despite the drawbacks, the integrated ST configurator 
contributed substantially to the automatic sales order processing at ABC, 
as evidenced by “huge reduction in time and resources”, “no human inter-
action”, “alignment of the two departments”, and so on. On the other hand, 
the two separate configurators helped achieve “certain configuration 
automation” in the relevant departments and were “suitable and efficient 
for simple products”. 

The evaluation results regarding the challenges encountered (see 
Appendix 1) offer additional insights. Furthermore, they provide 
detailed explanations or confirmation to some evaluation results above, 
e.g., “easy maintenance (i.e., one advantage of the integrated ST con-
figurator in Table 5)”, development manhours in Table 4. As shown in 
Appendix 1, we included i) the questions (in the form of statements that 
were used to describe different challenges) in the left section of the table, 
ii) the responses from the four interviewees (i.e., the selection of 
different options) in the middle section, and iii) the additional expla-
nations, comments or remarks in the right section (Note: The values in 
the middle section, e.g., 3, 4, represent the number of interviewees who 
selected the corresponding options.). As shown, there are much fewer 
challenges related to products, IT and knowledge acquisition in the in-
tegrated ST configurator development, as evidenced by the number of 
respondents who selected “Agree” or “Strongly agree”. In particular, all 
four interviewees selected “Strongly agree” for the statement: “The in-
tegrated configurator reduced the challenges of product updates and devel-
opment rate, compared to the two separate configurators”, i.e., the second 
product-related challenge. They also provided additional remarks: i) 
“It is easier to take care of the maintenance tasks for business.” and ii) “It is 
easier for the IT team to maintain the configurator as the updates happen in 
one place.” In the second example, all four interviewees selected “Agree” 
for the statement: “The integrated configurator helped reduce the challenges 
of design thinking, input/output requirements and system friendliness, 
compared to the two separate configurators”, describing the second IT- 
related challenge. They did not select “Strongly agree” because they 
spent more project management hours (see the first additional remark). 
Nevertheless, the four interviewees commented: “The agreements about 
the system were firm and the commitment was more”, i.e., the second 
additional remark. In a third example, all the four interviewees selected 
“Strongly agree” for the first statement describing knowledge 
acquisition-related challenges: “The integrated configurator was helpful 
regarding a comprehensive, accurate knowledge documentation, compared to 

Table 4 
Results pertaining to configurator parameter complexity.  

Configurator Number of attributes Number of constraints Level of complexity 

Individual Sum Individual Sum Attribute Constraint 

Technical configurator 1299 2415 720 1375 Small Medium 
Sales configurator 1116 655 Small Medium 
ST configurator 1500 790 Small Medium  
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the two separate configurators”. The additional comments that they pro-
vided are i) “The documentation process was easier and efficient.” and ii) 
“There is no need to duplicate knowledge for one product.” 

To conclude, in general, there are fewer challenges in the integrated 
ST configurator project, as evidenced by the frequent selection of 
“Strongly agree” or “Agree”, the occasional selection of “Neutral”, and 
the rare selection of “Strongly disagree” or “disagree”, as shown in Ap-
pendix 1. Nevertheless, the integrated ST configurator did consume 
more time and resources from the business side13, see the second 
statement describing resource-related challenges. For this statement, 
one interviewee selected “Strongly disagree” and one interviewee 
“Disagree”. The additional remarks explain why they had negative 
evaluation, i) “We had to spend more time to coordinate and align the 
business activities of the two departments”, ii) “Before starting the project, we 
spent a lot of time to clearly represent the current business processes in be-
tween the two departments”, and iii) “We also spend more time to discuss and 
understand the possible future business processes associated with the appli-
cation of the integrated configurator.” This evaluation is understandable. 
The integrated ST configurator was to carry out configuration activities, 
which were traditionally performed in the two departments. This new 
way of sales order processing requested many changes to the organiza-
tion of the two departments and equally posted many uncertainties in 
configurator development and application. Thus, it is reasonable that 
ABC spent more time and resources to understand the current situations 
as well as the potential future status. To conclude, through the inte-
grated ST configurator consumed more time and resources in the plan-
ning phase, it helped reduce time and resources from the IT perspective, 
as well as various challenges. 

6. Further discussions and managerial implications 

During the study, in addition to understanding the development 
processes and performance evaluation of three configurators, we equally 
reached some managerial implications. Below, we shed light on the 
managerial implications related to i) business process changes and ii) 
the need for a clear project plan. 

Business process changes: Before the application of configurators, the 
processes and activities for processing an order within and between the 
two departments were, in fact, rather time consuming and inefficient. 
This is consistent with the finding in (Zhang et al., 2014): cross 

functional coordination is important for mass customization capability. 
As shown in Fig. 4, many meetings, be they within a single department 
or between the two departments, were held to, e.g., determine the final 
pre-calculations in the Technical department, match and align the 
pre-calculation14 results from the Commercial department with these 
from the Technical department. If the results in a meeting, in particular 
the meeting between the two departments, were not accepted by the 
Commercial department15, staff from both departments needed to 
re-perform the calculations and subsequently held meetings again. As a 
matter of fact, in the past, much time from both departments was spent 
on the meetings and the rework or recalculations of same tasks. (Note: In 
the Commercial department, though the staff held fewer meetings when 
processing a customer order, they spent much time on writing emails or 
informal conversations to exchange information for the pre-calculations 
and for the calculation of catalyst loading details16). To summarize, the 
lead-time of order processing before the application of configurators was 
very long, as commented by an interviewee: “… longer lead-time because 
of the requests for reconfiguration/recalculations from the other office” (see 
the disadvantages of the two separate configurators in Table 5). 

With the application of the two separate configurators, though the 
calculation/configuration activities and document generation were 
automatically carried out in both departments, as shown in Fig. 5, many 
tedious meetings still were held between the two departments till the 
commercial and technical reports were accepted. This, in fact, was re-
flected by the comment in an interview: “It was very difficult when we had 
two separate configurators as they did not know how to work together and the 
automation process was lacking collaborations” (see the remarks in the 
organizational challenges in Appendix 1). 

The application of the integrated ST configurator dramatically 
changed the order fulfillment both within and between the two de-
partments, as shown in Fig. 6. This is consistent with the finding re-
ported in (Silva and Hirschheim, 2007). As shown, the two department 
barely needed to hold meetings, be they within or between the two 
departments. With their different roles, the staff from the two de-
partments input the basic sales and technical information pertaining to a 
customer order to the integrated ST configurator, which, subsequently, 

Table 5 
Advantages and disadvantages of the three configurators.  

Configurator Advantages Disadvantages 

Technical 
configurator  

• Suitable and efficient for simple products  
• Certain automation in both departments  
• Emotional interaction and negotiation with customers (for the sales 

configurator)  

• Inefficient for complex products  
• Lack of alignment with the other department  
• Longer lead-time because of the requests for reconfiguration/recalculations from 

the other office  
• Difficulties in maintaining the configurators  
• Lack of communications for configurator updating and maintenance  
• More order processing errors due to the human interventions 

Sales configurator 

ST configurator  • Lower investment than the sum for the two separate ones  
• Easy to maintain  
• Less effort for the development  
• Alignment of the two departments  
• Huge reduction in time and resources  
• Better communications between the two departments  
• Double utilization of the integrations in both departments  
• Very few errors in order processing  

• The need for well-planned communications  
• More project management efforts  
• More development time for the full product  
• Difficult project management because of the lack of alignments between two 

departments  
• Higher demand for the required domain experts resources  

13 More team members, such as domain experts and project managers, and 
their hours were involved in the development of the integrated ST configurator. 

14 In the Commercial department, the pre-calculations are for the price, de-
livery date, etc. In the Technical department, the pre-calculations from different 
engineering experts are to initially determine the number of layers of the 
reactor bed, the reactor temperature, the loading rate, and so on.  
15 Because the Commercial department is in charge of communicating with 

customers and has full insights in customer orders, they, instead of the Tech-
nical department, accept or not the meeting results.  
16 In the Commercial department, the calculation of catalyst loading details is 

to determine the accurate cost, delivery date, etc. In the Technical department, 
the calculation of technical details is to determine, e.g., the pressure drop, the 
dense of loaded drop, and other chemical reaction parameters. 
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performed all the calculations and configuration activities and gener-
ated both commercial and technical reports. Unlike in the past, the two 
types of reports were, in most cases, consistent and aligned. This elim-
inated the manual re-configuration and rework activities. The integrated 
ST configurator significantly changed the business processes both within 
and between the two departments by automating configuration activ-
ities and tasks. Thanks to the automation, the sales staff from the 
Commercial department did not need to burden the engineering experts 
in the sales-related calculations, and equally the engineering experts did 
not need the assistance from the sales staff in calculating the technical 
details of the catalysts. Consequently, the staff in both department saved 
enormous time and efforts in processing customer orders. In fact, several 
interviewees highly appreciated the application of the integrated ST 
configurator by saying “huge reduction in time and resources”, “no human 
intervention”, “better communication between offices”, and so on (see 
Table 5). To conclude, the application of the integrated ST configurator 
greatly improved the order handling involving the two departments, and 
reduced dramatically many iterative meetings, which were unavoidable 
in the past. It liberated the two departments from the tedious manual 
calculations and rework or reconfigurations. Consequently, their staff 
have been engaging their time on other value-added activities, e.g., 
developing more customers (in the Commercial department), studying 

innovative catalyst configurations (in the Technical department). 
A clear project plan needed: Thanks to the development of the two 

separate configurators, ABC, in particular the project teams, had ob-
tained certain experience and corresponding “know-how”. Even with 
the experience and knowledge, ABC still encountered various diffi-
culties, mainly caused by the unexpected or unplanned events during the 
development of the integrated ST configurator (see the earlier text in 
Section 5.) These unexpected events not only disturbed the original 
project plan but also, to a certain degree, arose some grumbles and 
whine. For example, a domain expert complained: “Again, this will be a 
time-wasting meeting without reaching any agreement …”. In another 
example, one developer complained: “We cannot just sit in several of the 
meetings to discuss a simple issue …” . (In fact, several team members had 
the same complaints.) Too many complaints and grumbles would 
potentially make the team members lose enthusiasm for the project. We, 
thus, stress for any configurator project, it is very important to develop a 
clear, comprehensive plan of actions at the very beginning. This is 
especially true when the configurator in question necessitates knowl-
edge and expertise from multiple domains and is to be used in more than 
one department. Without such a comprehensive plan, many avoidable 
iterations jumping back and forth in different stages will definitely 
happen (Hvam, 2006), thus possibly delaying project development. 

Fig. 4. Previous business processes within and between the two departments.  

L.L. Zhang and S. Shafiee                                                                                                                                                                                                                     



International Journal of Production Economics 249 (2022) 108517

13

Additionally, as pointed out in (Haug et al., 2019), the lack of a 
comprehensive project plan may eventually lead to project failure. 

First, a clear, comprehensive project plan needs to describe 
comprehensively uncertain events, suitable actions, and backup plans in 
each stage of the configurator project, i.e., risk management planning. 
Such uncertain events might be related to, e.g., an unexpected calling in 
sick from a team member, a delay of a milestone, an error in coding 
which may lead to the domino effect. With such comprehensive plan and 

backups, the project team will have a clear picture of all possible events 
and actions and will feel “safe” even things go wrong later. In addition, 
they can easily accept the change of the courses of activities when some 
uncertain events take place. This, in turn, is expected to smooth the 
project development. Use the development of the integrated ST config-
urator as an example. Agreements were not reached about the design of 
user interface of the configurator, leading to an unexpected event. 
Because of this unexpected event, the project managers had to contact 

Fig. 5. Business processes related to the two separate configurators.  

Fig. 6. Business processes related to the integrated ST configurator.  
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all team members and organized another meeting to discuss about user 
interface design again. Organizing such meetings and discussing about 
the backup activities (or same issues) was rather challenging because 
each one had many other tasks to deal with and developing the con-
figurator was not their only work. 

It is equally important that a clear, comprehensive project plan needs 
to cover the possible future business processes and activities in associ-
ation with the application of the configurator, i.e., change management 
planning. It also needs to propose different trainings and incentives to 
reduce or eliminate the possible employees’ resistance to the application 
of the configurator because of a fear of losing job or being replaced by 
the configurator. Fortunately, this is not the case in ABC. On the con-
trary, staff from both departments, in fact, highly appreciated the new 
business processes brought to them by the integrated ST configurator 
(see more in the text above). Nevertheless, in literature (Kristjansdottir 
et al., 2018a), it has been widely stressed that employees’ resistance to 
the application of configurators often results in the failure of projects, 
especially in small and medium-sized enterprises. Thus, it is deemed 
important to provide clear incentive and training details in a config-
urator project plan. 

To summarize, a comprehensive, detailed project plan including all 
possible uncertain events, corresponding actions and future application- 
related issues is indispensable for a successful development of any 
configurator project. It may take some time for a company to develop a 
clear, comprehensive project plan. However, the benefits from having 
such a plan might be huge and diverse, such as improving the project 
team’s morale, improving the communications among team members, 
reducing the development time, and so on. 

As mentioned earlier, some interviewees pointed out some advan-
tages of the separate configurators, e.g., “Suitable and efficient for simple 
products”, “Certain automation”, as shown in Table 5. This indicates that 
in the right environments, separate configurators can also bring benefits 
to companies. In this regard, companies need to carefully examine their 
specific situations, including the business processes where they need the 
application of configurators, the products that they offer, their financial 
and IT resources, and further make a wise decision on configurators to 
be developed. Once they determine the right configurators, they need to 
develop a clear, comprehensive project plan, as discussed above. 

7. Conclusions 

We carried out a longitudinal case study to examine the development 
processes and practices of three configurators, in particular the inte-
grated ST configurator in the ETO company in Denmark. Based on the 
findings, we shed light on the characteristics and dynamics of the 
development processes, such as the complex interactions among par-
ticipants (i.e., the project team members), the unexpected events, the 
participants’ reactions and interpretations to these events. Additionally, 
we comprehensively evaluated the performance of the development 

processes based on ROI, configurator parameter complexity, advantages 
and disadvantages, as well as development challenges. The evaluation 
results indicate that, from a broad perspective, i) the organization of the 
common data and knowledge worked well in the case company and ii) 
the integrated ST configurator outperforms the two separate config-
urators. Built upon the findings, our study is expected to broaden ETO 
companies’ understanding of the development process of integrated 
configurators and to help them make wise decisions in configurator 
projects. 

Nevertheless, we recognize the limitations of our study. First, in our 
study, the integrated ST configurator outperforms the two separate ones. 
Regarding this, it is interesting to examine if integrated configurators 
perform better than separate ones in other ETO companies, in particular 
ETO companies in industries other than the chemical (in particular 
catalyst) sector, e.g., ship industry, semiconductor equipment industry. 
If different findings are obtained, more research efforts are needed to 
understand the reasons. Second, based on the findings, it is possible to 
develop an analytical generalization to similar ETO companies, ac-
cording to (Yin, 2009), whilst we understand that, it is meaningless to 
generalize the results for all ETO companies, in particular the ETO 
companies without configurator application experiences. Regarding 
this, a potential avenue for future research is to carry out multiple 
explanatory case studies in ETO companies to identify the similarities 
and differences in integrated configurator development processes. In 
addition, it might be interesting to investigate the patterns inherent in 
the development processes of integrated configurators and their re-
lationships with the characteristics of ETO companies. Such in-
vestigations call for large-scale surveys involving many ETO companies. 
Moreover, some of the qualitative and quantitative evaluation perfor-
mance criteria in this study may not be adopted in other ETO companies, 
in particular the companies who do not have experience in using con-
figurators. Therefore, another potential avenue for future research is to 
identify the practical performance criteria considering the case com-
panies’ unique situations and further evaluate their configurator 
development projects. At last, our finding showed that the staff in the 
case company embraced the application of the integrated ST config-
urator. Contrary to our finding, some authors (Sharma and Yetton, 2003; 
Silva and Backhouse, 2003) claimed that organizational members who 
perceive their roles and scope of influence threatened by implementa-
tion of IT systems show their resistance to the implementation. 
Regarding this, it is interesting to investigate empirically and classify the 
situations/context where the application of integrated configurators 
leads to resistance and support from employees. 
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Appendix  

Appendix 1 
Development challenges and interview results  

Development 
challenges 

Statements Strongly 
disagree 

Disagree Neutral Agree Strongly 
agree 

Comments and remarks 

Resource-related 
challenges 

1. The integrated configurator reduced the 
time and resources needed from IT-side for 
the configurator projects compared to two 
separated configurators.   

2 2   • It is the same effort but less time spending 
• The resource consumption considering the 
time and number of resources is less • The 
number of resources is more but less time 
consuming than having two configurators 
separated 

2. The integrated configurator reduced the 
time and resources needed from the 

1 1 2    • Business had to spend more time to get 
aligned 

(continued on next page) 
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Appendix 1 (continued ) 

Development 
challenges 

Statements Strongly 
disagree 

Disagree Neutral Agree Strongly 
agree 

Comments and remarks 

business-side for the configurator projects 
compared to two separated configurators.  

• Much time spent before starting the project 
to meet and discuss the current business 
processes  

• There are more time spending from 
business side to understand the future 
status 

Product-related 
challenges 

3. The integrated configurator increase 
process efficiency during and after the 
configurator project development 
compared to two separated configurators.    

1 3  • It definitely increased the efficiency as the 
development happened once and the team 
focused to make it done  

• The understanding of the IT team of both 
technical and commercial section helped to 
have a very good overview on the projects  

• The team had a better understanding of the 
requirement and the workflow. 

4. The integrated configurator managed 
the complexity of the product range better 
in configurator project development 
compared to two separated configurators.  

2 2    • The complexity increases when the 
included knowledge increases.  

• Two separated configurators as a whole are 
more complex, but if considering them one 
by one the integrated version is more 
complex. 

5. The integrated configurator reduced the 
challenges of product updates and 
development rate in configurator project 
compared to two separated configurators.     

4  • It is easier to take care of the maintenance 
tasks for business  

• It is easier for IT team to maintain the 
configurator as the updates happen in one 
place 

IT (technical) 
challenges 

6. The integrated configurator reduced the 
IT technical software challenges in 
configurator projects compared to two 
separated configurators.   

3 1   • The challenges happen one at least  
• As the relations increase, developing the 

configurator becomes more challenging 

7. The integrated configurator reduced the 
challenges of design thinking, input/ 
output requirements and system 
friendliness in configurator projects 
compared to two separated configurators.    

4   • We spend more project management hours 
on this project as it belongs to two 
departments.  

• The agreements about the system was firm 
and the commitment was more. 

8. The integrated configurator improved 
user-interface in configurator projects 
compared to two separated configurators.   

3 1   • Maybe more time and effort spent to satisfy 
both parties  

• UI means more when the configurator 
belongs to two department and is more 
complex 

Knowledge acquisition 
challenges 

9. The integrated configurator supported a 
comprehensive accurate knowledge 
acquisition compared to two separated 
configurators.   

3 1   • More discussions for knowledge 
acquisition  

• Having both parties on board helped to 
have a clear understanding of needed 
knowledge, which one belongs to which 
department, input and outputs definition 
and etc.  

• We had a better knowledge management 
when having access to all the knowledge. 

10. The integrated configurator was 
helpful regarding a comprehensive 
accurate knowledge documentation 
compared to two separated configurators.     

4  • The documentation process is easier and 
efficient  

• There is no need to duplicate knowledge 
for one product because we have two 
separated configurators for two separated 
section working with it 

11. The integrated configurator supported 
an efficient maintaining and updating 
process in the maintenance phase of 
configurator compared to two separated 
configurators.    

1 3  • Both business and IT have a more efficient 
process for maintenance tasks  

• Updates in the product keep and manage in 
one configurator. 

Product modelling 
(knowledge 
representation) 
challenges 

12. The integrated configurator was 
efficient regarding configurator projects’ 
knowledge visualization and 
representation compared to two separated 
configurators.    

2 2  • The difference is about the level of the 
details to be considered for visualization  

• It is more efficient because we did and 
discussed it once instead of twice 

13. The integrated configurator facilitated 
the communication with stakeholders 
regarding the product model compared to 
two separated configurators.  

2 1 1   • The communication was more difficult due 
to more variety in the stakeholders’ range  

• Maybe the number of people were more 
but it was easier to have an early 
agreement on everything as all the 
potential users were on board from the 
planning phase. 

Organizational 
challenges 

14. The integrated configurator was easier 
to change management regarding 
resistance to use the configurator 
compared to two separated configurators.  

1 1 2   • It was a difficult change management 
process as the tool made a major change in 
the work routines 

(continued on next page) 
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Appendix 1 (continued ) 

Development 
challenges 

Statements Strongly 
disagree 

Disagree Neutral Agree Strongly 
agree 

Comments and remarks  

• It was very difficult when we had two 
separated systems as they did not know 
how to work together and the automation 
process was lacking collaborations. 

15. The integrated configurator supported 
the agreements of configurator projects 
scoping compared to two separated 
configurators.   

2 1 1  • It was difficult to get all agreements but at 
least after discussion everyone were 
satisfied with the results  

• Scoping was more complicated but it made 
the process of the project simpler  

• The scope was more clear which 
guaranteed the future success  
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