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ABSTRACT 
In order to cope with the future challenges of health care sectors all around 
the world, there is a need for monitoring and improving efficiency at the 
hospitals. This study presents a framework capable of measuring the 
performance of supporting logistical flows at hospitals as well as assessing 
the potential of implementing new technology. The framework has been 
constructed as a holistic tool both addressing the performance of the overall 
flow as well as that of the individual processes.  
The framework has been developed and tested in both Denmark and Japan 
securing that the framework is applicable to health care institutions with very 
different backgrounds. Additionally the differences in-between the Danish and 
Japanese health care system have been identified as part of the process of 
developing and testing the framework. The study showed that there are big 
differences in-between the health care systems, which has a large affect the 
use of technology. 
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1. INTRODUCTION 

As the first round of baby boomers turned 65 years old in 2011, the developed countries 
will face a situation where the ratio of people needing care and the people providing 
healthcare will change dramatically (OECD 2007). Concurrently the financial crisis 
have resulted in increased focus on the budgets of healthcare institutions, with the aim 
of cutting down on expenditures. Accordingly modern healthcare is characterized by 
increasing demands for individualized high quality services, and rapid development of 
healthcare technologies, all resulting in increased pressure on in-house logistics. Hence 



there is an increasing demand for utilizing the technological possibilities in order to 
optimize the logistical systems, and thereby maintaining the same health service level 
with less medical personnel at a lower cost. 

The use of innovation in relation to new technology in healthcare has mainly been 
within the clinical area. Less emphasis has been on how to solve the emergent logistical 
challenges by using technology. Additionally solving the in-house logistical challenges 
has primarily been approached with a departmental (horizontal) view, and thereby 
lacking the holistic view of the entire in-house logistical system (vertical) leading to 
sub-optimization of the logistical system (Mayfield 2009, Shumaker 2007). 

Consequently there is a need for a holistic tool capable of analyzing the logistics at 
hospitals, in order to pinpoint poor performance in the current setup. Additionally there 
is a need for a tool with the capability of assessing the impact of technological 
implementations in the logistics. As a consequence a framework has previously been 
developed to cope with this need (Jørgensen, Jacobsen 2011). 

The framework consists of four different parameters; the specific logistical process, the 
technology used in performing the logistical process, the structure supporting the 
logistical process (referring to the personnel resources), and the procedures describing 
how the process is performed. Each of the parameters consists of indicators used to 
assess the performance of the parameters. The framework has been developed, tested 
and modified using four Danish cases. 

The aim of this study is to test and further develop the model in a completely different 
context, but in a health care sector that has similarities with the Danish. Japan has been 
chosen because it is a developed country with a well functioning health care sector. 
There are however also very big differences between the two countries. The culture in-
between the two countries is very different, but also the perception and approach to new 
technology and innovation is very different. Using Japan as the case for testing and 
modifying the model will have two important outcomes; get an insight into how the 
Japanese healthcare sector approaches the use of new technology in logistics, and test 
whether the framework is applicable in its current state to a Japanese setting. In terms of 
exploring new technology Japan is especially interesting because of the extensive use 
technology in everyday life. 

Testing the framework in a Japanese context will improve the framework and the 
analysis and results obtained from implementing the framework. 

2. THEORETICAL BACKGROUND 

Health care is an area with a lot of focus, and as a result it is very heavily researched. 
Exploring the research performed within innovation and technology in health care 
shows that the focus has been on how to enhance the quality of treatment (Paulus, Davis 
& Steele 2008), treating patients at home (Coughlin, Pope & Leedle 2006), making 
better diagnosing of illnesses (Okamura, Matarić & Christensen 2010), as well as 
technology assessment and innovation in health settings (Plumb et al. 2010).  

Exploring the literature regarding logistics in healthcare shows a focus on the use of 
LEAN in healthcare (Souza 2009), using devices to track the logistical flows (Pan, 
Pokharel 2007), how to construct hospitals to improve logistics (Villa, Barbieri & Lega 
2009), as well as the possibilities of improving procurement at hospitals by using ICT 
(Dooley 2009). 



The present study focuses on exploring the combination between logistical analyses and 
assessing the potential of new technology. The study further addresses the differences in 
dealing with the implementation of new technology across two different countries 
which have very different cultures. This way the research combines elements from 
LEAN and technology assessment literature. 

The logistics in focus in this research is that of the supporting flow at hospitals.  At 
hospitals there are four major flows (figure 1). There is the patient flow, the personnel- 
and resource flow, the information flow and the supporting flow. The most important 
flow is the patient flow, and all the other flows are put in place to make the patient flow 
function. The supporting flow referred to that of all goods and items used in the patient 
flow. An example of this is the blood samples taken in the emergency department. The 
patient gets his/her blood taken, the blood sample is transported to the laboratory for 
testing, and the result is sent back to the doctor for diagnosing the patient (figure 1). 
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Figure 1. Flows at a Hospital and Example of supporting Flow 

3. RESEARCH OBJECTIVE 

This study has two aims. The first one is to test whether a framework developed in a 
Danish setting will be applicable to a Japanese context. The framework was constructed 
based on four parameters, i.e., the logistic, technology, structure and procedure, and it 
specifies the relation between these four parameters and the efficiency of a logistical 
system.  

Additionally it is the aim of the study to explore the use of technology in the supporting 
flow logistics at Japanese hospitals. This would help identify the drivers for 
implementing technology in Japanese health care, and thereby improve the framework. 

4. METHODOLOGY 

The research has been performed as a case study (Morgan, Morgan 2009, Voss, 
Tsikriktsis & Frohlich 2002) with close collaboration to the staff responsible for 
different in-house logistics at four Japanese hospitals. Case research is an effective 
approach for exploring certain phenomenon within “some real life context” (Yin 1991), 
which makes case research suitable in regard to this study, due to the focus on testing 
the framework in a new context as well as getting an insight into the Japanese health 
care system. This case study has been performed by conducting semi-structured 
interviews with the personnel (Winter, Munn-Giddings 2001) and on-site observations 
(Maaloe 2002). 

The framework was tested and modified on four different cases. 



• Logistics of blood samples taken on walk-in patients. Blood samples are taken, 
samples are transported to the laboratory, samples are analyzed and result is sent 
to outpatient clinic. 

• Logistics of blood samples taken on the wards. Blood samples are taken, 
samples are transported to the laboratory, samples are analyzed and result is sent 
back to the wards. 

• The logistics related to hospital beds. New linen is put on bed, bed is used by 
patient, linen is taken of bed, linen is sent to cleaning, and clean linen comes to 
the department. 

• Logistics of surgery tools. Tools used in operation theatres, tools transported to 
cleaning, tools are cleaned, tools are sterilized and packed, tools are stored, and 
tools are brought to operation theatres. 

All the logistical systems are from hospitals located on the Japanese island Kyushu. All 
the hospitals are acute general hospitals with almost all clinical areas represented. The 
sizes of the hospitals are in the range of 400 – 650 beds. 

The interviews with the hospital personnel were first conducted with the top 
management of the hospitals. These interviews were used as a way to get an insight into 
the hospital, and the focus on what the most important factors to the hospital are, what 
is the perception of logistics in their hospital, and what role does new technology play 
to the hospital. 

The second round of interviews was conducted with the clinical personnel working at 
the department involved in the supporting logistical systems. The interviews were 
focused on determining two major aims: (1) get an insight into how the particular 
logistical system was built for that particular hospital, as part of this focus was on the 
quality parameters of the system, and (2) determine the major differences of the system 
compared to the equivalent Danish system.  

As part of the on-site observations the personnel responsible for the logistical system 
was interviewed on the most important aspects of the system and their perception on 
technology within the logistics they were responsible for. During the interviews the 
concepts of the framework was presented and discussed, in order to get an insight into 
whether the model covered the most important aspects of how Japanese health care 
personnel perceive logistics and the use of technology in their daily work. Additionally 
it was studied whether the model was adequate for of assessing the possibility of 
implementing new technology into logistics.  

Further the on-site observations were used to fully document the logistical system from 
start to end, all the processes involved in the particular logistical system, and the use of 
technology to perform the tasks of that particular logistical system. 

The original framework developed in a Danish context was constructed using two 
different steps: a deductive process establishing the theoretical foundation using 
literature survey and an inductive process using semi-structured interviews and on-site 
observations. The literature survey focused on the literature concerning health care, 
logistics, and technology. The semi-structured interviews were conducted with staff 
members from the emergency department and the laboratory at a major Danish hospital. 



5. RESULTS 

5.1 THE NEW FRAMEWORK 
The original framework was constructed as qualitative framework, meaning that the 
analysis of the logistical system to a large degree consisted of subjective assessment 
based on guidelines presented in the framework. Testing the framework in a Japanese 
context showed that the framework needed to be changed from a qualitative assessment 
framework to a quantitative assessment framework. Transforming the framework made 
it possible to calculate performance of the logistical system within the areas described in 
the initial framework. The four areas were transformed into measurable parameters and 
the parameters were possible to be divided into indicators. The parameters and 
indicators were developed into a performance assessment model. This model made it 
possible to measure the performance of the Japanese logistical system as well as it was 
now possible to measure the Danish systems as well. Using the new model made it 
possible to make a more direct comparison between the two systems, and thereby 
pinpoint difference. 

The extended model is based on the principles of performance measurement. The aim of 
the model is to measure the performance of the current logistical system, and assess the 
potential of implementing new technology into the logistical system. The entire 
logistical system will be assessed using the model thereby securing that the model is 
holistic. The performance of the current system as well as the potential of the new 
technology is calculated using the parameter and indicator structure shown in figure 2. 
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Figure 2. Parameter and Indicator Structure 

In order to measure the performance of the system a framework consisting of nine steps 
has been created. To measure the performance of the system, the nine following steps 
need to be followed. The nine steps are shown below, and the use of the steps is shown 
on the example of blood samples taken in the emergency department. 

The performance for each of the indicators are calculated in the range of 0 to 1, meaning 
0 is the worst obtainable performance and 1 is the best obtainable performance. The 



indicators are then aggregated based on the weight assigned, and the performance of the 
parameters will then reflect the performance of the indicators relative to their assigned 
weight. 

1. Identify the logistical system – define what logistical system will be the aim of 
the analysis. 

• Blood samples taken in the emergency department.  
2. State the quality requirements of the system – each logistical system has some 

quality aspects that need to be fulfilled in order to determine if the system is 
working appropriately. 

• The blood in the blood samples must not be destroyed during the 
transportation between emergency department and laboratory. 

• The blood samples needs to be analyzed as fast as possible after blood 
samples are drawn, since the patients are emergency patients and 
therefore every second counts.  

• Blood drawing equipment needs to fully sterile.  
• The blood samples must not be exposed to too high temperatures.  
• The blood samples must not be treated to violent. 

3. Identify the meta-processes of the system – a logistical system consists of a set 
of meta-processes, which are the processes that needs to be performed for the 
system to work. 

• Taking the blood sample in the emergency department. 
• Transporting the blood sample to the laboratory. 
• Analyzing blood sample at the laboratory. 
• Transporting the result back to the doctors in the emergency department. 

4. Draw a process map for the specific logistical system – based on the specific 
case and the meta-processes it is now possible to create a process map 
containing all processes, and the personnel performing the processes and the 
location of the process. 
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Figure 3. Process Map of Supporting Logistical System 

5. Assess the weights of the parameters and indicators – the parameters and 
indicators need to have a rating in terms of how important they are for the 
hospital management. The overall performance will thereby reflect the relative 
importance to the hospital. The weights are rated on a ten-point scale from 1 to 
10. 
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Figure 4. Weights for the Parameters and Indicators 



6. Fill out the framework for each of the meta-processes – the indicators can now 
be filled out and the performance of the system can be determined. 
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Figure 5. Indicators Filled Out for a Meta-process 

7. Locate poor performance in the system – it is now possible to locate the poor 
performance of the system, and thereby determining where new technology will 
have the biggest impact. 
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Figure 6. Performance of System 

8. Identify possible technologies to improve performance – in cooperation with the 
employees of the hospital, it is possible to identify technologies that can help 
improve the poor performance. 

• Alternative 1: Implementing a system so that nurses can scan blood 
samples quickly and easily after taking them. 

• Alternative 2: Using a pneumatic tube system for transporting the blood 
samples between the emergency department and the laboratory. 



i. Implement a machine so that samples can be placed directly into 
the conveyor system of the laboratory analysis machines and 
thereby use the barcodes already attached to the samples. 

• Alternative 3: The result is sent directly to the doctor. 
9. Compare performance of the current and the planned system – the old (current 

system) and the new (planned system) performance can now be compared, and it 
is possible to assess whether implementing the new technology is sensible. 

 

Overall Old Performance 0,66 New performance 0,78 

Metaprocess 2 Old Performance 0,57 New performance 0,97 

Metaprocess 3 Old Performance 0,71 New performance 0,82 

Change in time Old time (min) 89 New time (min) 67 Change (%) -25 

Table 1. Change in Performance Using Alternative 2 

Using the framework it is hereby possible to first identify where the system has poor 
performance, and assess what the potential is from implementing new technology. 

5.2 DIFFERENCES IN-BETWEEN DENMARK AND JAPAN 
Applying the model to the Danish and Japanese gave the following results. 

• The Japanese cases generally had a higher score in terms of controlling 
information of patient data (blood sample cases). 

• However the Danish cases scored higher in terms of controlling information of 
non-patient related data (surgery tool and bed cases). 

• The Danish cases scored lower than the Japanese case for transportation meta-
processes. 

• The Danish cases scored higher than the Japanese for the technology indicators. 
Combining the results obtained from the framework with that acquired during the 
interviews and on-site observations showed some differences between the two health 
care systems.  

One of the major differences is the sizes of the hospitals. Denmark has made a health 
care reform (Andersen, Jensen 2010) resulting in fewer but bigger hospitals. On the 
contrary the Japanese health care system consists of smaller but more hospitals. So the 
intake of patients is higher per site at the Danish hospitals compared with the Japanese. 
The result is bigger departments and more complex logistics. The Danish health care 
sector is thereby relying more on a centralized approach whereas the Japanese is a more 
de-centralized sector. The difference in sizes of hospitals has a large effect on the 
technological and logistical solutions implemented at the hospitals.  

The Japanese health care sector consists of many outpatient clinics, which acts as the 
primary care sector. In Denmark the outpatient clinics are smaller units compared to 
Japan and as a consequence the outpatient clinics in Japan have the capabilities of 
treating the patients to a larger extent than in Denmark, where the role of the outpatient 
clinics is that of diagnosing, prescribing medication and refer patient to treatment. If the 
patient needs to have blood samples taken, the primary care sector doctor will draw 
these and sent them to the hospital for testing. In Japan when a patient is ill they will go 



to the outpatient clinic first, and if the outpatient clinic has the necessary capabilities of 
treating the patient they will do it. In Denmark if the patient needs to have bloods test 
drawn, the patient will be referred to the hospital where tests will be performed in order 
to give the patient a diagnosis. During the day when the outpatient clinics are open, the 
emergency department at the hospital will primarily treat patients that arrive in 
ambulances. In Denmark the emergency departments have a more central function in 
terms of diagnosing and treating patients. Further a higher percentage of patients will go 
directly to the hospital instead of consulting the primary care doctors. As a result the 
emergency department has a lot more patients in Denmark than is the case of the 
emergency department in Japan.  

One major difference is the use of an integrated information and communication 
technology (ICT) system in Japan, resulting in the outpatient clinics and the hospitals 
being able to easily access the same system. For instance it will then be possible order 
blood sample in the outpatient clinic, and the hospital can access this order. When the 
patient arrives at the hospital, the reception can get all information regarding the patient 
in a fast and easy manner. This integrated ICT system is also used within the hospital, 
so a blood sample is linked to the ICT system using a barcode on the blood samples. In 
the Danish health care such an integrated system does not exist, instead different ICT 
systems are used to access different patient information. 

The Japanese hospitals rely to a much greater extent on outsourcing logistical 
assignments than Danish hospitals. Many of the transportation processes were 
outsourced to outside companies. Examples are such as transportation of samples 
between wards and laboratory, linen between wards and cleaning area. One of the 
consequences was that almost all transportation processes were performed manually. 

One area with great focus in the Danish health care system is that of documenting 
everything that happens throughout the system. So if a mistake appears it is easy to 
pinpoint where the mistake happened, the mistake can be corrected, and other material, 
item or goods affected by the mistake can be fixed. There was not the same need for 
documenting in the Japanese cases. 

A very interesting difference is the working routines in the two different systems. In the 
Danish system the personnel is expected to work no more than 37 hours a week, and if 
they are working overtime the employees will receive overtime pay, and in some cases 
they will receive extra holiday. In Japan there is no overtime pay and the personnel is 
expected to work until there are no more patients, making the system more flexible than 
the Danish. 
Additionally it was interesting noticing that the use of robots was almost completely 
absent although Japan is one of the countries with the most advanced research when it 
comes to robots. 

Considering the Japanese cases compared with the Danish the major differences are the 
following: 

Blood samples taken in the emergency department. 

• Very few blood samples are taken in the emergency department in Japan 
compared to Denmark.  As a result it makes more sense to compare the logistics 
related to the walk-in patients in Japan and the emergency patients in Denmark. 

Blood samples taken on patients at the wards. 



• Due to the bigger sizes of the Danish case hospitals compared to the Japanese, a 
lot more blood samples will be taken in this way at the Danish hospitals. 

The logistics related to hospital beds.  

• In Denmark the patient is put in the bed when he/she arrives in the emergency 
department, and the bed follows the patient to the wards where the patient is 
hospitalized. When the patient is discharged the bed will be transported to a 
cleaning area. In Japan the beds are fixed to the rooms at the departments, and 
the patient will be transported around the hospital in either a wheelchair or on a 
type of stretcher. When the patient is discharged the linen will be changed, but 
the bed will stay in the department. 

Logistics of surgery tools.  

• The Danish hospitals have operating theatres in connection with the clinical 
departments, meaning that the operation theatres are spread over the hospital. In 
Japan all the operation theatres were located close to each other. 

It was the impression that the Danish health care system is more inclined to explore new 
technological possibilities and trying new innovations for changing the hospital 
logistical supporting flows than Japan. This is however driven by the construction of the 
hospitals and the health care sector more than the cultural differences. The different 
approaches to new technology and innovation within logistics at hospitals are to a 
greater extent related to the size and complexity of the hospitals and the cost of labor. 

6. DISCUSSION 

This paper explores the possibility of developing a framework capable of assessing the 
performance of supporting logistics flows at a hospital. The framework were extended 
from the one developed in a former study in which a qualitative model had been applied 
to analysis the logistics in the Danish health care system. The aim of the present study 
was to test the original model on a different health care system and transformed it 
according to the findings, quickly posted some challenges. The original model was 
presented in a qualitative way based on subjective perceptions within some defined 
areas. This type of assessment model did however not correlate with the demands made 
by personnel in the Japanese health care sector. The framework was therefore extended 
into a quantitative and qualitative measurement and assessment model, which turned out 
also to be of great value to the assessment of logistics in a Danish context. 

Research related to logistics in hospitals is a very broad field. It is almost impossible to 
make a model that covers all of these different logistics fields due to the different nature 
of the hospital logistics. For instance, there are the logistics of patients both inside and 
outside of the hospital. There is the procurement process of the hospital with the related 
supply chain and corresponding logistics. There is the logistics of personnel at the 
hospital. Due to the many different logistics it is of outmost importance to determine 
specifically what type of logistics is the focus of an analysis model like the one 
presented in this study.  

As a part of constructing the analysis model it was the aim to explore what differences 
exists between the Japanese health care sector and the Danish, especially in terms of 
technology used to perform the logistical processes. The research was based on four 
case hospitals located in the Kyushu area, Japan, which is one of the four main islands – 
each of which has its own regional culture and differs greatly in aspects such as the 



economic situations and the population density. As a consequence there are big 
differences in-between the health care institutions of the islands in general and the 
hospitals in particular. Since all the hospitals examined in this study are located in a 
narrow area, i.e., within a 20 km distance, of the same island, there are some 
considerations in terms of applicability of the results obtained in this study to hospitals 
all over Japan. It is however the perception that the results presented in the research 
paints a general picture of the use of technology in hospital logistics in Japan.  

Due to the observed influence of complexity of logistics and the labor cost on the 
willingness to use new technology, a possible relation could be like the one shown in 
figure 7. 

Complexity of logistics

Willingness to use 
new technology

High

Low

Low High

Cost of health care 
employee

= Japan

= Denmark

 
Figure 7. The Correlation between Use of Technology and Complexity of Logistics 

Figure 7 shows the observed relation for the Danish health care system (cost of 
employees is high) and that experienced for the Japanese health care system (cost of 
employees is medium), which is a result of the difference in working routine. The cost 
of labor is defined as the cost of one hour of labor. It would in this light be interesting to 
test whether this relation is valid for other health care systems with cost of health care 
employee equivalent to that of Denmark and that of Japan. As part of this it is important 
to define the precise measurements in terms of “Willingness to use new technology” 
and “Complexity of logistics”. 

The focus of the research was exclusively on the use of technology in supporting 
logistical settings at hospitals. The use of technology within the health care sector of 
Japan on an overall level is not explored, and it is likely that the use of technology 
within other parts of the health care sector is very different. For instance shows the 
integrated electronic patient data system a readiness towards the use of technology. 

Based on the finding in the research, there are two directions for further studies that 
could be very interesting to dig into. The first one is to explore the influence of culture 
on the way the health care system is constructed. As an example could be the influence 
of culture on the size of hospitals. Secondly it could be interesting exploring the use of 
technology in health care generally and not limit the focus to logistics. 

7. CONCLUSION 

The paper proposes a holistic framework for analyzing a logistical system as well as 
assessing the potential of implementing new technology. The distinctiveness of the 
framework is the way it has been constructed using performance measure in 
combination with a logistical analysis and technology assessment. Developing, testing 
and modifying the framework in a Danish context followed by a testing and 



modification phase in Japan enhances the output gained from the framework, and 
thereby adds to the understanding of how continuous improvements can be obtained and 
measured in healthcare settings.  

The framework has two major advantages for healthcare decision makers. Firstly it 
gives the possibility of making an assessment of a technological change to the current 
logistical setting, portraying what effect the implementation will have, and which 
modifications to the logistical settings will provide most operational benefits. Secondly 
the framework monitors the logistical system, and continuously evaluates the effect of 
the implemented technology. 

Applying the framework to cases from two different countries made it possible to 
pinpoint some of the major differences in-between the countries. The study showed that 
the major differences were related to the construction and organization of the respective 
health care sectors. 
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