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Chapter 1 

Introduction 
 

This thesis is the result of a graduation project carried out within the Information System (IS) 

group of the Industrial Engineering and Innovation Sciences Department at Eindhoven University of 

Technology (TU/e). The goal of the project is to aid business process professionals in their work of 

developing new process alternatives. The scope of the project is the healthcare domain and its 

target activity is the development of new process alternatives that outperform the current 

processes.  

The outcome of this study is a methodological framework that will be used in new process 

development. The framework was validated by consultancy companies that run projects in the 

healthcare domain and by a critical comparison with a similar framework. Additionally, a second 

framework is presented as a result of extending the focus of the Business Process Redesign 

framework (Reijers & Mansar, 2005) from administrative processes to healthcare processes.  

Section 1.1 introduces the context of the master thesis and presents the problem definition. Section 

1.2 concludes the chapter by describing the remaining structure of the thesis. 

1.1. Thesis Context and Motivation 
 

Business Process Management (BPM) is focused on the continuous improvement of business 

processes within organizations in order to achieve business effectiveness and efficiency.  

 

In the context of a fast changing world, healthcare institutions face increasing pressure to deliver 

improved services, which translates into improved performance in terms of cost, quality, time 

and/or flexibility. This makes the objective of Business Process Redesign (BPR), which was defined 

as "the critical analysis and radical redesign of existing business processes to achieve breakthrough 

improvements in performance measures." (Teng, Grover, & Fielder, 1994) 

The need for Business Process Redesign in healthcare is proven by the increasing pressure from 

society to improve service quality while lowering the costs. In this direction, efforts are being 

carried to reduce throughput times and service times by improving tasks, routing structure or 

resource organization. (Jansen-Vullers & Reijers, 2005) 

In a survey run by (Harmon, 2007), 12% of the respondents considered BPM to be a “cost-saving 

initiative focused on increasing productivity of specific workflow processes”. The rest placed BPM 

in an organizational context (40% - “A top-down methodology designed to organize, manage and 

measure the organization based on the organization’s core processes”) or in a more IT-focused light 

(16% - “A set of new software technologies that make it easier for IT to manage and measure the 

execution of process workflow and process software application”). 
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As healthcare costs increase, there is a constant need for healthcare institutes to look for a way to 

achieve a higher efficiency at their operating facilities without sacrificing quality. Patients have 

gained the status of customers and now have the choice of different product and service providers, 

which deliver the same core products or services that the patients want. Healthcare organizations 

look to reengineer their processes in order to stay competitive in a more demanding market. 

Healthcare industry has traditionally emphasized on breakthroughs in operating procedures and 

technology so that it stays competitive. In the last years, healthcare service providers began to 

understand that BPR initiatives could be a better solution to achieving competitive advantage. 

(Kumar & Ozdamar, 2004) The same authors observed that the healthcare industry is facing 

challenges related mostly to an accelerated population ageing. This involves a large number of 

hospital beds occupied at a low turnover rate. The competition with other hospitals and healthcare 

institutions leads to a need to develop more attractive programs to attract patients/customers. In 

many cases, the lack of medical personnel is also a problem that requires solutions for more 

effective resource allocation. 

Business Process Redesign in healthcare has evolved from a radical change attitude towards a more 

progressive, taking the context into account, trial and error approach. (Caron, Jarvenpaa, & 

Stoddard, 1994) With 80% of the expenses tied to patient care activities, hospitals and healthcare 

systems can make substantial savings and improve clinical practices by better managing their 

labour, supplies, equipment, and facilities. The benefits of reinventing hospitals hold the tangible 

and realistic promise of radically reducing cost while dramatically increasing the quality of care 

provided. (Kumar & Ozdamar, 2004) 

The need to develop a methodological framework on how to pursue Business Process Redesign 

comes thus as a natural consequence of wanting to help healthcare practitioners develop improved 

process alternatives.  

1.2. Outline 
 

The remainder of this report is structured as follows. Chapter 2 introduces the research objective 

and scope, as well as the research questions that are the focus of this study. Chapter 3 gives a 

general overview of the research methodology followed to answer each of the research questions. 

Chapter 4 presents the details of the development and validation of the methodological framework 

by introducing first the methodology and then presenting the results and a discussion of the results.  

Chapter 5 has a similar structure as the previous chapter and introduces the Extended Business 

Process Redesign framework as a particular technique to support the transformation from the AS-

IS situation to the TO-BE situation. The conclusions of this report and possibilities for further work 

are presented in Chapter 6.  
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Chapter 2  

Research Objective and Scope 

2.1. Research Objective 
 

The project has two main objectives. First, we aim at developing and validating a methodological 

framework to enhance successful new business process redesign initiatives in the healthcare 

domain. The purpose of the framework is to aid business process professionals in their work of 

developing process alternatives. It considers holistic business process improvements. 

The development phase has as a focus identifying the methodological decision areas in the 

healthcare domain for the development of new process alternatives that outperform the current 

processes. Once the decision areas are framed, the next step is to identify the possible decisions that 

can be taken given these decision areas.  

The validation phase has as main objective gaining insights into the actual choices made in the 

healthcare domain with respect to Business Process Redesign initiatives. A second objective is 

assessing the more general application of the framework in other domains. 

Secondly, we zoom in on one of the elements of the methodological framework and aim at 

extending a particular option of this element.  The goal is to provide the healthcare practitioners 

with further aid in developing new business processes in terms of a structured technique approach. 

For this, the Business Process Redesign (BPR) framework (Reijers & Mansar, 2005) is enriched with 

elements from a second framework based on the theory of inventive principles (TRIZ) that is used 

in the New Service Design (Chai, Zhang, & Tan, 2005). New Service Design focuses on formalizing 

the processes of service development, starting from product initialization to final 

commercialization. (Chai, Zhang, & Tan, 2005)  

While the Business Process Redesign framework is already a valuable example of such an aid, its 

development was based on administrative processes. We identify the opportunity to enrich it with 

best practices that have been proven beneficial for New Service Design. Healthcare processes 

resemble the services or products that were redesigned with the support of the TRIZ principles 

(both handle physical objects and safety is an important concern). This comes as an addition to the 

characteristics of the administrative processes, which make the object of the BPR framework. The 

result of the mapping procedure is called in this document the “Extended Business Process 

Redesign Framework”. 

2.2. Research Scope 
 

Serving the research objectives introduced in the previous section, the following decisions are 

made with regard to the research scope of the project.  

Healthcare 
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In this project, we have a special interest in research conducted in the healthcare domain. However, 

we use a narrower definition of the healthcare domain. We only consider projects to be healthcare- 

related when they focus on processes that aim at curing or caring and require the involvement of 

the patient throughout the process. For example, projects that are in the scope of our research are 

executed within general hospitals, university medical centres, private hospitals, diagnostic centres, 

general practitioners, physiotherapists, dentist practices, mental healthcare institutes, institutes for 

disabled people and nursing homes. Outside the scope are, for example, projects at companies that 

develop equipment for the healthcare domain (e.g. MRI scanners or implants), governmental 

advisory boards, insurance companies and pharmaceutical companies.   

This environmental aspect of the scope makes sure that these processes are consistent and include 

the steps from intake to aftercare that are performed for a patient care request. These steps include 

diagnostic tests and treatments as well as supporting steps performed for a patient care request, 

like analysing a medical record and making an appointment for surgery. 

Holistic (multi-dimensional) 

The scope of this project is constrained to holistic (multi-dimensional) initiatives. In contrast to 

one-dimensional initiatives, these initiatives do not have a pre-defined solution concept in mind, 

but are open to the elements of the process that need to be changed. These holistic initiatives 

typically consider changing resource allocations and the order of task execution, introducing ICT 

technology, modifying information elements, and altering the degree and type of interaction with 

customers at the same time. Also, multiple process performance dimensions like cost, time, internal 

quality (quality from the perspective of the employee), external quality (quality from the 

perspective of a client) and flexibility are typically taken into account by these initiatives.  

BPR initiatives must thus aim at changing multiple process elements simultaneously and take into 

account the effects on different process performance dimensions. The two notions are detailed 

below. The reasoning behind the decision for the multi-dimensional property of the processes is 

supported by the fact that a holistic initiative will have higher chances for better results in practice. 

A good alignment between research and practice makes the focus of the development of the 

methodological framework. 

The process elements can be seen in the Business Process Redesign framework, developed by 

(Reijers & Mansar, 2005). The framework is shown in Figure 2.1. 
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Figure 2.1: Business Process Redesign framework (Reijers & Mansar, 2005, p.293) 

The elements of the BPR framework are detailed below and they should be considered together 

with their relations, as displayed in Figure 1. 

1. The internal or external customers of the business process; 

2. The products (or services) generated by the business process; 

3. The business process with two views: 

a. The operation view: how is a business process implemented? (number of tasks in a 

job, relative size of tasks, nature of tasks, degree of customisation); 

b. The behavioural view: when is a business process executed? (sequencing of tasks, 

task consolidation, scheduling of jobs, etc.); 

4. The participants in the business process considering: 

a. The organisation structure (elements: roles, users, groups, departments, etc.); 

b. The organisation population (individuals: agents which can have tasks assigned for 

execution and relationships between them); 

5. The information the business process uses or creates; 

6. The technology the business process uses; 

7. The external environment other than the customers. 

 

The process performance dimensions that are used to evaluate a BPR initiative are shown in Figure 

2.2, in the evaluation framework developed by (Jansen-Vullers, Kleingeld, & Netjes, 2008). 



11 | P a g e  
 

 

Figure 2.2: Evaluation framework (Jansen-Vullers, Kleingeld and Netjes, 2008, p.336) 

 

The evaluation framework distinguishes four process performance dimensions:  Time, Cost, Quality 

dimension (internal quality from the perspective of the employee working in the process and 

external quality from the perspective of the client / patient) and Flexibility (the ability to react to 

several different types of changes). The framework indicates that usually there is a trade-off 

between achieving results on the four dimensions (e.g. quality and time improvements may have 

drawbacks on costs and flexibility). The performance dimensions are also relevant in considering 

the cases that are part of this study (as shown in the Relevance screening criteria in Section 4.1.1.). 

Interdepartmental or inter-organizational order-fulfilment processes 

The scope of this project is constrained to projects that aim at redesigning one interdepartmental 

or inter-organizational order-fulfilment process. In other words, we are interested in projects that 

aim at redesigning a process that crosses departmental boundaries and is related to an external 

client order. In the context of a hospital, such a process consists of the steps from intake to aftercare 

that are performed for a patient care request. These steps usually include consultations, 

information retrievals, diagnostic tests as well as treatments for a patient care request. 

Outside the scope of this survey are initiatives that focus on, for example, redesigning software 

processes, cleaning processes, inventory management, project management, and restructuring 

complete organizational structures, because they do not focus on these so-called order-fulfilment 

processes. 

Last, only those initiatives that aim at developing new process alternatives are considered. Cases 

that only aim at framing the process, modelling/analyzing the AS-IS situation, evaluating different 

process alternatives or implementing a new and predetermined process design are not of interest 

for this study. Articles should clearly express a BPR focus, a “do the project right” mentality, instead 

of “select the correct redesign project”.   
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2.3. Research Questions 
 

Based on this research objective, the following research questions are formulated. 

 

1. Which holistic methods have been applied in a hospital environment to support 

practitioners in developing process alternatives that outperform the process performance 

of current interdepartmental or inter-organizational order-fulfilment processes?  

 

2. Which methodological decisions are the most frequently considered when developing 

process alternatives? 

 

3. Which methodological decisions influence the choice for other certain methodological 

decisions? 

 

4. What is the relationship between the healthcare domain and other application domains in 

terms of the methodological decisions taken?  

 

5. What is the added value of the New Service Design principles in developing Business 

Process Redesign best practices?  (What techniques can support business process redesign 

in the healthcare domain?) 
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Chapter 3  

Research Methodology 
 

This chapter describes the research methodology utilized to approach and answer each research 

question. It gives a general overview of the methods used, while Chapter 4 details the research 

methodology for the development and validation of the methodological framework, and Chapter 5 

presents the methodology for mapping the two frameworks, the Business Process Redesign 

framework (Reijers & Mansar, 2005) and the TRIZ framework (Chai, Zhang, & Tan, 2005). 

To answer the first question, “Which holistic methods have been applied in a hospital environment to 

support practitioners in developing process alternatives that outperform the process performance of 

current interdepartmental or inter-organizational order-fulfilment processes?”, we have conducted a 

cross-case survey to gain insights into the business process redesign methods that currently exist in 

literature with the potential to support healthcare practitioners in developing process alternatives. 

The cross-case survey phase included a structured literature review that focused on the current 

body of knowledge in the scientific domain. It involved several steps: Search, Relevance screening, 

Quality screening, Data extraction and Data synthesis. These steps are detailed in Chapter 4 

(Section 4.1.1). To validate the answer, we conducted a field survey among consultancy firms, for 

which several steps were executed: searching and selecting the consultancy firms that are 

activating in the field of BPR, planning and preparing the interviews, running the interviews, 

synthesize data from the interviews, map the results on the methodological framework. The 

procedure is detailed in Section 4.1.2.1. A second validation involved a comparison with a similar 

methodological framework (Vanwersch, et al., 2011) and the details of the procedure are presented 

in Section 4.1.2.2. 

Once the development of the methodological framework was finalized by executing the cross-case 

survey, we were able to answer the second question, “Which methodological decisions are the most 

frequently considered when developing process alternatives?”. For this, the strategy was to 

calculate the frequencies of the individual options under each method element of the framework in 

relation to the number of studies taken into consideration for the final step of the cross-case survey, 

Data Synthesis. 

To answer the third research question, “Which methodological decisions influence the choice for 

other certain methodological decisions?”, the approach was to use a data mining concept, association 

rules learning, so that direct implications between the options of the method elements could be 

obtained. The details of the steps and tool are in Section 4.1.1. 

 

The fourth question, “What is the relationship between the healthcare domain and other application 

domains in terms of the methodological decisions taken? “, is answered with the help of the field 

survey among consultancy firms. The interviews aimed at assessing the framework applicability in 

both the healthcare domain and other application domains by involving consultants from both 

working backgrounds. The procedure involved asking the consultants to specifically indicate the 



14 | P a g e  
 

differences, if any, after they were presented with the options for each method element. The 

procedure is detailed in Section 4.1.2.1. 

 

To answer the fifth question, “What is the added value of the New Service Design principles in 

developing Business Process Redesign best practices?” we executed the mapping procedure of the 

BPR and TRIZ frameworks.  The procedure that is used to create the integrated, comprehensive 

business process redesign framework is inspired by the Delphi method (Appendix 14). The Delphi 

method is a structured communication technique which relies on a panel of experts. Typically, the 

procedure contains a number of rounds for each step that needs to be executed. The experts solve 

an assignment and after each round, a moderator provides an anonymous summary of the experts’ 

results from the previous round as well as the reasons they provided for their judgments. Thus, 

experts are encouraged to revise their earlier answers in light of the replies of other members of 

their panel. It is believed that during this process the range of the answers will decrease and the 

group will converge towards the "correct" answer.  

The procedure is detailed in Chapter 5 (Section 5.1.).  
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Development of methodological framework 
 

Cross-case survey 

• Literature review 

• Data extraction 

• Data analysis 

Framework design 

Validation of methodological 
framework  

 
Field survey 

 

Comparison with a 
similar framework 

Chapter 4 

Methodological framework 
In this chapter, the methodological framework is introduced. First, the methodology for 

development and validation of the framework is presented in Section 4.1., and then the results of 

the methodology execution are given in Section 4.2. and a discussion follows in Section 4.3.  

4.1 Research Methodology 
This section details the methodologies followed in order to answer the first four research questions. 

It addresses the two phases correspondingly: development and validation of the methodological 

framework.  The development phase consists of two steps: running a cross-case survey and then 

proceeding with the framework design. Subsequently, the validation of the methodological 

framework takes place under the form of a field survey and a comparison with a similar framework. 

The project phases can be seen in Figure 4.1. 

 

 

 

 

 

 

Figure 4.1 – Project phases 

4.1.1. Development of methodological framework 

 

As mentioned in Chapter 3, the cross-case survey phase includes a structured literature review that 

focuses on the current body of knowledge in the scientific domain. The literature review was run in 

collaboration with two students from Eindhoven University of Technology, as part of their Master 

studies. The literature review consisted of several steps, as suggested by (Vanwersch, et al., 2011): 

 

Figure 4.2 – Cross-case survey phases 

The Search step aimed at identifying studies in such a way that a relatively complete consensus of 

relevant literature is accumulated in an unbiased way. A comprehensive electronic database search 

Search 
Relevance 
screening 

Quality 
screening 

Data 
extraction 

Data 
analysis 
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is performed first, which results in using several electronic databases to cover the different 

research domains that are active in the field of business process redesign. More specifically, the 

electronic databases ABI/Inform, INSPEC, and Medline were selected to provide coverage of 

respectively the Management Science, Information Systems and Healthcare domain. In addition, the 

International Journal of Care Pathways that is outside the scope of these search engines but is 

considered to be highly relevant was scanned manually. 

The search was targeted at peer-reviewed journal articles and conference papers in order to 

identify high quality studies in an efficient way. The search was further constrained by limiting the 

attention to studies that are written in the English language, contain an abstract and are published 

in or after the year 2005. A broad search using free text and database specific headings was used to 

identify an initial set of studies. Finally, advanced search options like Boolean operators and 

truncation symbols were used to construct the free text search term. This procedure resulted in a 

Boolean expression consisting of four parts: (([process] AND [redesign]) OR [process redesign]) 

AND [hospital].  

The Relevance Screening step aimed at determining which studies were considered relevant 

according to inclusion criteria (Appendix 1) and which were eliminated, without further 

examination. The screening was performed on the title and abstract and a two stage screening 

procedure was used to select relevant studies.  

 Stage 1 - The title and abstract of all identified studies were screened by two reviewers. The 

objective of this screening was to exclude irrelevant studies from further examination. This 

screening was based on the inclusion and exclusion criteria presented in Appendix 1. Any 

inclusion / exclusion disagreements between reviewers were resolved by means of the 

consensus approach. If the reviewers could not agree at this stage, the study was included.     

 Stage 2 - Full copies were obtained for all studies that pass the title and abstract screening. All 

full copies were independently reviewed against the inclusion and exclusion criteria by two 

reviewers. Any disagreements were resolved by means of the consensus approach. If necessary, 

an independent arbitrator was involved.  

 

Before the execution of this screening procedure, all criteria and screening procedures were piloted 

and discussed in detail by all review team members. During the execution of the relevance 

screening procedure, screening issues and improvement possibilities were discussed in review 

meetings.  

The Quality Screening step aimed at assessing the quality of the studies, based on quality relevance 

criteria. The criteria are shown in Appendix 2. A screening procedure was followed to select studies 

in an unbiased manner. As the relevance screening, the quality screening also involved two 

reviewers independently checking the studies. In this step the full copies of the articles were 

checked against the inclusion/exclusion criteria (Appendix 2). Any disagreements between the two 

reviewers were resolved by means of the consensus approach. If necessary, an independent 

arbitrator was involved.   
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As in the previous step, the criteria and procedure were piloted and discussed in detail by all 

reviewers before the execution of the step. During the execution of the quality screening procedure, 

review meetings were again scheduled to discuss screening issues and improvement possibilities. 

The development phase of the methodological framework aimed at identifying the method 

elements of business process redesign initiatives in the healthcare domain and capturing them in a 

model with general applicability. In order to achieve this, a Data Extraction step was necessary, 

which aimed at retrieving and centralizing useful information from the final set of articles. 

After identification of the studies that should be included in the review, a data extraction form 

(Appendix 3) and a data extraction procedure were developed to extract data from studies in an 

unbiased way. 

The elements in data extraction form are detailed below and they are based on the common 

knowledge that was present in the majority of the studies or in a considerable number of them. The 

form is shown in Appendix 3 and it is based on the research conducted by R.J.B. Vanwersch at TU/e. 

First, we discuss the method elements that we could extract in order to build the methodological 

framework. Secondly, we give an overview of the study characteristics that needed to be extracted 

to gain insights into the context of method development. 

Method elements  

The choice for the method elements was founded in the research results conducted in the field of 

Method Engineering, (the engineering field to design, construct and adapt methods, techniques and 

tools for system development). Several researchers ( (Henderson-Sellers & Ralyté, 2010), 

(Brinkkemper, 1996)) have developed meta-modelling techniques for representing methods. 

(Cossentino, Gaglio, Henderson-Sellers, & Seidita, 2006) have made a comparison of these meta-

models and presented a list of four main method elements: Activity (what is to be done?), Guidance 

(how to do?), Actor (who does it and who is responsible for?) and Artefact (what is the result? and 

what is input for?). Similar results were obtained in the field of business process redesign by 

(Zellner, 2011) and (Alt, Reichmayr, Puschmann, Leser, & Oesterle, 2001) : Procedure model (what 

is to be done in which order?), Techniques (how to do?), Roles (who does it?), Results documents 

(what is the result?) and Meta-model / information model (consist of the above-described elements 

and their relationships). 

From these findings we decided to select the following (renamed, in some cases) elements: Actor 

(who performs the redesign activity? and who is responsible for it?), Technique (how to do the 

redesign activity?), Tool (which aid is used during the redesign activity), Input (what is the needed 

data before the redesign activity?), Output (what is the result of the redesign activity?).  To this list 

an Objective (why perform the redesign activity?) and an Output Format (what is the 

representation of the output?) are added. The reasoning behind this decision is to gain insight in 

the process performance dimensions and the process elements that the method aims to change. The 

selected list is in fact the Method section of the meta-model used for data extraction. 

Study elements 
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Next to the method elements, several characteristics of the studies are of interest for this project in 

order to gain insights into the context of method development. Similar to (Walia & Carver, 2010) 

who developed a taxonomy/framework for software requirements errors in a highly structured 

way, we extracted the following data from all studies: Identifier, Title, Authors, Publication year, 

Source, Type of source, Label research area, Definition research area, Study objective, Study object, 

Study problem, Study design, Data collection techniques, Data analysis techniques, Study results, 

Main findings and Main limitations. These added the study elements to our meta-model. 

The complete data extraction form including definitions is shown in Appendix 3. In the third 

column, the “tag names” that were used during data extraction are introduced. The detailed data 

extraction procedure including the use of tag names is discussed next.  

The execution of data extraction involved an extractor-checker construction, as recommended by 

(Riaz, Sulayman, Salleh, & Mendes, 2010). The consensus approach was used to resolve data 

extracting discrepancies. During the execution of the data extraction procedure, review meetings 

were scheduled to discuss data extraction issues and improvement possibilities. 

Specialized Research Management software (Qiqqa – www.qiqqa.com ) was used to identify and 

annotate the method and study elements in each paper from the final set (that has passed the 

quality screening criteria). For each study, the fragments that contained details on the method or 

study elements were annotated and tagged with the tag names shown in Appendix 3 (third column; 

e.g. “Method.Actor”).  A more detailed annotation was then used to indicate the method element 

instance (e.g. “Actor.Process worker”).  Qiqqa allows for comments to be introduced for each 

annotation and these contained the same information, under a slightly different format (e.g. 

“Method.Actor = Process worker”).   

The preference for this software and this sort of annotations is justified by the fact that it allows in 

an easy manner to generate reports based on similar annotations and it also facilitates the checking 

work done after the extraction is concluded. Once the extractor had finished extracting data from 

the main set, a second person, the checker had the role of verifying the results.  

In the Data Synthesis step, the extracted data was summarized and compared critically. The data 

synthesis implied analyzing and summarizing the data extracted in the previous step, looking for 

patterns concerning the occurrence of the method elements. This analysis served as input for the 

actual design of the methodological framework. First, the data extracted in the previous step was 

summarized in an excel document containing for each study the options of the method elements. 

This summary also provided the information to be in the framework. Secondly, this information 

was translated into a binary matrix, where 1 marked the presence of an option in a study, which 

could be then used for analysis. The analysis involved calculating the frequencies of options and 

discovering patterns between them. For this, a concept from data mining was used, association rule 

learning, which was applied using a specialized tool (KNIME - www.knime.org). The detailed steps 

of the analysis are presented in Section 4.2.1. 

The framework aims at presenting information is a new perspective that highlights the 

homogeneity of the findings. Thus, the options that were recurrently found in the literature as 
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method characteristics became part of the methodological framework (E.g. Process performance 

was identified to be a key Input element in a considerable amount of studies). From this point 

onwards we use the notion of “option” to define a sub-element of the methodological framework, 

which falls under the category of one of the method elements. 

The framework structures the information gathered and presents it in a visually comprehensible 

manner.  For each method element, the options identified should respect the MECE principle 

(“Mutually exclusive collectively exhaustive”), which means that there should be no overlaps 

between the options’ definitions and that the set of all options should fully cover all the possibilities 

identified in the data extraction and synthesis steps. 

Once the framework is developed, a field survey was conducted in consultancy firms to further 

validate the methodological decisions in business process redesign initiatives in the healthcare 

domain as identified by the structured literature review.  

4.1.2. Framework validation 

The methodological framework supported two types of validation. First, a field survey validation 

and secondly a comparison with a framework developed in parallel, following the same approach, 

by (Vanwersch, et al., 2011). Thus, we aimed at validating the framework against similar research 

findings and industry practices. 

4.1.2.1 Field Survey  

The field survey involved running interviews with the goal of identifying the actual methodological 

decisions. 

This section aims at describing the procedure for performing a field survey among consultancy 

firms. The procedure initially contained several details that were changed during execution due to 

practical limitations. This also influenced the aim. At first, the objective of the field survey was to 

investigate the state-of-the art practices regarding methodological support for business process 

redesign in healthcare. This involved performing the same type of analysis as in the cross-case 

survey and the studies in the cross-case survey would have been replaced by case studies / projects 

in consultancy companies. For this, the documentation of the projects was necessary for accurate 

data extraction. Due to non-disclosure agreements that most of the companies have signed with 

their customers, obtaining this documentation was not possible. Thus, the aim of the field survey 

was adapted to validating the methodological framework by means of elicitation of consultants’ 

expertise. More details on the methodology to execute this are given in Step 3 (see the list below). 

The general procedure is based on (Habif, 2011) and it contains the following phases. 

1. Searching and selecting the consultancy firms that are activating in the field of BPR; 

2. Planning and preparing the interviews; 

3. Running the interviews; 

4. Synthesize  data from the interviews; 

5. Map the results on the methodological framework; 

A visual representation of the steps followed under each phase can be seen below.  
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Figure 4.3 - Phases and steps of the Field Survey 

Searching and selecting the consultancy firms that are activating in the field of BPR 

 

For the initial selection of the companies, the Company.info database was used. The database 

contains information for over 2 million organizations active in the Netherlands, regarding company 

profile (such as name and activity), company characteristics (e.g. number of employees, legal form, 

listing etc.), financial information (e.g. turnover, profit etc.) and geography data. The database is 

searchable by sectors and after an initial lookup for the sectors that are domain-related to our 

project, a decision was made to limit the search to companies that focus on “Activities of head 

offices and Management consultancy activities”, “Management consultancy activities” and 

“Technical design and consultancy for process engineering”. The reason for selecting these three 

sectors only was that they are the only non-industry specific that are related to our research scope 

and objective (e.g. we excluded Accounting, Bookkeeping and auditing; Tax consultancy).   

Secondly, a review of the Business Process Management Magazine for all numbers in 2011 was 

performed with the aim of selecting those companies that have clear connections with the field of 

BPM, but do not appear in the results of the Company.info search. The type of information that was 

looked for is either references of companies in articles or relevant article authors, from which the 

company is selected. These companies were then looked for similar information as the ones initially 

found in Company.info. 

Map the results onto the methodological framework 

Synthetize data from the interviews 

Summarize data for each interview Validate the extracted data with the interviewees 

Running the interviews 

Planning and preparing the interviews 

Searching and selecting the consultancy firms 

Screening and selecting  

the companies from Company.info 

Filtering companies according to 

 website information 

Selecting companies based on 

 received survey results 
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On the resulting companies, exclusion criteria were applied: 

 Not economically active, which is the mark that company.info gives to companies that are 

out of business (for example have no longer employees) and thus no contact possibilities 

are available. 

 A turnover less than 1 million €, due to the fact that we were interested in companies that 

are able (economically) to develop and apply mature business process redesign methods 

and for this reason, we looked at financial data. 

 Not related to business process redesign in the area of specialization. Companies that are 

specialized in a totally divergent domain with BPR were excluded at this stage. Thus, 

companies active in construction engineering consultancy or advice for mechanical or 

electrical engineering were excluded. At this stage, those companies that mention in their 

description a very general label (e.g. management consultancy) were included, even if they 

don’t mention in their label business process redesign or a related concept. 

The second step of this phase consisted of filtering information based on companies’ website 

information. The goal was to select those companies that provide services related to business 

process redesign. For example, the “redesign” term was relaxed to “change”, “management”, 

“reengineering”, “improvement”, “optimization” due to the fact that the industry usually has a broad 

terminology for the same concept. Moreover, the domain was relaxed to supply chain management 

and operational excellence, for the same reason. 

Based on the website information a filtering of those companies that are active in the healthcare 

domain was possible. Companies that do not have any activity in healthcare could be thus excluded; 

as long as this was clearly mentioned in their description (e.g. they give a concrete overview on the 

other domains they are active in). Likewise, the probability that a company has an exclusive focus 

on healthcare is very small, thus our interest was to select those companies that are active in the 

healthcare domain and at least one other domain.  

A third step aimed at further filtering the companies by their activity in the area of business process 

redesign. In order to do this, a survey was sent to the so far selected companies in which the 

following questions were asked: 

 How many holistic Business Process Redesign projects have been completed in the 

healthcare domain by your organization since 2007? [Choose from: 0; 1-5; 5-10; 10-20; 

more than 20, if more than 20, please indicate.] 

 How many holistic Business Process Redesign projects in other application domains have 

been completed by your organization since 2007? [Choose from: 0; 1-5; 5-10; 10-20; more 

than 20, if more than 20, please indicate.] 

 Does your company document and store the following data of running holistic business 

process redesign projects? [Please choose from: 1- Strongly Agree, 2- Agree, 3 – Neutral, 4 – 

Disagree, 5 – Strongly Disagree.] 

o Object - The client / patient group that is the object of the business process redesign 

project 

o Problem - The problem that triggered the business process redesign project 
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 Does your company document and store the following data of running projects related to 

the redesign activity, i.e. the activity in which improvement ideas are generated / redesign 

scenarios are developed?  

o Objective - The main objective of the redesign activity in terms of process 

performance dimensions (e.g. objectives in terms of cost, time, quality and 

flexibility); 

o Technique - A set of prescribed procedures for creating process redesign scenarios 

(e.g. group brainstorming, Delphi procedure); 

o Tool - The auxiliary soft or hardware used during the redesign activity; 

o Actor - The people (at least their function names) who participate in the redesign 

activity; 

o Input - All information that is input for the redesign activity (e.g. the kind of data 

collected and analysed); 

o Output - The detailed descriptions of the redesign scenarios (e.g. the concrete 

process models or the concrete descriptions of improvement proposals). 

The survey is shown in Appendix 4.  

The reason for including the 5 year time criteria was based on the assumption that projects older 

than 5 years are harder to assess because of no availability of the human resource that has 

participated in that project (e.g. the people do not longer work in the company) or because the 

project was too far away in the past to identify all the necessary resources, human and assets, 

documentation etc. 

After receiving the survey results, the companies were presented with documentation on this 

project, they were explained the concepts and definitions used in BPR projects (for consistency in 

vocabulary and a better alignment between our project and their environment), they were 

explained what participating in this project involved and they were asked to indicate their interest 

in being part of it.  

Planning and preparing the interview 

 

The first activity was to set up an agenda and schedule interviews. For each company, the initial 

contact person was taken from the sources provided on the website. In case that there is a more 

appropriate person to carry further discussion, the first contacted person was asked to recommend 

him/her. The focus was to perform the interviews with senior consultants in the company who 

were directly responsible or integrally involved with the project from beginning to end. For each 

interview two consultants were required and for companies that perform BPR projects within and 

outside the healthcare domain, one healthcare domain expert and one expert from other 

application domains were involved.  

 

Interview procedure 
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The interviews were planned as semi-structured, due to the fact that more information can be 

extracted when a survey is accompanied by open dialog with the interviewees. The questionnaire 

alone was considered too strict to be applied to a broad spectrum of projects, given the degree of 

heterogeneity that they have in the industry. The open dialog that results and builds upon previous 

knowledge was considered a necessary addition. The dialog alone would have lacked the structure; 

since there was specific data to be extracted from the interviews.  

The interview had five steps: 

1. An introductory step that contained general information on the interview goal and 

objectives and ethical issues involved (e.g. confidentiality, limitations of data usage to the current 

project only). This is important since firms are reluctant to release sensitive information. This 

provided a means to allow the interviewees to answer more openly. Subsequently, a brief 

presentation was given on the project scope (Section 2.2) and the general goal and scope of the 

methodological framework were explained.  

 

For steps 2-4, each method element made the object of one iteration. Thus, for every method 

element respectively, a general discussion took place (2), then a direct reference was made to the 

methodological framework to assess the completeness of the respective element (3), and a 

comparison with other application domains was assessed consequently (4).  

2. The second step introduced each method element respectively, giving a short definition and 

explanatory examples. The interviewee was then asked to name the specific options that the 

company is using (E.g. for the Technique element, the question asked is “What techniques does your 

company use to generate improvement ideas?”). The information offered by the interviewee was 

noted down in a form similar to the data extraction form that had been adapted for the interview 

method. See Appendix 6 for details on this form.  

Given the case that the explanations were not sufficient for a clear understanding of the method 

element, the interviewee was aided with one example from the list of options existent in the 

methodological framework (E.g. for Input: process performance, previous solutions etc.).  See 

Appendix 7 for a complete list of the method elements, their definitions and the list of options for 

each method element. 

  

The final goal of running the interviews was to obtain the same type of information from the case 

studies conducted in the companies as the type of information extracted in the literature research, 

the cross-case survey.  For this, a form similar to the data extraction form for the Method elements 

gives a detailed overview of the information solicited during the interviews from the companies. 

Thus, the interview focused on extracting data in those areas of interest mentioned in the data 

extraction form. 

3. Step three focused on presenting the method element and the list of options as part of the 

methodological framework to the interviewee and assessing his/her opinion upon its (in)complete 

character by asking, for example “What elements do you consider that are missing from your 

organization’s perspective?” 
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We were interested in obtaining a clear indication from the respondents that the methodological 

framework is in alignment with their previous experience in terms of redesign initiatives in the 

healthcare domain and extended, in other application domains. By alignment we understand that 

the framework covers the elements the consultancy companies usually take into consideration in 

their projects.  

 

4. A fourth step aimed at assessing the differences between the healthcare domain and other 

application domains. Again, open questions were asked: “What other application domains is your 

organization working with?”, “What different choices are made when considering other 

applications domains than HC, regarding the method elements?” 

 

5. Last, we were interested in obtaining relevant documentation that would further support 

the answers obtained during the interview and the company was kindly requested to provide it.  

A more in-depth overview on the interview outline can be seen in Appendix 5. 

Running the interviews 

 

The semi-structured interviews were designed and scheduled to take place in one round, and 

involved two persons, one consultant with background in the healthcare domain and one with work 

background in other application domains. Each interview was taped with the permission of the 

respondents.  

Synthesize data from the interviews 

 

This phase had two steps. The first one was to summarize data for the interviewees and obtain their 

acceptation on the accuracy of data. 

Map the results on the methodological framework.  

 

After the consent was achieved on the correctness of data, the results were mapped on the 

methodological framework and then compared to the results obtained by the literature 

review/cross-case survey. 

4.1.2.2 Comparison with a similar methodological framework  

 

A second form of validation for our framework was to critically compare it with a similar 

methodological framework (Vanwersch, et al., 2011).  The development of the similar 

methodological framework ran in parallel and followed a procedure comparable to the one 

described for our framework. This similar framework aimed at identifying the methodological 

decisions for Business Process Redesign regardless of the application domain, as compared to our 

methodological framework, which focused on the healthcare domain. 
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Another difference between the two frameworks resides in the type of studies that were selected as 

a foundation for development. Our framework is based on case studies, while the similar 

methodological framework is based on methodological studies. Also, the methodological studies 

were taken from a broad range of application domains, while we considered studied from the 

healthcare domain only.  

 The decision for this form of validation is founded in having the two frameworks confirm each 

other, by testing if similar results would be obtained in the process of their development.   

The comparison has a good ground in the fact that both frameworks use the same meta-model (the 

same method elements) and the goal of this type of validation is to identify the common options 

under each method element as well as the dissimilarities, which are presented in Section 4.2.2.2.  

The comparison was realized by taking the similar methodological framework as a base model and 

visually mark the similarities/dissimilarities by a colour coding procedure. Also, the elements that 

are part of our methodological framework and new to the similar framework were added to the 

latter. The decision to select the similar framework as a base model resides in the fact that it has a 

higher degree of completeness, due to a broader scope of applications domains. Our goal was to 

confirm the choices identified in the similar framework by observing them in our framework and 

also to have our framework validated by a more extensive model. 

4.2. Results 
 

This section details the results obtained by executing the procedures described in the Research 

Methodology section for the development and validation of the methodological framework.   

4.2.1. Development of methodological framework 

 

The cross-case survey involved several steps, as described in the previous section: Search, 

Relevance Screening, Quality Screening, Data extraction and Data Synthesis. The results of the first 

three steps, in terms of number of articles selected, can be seen in Figure 4.4. There were a total 

number of 1470 articles that were found in the electronic data bases and after performing the first 

relevance screening, based on the title and abstracts, the number was reduced to 134. After the 

second relevance screening, performed based on the full body of the studies, the number was 

reduced to 67. A total of 54 articles passed the quality screening procedure and they were 

considered as input for the Data extraction and Data synthesis steps. 
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Figure 4.4 – Cross-case survey results – Search, Relevance screening, Quality screening steps 

Data extraction was performed using the Research Management software Qiqqa and it was an 

iterative process. Initial results of options were obtained when annotating the set of studies. Then, 

after applying the MECE principle, a final set of options was identified, which is shown, together 

with corresponding explanations, in Appendix 7. A subsequent round of corrections of the 

annotations followed, in which the initial set of options was replaced with the final set of options. 

The results of this second round of annotations for the Method Elements can be seen in Appendix 8 

(the full document including the Study Elements is annexed).  

The result of the Data synthesis step is an analysis of the method elements extracted in the previous 

step. We were interested in identifying patterns between the options of different method elements 

(e.g. when a particular Method Output term is desired, which are the most frequent used Method 

Input terms).  

We started with identifying the frequencies of options in relation to the entire body of studies. The 

aim was to see which are the most “popular” options used in research.  

One observation regarding the naming convention is that for the Technique method element, an 

abbreviation was used. The option Unstructured(UK) refers to an unknown unstructured technique.  
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Table 4.1. – Options frequencies 

The first option for each method element is given in Table 4.2. 

 

Table 4.2. – First option for each method element 

 

These results inform us that in the healthcare domain, there is a clear preference for (Input) 

Process Performance, (Technique) Unstructured (unknown), (Actor) Process Worker, (Objective) 

External Quality, (Output Format) Summary Redesign Proposals (the occurrence rate is over 65%, 

except Tool.Communication), as compared to the rest of the options that have considerably lower 

frequencies (under 50%, except Objective.Time -70,37%). 
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The input data for the methodological framework design is the list of method elements and options 

that resulted from the Data extraction step (Appendix 7). 

First, a visual representation of the method elements and their relation to each other in a Business 

Process Redesign initiative can be seen in the figure below. Thus, each project should have a clear 

objective and gather necessary input data that will be processed by the actors with appropriate 

tools and following a specific technique resulting in a desired output, delivered under a particular 

output format.  

 

Figure 4.5. - Methodological Framework – overview 

After obtaining the options, the next step was to categorize them under each method element so 

that a structured representation was obtained. For this, the similar methodological framework 

(Appendix 10, (Vanwersch, et al., 2011)) was taken into consideration, to enhance the comparison 

of the two frameworks in the validation phase. This meant arranging the options of the 

methodological framework in categories with the same name, where appropriate, without any 

further additions. 

The result can be seen in the Figure 4.6. 



Method 
Elements 

Objective 
Performance 
dimension 

Cost | Time | External Quality | Internal 
Quality | Revenue 

Actor 
Internal Actor Process Worker |Management | Supporting staff  [BPR 

specialist | IS specialist | Finance specialist | Quality specialist 
| HR specialist] 

External Actor External consultant | Patient | Supplier  

OutputFormat 
TO-BE process 
specification Summary redesign proposals | Process model | Process 

description| Forms |Simulation model 

Force field analysis 

Input 
 Redesign requirements Performance goals | Customer needs | Stakeholder needs 

AS-IS process 
specification 

Process description | Process model | 
Simulation model | Physical layout 

Process   
weaknesses 

Process performance | Problem investigation |Process 
structure measures  

Redesign 
catalysts 

Medical guidelines | Medical key interventions | Previous 
solutions | Benchmark process insights | Benchmark process 
model  

Technique  Semi-structured 

Unstructured | [Unknown] 

Tool 
 Communication 

Output 
Training | Process development or modifications | Guidelines or rule changes | 
Improvement ideas | Standardized methods | Pilot run 

   



Next, we were interested in looking into patterns for the options and identifying interesting 

relations like implications (e.g. if certain options are present then which are the options that are 

also present in most cases). One method to obtain these patterns or “If-Then” rules is to apply rule 

induction or association rule learning (Mitchell, 1997), which is a concept from data mining. The 

type of information discovered using this technique can be used as a basis for decision making. For 

example, making certain methodological choices based on current already made decisions. We used 

this application later in the analysis together with the assumption that most redesign initiatives 

identify first the objective element, as a result of a business need. Then, we looked into particular 

relationships that occur between the chosen objective and the rest of the method elements. 

Other data mining techniques like clustering or decision trees are not very suitable for our type of 

data. Through clustering similar objects are grouped together based on certain attributes they have 

in common. In our case clustering the studies based on the common options extracted from them 

would not provide a valuable research result. A decision tree is a predictive model that, as its name 

implies, can be viewed as a tree.  Specifically each branch of the tree is a classification question and 

the leafs of the tree are partitions of the dataset with their classification. For example, segmentation 

of customers, products, and sales regions is something that can be easily done with decision trees. 

This segmentation is performed in order to get a high level view of a large amount of data, because 

the records within each segmentation are somewhat similar to each other or to predict the position 

of a new element. In our case, a segmentation of the options can be done by the method element. 

However, this does not add valuable information, as we already have this separation in place. A 

second segmentation can be done by the frequency. However, we obtain these results by calculating 

the frequencies and the small size of our dataset does not require a special visualization technique 

such as a decision tree. 

Rule induction on a data base can be a massive undertaking where all possible patterns are 

systematically extracted out of the data and then a confidence and support are added to them that 

tell the user how strong the pattern is and how likely it is to occur again. The rules that are 

extracted from the database are ordered to be presented to the user based on the percentage of 

times that they are correct and how often they apply. A rule is a construction of the format 

[antecedent -> consequent], which means that the occurrence of the antecedent implies the 

occurrence of the consequent. 

The strength of rule induction systems is that it retrieves all possible interesting patterns in the 

database. The selection of the relevant rules is partially done by selecting an appropriate 

confidence and support and partially by the user’s own reasoning given his research interest.  

The support of an item set is defined as the proportion of transactions in the data set which contain 

the item set. 

Confidence is a measure for “how often the rule is right”. Thus, how often, if the antecedent 

occurred, also the consequent occurred. High confidence rules are important because they imply 

that there is useful predictive information in the database that can be exploited - namely that there 

is something far from independent between the antecedent and the consequent. 
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Applying the association rule learning concept involves several requirements: having a set of binary 

attributes called items (e.g. I= {Objective.Cost, Objective. Time, Input.ProcessPerformance…}) and a set 

of transactions called a database.  Typically rule induction is used on databases with either fields of 

high cardinality (many different values) or many columns of binary fields. In our case, the database 

was a table having the articles as rows and the options as columns. The occurrence of a term in an 

article has been marked with 1; otherwise the value in the database is 0. A sample can be seen in 

the figure below. 

 

Figure 4.7. – Sample of the database 

Next, to obtain the actual rules (e.g. [Input.ProcessPerformance, Technique.Unstructured(UK)]-

>[Objective.ExternalQuality], which means that when the pair in the antecedent occurs, also the 

option in the consequent occurs with a certain support and confidence) we used a software 

specialized in data mining (KNIME). The model used to obtain the results in shown in the figure 

below. 

 

Figure 4.8. – KNIME model for association rule learning 

To select interesting rules from the set of all possible rules, constraints on various measures of 

significance and interest could be used. The best-known constraints are minimum thresholds on 

support and confidence. 

When only taking support into consideration, we obtained the most frequently met pairs of options 

that have an occurrence higher than the given support. For example, at minimum support 0.8 the 

most frequent term is Input.Process performance (support=0.889) and the most frequent pair of 

http://en.wikipedia.org/wiki/Association_rule_learning
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terms is [Input.ProcessPerformance, Technique.Unstructured(UK)]  (support=0.759) (Appendix 9 – 

table 1) 

When adding a minimum confidence of 0.8, we obtained the actual rules (Appendix 9 – table 2). 

 This set of results shows that the most frequent options from each method elements are also 

interconnected. Thus, we first see strong relationships between the most critical methodological 

decisions (the most frequent options), such as: most of the cases use process performance as input 

data (how the current process is performing), which they process following an unstructured 

technique (in a brainstorming, workshop etc). Also, when the objective was to improve external 

quality, there was a high occurrence of using an unstructured technique and process performance 

as input data. Or, obtaining the summary redesign proposals as an output is highly linked to using 

process performance as an input. 

In order to obtain more rules, we could either lower the support or the confidence. Given the fact 

that in our database there are a small number of elements that have a high frequency, lowering the 

support helps identify rules containing other options as well. Maintaining the confidence high is 

preferred so that the discovered rules are trusted. The rules obtained at minimum support 0.6 and 

minimum confidence 0.8 are shown in Appendix 9 - table 3. 

When lowering the support considerable enough to allow other options to be captured in rules 

(minimum support 0.2, and minimum confidence 0.8), some new elements were added to the ones 

in table 4.2 (e.g. Input.ProcessDescription, Objective.Time). Summary Redesign Proposals is always 

the consequent when Process Performance, Time, Problem Investigation, Process Worker, and an 

Unstructured(UK) technique are in the antecedent. 

When we wanted to look into particular relationships occurring between, for example, Input and 

Output Format only, we took a dataset containing only their options as columns into the same 

KNIME model. The results are in Appendix 9 – table 4. We noticed that when problem investigation, 

process model and process performance, or any two combinations of the three, or process model or 

process investigation alone were taken as inputs, the output contained with a high probability the 

summary redesign proposals. Also, taking process performance goals as an input in all cases 

implied also measuring the process performance. With a slightly lower confidence, the same applies 

when taking medical guidelines or process model as an input. 

An interesting set of relations is between the method element Objective and the other method 

elements. The reason behind this selection was that one particular practical applicability of the 

framework is to act as a decision making tool for the method elements, once one of them is known. 

For this we identified possible rules and relations between the elements. We chose the objective 

element as a starting point, since it is derived from a business need, which is acknowledged to 

determine a business process redesign initiative.  

Once the objective is known, we were interested in finding possible relations with the other method 

elements and their options. The results are shown in Appendix 9, tables 5, 6 and 7. 
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When we took into account Objective and Input, we obtained that the time objective usually 

conditions that process performance, problem investigation and a process model are taken as 

inputs; Also, the external quality objective depends on the performance goals and medical 

guidelines; 

If we look at the rules between Objective and Actor we see that whenever there are BPR specialists 

or management involved, also process workers are involved or that in order to improve cost, 

external quality or time, the process workers should be a part of the redesign. 

For the Objective and Technique rules, the results show that when cost, time or external quality 

improvements were desired, the utilized technique was unstructured (unknown). When the 

revenue objective was present, then the technique was either unstructured or semi-structured. 

For Objective and Output Format, the results indicate that whenever the objective was to improve 

time, revenue, internal or external quality or cost, the preferred output format was summary 

redesign proposals. Once this was chosen, other output formats are possible (e.g. Forms or Process 

description).  

 

With respect to the type of study, 44,44% of them are clinical pathways, while 31,48% are use a 

Lean methodology and 31,48% use a Six Sigma approach. 1,85% talk about continuity of care and 

3,70% about quality improvement. 11,11% do not have a label. In terms of environment setting, all 

the studies are run in a hospital, out of which 24% are in a teaching hospital. The patient type is set 

to either emergency(14,81%) non-emergency (83,33%).  

4.2.2 Framework Validation 
4.2.2.1. Field Survey 

 

The field survey among consultancy firms, as discussed in the Methodology section, contains the 

following phases. 

1. Searching and selecting the consultancy firms that are activating in the field of BPR; 

2. Planning and preparing the interviews; 

3. Running the interviews; 

4. Summarize  data from the interviews; 

5. Validate the extracted data with the interviewees. 

In step 1, searching the companies resulted in a set of 429 companies, which were further reduced 

after applying the exclusion criteria to a number of 88 companies. The list of the companies that 

were included in the Company.info selection is shown in Appendix 0. For this set, the website was 

checked with the aim of selecting those companies that provide services related to business process 

redesign. A total number of 14 companies were selected. The survey was sent to these companies 

and 8 of them answered, with an answer rate of 57,14%. Except one, these companies were invited 

for an interview, because they met the criteria necessary for this last step. To our invitation, a 
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number of 5 companies agreed to participate in the research project, and an interview was 

scheduled and performed with 3 of them until July 2012. These results met our expectations, which 

were set to have 3 to 6 companies for the interview.  

 

Figure 4.9. – Searching and selecting the companies 

During the interviews, the similar methodological framework (Appendix 10, (Vanwersch, et al., 

2011)) was presented, because of the fact that the interviews were run with a healthcare specialist 

and a non-healthcare specialist and this framework contains opstions of multiple application 

domains. Having the similar methodological framework validated via the interviews also implies 

that our methodological framework benefits in terms of validation by the industry. 

In reporting the interview results, we use a coding approach instead of providing the real names of 

the companies, because of confidentiality. They are labelled as Company A, B and C.  

The interviews were run following the procedure detailed in the methodology section. The results, 

in terms of the interview data extraction form are shown below. Moreover, for each interview a 

summary was written and sent to the companies (Appendix 11). Two abbreviations are used for 

space purposes: HC (healthcare) and NHC (non-healthcare, which also means other application 

domains).  

Table 4.3 contains the information collected during the interview in the interview data extraction 

form (Appendix 6). Detailing, Step 2 contains information on the options that are elicited by asking 

open questions (e.g. “What method techniques is your company using in BPR initiatives?”). Step 3 

contains the information the interviewers give when asked to assess the completeness of the 

framework (“Which terms are missing for this method element is your opinion?”). Step 4 captures 

the differences between the healthcare domain and other application domains, as indicated by the 

interviewers.   
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Company Step Objective Technique Tool Actor Input Output 

Format 

A 2 Cost, 

Revenue, 

Time, 

External 

quality 

Unstructured  Management, 

Process worker, IS 

specialist, Finance 

specialist, 

Healthcare 

insurance 

specialist, 

Employer, 

External 

consultant 

Performance 

goals, Process 

model, 

Process 

performance, 

Problem 

investigation, 

Internal 

design 

principles  

Process 

model 

A 3    Quality specialist, 

Healthcare 

insurance 

specialist, 

Employer 

Internal 

design 

principles, 

Legislation 

 

A 4 HC:  The 
redesign 
objectives 
are 
slightly 
more 
related to 
external 
quality 
than in 
the 
commerci
al sector 
 

HC: 

Unstructured; 

NHC: Semi-

structured, 

Structured 

 HC: Healthcare 

insurance 

specialist, 

Employer 

HC: The 
identification 
of process 
weaknesses 
needs more 
substantiatio
n in order to 
get 
commitment 
for change.  
 

 

B 2 Cost,  

External 

quality 

Unstructured  Management, 

Process worker, IS 

specialist, 

Benchmark 

company worker, 

Legal specialist, 

Finance specialist, 

HR specialist 

Process 

performance, 

Process 

model, 

Problem 

investigation, 

Benchmark 

process 

insights 

Summary 

redesign 

proposals 

 3 Conforma

nce to 

legal rules 

  Legal specialist  Legislation  
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Table 4.3. – Company interviews summaries – interview data extraction form 

Several conclusions can be extracted from this summary. We address them step by step.  

In step 2, agreements between all companies existed in having cost reduction as an objective and in 

using an unstructured technique during redesign. The actors involved are in all cases process 

workers and management. For the input element, common options are: process performance, 

 4    NHC: Considerably 

less people 

involved, a one-

actor situation 

possible 

  

C 2 Cost, 

External 

quality, 

Conforma

nce to 

legal rules 

Unstructured  Process worker, 

Management 

Performance 

goals, 

Constraints, 

Problem 

investigation, 

Process 

performance, 

Process 

description, 

process 

models and 

benchmark 

process 

insights.   

 

Summary 

redesign 

proposals, 

process 

descriptions 

and process 

models 

 3    Quality specialist,  

Benchmark 

company workers 

Legislation, 

Reference 

models 

 

 4      HC: Process 

models are 

less 

frequently 

used than in 

NHC. 

Instead, 

process 

descriptions 

are used. 
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process model, problem investigation. As for the output format element, the most frequent 

elements are summary redesign proposals and process models. Additions to our framework were 

conformance to legal rules as an objective, legal specialist as an actor and internal design principles 

as an input.  

In step 3, the additions mentioned above were reinforced, and new missing elements were 

identified, such as quality specialist, healthcare insurance representatives and (benchmark) 

company workers  as actors and legislation as an input. The quality specialist and legislation related 

options (legal specialist, conformance to legal rules, legislation) were mentioned by all three 

companies and this, together with the background discussion around them, is a relevant argument 

to consider them as further extensions of the methodological framework. 

Step 4 brings some general remarks: in the healthcare domain, there is less focus on internal quality 

than in other application domains, the techniques used are unstructured as opposed to other 

domains, where semi-structured or even structured techniques can be met, specific and 

considerable less actors are needed (e.g. health insurance specialists). Also, in the healthcare 

domain, process models are less frequently used, as opposed to process descriptions.    

4.2.2.2 Comparison with a similar methodological framework 

 

As discussed in Section 4.1.2.2., the second type of validation involved a comparison with a similar 

framework (Vanwersch, et al., 2011). 

The figure below contains the comparison. The similar methodological framework is used as a base 

model and a colour coding is used to indicate the agreements (green) and additions of our 

framework (red). The options that are not discovered in our framework are in black. The Output 

element is not considered in the similar methodological and we omit it from the comparison as 

well. 

Two observations regarding differences in options’ names:  

*) The “BPR consultant” in the similar methodological framework has a corresponding definition of 

the “External Consultant” in our framework.  

 

**) “Process output measures” in the similar methodological framework equals “Process 

performance” in our framework.  

 

We can see in the resulting comparison that there is a high degree of agreement. Out of 58 total 

options, 35 are common, which means a 60,34% agreement. The conclusion we can take from this 

result is that the case studies from the healthcare domain confirm the choices identified by research 

(the methodological studies).  

There are three additions brought by the methodological framework: the Quality specialist as an 

actor, Forms as an output format and Physical layout as an input element.  

The presence of the Quality specialist was also signalled by the consultancy companies in the field 

survey as being important. A particular property of healthcare processes is that they need to satisfy 
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certain safety requirements. The Quality specialist offers support and checks that these 

requirements are fulfilled, which explains the importance of this option in the framework. 

Forms are particularly important in the healthcare domain because they register the evolution of a 

patient’s case. In some situations they are the product of the redesign activity, because the type of 

information they contain is conditioned by the process execution. For example, changing the types 

of tasks performed in a clinical pathway or their order should also reflect in the checklist of a 

patient’s documentation. However, correspondent examples can be found in other application 

domains (for example the forms used in administrative processes) and this is the reason why we 

believe this option is valid for other application domains as well.  

Nonetheless, the Physical layout is important to consider in the healthcare domain because the 

physical setup of facilities where the process is executed impacts performance (e.g. shorter 

distances between the rooms needed for a critical patient handling). This is more evident for 

processes handling objects, like the ones in the healthcare domain (e.g. patients) than for 

administrative processes. However, since the similar methodological domain addresses all sorts of 

application domains, we argue that taking into account the physical layout may be valuable. 



 

Method 
Elements 

Objective 
Performance 
dimension 

Cost | Revenue | Time | External Quality | 
Internal Quality | Flexibility 

Degree of 
involvement 

Radical | Incremental 

Actor 
Internal Actor Process Worker |Management | Supporting staff  [BPR specialist | 

IS specialist | Finance specialist | HR specialist |Marketing 
specialist | Quality specialist] 

External Actor BPR consultant*| Customer/ Patient | 
Supplier  

Output [Format] 
TO-BE service concept 

TO-BE process 
specification 

Summary redesign proposals | Process description | Process 
model | Simulation model | Forms 

TO-BE exception handlers 

Force field analysis 

Input 
 Redesign requirements Performance goals | Stakeholder needs | Customer needs 

Constraints 
Risks 

AS-IS process 
specification 

Process description | Process model | Simulation model | 
Physical layout 

Process   
weaknesses 

Process output measures** | Process (structure) measures | 
Different opinions | Problem investigation | Culture  

Redesign 
catalysts 

Medical guidelines and key interventions | Previous solutions | 
Benchmark process insights | Benchmark process model | 
Technology developments | Suitable partners  

Technique  Structured 
Repository based | Case based | Rule 
based 

 Semi-structured 

Unstructured 

Tool  Communication 

 Voting 
 Modeling 
 Simulation 

Repository 



4.3. Discussion 
 

In this chapter we have dealt with the development and validation of a methodological framework 

to support business process redesign professionals in their initiatives. In this framework we have 

presented seven method elements and their specific options. The main objective of the 

development of the methodological framework was to answer the first three research questions, 

and the objective of its validation was to confirm the answer of the first question and present a 

response for the fourth research question. 

The answer of the first question is the list of options under each method element. The two 

validation methods certify a good degree of completeness of the methodological framework. 

However, some results deserve special attention. The methodological framework identifies the 

Revenue as an objective. This is an addition to the already known performance dimensions: Cost, 

Time, (Internal/External) Quality and Flexibility. We argue that indeed Revenue should be included 

in the evaluation framework (Jansen-Vullers, Kleingeld, & Netjes, 2008), because increasing 

revenues has different implications than cutting costs. For example, cutting costs might be achieved 

through personnel reduction, which might not increase revenue. The latter can be achieved through 

better programs and thus more customers. A suggestion is to include the Revenue on the same 

dimension as Cost and rename this dimension to Profit, for example. A second observation related 

to the Objective element and performance dimensions is that Flexibility was not discovered in the 

cross-case survey. This is a notable finding, since we see a preference of the industry towards 

flexible processes  and fields like Dynamic/Adaptive Case Management are in a fast development 

(Miers & Le Clair, 2011). A possible explanation can be that healthcare is a rather conservative 

domain, which prefers well-defined repeatable processes rather than highly flexible ones. 

A third remark concerns the Technique element. We have noticed a clear preference for 

unstructured techniques and in a limited number of cases, semi-structured techniques were used. 

No structured approaches were identified. An explanation could be the limited research in this field 

The BPR framework is an example of a structured technique that was developed from 

administrative processes. Healthcare processes have certain properties that should be further 

covered and we address this problem in Chapter 5. Moreover, these techniques have a rather low 

awareness among the healthcare practitioners, which can further explain that they are not seen in 

practice. 

Last, we expected to see more diversified and a higher usage of tools. The results indicate only the 

presence of communication tools (email) in 1.85% of the articles. This indicates a low support 

during redesign from the technological side. Software tools have apparently not yet reached the 

product maturity to be used on a large scale.    

Regarding the first validation (Field survey) all options were recognized and indicated as feasible 

by the consultancy companies. In addition to the framework, several notable options were 

mentioned. Legislation (together with Legal specialist, Conformance to legal rules), motivated by the 

fact that end products/services are often under governmental regulations. Next, a Quality specialist 

was mentioned to define and measure the improvements. A particular property of healthcare 
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processes is that they need to satisfy certain safety requirements. The Quality specialist offers 

support and checks that these requirements are fulfilled. To support redesign, Internal design 

principles or Reference models can be used. In the latter case, a Benchmark company worker might 

be invited for guidance. Also, Healthcare consultants mentioned the involvement of Insurance 

companies and Employers(companies) in some processes. 

We argue that these are valuable additions to the framework, and that they should be validated first 

by research. 

In the second validation, the comparison with the similar framework (Vanwersch, et al., 2011), all 

options, except three (Forms, Quality expert and Physical layout) were identified. We argue that they 

can be added to the similar framework and that they have a high applicability in healthcare 

especially. The Quality expert was confirmed by the field survey.  Forms are particularly used in the 

healthcare to register the evolution of a patient’s case. When changing the tasks or their order of 

execution, this should also reflect in checklists, for example. The Physical layout  refers to the 

architectural arrangement of a hospital’s facilities (e.g. rooms, buildings, non-human resources). It 

is important when we think of constructing new buildings or rearranging facilities in existent 

hospitals. For example, arranging shorter pathways to manage critical patients. Physical layout 

however makes the object of an additional discussion in Chapter 5, which can explain its relevance 

for the methodological framework as well. 

To answer the second and third questions we have looked into the frequencies and resulting 

patterns between these options, respectively, so that further decisional support is provided to the 

specialists. Not surprisingly, we have found that the set of the most frequently met options are also 

interconnected: (Input) Process Performance, (Technique) Unstructured (unknown), (Actor) 

Process Worker, (Objective) External Quality, (Output Format) Summary Redesign Proposals (the 

occurrence rate is over 65%, except Tool.Communication). These are among the options that were 

mentioned by all 3 companies: (Objective) Cost, (Technique) Unstructured, (Actor) Management, 

Process worker, (Input) Process model, Process performance, Problem investigation and (Output 

Format) Process Model and Summary redesign proposals. Again, no tools were mentioned. The only 

difference is the objective: External quality in literature and Cost in the field survey. This is an 

interesting result, because cost was present in 43% of the articles only, but it was the very first 

option indicated by the companies. The result indicates in industry, most of the projects are start 

from a business need dominated by cutting costs, while in the literature, the objective originated in 

research purposes and not an immediate business need. 

 Interesting connections have been identified between these options and less frequent ones and a 

special focus was put on the relationships between the Objective options and the rest of the options. 

Two rules involve objectives only. The first indicates that internal quality becomes important only 

after external quality was met, which is true in a world dominated by customer requirements. The 

second rule is less expected: there is no relationship between cutting costs and increasing revenue. 

While the implications of both are not necessarily connected, we would have expected an average 

support for this rule.  

Technique  
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Improving internal/external quality can be achieved by using unstructured techniques. However, to 

improve cost or revenue, semi-structured techniques became more present. Also, in this latter case, 

time was also important. These implications are logical since quality improvement opportunities 

can be elicited from stakeholders during brainstorming sessions, while achieving more measurable 

results involves first setting precise goals and then following proven, goal oriented techniques. The 

connection with the time dimension is explained by the fact that cost reductions occur when less 

time is needed per patient, so less money is spent on hospitalization. Revenue increases occur when 

more patients can be treated, which translates into a faster throughput time. 

Actor 

The rules indicate that regardless of the objective, the process worker is involved. This emphasizes 

the need for the actual process executors to be part of the redesign process before any other type of 

actor. This finding is validated by the consulting companies: they mentioned that in all cases the 

process worker takes part in the redesign. Two interesting results indicate that when time 

improvement was the objective, management was  consulted and when external quality was the 

objective, either  a BPR specialist or an external consultant were involved. This finding is 

reasonable if we consider that in general management dictates goals, while the two types of 

specialists should be able to identify the areas for quality improvements. 

We would have expected a higher presence of the quality specialist, especially for improving 

external/internal quality. This expectation was set by the firm answer of the consultancy 

companies regarding the importance of the quality specialist; however, the rules did not confirm it.  

Other roles mentioned in the field survey and not found in the rules are also  supporting staff  (IS 

specialist, Finance specialist, HR specialist). We would have expected to see the Finance specialist 

when improving costs was an objective. 

Input 

The rules show that improving time involves taking Process performance,  Process models and 

Problem investigation as inputs. The requirement could also be applied for other objectives as well, 

since it contains generic inputs (not necessarily time related); however this result is not explicitly 

seen in the rules. We are also missing strong rules for internal quality, cost and revenue. For 

external quality, an interesting rule shows that medical guidelines and performance goals should be 

taken as inputs. The result is logical, since improving external quality should first make clear what 

to improve (goals) and how to (guidelines). 

Output Format  

One rule indicates that when improving time, cost and/or revenue, process descriptions and forms 

should are the expected outputs . The result is not logical and instead, simulation outputs would 

have confirmed a general practice. Moreover, when looking at time alone, the simulation is shown 

in a rule.  When improving external quality, a force field analysis was indicated as an output, which 

reflects the reality. Redesigning to improve quality should finalize with a report indicating the 

benefits for the stakeholders involved.  
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Apart from assessing the completeness of the methodological framework, the field survey aimed at 

identifying the main differences between the healthcare domain and other application domains, 

which makes the object of the fourth research question.   

In the healthcare domain, the redesign objectives are slightly more related to external quality (e.g. 

social return on investment) than in the commercial sector. There is a need for radical change in the 

healthcare domain, but these kinds of changes are hard to realize due to rigid financing systems and 

the amount of highly specialized people that are involved in cross-organizational healthcare 

processes. Outside the healthcare domain, radical redesign objectives are more common. Current 

events (e.g. governmental cost reduction, disaster) determine often the redesign objectives in the 

healthcare and the public domain. Concerning participant actors, healthcare insurance company 

and employer representatives are important redesign workshop participants in the healthcare 

domain. More process actors participate in redesign workshops in the healthcare domain than in 

other domains, due to the amount of people that normally work within the process under study. In 

terms of output formats and tools no differences between the healthcare domain and other 

application domains are identified. For the input element, in the healthcare domain, the 

identification of process weaknesses needs more substantiation in order to get commitment for 

change.  As a technique, outside the healthcare domain, the use of repository-based and case-based 

techniques is more common.  

The findings for the healthcare domain are in alignment with the results from the cross-case survey.  
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Chapter 5  
 

Extended Business Process Redesign Framework 
 

As part of this project, the Business Process Redesign framework (introduced in Chapter 2) was 

enriched with elements from a second framework (TRIZ) used the New Service Design (Chai, Zhang, 

& Tan, 2005). The two frameworks can be used in structured techniques approaches and thus be 

placed as an example for the option (Structured Technique) under the Method element 

“Technique”.   

 

The decision of choosing this Method element (i.e. Technique) was based on the observation that a 

clear preference was shown in the healthcare domain for unstructured techniques (e.g. 

brainstorming). However, these have been argued to lead to an incomplete set of redesign 

possibilities. (Klein & Petti, 2006) To address this, more structured approaches are proposed, such 

as the Business Process Redesign framework, which involve applying a set of best practices 

resulting from common redesign patterns. 

 

Moreover, the results from the cross-case survey and field survey indicate that the structured 

approach was not used in any of the scientific studies, while consulting companies mentioned using 

similar approaches of best practices (Chapter 4). Thus, we understand that there is a need and 

attempt to use structured techniques in the redesign phase, but that further support from research 

should be provided in that direction. 

 

As mentioned in the Research Objective and Scope section, the development of the BPR framework 

involved primarily administrative processes and we looked to extend them with best practices that 

would address the particular aspects of the healthcare domain. For this, the TRIZ principles were 

investigated, because of the alignment between the services/products that were redesigned using 

them and the healthcare processes characteristics. The TRIZ methodology contains a structured 

problem solving approach with the stages: problem definition, problem resolution and solution 

evaluation (Chai, Zhang, & Tan, 2005).  In the second stage, 40 principles are introduced to offer 

support for generating product/service innovations ideas. A number of these principles have a 

close definition with existent best practices from the BPR framework, while others are not 

applicable at all, because of their focus on changing specific product characteristics (such as colour 

or shape). A third set offers new insights into redesign techniques and they are not captured in the 

BPR framework. This is the set of principles we were interested in and this chapter covers the 

details of the procedures utilized and the obtained outcomes.  

The resulting framework is named in this document “the Extended Business Process Redesign 

Framework” and a visual representation of it in the context of the thesis can be seen in the figure 

below. 
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Figure 5.1. – The Extended Redesign Framework in the context of the thesis project 

 

The methodological framework supports business process professionals in their redesign efforts 

and particularly for the Technique element, the Extended Business Process Redesign Framework is 

one example of a structured approach. 

 

5.1.  Research Methodology 
 

The objective of this section is to detail the procedure used to create an integrated, comprehensive 

business process redesign framework from the TRIZ and BPR frameworks.  

5.1.1. General procedure 

 

As discussed in the general research methodology section, the procedure that is used to create the 

integrated, comprehensive business process redesign framework is inspired by the Delphi method 

(Appendix 14).  

In this study, each step of the Delphi procedure contained two individual rounds one consensus 

round. The results of each individual round had to be mailed to the moderator. The moderator 

provided an anonymous summary of the experts’ results after each individual round. Regarding the 

consensus round, the experts met physically (or in online meetings). These meetings were chaired 

by the moderator.  
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5.1.2. Organisation 

 

In order to create the integrated, comprehensive business process redesign framework, four panel 

experts and one moderator were involved in the mapping procedure.  

Moderator  :  Rob Vanwersch (PhD student , Eindhoven University of Technology) 

Expert panel : Pieter Dat (Master student Operations Management & Logistics - Healthcare, 

   Eindhoven University of Technology) 

   Tobias Kroon (Master student Operations Management & Logistics -   

   Healthcare, Eindhoven University of Technology) 

   Oana Nitu (Master student Business Information Systems, Eindhoven  

   University of Technology)  

Luise Pufhal (Former master student Business Information Systems, 

 Humboldt University of Berlin / PhD student Hasso-Plattner Institut).  

5.1.3. Mapping Procedure 

 

Throughout the mapping procedure, a naming convention is used: “principles” are used to identify 

the propositions in the TRIZ framework, while the expression “best practice” is used for the BPR 

best practices. The term “proposition” generally refers to the both principles and best practices. The 

term “category” refers to a category of BPR best practices. For example, all the best practices that 

aim at improving how a business process is implemented will fall under a category labelled 

“Operation View”. 

The mapping procedure contained two kinds of steps: preparation steps and Delphi steps.  

Preparation steps: 

 Define which framework is used as the main model; 

 Identify the possible relationships between best practices and principles. 

 

Delphi Steps: 

1. Obtain a full understanding of all existing propositions  in both frameworks; 

2. Consider the atomicity of best practices; 

3. Identify the tuples (principle, category, best practice, relationship) based on the relationships 

defined in the preparation step; 

4. Identify new propositions and new categories; 

5. Check the appurtenance of propositions to one or more categories. 

5.1.3.1. Execution of preparation steps 
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The preparation steps were executed prior to the actual execution of the Delphi procedure. 

Decisions regarding these preparation steps had already been made and do not need further 

discussion by the panel experts. Below, the decisions that had been made are explained.  

Define which framework is used as the main model. Consider the other one the secondary 

model. 

The BPR best practices are grounded and have been validated in the field of BPR and the various 

best practices were derived from a wide literature survey and supplemented with experiences of 

the authors. The TRIZ framework has its origin in new product development. Given the objective of 

the new redesign framework, which is to further enrich the best practices in business process 

redesign, a decision was made to use the BPR best practices framework as a main model, to which 

propositions were added from the TRIZ framework. The new redesign framework had thus strong 

foundations in existing research and it wanted to test whether propositions that have proved their 

efficiency in other application domains can be used for Business Process Redesign as well. 

 Identify the possible relationships between best practices and principles. 

The following relationships are possible: 

 Association– An association relationship is a structural relationship between two propositions 

that shows that one proposition of one model connects to one of another model. 

 Generalization – A generalization relationship indicates that a specialized (child) element is 

based on a general (parent) model element. Although the parent model element can have one or 

more children, and any child model element can have one or more parents, typically a single 

parent has multiple children. This means that a proposition of one model typically includes 

more propositions of the other model. In our case, both directions were possible: either a TRIZ 

principle could be the child of a best practice, or a best practice could be the child of a TRIZ 

principle. 

 New model element – This is the case when no proposition of one model corresponds to 

another proposition of another model and the model element is of interest (e.g. new best 

practice).  

 

5.1.3.2. Execution of  Delphi steps 

 

With the exception of Delphi step 1, each step was performed in two individual rounds and one 

consensus round. As indicated in the general procedure section, the experts independently 

performed each individual round. The results of each individual round had to be mailed to the 

moderator. The moderator provided an anonymous summary of the experts’ results after each 

individual round. During the second individual round, experts were expected to adjust their 

individual answers based on the summary results. Regarding the consensus round, the experts met 

physically (or in online meetings). These meetings were chaired by the moderator. 
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Obtain a full understanding of all propositions in both frameworks 

 

A thorough reading of the two studies, “A TRIZ-based method for new service design” – Kah-Hin 

Chai, Jun Zhang, Kay-Chuan Tan and “Best practices in business process redesign: an overview and 

qualitative evaluation of successful redesign”, H.A. Reijers, S. Liman Mansar  was necessary to 

create a first impression on the particulars of the best practices and principles. Aspects connected 

to the framework elements should have been taken into consideration (e.g. customers, business 

process operations, business process behaviour, organization, information, technology or external 

environment). This step was performed individually by each expert in one round. 

 

Consider the atomicity of best practices 

 

When finding matching best practices, one aspect regarding the atomicity of the best practice 

should have been taken into account. Several best practices included dichotomous scenarios (E.g. 

“Specialist-generalist: consider to make resources more specialized or more generalist). In such 

cases, the best practice was split in two atomic propositions. For this step, only the best practices 

that have to be split needed to be documented. For each best practice that has to be split, the name 

(e.g. Specialist) and the new definition (e.g. Consider to make resources more specialized) had to be 

documented in Table 5.1 by the experts.  

 

Best Practice 

(original) 

Best Practice 

(split, first 

situation) 

Definition Best 

Practice (split, 

first situation) 

Best Practice 

(split, second 

situation) 

Definition Best 

Practice (split, 

second 

situation) 

     

  

Table 5.1. – Splitting best practices 

The result of the consensus round had to be document by the moderator in Table 5.2. 

Best Practice 

(original/split) 

Category 

  

 

Table 5.2. – Best practices and categories 

Identify the tuples (principle, category, best practice, relationship) based on the relationships 

defined in the preparation step. 
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Based on the decision made and the relationships defined in the preparation step and the 

understanding accumulated in the first step, the tuples (principle, category, best practice, 

relationship) were identified. Detailing, for each TRIZ principle, a matching best practice was 

selected, if applicable. The selection involved indicating the corresponding best practice, its 

category and the relationship between the best practice and the principle. The tuple (principle, 

category, best practice, relationship) was added to Table 5.3. The “Relationship” column should 

contain the word indicating the type of relationship between the principle and the best practice 

(e.g. “association”, “generalization: parent-child” (i.e. the TRIZ principle is a parent of the best 

practice), “generalization: child-parent” (i.e. the TRIZ principle is a child of the best practice)). The 

comments section should contain the reasoning for the choice made (e.g. correspondence between 

terms/situations, examples etc.).  

The following rules needed to be taken into account when mapping TRIZ principles to BPR best 

practices:  

 If an association relationship (“is like”) was possible, then the principle was added to the table 

with the corresponding best practice.  An association relationship (“is like”) means that the 

principle and best practice have a similar definition and that applying both propositions to 

similar processes would lead to similar redesign proposals. We assumed that only one 

association relationship is possible per TRIZ principle.  

 Only in case when no association relationship could be found, a generalization relationship was 

considered.  

 If one generalization relationship could be found, the principle was added to the table, 

accordingly. Only one generalization relationship per principle was possible. 

 If no matching best practice was identified at all, then the principle was added to a separate 

table (Table 5.4), which makes the object of the next step. 

 

Principle Category Best Practice Relationship Comments 

     

 

Table 5.3. – Mapping principles to best practices 

Identify new propositions and new categories. 

 

Considering the principles for which no association or generalization relationship was found in the 

previous step, a decision was made whether it should be added to the main model. More 

specifically, we needed to assess whether a TRIZ principle could be translated into one new 

proposition that was not covered by the current set of best practices. The following situations were 

possible and they should have been tested in the following order by the panel experts: 

 If a TRIZ principle could be translated to a new proposition and could be added to an existing 

(BPR) category, a Category parameter was defined for entry in Table 5.4, accordingly. 
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 If a TRIZ principle could be translated to a new proposition, but it could not be added to an 

existing category, then a new category should be defined where this new proposition could be 

added to. A new Category parameter is added in Table 5.4, accordingly. This Category entry was 

also added to Table 5.5.  

 If a TRIZ principle could not be translated to a new proposition (e.g. it is specific for products, 

no added value), it was marked accordingly (an entry in Table 4, with a “-” in the Category 

section)  

When creating new categories, one point of concern was the question whether several principles 

could be added to the same new category. This involved creating a category that was broad enough 

to capture as many of the new principles to be included as possible, but specific enough to be 

meaningful (address a specific process element). Thus, all categories should follow the MECE 

principle. (Mutually Exclusive Collectively Exhaustive). 

For the TRIZ principles for which a generalization relationship was found in the previous step, the 

added value (i.e. supports people to think about different redesign scenarios that the ones that are 

covered by existing best practices) of adding them to the “relationship” category as a new 

proposition was assessed. If there was added value in adding the TRIZ principle, the TRIZ principle 

and accompanying “relationship” category were entered in Table 5.4.  

Principle Category Comments Principle 

renamed 

Definition 

Principle 

     

 

Table 5.4. – Adding new propositions 

When a principle was entered in Table 4, the reason was stated in the comments section. The 

reason should take the form of examples, to help the experts explain the applicability of the new 

principle to Business Process Redesign.  

A newly entered TRIZ principle might contain product-specific terms that have to be adapted to the 

business processes terminology particulars. A renamed principle name could be entered in the 

column “Principle renamed”. In addition, the definition of the principle had to be entered in the 

column “Definition Principle”.  

For all cases, the reasoning behind creating / adding a category was documented. The reasoning 

contained the description of the category. 

Category Description 

  

 

Table 5.5. – Adding new categories 
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After the consensus round, the moderator created an overview of the framework that had been 

developed until this step. Table formats 5.5 and 5.6 were used to create this overview. 

Principle 

(renamed where 

applicable) 

Relationship 

(where applicable) 

Best Practice Category (original / 

new) 

    

 

Table 5.6. – Creating an intermediary overview 

Checking the appurtenance of propositions to one or more categories. 

 

After all the new categories had been added, the expert reviewed whether existing best 

practices/principles could be copied to other categories than the ones they were currently assigned 

to. Categories are describing process elements which can be addressed during a redesign project, so 

it might be the case that a certain principle / best practice was applicable to one or more categories. 

For each proposition that could be copied to another category, information was taken from Table 

5.6 and information was added in three additional columns in Table 5.7: “New category”, 

“Proposition renamed”, “Definition Proposition” and “Comments”. In the “New category” column, 

the name of the other category, where the proposition could be copied to, needed to be entered, e.g. 

Information. The name and original definition of the proposition (e.g. “Consider the replacement of 

an object by a less expensive duplicate”) might need some adjustment in the context of this new 

category. In the “Proposition renamed” column the adjusted name needed to be entered. In the 

“Definition Proposition” column the adjusted definition of the proposition needed to be entered. 

The “Comments” column should contain examples on how the best practice or TRIZ principle is 

applicable to the new category.   

Principle 

(renamed 

where 

applicable) 

Original 

principle 

name 

Relationship 

(where 

applicable) 

Best 

Practice 

Category 

(original 

/ new) 

New 

category 

 

Proposition 

renamed  

Definition 

Proposition 

        

 

Table 5.7. – Adding propositions to one of the new categories  
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5.2.  Results 
 

This section covers the results of above detailed procedure execution.  As mentioned above, the 

procedure involved several steps and the results can be seen, for each step, in Appendix 12. 

In Step 2 of the procedure three best practices from the BPR framework were identified as being 

candidates for separating dichotomous scenarios: Triage, Task composition and Specialist-

generalist. 

In step 3, the consensus was achieved over a number of 18 matches for the considered relations 

between principles and best practices, out of which 14 were association relations and 4 were 

generalization relations: either parent-child (3), or child-parent (1). Thus, we can say that the 

degree of overlap between the two frameworks was approximately 45% (18 agreements out of a 

total possible of 40, which is the number of principles), taking into account the assumption in the 

methodology section that only one relationship per principle is possible. 

In step 4, out of the principles for which no relation was possible, 14 principles were found not 

relevant for business processes, because of their high bias towards product development (e.g. 

changing colour or shape). 9 were considered relevant and they were adapted (name, definition) 

for BPR. Moreover, two more categories were identified at this step: Physical Layout and Non-

human resources. They are placed at the same relational level with Information, Technology and 

Organization (Structure and Population) because they focus, as these categories, on different 

aspects of the process redesign.  

The Non-human resources category come as a logical addition because healthcare processes work 

with physical objects (instruments, machines, consumable resources like medicines and medical 

tools).  Changes to physical layout are important especially when we consider construction of new 

facilities or the modification and reconstruction of existing ones. Here, the actual physical 

arrangement of rooms and medical facilities is taken into account. 

In step 5, there was no applicability for 20 of the already accepted principles/best practices and 

new categories, while for 7 an opportunity was identified to fit a new category. For them, the 

definition was adapted.  

The final result of the mapping procedure can be seen below, while the detailed overview is 

presented in Appendix 13.   
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Figure 5.2. – The Extended Business Process Redesign Framework 

 

The final list of the 17 best practices added to the BPR framework is presented, together with their 

categories, definitions  and examples in the table below. 

Category New Best Practice Definition Explanations/Examples 

Business process 

operation 

Prior counteraction Add tasks to prevent 

happening of a undesirable 

situation or to reduce its 

impact 

 

Creating tasks that 
would neutralize 
possible effects of 
existing tasks. 
 E.g. offering  the 
possibility of an extra 
service when 
something goes wrong, 
like money back for 
inadequate services. 
Or, introduce an extra 
meeting with the 
patient prior to surgery 
to make sure all details 
are covered. 

 Prior action Add tasks to smooth the 

execution of remaining 

tasks in the process  

 

Adding a change 
operation to a process. 
E.g. prepare patient 
documents before his 
arrival, based on 
medical history. 

  
Customers 

Products 

Organization 
-Structure 
-Population 

Information 

Technology 

Non-human 
resources 

Physical 
layout 

Business Process 

Operational View Behavioural view 
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 Periodic action 

 

Consider making an action 

periodic or changing the 

periodicity of an already 

recurrent action 

 

A repetitive action 
might improve the 
results of a process.  
E.g. request feedback at 
certain periods of times 
might improve the 
relationship with the 
customer, because it 
creates a continuous 
relationship. Or, 
consider the periodical 
check of a patient by a 
nurse. 

 Shortcut 

 

Introduce process short-cut 

possibilities 

 

Increasing the speed of 
a procedure through 
process shortcuts.  
E.g. the documentation 
for a critical patient can 
be done after the 
patient has been 
stabilized. 
 

Organization population Resource adjustment Consider changing  the 

number of human resources 

 

Scale the number of 
human resources 
needed based on 
anticipated load. 
E.g. increase medical 
staff when important 
social event is taking 
place (mutiny, sports) 

 Substitution 

 

Replace expensive human 

resources with less 

expensive ones 

 

E.g. Replace highly 
educated nurses from 
the blood sampling 
activity with lower 
educated nurses which 
are trained specially for 
blood sampling. 

Information Feedback Consider introducing 

feedback 

 

Introducing feedback 
forms to control the 
quality of the process. 
E.g. gather feedback on 
patient waiting time or 
quality of services. 

Physical Layout Reconstruction Consider reconstructing the 

physical layout 

 

Construct new 
facilities, reconstruct 
existing facilities or 
change functionality of 
facilities to minimize 
traveling distances. 
E.g. place preparation 
rooms next to surgery 
rooms.  

 Flexible layout 

 

Make the physical layout 

flexible 

Consider architectural 
designs that would 
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 allow for parts of the 
building to be modified. 
E.g. Remove mobile 
separator walls in a 
small waiting room to 
enlarge it, should it 
become overpopulated. 
Or, add separator walls 
in recovery rooms, 
should a patient desire 
(religion etc) to have 
increased privacy.  

 Physical shortcut 

 

Introduce physical short-

cut possibilities  

Create architectural 
solutions for shorter 
distances with limited 
access. 
E.g. be able to pass 
from one room into the 
next without having to 
go through the hallway.  

Non-human resources 

 

Sustainable use 

 

Consider reusing, dissolving 

or evaporating non-human 

resources 

 

Discard used resources. 
E.g. by burning, 
dissolving, evaporating, 
etc. 

 Resource adjustment 

 

Consider changing  the 

number of involved non-

human resources 

 

E.g. increase number of 
machines (MRTs) 

 Flexible assignment 

 

Assign non-human 

resources in such a way that 

maximal flexibility is 

preserved for the near 

future 

 

E.g. decide that 
machines which can 
perform multiple 
operations should be 
used only when the 
smaller, specialized 
ones become busy. 

 Specialist-generalist 

 

Consider to make non-

human resources more 

specialized or more 

generalist 

 

E.g. use one of the ORs 
only for emergencies, 
or instead of using one 
ORs only for 
emergencies; making it 
also available for 
planned operations. 

 Buffering 

 

Consider to buffer non-

human resources 

 

E.g. Stocking high 
quantities of medicines 
to use in case of 
emergencies. I this way, 
waiting for delivery in 
case of emergency is 
eliminated. 

 Copying 

 

Consider to use inexpensive 

copies of non-human 

resources instead of 

expensive original ones 

E.g. use copies of 
resources like ct-scans 
from other hospital. Or, 
use electronic patient  
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 les instead of paper 
versions. 

 Substitution 

 

Replace expensive non-

human resources with less 

expensive ones 

 

E.g. Lower quality 
paper. Or, use less 
dedicated medicine 
with the same results. 

 

Table 5.8. – New categories and / or best practices 

The Extended Business Process Redesign framework has thus a total number of 45 best practices 

grouped in 9 categories. One best practice from the original framework (Extra resources) was 

modified to Resource adjustment,  so that also a possible decrease in the number of resources is 

captured. 
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5.3.  Discussion 
 

In this chapter, we have dealt with best practices in implementing BPR in healthcare. A framework 

for classifying best practices was presented as a mean to answer the fifth research question. 

 The framework was the result of an investigation run in a related research domain (New Service 

Design). Looking into other domains was determined by the gap between the healthcare processes 

needs and the current research on business process redesign practices.  The framework adds 

healthcare related best practices to a set derived from administrative processes. Two main 

additions are the best practices that deal with non-human resources and the physical layout of a 

process. Healthcare processes work with physical objects (e.g. instruments, machines, consumable 

resources like medicines and medical tools), so the non-human resources related best practices 

come as a logical addition. These best practices deal with the (re)utilization of the resources 

(Sustainable use, Substitution, Copying), choices regarding the number or type of resources to use 

(Resource adjustment, Flexible assignment, Specialist-generalist) or time /speed of utilization 

(Buffering). This division shows that major questions regarding non-human management resources 

are covered (what, when, how much, how fast?). 

Changes to physical layout are important especially when we consider construction of new facilities 

or the reconstruction of existing ones. These decisions influence process performance so having 

guidance in this direction appears of considerable importance. The best practices support these 

decisions by covering the reconstruction of existing physical arrangements (Reconstruction), 

adjustment (Flexible layout) and new constructions (Physical shortcut). 

Other new additions fall under existent categories. In the Information category, the Feedback best 

practice was added.  It involves checking the execution of an activity from the past with the aim of 

improving its perceived performance. This best practice is important in the context of a changing 

healthcare environment, where customer satisfaction becomes increasingly important as patients 

become responsible of choosing their care institutions. (Rivers & Glover, 2008) 

The category Business Process Operation contains several new additions as well. Prior 

counteraction recommends adding tasks to prevent happening of an undesirable situation or to 

reduce its impact. In the context of healthcare processes, this practice means adding tasks to 

improve safety (reduce unwanted reactions to medical procedures). Prior action means adding 

tasks to smooth the execution of remaining tasks in the process or, in the healthcare context, 

preparing predicted events, so that time is given for the best answer to be chosen. Also, the effects 

of task execution are well received by the involved actors or even the duration of tasks can be 

shortened when prior preparation is done. Periodic action assumes that a repetitive action might 

improve the results of a process. For example, requesting feedback at certain periods of times might 

improve the relationship with the customer, because it creates a continuous relationship or 

considering the periodical check of a patient by a nurse can increase the perceived quality of the 

service. Shortcut assumes that increasing the speed of a task might improve the overall result, when 

the speed of execution is more important than quality. For example, the registration of an 
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emergency patient can be reduced to filling in basic information, while extensive information can 

follow after the medical procedures. 

In Organization Population, Resource adjustment takes care that the number of human resources 

can be changed when the situation asks it. For example, during special events occurring in the 

proximity of the hospital when incidents are expected, the number of available resources can be 

increased. Substitution implies that expensive human resources are replaced by less expensive 

ones. This can be useful when highly qualified resourced perform tasks under their preparation, 

which can also be executed by less trained resources. 

In some cases, the newly added best practices relate to the original ones. This is the case for 

Periodic Action which suggests that certain tasks can be executed periodically, while the original 

best practice Order-based work suggests removing periodic actions from business processes. Both 

can be beneficial in different circumstances. For example, order-based work is recommended when 

individual cases should be followed from beginning to end by a specialist, while periodic action 

might mean a patient is visited by a nurse at certain times, which can improve quality.  

A different focus is noticed also between Task elimination(original) and Prior counteraction or Prior 

action, which consider adding tasks to serve certain purposes. Task elimination can be beneficial for 

time optimization, while Prior action/counteraction for quality improvements.  

Resource adjustment has a similar interpretation as Numerical involvement (original), however the 

adjustment would be temporary, given contextual circumstances, while the Numerical involvement 

looks at the resources involved in a process on the long run. Substitution and Specialist-generalist 

(original) also have a similar meaning, which is that of managing resources by their area of 

expertise. While Specialist-generalist suggests a modification of the human resources’ focus (e.g. 

training), Substitution suggests replacing human resources with less expensive ones, and not the 

focus. Resource adjustment, Flexible assignment, Specialist-generalist and Substitution  from the Non-

human resources category suggest similar actions  with the best practices  having the same names 

under Organization population category. A possible future action in this direction would be to 

merge the two categories (under the name “Resources” for example) and distinguish only between 

the best practices that are applicable exclusively to human resources (e.g. Empower) and non-

human resources (e.g. Copying).  

Buffering is present in Non-human resources and Information, because of the similar idea of finding 

a solution for faster accessing the resources/information. 

We believe that these best practices represent a consistent addition to further serve the healthcare 

domain. They can be used as an awareness raising material for the aspects to be considered when 

dealing with the specific needs of the healthcare domain. Limited assistance is offered for each 

practice (definition and examples). As future work, a more extensive explanation and utilization 

details should be provided for each added best practice. Moreover, they should be validated against 

literature studies or hospital practices, as they are a product that suffered adaptations from its 

original form. Also, this validation was outside the hospital environment, thus the need for 

confirmation of validity in the healthcare domain. 
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Chapter 6 

Conclusions and Future work 
 

The contribution of this report is two-fold. First, we assist professionals in business process 

redesign initiatives through the methodological framework to and secondly, we provide further aid 

in terms of a structured technique approach.  

We answered the first research question by providing a list of options identified in literature. These 

are decisions that healthcare practitioners should make for redesigning processes. We 

demonstrated that the list of options has a high degree of completeness by indicating the 

agreements with the industry. In general, all options were considered feasible and several additions 

are  possible. They are related to legislation (Legal specialist, Conformance to legal rules) or quality 

insurance (Quality specialist), partners (Healthcare insurance specialist, Employer, Benchmark 

company worker) or guidance to use (Internal design principles, Reference models). We consider 

there logical additions to the framework and they should be further validated to confirm our 

supposition. 

A special attention should be given to several options. Revenue is an addition to the performance 

indicators in (Jansen-Vullers, Kleingeld, & Netjes, 2008) and future work should indicate if revenue 

should be incorporated in the evaluation framework. An unexpected results, Tools were 

represented in very limited manner in the outcomes of the cross-case survey and field survey. 

Extended efforts from research and industry should be taken to assist professionals with 

professional tools for redesign.  

The same situation was discovered for structured techniques. We argue that applying structured 

techniques leads to a broader palette of redesign possibilities. The second part of this report brings 

contributions  to helping professionals with more advanced redesign techniques.  

The second research question focused on finding the most frequent options, or decisions. We found 

that the most frequent ones are (Input) Process Performance, (Technique) Unstructured 

(unknown), (Actor) Process Worker, (Objective) External Quality and (Output Format) Summary 

Redesign Proposals. Other important options to mention are (Objective) Time, Cost, (Input) Process 

Model, Problem investigation, Medical guidelines, Performance goals and Benchmark process 

insights. We would have expected to see more often (Input) Customer needs, because healthcare 

progressively aligns to a customer-driven business model. Also, the presence of (Actor) BPR 

specialist or External consultant is rather limited (approximate 20%). Given that this is a study on 

the redesign activity, experts in this area were expected more often. 

We looked to answer the third research question by applying associations rule learning.  Some rules 

confirm our expectations, such as identifying a strong connection between internal/external quality 

and unstructured techniques and between time, cost and revenue and semi-structured techniques. 

Also, process workers are involved in the redesign regardless of the objective, and specifically for 

time management is added and for external quality, it is either BPR specialists or external 
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consultants. External quality is connected to setting performance goals and looking into medical 

guidelines.   

Other rules contravene our expectations. We didn’t find a connection between internal/external 

quality and quality specialist, which was an anticipated result. The same applies for cost and 

revenue, which seem not to be related, but both relate to time. Or, we found results that seem to 

contradict reality: time, cost and revenue are connected to process descriptions and forms as 

outputs, instead of simulation for example. 

We can say that the number of options involved in significant rules is rather limited. This is because 

of a limitation of our study, which is having a rather small data set of scientific articles.  Further 

research should be done for obtaining significant rules for all options. 

For the fourth question, our answer comes from the field survey primarily. We have found that 

healthcare focuses on external quality, unstructured techniques and process descriptions. In other 

application domains, the focus is also on internal quality, they use semi-structured and structured 

techniques, and mainly process models. Secondly, by comparing our framework with a similar 

methodological framework (Vanwersch, et al., 2011) we identified 3 options that are particularly 

important for healthcare: Quality specialist, Forms and Physical layout and that are generally not 

present in other application domains. 

This report contributes particularly to research on structured redesign techniques. The answer to 

the fifth research question is an extended Business Process Redesign framework, that adds 

healthcare-related best practices to a set determined from administrative processes. 17 new best 

practices were identified, that fall under existent categories and two new categories: Non-human 

resources and Physical design. We argued that these categories are particularly relevant for 

domains handling physical objects and dependent on architectural designs (e.g. building structure 

or space-related arrangements of facilities).   

Next to the research results and findings, a practical aspect of the thesis work is identified. The 

procedure in which the work of this thesis can be used in practice by professionals in their redesign 

initiatives is the following. First, the objectives are identified, which are then mapped on the Devil’s 

quadrangle. Knowing the objectives, a selection of the rest of the options for each method element 

can be made based on methodological framework and the results in Chapter 4. Specifically for 

Method Technique, if the option was made for a structured approach, then select next the best 

practices from the Extended Business Process Redesign framework that are proven to improve the 

desired performance dimensions and from them, the ones applicable for the specific redesign 

scenario. A summary of this approach can be seen in the image below. 
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Figure 6.1. – A practical approach involving the Methodological Framework and the Extended 

Business Process Redesign Framework 

In order to fully be able to conduct this approach, future work is needed in terms of first validating 

the 17 new best practices that make the extension of the BPR framework and then determining how 

applying them affect the performance indicators (Devil’s quadrangle), in the same way as for the 

original best practices (Reijers & Mansar, 2005).  

Moreover, an analysis of Output method element can be beneficial. For the current study, minimum 

emphasis was put on this element because of consistency reasons with the similar methodological 

framework (Vanwersch, et al., 2011).  Also, the results of the field survey in terms of newly 

identified options should be taken under further research to identify if they are valid extensions to 

the methodological framework.  
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Appendix 1 – Relevance screening criteria 
 

 Yes No 

 

Inclusion (I) and exclusion (E) criteria:  

1. Does the study report about the application of a business redesign method in a 

real-life context and evaluate the method’s efficiency / effectiveness? (I) 

a. Does the described initiative aim at redesigning an inter-departmental 

or inter-organizational order-fulfilment process in a hospital 

environment? (I) 

b. Does the described initiative aim at holistic business process 

improvement? (I) 

i. Does the described initiative aim at changing at least three 

different process elements? (I) 

ii. Does the described initiative take into account the effects of 

redesigns on at least two different process performance 

dimensions? (I) 

c. Does the described initiative aim at developing new process 

alternatives (I) 

i. Does the described initiative only aim at framing the process of 

interest? (E) 

ii. Does the described initiative only aim at modelling or 

analysing the AS-IS situation? (E) 

iii. Does the described initiative only aim at evaluating different 

process alternatives? (E) 

iv. Does the described initiative only aim at implementing a new 

process design? (E)  

 

  

 

Table 1 – Cross-case survey - Relevance screening criteria 
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Appendix 2 – Quality screening criteria 
 

Relevance inclusion and exclusion criteria 

1. Is there a clear statement of the research objective and scope? (I) 

2. Does the study provide a clear description of the evaluated redesign scenarios? (I) 
3. Does the study provide a clear description of evaluated process outcomes? (I) 

4. Does the study provide a clear description of the applied method that aims at developing new 

process alternatives? (I) 

a. Does the description include information about the aim of the method? (I) 

b. Does the description include information about at least one of the method elements? (I) 

 

         Table 2 – Cross-case survey – Quality screening criteria 
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Appendix 3 – Data extraction form 

Method element 

Data extraction element Definition Tag name 

1. Objective The purpose of the method activity Method.Objective 

2. Technique A set of prescribed procedures for 

achieving the method activity 

Method.Technique 

3. Tool The auxiliary soft or hardware used to 

enhance the application of the method. 

Method Tool 

4. Actor The role/department who executes the 

method activity 

Method.Actor 

5. Input The information that is input for the 

method activity 

Method.Input 

6. Output  The detailed description of the 

redesigned scenario. 

Method.Output 

7. Output Format The representation of the output results 

(e.g. process description, process model) 

Method.OutputFormat 

   

Study characteristic 

Data extraction element Definition Tag name 

8. Identifier Unique identifier of the study - 

9. Title Title of the study - 

10. Authors Authors of the study - 

11. Publication year Publication year of the study - 

12. Source Source name of the study - 

13. Type of source Type of source (Journal paper / 

Conference paper / Technical report) of 

the study 

- 

14. Label research area The business process redesign related 

label that is used in the study (e.g. clinical 

pathways, lean, six sigma) 

- 

15. Definition research area The definition of business process 

redesign or related label that is assigned 

to the study 

Study.Definition 

16. Study Object The patient group that makes the focus 

of the study (e.g. ER, Surgery, Recovery). 

Study.Object 

17. Study objective The general objective of the study Study.Objective 

18. Study problem The causes that triggered the redesign 

initiative. 

Study.Problem 

19. Study design The study design that is used within the 

study (e.g. literature review, experiment, 

field survey, case study) 

Study.Design 

20. Data collection The way data is collected by the study Study.Collection 
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techniques (e.g. interviews, questionnaires, 

observations, document analysis) 

21. Data analysis techniques The way data is analyzed by the study 

(e.g. qualitative, quantitative, mixed)  

Study.Analysis 

22. Study results The results of the study. Sudy Results 

23. Main findings The main findings / conclusions of the 

study 

Study.Findings 

24. Main limitations The main limitations of the study Study.Limitations 
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Appendix 4 – Questionnaire field survey consultancy 

firms 
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Appendix 5 – Interview outline 

  

  

1. Introduction 

• Introduction of the interviewer; 
• Presentation of the interview outline, goal and objectives; 
• Discussion on the ethical issues about tape recording, confidentiality of data and limitations of data usage to 

the current project only); 
• Record the specific domains by asking “What other application domains is your organization working with?” 

 

2. State of the art 
method element 

options 

• For each method element, give a brief definition and example, followed by questions regarding the specific 
(method element) options your company is using (e.g. method element "technique": what techniques does 
your company use to generate improvement ideas?) 
•Objective - The main objective of the redesign activity in terms of process performance dimensions (e.g. 

objectives in terms of cost, time, quality and flexibility); 
•Technique - A set of prescribed procedures for creating process redesign scenarios (e.g. group 

brainstorming, Delphi procedure); 
•Tool - The auxiliary soft or hardware used during the redesign activity; 
•Actor - The people (at least their function names) who participate in the redesign activity; 
• Input - All information that is input for the redesign activity (e.g. the kind of data collected and analyzed); 
•Output - The detailed descriptions of the redesign scenarios (e.g. the concrete process models or the concrete 

descriptions of improvement proposals). 

3. Framework 
evaluation 

• Introduce for each element the list of term options that have resulted from our research. 
• Assess the completeness of the list by asking “What elements do you consider that are missing from your 

organization’s perspective?” 

4. Healthcare vs 
other application 

domains 

 

• Assess the differences between the healthcare domain and other application domains, by asking “What 
different methodological choices are made in the healthcare domain?" 

5. Conclusion and 
follow-up 

• Summary of interview findings 
• Discussion of follow-up activities 

For each method element execute, in turn, steps 2, 3 and 4. 
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Appendix 6 – Interview data extraction form 

Data extraction element Definition and Example Interview outcome 

1. Objective The objective of the method 

activity 

Example: 

Cost – improvement on the costs 

of treatment 

 

2. Technique A set of prescribed procedures 

for achieving the method activity 

Example: 

Unstructured – a technique that 

does not provide procedural 

guidance (several sub activities) 

and does not provide technical 

guidance (what kind of changes 

to make to a process). E.g. 

brainstorming, out-of-box 

thinking; 

 

3. Tool A computer software package to 

support one or more techniques 

Example: 

Software packages; 

 

4. Actor The role who executes the 

method activity 

Example: 

Process worker - Employees that 

work within the process under 

study. E.g. doctor, nurse; 

 

5. Input The information that is input for 

the method activity 

Example: 

Process performance - I.e. data 

collection regarding key 

performance indicators (time, 

quality, cost, etc.). 

 

6. Output The information that is the 

output of the method activity 

Example: 

Improvement ideas - resulting 

from the BPR initiative; 

 

7. Output Format The format under which the 

output information is presented 

Example:  

Summary redesign proposals -  A 

textual description of the 

redesign proposals 
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Appendix 7 – Methodological framework  description 
Methodological Framework  

Objective The objective of the method activity 

Time Improvements on the necessary time for treatment of patients. 

Cost Improvements on the costs of treatment. 

Internal quality Quality from the perspective of the employee working in the process 

External quality Quality from the perspective of the client / patient 

Revenue Improvements on the incomes from care procedures. 

  

Technique A set of prescribed procedures for achieving the method activity 

Unstructured | 

[Unknown] 

Technique that does not provide procedural guidance (several sub activities) 

and does not provide technical guidance (what kind of changes to make to a 

process). E.g. brainstorming, out-of-box thinking. The [Unknown] attribute 

marks that no details are given on the type of technique utilized. 

Semi-structured Technique that provides some procedural guidance (several clearly defined 

sub activities / rounds) but does not provide technical guidance. E.g. Delphi-

like procedure, Multi-level design 

  

Tool A set of means to support one or more techniques 

Communication Software support (e.g. email) 

  

Actor The role who executes the method activity 

Management The upper decision making layers, they support the initiatives, but have no 

significant involvement in the projects. 

Process worker Employees that work within the process under study. 

Quality specialist Specialist that assures a certain level of quality for the solution provided. 

IS specialist Information system specialist 

External consultant Consultant outside the hospital / care institution. 

BPR specialist Business Process Redesign specialist. 

Finance specialist  

Patient  

Supplier  

  

Input The information that is input for the method activity 

Performance goals I.e. goals set for the redesign workshop in terms of process performance 

dimensions (e.g. goal = 10% throughput time reduction).  

Customer needs  

Stakeholder needs The needs of stakeholders (e.g. general practitioners, healthcare insurance 

companies) 

Process description Textual description of the process. 

Process model Previous process map or clinical pathway. 

Simulation model  

Physical layout The physical arrangement of the process. 

Process performance I.e. data collection regarding key performance indicators (time, quality, cost, 



78 | P a g e  
 

etc.).  

Problem 

investigation 

I.e. the product of identifying problem areas / root-causes 

Process structure 

measures 

Measures that take into account the process performance in terms of structure 

properties (e.g. degree of automation, parallelism) 

Medical guidelines A certain medical problem might have several rules and recommendations to 

be taken into consideration when thinking of a solution. 

Medical key 

interventions 

 

Previous solutions Solutions that have already been identified for solving related problems. 

Benchmark process 

insights 

Knowledge regarding benchmark processes (e.g. based on observation) 

Benchmark process 

model 

A process model of a benchmark process.  

  

Output Format The form under which the output of the method activity is presented 

Summary redesign 

proposals 

A textual description of the redesign proposals 

Process model The graphical representation of the process or clinical pathway. 

Process description The textual description of the process or clinical pathway. 

Forms Templates for forms, checklists, guidelines. 

Simulation model The simulation model of the process or clinical pathway. 

Force field analysis An overview of the advantages and disadvantages of the redesign scenarios for 

different stakeholders 

  

Output The information that is the output of the method activity 

Training A form of sharing the knowledge obtained from the redesign project. 

Process development 

or modifications 

Textual description / visual representation of the new process or of the 

changes brought to the process. 

Guidelines or rule 

changes 

Textual description  of the guidelines/rules or of the changes brought to the 

them 

Improvement ideas Textual description of the improvement ideas resulting from the BPR 

initiative. 

Standardized 

methods 

Best practices or protocols to be followed from the moment of the BPR 

initiative onwards. 

Pilot run The outcomes of a pilot run. 
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Appendix 8 – Data extraction results – Method Elements 

Article title Label Objective Technique Tool Actor Input Output 

Format 

A clinical pathway 

for patients 

undergoing 

primary 

cytoreductive 

surgery with 

rectosigmoid 

colectomy for 

advanced ovarian 

and primary 

peritoneal cancers 

Clinical 

pathway 

Cost 

Time 

External 

quality 

Unstructured 

(NK) 

    Process 

performance 

Previous 

solutions 

Summary 

redesign 

proposals 

A cost-

effectiveness study 

of a patient-

centred integrated 

care pathway 

Clinical 

pathway 

(care 

pathway) 

Cost 

External 

Quality 

Unstructured 

(NK) 

Com

muni

catio

n 

Process 

worker 

Process 

performance 

  

A rural hospital 

takes on Lean 

Lean 

Six Sigma 

Cost 

Time 

Unstructured    Process 

worker 

Management 

Process model 

Process 

performance 

Problem 

investigation 

Summary 

redesign 

proposals 

An academic 

medical centre’s 

programme to 

develop clinical 

pathwaysto 

manage health 

care: focus on 

acute 

decompensated 

heart failure 

Clinical 

pathway 

External 

Quality 

Unstructured 

(NK) 

  Process 

worker 

BPR 

specialist 

IS specialist 

Process 

performance 

Medical 

guidelines 

Benchmark 

process 

insights 

(clinical 

pathway) 

Process 

descripti

on 

(clinical 

pathway) 

Forms 

Application of a 

Lean 

Manufacturing 

techniques in the 

emergency 

department 

Lean  Cost 

Time 

External 

quality 

Internal 

quality 

Unstructured 

(NK) 

  Process 

worker  

 

BPR 

specialist 

External 

consultant  

Process model 

Process 

performance  

Problem 

investigation 

Summary 

redesign 

proposals 

Application of lean 

methods improves 

surgical clinic 

experience 

Lean Revenue 

Time 

External 

Quality 

Internal 

Quality 

  

Unstructured   Process 

worker  

Management 

BPR 

specialist 

External 

consultant 

  

Process model 

Process 

performance 

Process model 

measures 

Summary 

redesign 

proposals 
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Application of Six 

Sigma/CAP 

Methodology: 

Controlling Blood- 

Product Utilization 

and Costs 

Six Sigma Cost 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

BPR 

specialist 

Finance 

specialist IS 

specialist 

Quality 

specialist 

Performance 

goals 

Process 

performance 

Problem 

investigation 

Medical key 

interventions 

Medical 

guidelines 

Summary 

redesign 

proposals 

Force-

field-

analysis 

Applying Lean Six 

Sigma 

Methodologies to 

Improve 

Efficiency, 

Timeliness of Care, 

and Quality of Care 

in an Internal 

Medicine 

Residency Clinic 

Lean Six 

Sigma 

Revenu 

(no-

shows) 

External 

Quality 

Time 

Unstructured 

(NK) 

  Process 

worker 

Process model 

Process 

performance 

Summary 

redesign 

proposals 

Applying 

Lean/Toyota 

Production System 

Principles to 

Improve 

Phlebotomy 

Patient 

Satisfaction and 

Workflow 

Lean Time  

External 

quality 

Unstructured   Process 

worker 

External 

consultant 

Performance 

goals 

Process model 

Process 

performance 

Problem 

investigation 

Summary 

redesign 

proposals 

Applying the Lean 

principles of the 

Toyota Production 

System to reduce 

wait times in the 

emergency 

department 

Lean Time 

External 

quality 

Internal 

quality 

Unstructured 

(NK) 

  Process 

worker 

Management 

External 

consultant 

Process model 

Process 

performance 

Problem 

investigation 

Previous 

solutions 

Summary 

redesign 

proposals 

Process 

model 

Bridging the gap 

between primary 

and secondary 

care: use of a 

clinical pathway 

for the 

investigation and 

management of 

deep vein 

thrombosis 

Clinical 

pathway 

Revenue 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker  

BPR 

specialist 

Customer 

needs 

Stakeholder 

(employee) 

needs 

Process 

performance 

Problem 

investigation 

Summary 

redesign 

proposals 

Force-

field- 

analysis 

Clinical Pathway 

for the Treatment 

of Primary 

Spontaneous 

Pneumothorax in a 

General Surgery 

Clinical 

pathway 

Cost 

Time  

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Process 

performance 

Problem 

investigation 

Medical 

guidelines 

Summary 

redesign 

proposals 

Forms 

Process 

descripti
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Department on 

(clinical 

pathway) 

Clinical pathways 

as a healthcare 

tool: design, 

implementation 

and assessment of 

a clinical pathway 

for lower-

extremity deep 

venous thrombosis 

Clinical 

pathway 

Cost 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Process 

performance 

Medical 

guidelines 

Forms 

Process 

descripti

on 

(clinical 

pathway) 

Cost-effectiveness 

of Clinical Pathway 

in Coronary Artery 

Bypass Surgery 

Clinical 

pathway 

Cost 

Time 

Unstructured 

(NK) 

  Process 

worker 

Benchmark 

process 

insights 

(clinical 

pathway) 

Process 

descripti

on 

(clinical 

pathway) 

Forms 

Creating an 

Environment for 

Caring Using Lean 

Principles of the 

Virginia Mason 

Production System 

Lean Cost 

External 

quality  

Unstructured 

(NK) 

  Process 

worker 

Management 

Patient 

Performance 

goals 

Process model 

Process 

performance 

Summary 

redesign 

proposals 

Development of a 

clinical pathway 

for total knee 

arthroplasty and 

the effect on length 

of stay and in-

hospital functional 

outcome 

Clinical 

pathway 

Time Unstructured 

(NK) 

  Process 

worker 

BPR 

specialist 

Process 

performance 

Benchmark 

process 

insights 

(clinical 

pathway) 

Process 

descripti

on(clinica

l 

pathway) 

Forms 

Development of an 

integrated chronic 

obstructive 

pulmonary disease 

service model in 

an inner-city 

region in the UK: 

initial findings and 

12-month results 

Clinical 

pathway 

Cost 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Supplier 

Patient 

Process model 

Problem 

investigation 

Medical 

guidelines  

Process 

descripti

on 

Effect of a “Lean” 

intervention to 

improve safety 

processes and 

outcomes on a 

surgical 

emergency unit 

Lean External 

quality 

Unstructured 

(NK) 

  Process 

worker 

HR specialist 

BPR 

specialist 

External 

consultant 

Process model 

Process 

performance 

Problem 

investigation 

Summary 

redesign 

proposals 

Effect of a clinical 

pathway on the 

hospitalisation 

rates of children 

with asthma: a 

Clinical 

pathway 

Time 

External 

quality  

Unstructured 

(NK) 

    Process 

performance 

Medical 

guidelines 

Process 

descripti

on 

(clinical 

pathway) 
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prospective study Forms 

Effects of a clinical 

pathway for video-

assisted 

thoracoscopic 

surgery (VATS) on 

quality and cost of 

care 

Clinical 

pathway 

Cost 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Process 

performance 

Medical 

guidelines 

Benchmark 

process 

insights 

Process 

descripti

on 

(clinical 

pathway) 

Effects of a clinical 

pathway of 

pulmonary 

lobectomy and 

bilobectomy on 

quality and cost of 

care 

Clinical 

pathway 

Cost 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Process 

performance 

Medical 

guidelines 

Benchmark 

process 

insights 

(clinical 

pathway) 

Process 

descripti

on 

(clinical 

pathway) 

Evaluation of the 

Clinical Pathway 

for Laparoscopic 

Cholecystectomy 

and Simulation of 

Short-term 

Hospitalization 

Clinical 

pathway 

Cost 

Revenue 

Time 

  

Unstructured 

(NK) 

    Process 

performance 

Process 

descripti

on 

(clinical 

pathway) 

Forms 

Geriatric hip 

fracture clinical 

pathway: the Hong 

Kong experience 

Clinical 

pathway 

Cost 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Process 

performance 

Problem  

investigation  

Benchmark 

process 

insights 

(clinical 

pathway) 

Medical 

guidelines 

Summary 

redesign 

proposals 

Process 

descripti

on 

(clinical 

pathway) 

Implementation of 

a pre-dialysis 

clinical pathway 

for patients with 

chronic kidney 

disease 

Clinical 

pathway 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker  

Management 

BPR 

specialist 

Process model 

Process 

performance 

Problem 

investigation 

Medical 

guidelines 

Summary 

redesign 

proposals 

Process 

model 

Implementation of 

an Emergency 

Department–based 

Transient Ischemic 

Attack Clinical 

Pathway: A Pilot 

Study in 

Knowledge 

Translation 

Clinical 

pathway 

External 

quality 

Unstructured 

(NK) 

Elect

ronic 

cont

act 

Process 

worker 

Medical 

guidelines 

Process 

model 

(clinical 

pathway) 
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Improving 

continuity of care 

in an acute medical 

unit: initial 

outcomes 

Continuit

y of care 

Time 

External 

quality 

Unstructured 

(NK) 

    Process 

performance 

Medical 

guidelines 

Previous 

solutions 

Summary 

redesign 

proposals 

Improving End-of-

Life Care: 

Development and 

Pilot-Test of a 

Clinical Pathway 

Clinical 

pathway 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Process 

performance 

Medical 

guidelines 

Process 

descripti

on 

(clinical 

pathway) 

Forms 

Improving patient 

flow at an 

outpatient clinic: 

study of sources of 

variability and 

improvement 

factors 

None Time 

Revenue 

Internal 

quality 

Unstructured 

(NK) 

  Process 

worker 

Management 

Quality 

specialist 

External 

consultant  

Process model 

(validated) 

Simulation 

model 

(validated) 

Process 

performance 

Problem 

investigation 

Summary 

redesign 

proposals 

Simulatio

n model 

(validatio

n) 

Improving Surgical 

Services 

Performance 

Through Changing 

Work Culture 

None Cost 

External 

quality 

Internal 

quality 

Unstructured 

(NK) 

  Process 

worker 

Management 

External 

consultant 

Problem 

investigation  

Process 

performance 

Previous 

solutions 

Summary 

redesign 

proposals 

Interdisciplinary 

Process 

Improvement for 

Enhancing Blood 

Transfusion Safety 

Lean External 

Quality 

Unstructured 

(NK) 

  Process 

worker  

Process model 

Problem 

investigation 

Medical 

guidelines 

Summary 

redesign 

proposals 

Forms 

Interdisciplinary 

Work Flow 

Assessment and 

Redesign 

Decreases 

Operating Room 

Turnover Time 

and Allows for 

Additional 

Caseload 

None Revenue 

Time 

Unstructured 

(NK) 

  Process 

worker 

Process model 

Process 

performance 

Problem 

investigation 

Summary 

redesign 

proposals 

Process 

model  

Introducing a 

clinical pathway 

for acute peptic 

ulcer bleeding in 

general internal 

medicine wards 

Clinical 

pathway 

Cost 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Process 

performance 

Summary 

redesign 

proposals 

Process 

model 

(clinical 

pathway) 

Forms 
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Introducing an 

integrated care 

pathway for the 

last days of life 

Clinical 

pathway 

(care 

pathway) 

External 

quality 

Unstructured 

(NK) 

    Process 

performance 

Benchmark 

process 

insights 

(clinical 

pathway) 

  

Introducing 

clinical pathways 

as a strategy for 

improving care 

Clinical 

pathway 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Quality 

specialist 

Performance 

goals 

Process 

performance 

Previous 

solutions 

Forms 

Kaizen Method for 

Esophagectomy 

Patients: Improved 

Quality Control, 

Outcomes, and 

Decreased Costs 

Kaizen 

Lean 

Cost 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

BPR 

specialist  

Customer 

needs 

Performance 

goals 

Process model 

Problem 

investigation 

Process 

performance  

Summary 

redesign 

proposals 

Process 

descripti

on 

(clinical 

pathway) 

Forms 

Multidisciplinary 

integrated care 

pathway for 

fractured neck of 

femur A 

prospective trial 

with improved 

outcome 

Clinical 

pathway 

(care 

pathway) 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Performance 

goals 

Process model 

Process 

performance 

Benchmark 

process 

insights 

(clinical 

pathway)  

Process 

model 

(clinical 

pathway) 

Pilot of a Pathway 

to Improve the 

Care of Imminently 

Dying Oncology 

Inpatients in a 

Veterans Affairs 

Medical Center 

Clinical 

pathway 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Benchmark 

process 

insights 

(clinical 

pathway)  

Process 

performance 

Summary 

redesign 

proposals 

Process 

descripti

on 

(clinical 

pathway) 

Forms 

Primary 

Percutaneous 

Coronary 

Intervention for 

Patients 

Presenting With 

ST-Elevation 

Myocardial 

Infarction: Process 

Improvements in 

Rural Prehospital 

Care Delivered by 

Quality 

improve

ment 

Time 

External 

quality 

Unstructured 

(NK) 

    Performance 

goals 

Process 

description 

Process 

performance 

Medical 

guidelines 

Medical key 

interventions 

Summary 

redesign 

proposals 
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Emergency 

Medical Services 

Primary 

Percutaneous 

Coronary 

Intervention for 

Patients 

Presenting With 

ST-Segment 

Elevation 

Myocardial 

Infarction: Process 

Improvement in a 

Rural ST-Segment 

Elevation 

Myocardial 

Infarction 

Receiving Center 

Quality 

improve

ment 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Quality 

specialist 

Performance 

goals 

Process 

performance 

Medical 

guidelines 

Summary 

redesign 

proposals 

Redesign and 

modernisation of 

an NHS cataract 

service (Fife 1997-

2004): 

multifaceted 

approach 

None Time 

Revenue 

   

Unstructured 

(NK) 

  Process 

worker 

Management 

Performance 

goals 

Process 

performance 

Medical 

guidelines 

Process 

model 

(high-

level) 

Summary 

redesign 

proposals 

Redesign of 

thoracic surgical 

services within a 

cancer network-

using an oncology 

focus to inform 

change 

None Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Process model 

Process 

performance 

Problem 

investigation 

Medical 

guidelines 

Summary 

redesign 

proposals 

Redesigning Acute 

Care Processes In 

Wisconsin 

Lean Cost 

Time 

External 

Quality 

Unstructured 

(NK) 

    Customer 

needs 

Process model 

Process 

performance 

Summary 

redesign 

proposals 

Redesigning care 

at the Flinders 

Medical Centre: 

clinical process 

redesign using 

“lean thinking” 

Lean Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Management 

Process model 

Process 

performance 

Problem 

investigation 

Summary 

redesign 

proposals 

Redesigning 

emergency 

department 

patient flows: 

Application of 

Lean Thinking to 

health care 

Lean Time Unstructured 

(NK) 

  Process 

worker 

Process model 

Process 

performance 

Previous 

solutions 

Summary 

redesign 

proposals 
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Reduction of 

hospital stay and 

cost after the 

implementation of 

a clinical pathway 

for radical 

gastrectomy for 

gastric cancer 

Clinical 

pathway 

Cost 

Time 

Unstructured 

(NK) 

  Process 

worker 

Management 

Process 

performance  

Summary 

redesign 

proposals 

Simulation-based 

verification of 

Lean improvement 

for emergency 

room process 

Lean Cost 

Time 

External 

quality 

Unstructured   Process 

worker 

External 

consultant 

(research 

team) 

Process 

performance  

Simulation 

model 

Physical layout 

Summary 

redesign 

proposals 

Physical 

layout 

Simulatio

n model 

Six Sigma and Lean 

Concepts, a Case 

Study: Patient 

Centered Care 

Model for a 

Mammography 

Center 

Lean 

Six Sigma 

Cost 

Time 

External 

Quality 

Semi-

structured 

  Process 

worker 

Management 

BPR 

specialist 

Performance 

goals 

Process model 

Process 

performance 

Problem 

investigation 

Summary 

redesign 

proposals 

The development 

of an Integrated 

Care Pathway for 

all patients with 

advanced life-

limiting illness – 

the Supportive 

Care Pathway 

Clinical 

pathway 

(care 

pathway) 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Customer 

needs 

Previous 

solutions 

Benchmark 

process 

insights 

(clinical 

pathway) 

  

The 

implementation of 

an end-of-life 

integrated care 

pathway in a 

Chinese 

population 

Clinical 

pathway 

(care 

pathway) 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Customer 

needs 

Benchmark 

process 

insights 

(clinical 

pathway) 

Forms 

The Utilization of 

Six Sigma and 

Statistical Process 

Control 

Techniques in 

Surgical Quality 

Improvement 

Six Sigma Cost 

Time 

Unstructured 

(NK) 

    Process model 

Process 

performance 

Problem 

investigation  

Medical 

guidelines 

Summary 

redesign 

proposals 

Thinking Lean: 

Implementing 

DMAIC Methods to 

Improve Efficiency 

Within a Cystic 

Fibrosis Clinic 

Lean Cost 

Time 

External 

quality 

Revenue 

Semi-

structured 

  Process 

worker 

Performance 

goals 

Process model 

Process 

performance 

Problem 

Summary 

redesign 

proposals 
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investigation 

Use of a 

prospective risk 

analysis method to 

improve the safety 

of the cancer 

chemotherapy 

process 

None External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Process 

performance 

Problem 

investigation 

(failure modes) 

Summary 

redesign 

proposals 

Use of Lean in the 

Emergency 

Department: A 

Case Series of 4 

Hospitals 

Kaizen 

Lean 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

Management 

Process model 

Process 

performance 

Process 

model 

Using Business 

Process Redesign 

to Reduce Wait 

Times at a 

University 

Hospital in the 

Netherlands 

Business 

process 

redesign 

Time 

External 

quality 

Unstructured 

(NK) 

  Process 

worker 

BPR 

specialist 

Performance 

goals 

Process model 

Process 

performance 

 

Summary 

redesign 

proposals 
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Appendix 9 – Rules and relationships between the 

method elements 
 

 

Table 1 – Association rule learner – min. support = 0.7 

 

Table 2 – Association rule learner – min. support = 0.7, min. confidence = 0.8 
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Table 3 – Association rule learner – min. support = 0.6, min. confidence = 0.8 

 

 

Table 4 - Rules with Method Output, Method Input, min. support = 0.2, min. confidence = 0.8 
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Table 5 – Rules with Method Objective, Method Input, min. support = 0.2, min. confidence = 0.8 
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 Table 5 - Rules with Method Objective, Method Actor, min. support = 0.1, min. confidence = 0.8 

 

Table 6 - Rules with Method Objective, Method Technique, min. support = 0.0, min. confidence = 0.8 
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Table 7 - Rules [partial] with Method Objective, Method Output Format, min. support = 0.0, min. 

confidence = 0.8 
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Appendix 10 – Similar methodological framework 

(Vanwersch, et al., 2011) 

 

 



94 | P a g e  
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Appendix 11 – Summaries interview companies 

Interview: Company A 
Interview participants 

 

Name first interviewee   :  X 

Position first interviewee  :  Advisor 

Focus area/ number of projects :  Commercial sector / Business Process Redesign, 

      8-10 projects 

 

Name second interviewee  :  Y 

Position second interviewee   :  Principal manager 

Focus area/ number of projects  :  Healthcare / Business Process Redesign at a   

     regional level, 5 projects 

 

Interview summary 

 

Method element: Objective 

 

Open question: Redesign objectives are typically related to the performance dimensions cost, 

revenue, time and external quality (e.g. social return on investment)  

 

Framework evaluation: All framework options are recognized as feasible options. While the 

framework provides a comprehensive overview of rational redesign objectivities, less rational 

objectives (e.g. being an early-mover, being innovative) are not part of the framework.  

 

Healthcare domain vs. other application domains:  In the healthcare domain, the redesign objectives 

are slightly more related to external quality (e.g. social return on investment) than in the 

commercial sector.  

There is a need for radical change in the healthcare domain, but these types of changes are hard to 

realize due to rigid financing systems and the amount of highly specialized people that are involved 

in cross-organizational healthcare processes. Outside the healthcare domain, radical redesign 

objectives are more common.  

 

Method element: Actor 

 

Open question: The following actors participate in redesign workshops: process actors, 

management, IS specialists and finance specialists. At a regional level, representatives from 

healthcare insurance companies and employers are typical actors. 

From a change management perspective, the participation of process actors is stressed by both 

interviewees. Sometimes, it is decided not to invite management to attend redesign workshops. 

Their presence might limit opportunities for an open discussion.   
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External consultants participate in an active way in workshop discussions. Typically, the external 

consultant does not only chair these meetings. 

 

Framework evaluation: All framework options are recognized as feasible options. The 

representatives of healthcare insurance companies, the representatives of employers, and quality 

specialists are identified as missing actors 

 

Healthcare domain vs. other application domains:  At a regional level, healthcare insurance company 

and employer representatives are important redesign workshop participants in the healthcare 

domain. 

 

Method element: Output 

 

Open question: Process models are typical outputs of the redesign workshops.  

 

Framework evaluation: No missing framework options are identified. All framework options are 

recognized as feasible options. 

 

Healthcare domain vs. other application domains:  No differences between the healthcare domain 

and other application domains are identified. 

 

Method element: Input  

 

Open question:  Typical inputs of redesign workshops are: performance goals (i.e. KPIs), process 

models, process output measures, problem investigations and (company-specific) design principles 

(e.g. decentralize unless….)  

 

Framework evaluation: All framework options are recognized as feasible options. Legislation and 

design principles are identified as missing input elements.   

 

Healthcare domain vs. other application domains:  In the healthcare domain, the identification of 

process weaknesses needs more substantiation in order to get commitment for change.  

 

Method element: Technique  

 

Open question: The brainstorming technique is typically used during redesign workshops. 

 

Framework evaluation: No missing framework options are identified. All framework options are 

recognized as feasible options.  

 

Healthcare domain vs. other application domains:  Outside the healthcare domain, the use of 

repository-based and case-based techniques is more common. 
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Method element: Tool 

 

Open question: No advanced tools are used during redesign workshops.  

 

Framework evaluation: No missing framework options are identified. All framework options are 

recognized as feasible options.  

Brown paper sessions (advanced tools are not used during these sessions) foster interaction 

between workshop participants. 

 

Healthcare domain vs. other application domains:  No differences between the healthcare domain 

and other application domains are identified. 
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Interview: Company B 
Interview participants 

 

Name first interviewee   :  X 

Position first interviewee  :  Principal advisor 

Focus area/ number of projects :  Public sector / Business Process Redesign,  

      +/- 10 projects 

 

Name second interviewee  :  Y 

Position second interviewee   :  Advisor 

Focus area/ number of projects  :  Healthcare / Business Process Redesign, +/- 5  

     projects 

Interview summary 

 

Method element: Objective 

 

Open question: Redesign objectives are typically related to the performance dimensions cost and 

external quality (e.g. reduction administration load, safety)  

 

Framework evaluation: All framework options are recognized as feasible options. Conformance to 

legal rules is identified as a missing redesign objective.  

 

Healthcare domain vs. other application domains:  No differences between the healthcare domain 

and other application domains are identified. Current events (e.g. governmental cost reduction, 

disaster) determine often the redesign objectives in the healthcare and the public domain 

 

Method element: Actor 

 

Open question: The following actors participate in redesign workshops: process actors, 

management, IS specialists, legal specialists, finance specialists, HR specialists, people from other 

(benchmark) companies.  

From a change management perspective, the participation of process actors is stressed by both 

interviewees.  

External consultants participate in an active way in workshop discussions. The external consultant 

does not only chair these meetings. 
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Framework evaluation: All framework options are recognized as feasible options. The legal 

specialist is identified as a missing actor. Typically, legal specialists participate in redesign 

workshops in the public domain.  

Clients are sometimes involved in the analysis phase of a process redesign project, but, typically, 

they do not participate in redesign workshops. 

 

Healthcare domain vs. other application domains:  More process actors participate in redesign 

workshops in the healthcare domain than in other domains, due to the amount of people that 

typically work within the process under study.  

 

Method element: Output 

 

Open question: A summary of redesign scenarios is the typical output of the redesign workshops. 

 

Framework evaluation: No missing framework options are identified. All framework options are 

recognized as feasible options. It is stressed that participants should focus on improving the main 

process flow and should not focus on exceptions. Building simulation models is considered to be 

(too) time-consuming. 

 

Healthcare domain vs. other application domains: No differences between the healthcare domain 

and other application domains are identified.  

 

Method element: Input  

 

Open question: Typical inputs of redesign workshops are: process models, process output measures, 

problem investigations and benchmark process insights. 

 

Framework evaluation: All framework options are recognized as feasible options. Legislation is 

identified as a missing input element.  

 

Healthcare domain vs. other application domains: No differences between the healthcare domain 

and other application domains are identified. 

 

Method element: Technique  

 

Open question: The brainstorming technique is typically used during redesign workshops. 

 

Framework evaluation: No missing framework options are identified. All framework options are 

recognized as feasible options.  

Healthcare domain vs. other application domains: No differences between the healthcare domain 

and other application domains are identified. 

 

Method element: Tool 
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Open question: No advanced tools are used during redesign workshops.  

 

Framework evaluation: No missing framework options are identified. All framework options are 

recognized as feasible options. Nonetheless, the use of modelling and simulation tools during 

redesign workshops will not encourage interaction between workshop participants.  

 

Brown paper sessions (advanced tools are not used during these sessions) foster interaction 

between workshop participants. 

 

Healthcare domain vs. other application domains: No differences between the healthcare domain 

and other application domains are identified. 
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Interview: Company C 
Interview participants 

 

Name first interviewee   :  X 

Position first interviewee  :  Senior Business Consultant 

Focus area/ number of projects :  Public sector / Business Process   

                                                                                      Redesign, +/- 10 projects 

 

Name second interviewee  :  Y 

Position second interviewee   :  Senior Business Consultant 

Focus area/ number of projects  :  Public sector and healthcare / Business Process  

      Redesign, +/- 10 projects 

Interview summary 

Method element: Objective 

 

Open question: Redesign objectives are typically related to the performance dimensions cost, 

external quality and conformance to legal rules.   

 

Framework evaluation: All framework options are recognized as feasible options. No missing 

elements are identified. 

 

Healthcare domain vs. other application domains:  People in the healthcare domain face difficulties 

in distinguishing between improving process performance dimensions and improving medical 

quality. Often, they limit their attention to improving medical quality, while their objective is to 

improve the performance of the process.  

Method element: Actor 

 

Open question: The following actors participate in redesign workshops: process actors and 

management.  

From a change management perspective, the participation of process actors is stressed by both 

interviewees. Sometimes, it is decided not to invite management for redesign workshops. Their 

presence might limit opportunities for an open discussion. Nonetheless, the scope of the project is 

discussed with process owners (management) and process owners are informed about 

intermediate results.  

 

Framework evaluation: All framework options are recognized as feasible options. The internal and 

external quality specialists (e.g. ISO certification specialists), and people from other (benchmark) 

companies are identified as missing actors.  

 

Typically, external consultants participate in an active way in workshop discussions. The external 

consultant does not only chair these meetings. 
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Healthcare domain vs. other application domains:  In the healthcare domain, it is difficult to find 

people that have knowledge about the complete process and are able to think in terms of processes.  

 

Method element: Output 

 

Open question: Summaries of redesign proposals, process descriptions and process models are 

typical outputs of redesign workshops. 

 

Framework evaluation:  

 

No missing framework options are identified. All framework options are recognized as feasible 

options.  

 

Healthcare domain vs. other application domains: Process models are less frequently used in the 

healthcare domain than in other domains. Process descriptions are more frequently used than 

process models in the healthcare domain.  

 

Method element: Input  

 

Open question:  Typical inputs of redesign workshops are: performance goals, constraints, problem 

investigations, process output measures, process descriptions, process models and benchmark 

process insights.   

 

Framework evaluation: All framework options are recognized as feasible options. Reference models 

and legislation are identified as missing inputs. 

 

Healthcare domain vs. other application domains: No differences between the healthcare domain 

and other application domains are identified. In the healthcare domain and the public sector the 

availability of information regarding the AS-IS process (i.e. AS-IS process specification and process 

weaknesses) is scarce. Consequently, a lot of effort is needed to gain insights into the AS-IS 

situation.   

 

Method element: Technique  

 

Open question: The brainstorming technique is typically used during redesign workshops. 

 

Framework evaluation: No missing framework options are identified. All framework options are 

recognized as feasible options.  

 

Healthcare domain vs. other application domains: No differences between the healthcare domain 

and other application domains are identified. 

 

Method element: Tool 
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Open question: No advanced tools are used during redesign workshops.  

 

Framework evaluation: No missing framework options are identified. All framework options are 

recognized as feasible options. Nonetheless, the use of modelling and simulation tools during 

redesign workshops will not encourage interaction between workshop participants.  

 

Brown paper sessions (advanced tools are not used during these sessions) foster interaction 

between workshop participants. 

 

Healthcare domain vs. other application domains: No differences between the healthcare domain 

and other application domains are identified. 
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Appendix 12 – Extended Business Process Redesign 

framework – procedure execution results 
 

The results of step 2 are displayed in table below. 

 

Best Practice Best Practice 

(split, first 

situation) 

Definition Best 

Practice (split, first 

situation) 

Best Practice 

(split, second 

situation) 

Definition Best 

Practice (split, 

second situation) 

Triage Triage-divide Consider the division 

of a general task into 

two or more 

alternative tasks  

Triage-

integrate 

Consider the 

integration of two or 

more alternative tasks 

into one general task 

Task composition Task 

composition 

Combine small tasks 

into composite tasks  

Task 

decomposition 

Divide large tasks into 

workable smaller 

tasks 

Specialist-generalist Specialist Consider to make 

resources more 

specialized 

Generalist Consider to make 

resources more 

generalist 

 

Table 1 - Splitting best practices – consensus decision 

The results of step 3 are shown in table below. 

Principle Category Best Practice Relationship Principle 

renamed 

(optional) 

Definition 

Principle 

Segmentation Business 

process 

operation 

Task 

decomposition 

Association     

Extraction Business 

process 

behaviour 

Exception Association     

Local quality Business 

process 

operation 

Triage-divide Association     

Asymmetry     None     

Consolidation Business 

process 

behaviour 

Parallelism Association     

Universality Organization 

population 

Generalist Association     

Nesting Business 

process 

Task 

composition 

Association     
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operation 

Counterweight Customer Integration Association     

Prior 

counteraction 

    None     

Prior action     None     

Cushion in 

advance 

Information Control 

addition 

Association     

Equipotentiality Organization 

structure 

Order 

assignment 

Association     

Do it in reverse Business 

process 

behaviour 

Resequencing Generalization: child-

parent 

    

Spheroidality     None     

Dynamicity Organization 

structure 

Flexible 

Assignment 

Association     

Partial or 

excessive action 

Organization 

population 

Extra resources Generalization: parent-

child 

    

Transition into a 

new dimension 

    None     

Mechanical 

vibration 

    None     

Periodic action     None     

Continuity of 

useful action 

Business 

process 

operation 

Task 

elimination 

Association     

Rushing through     None     

Convert harm into 

benefit 

    None     

Feedback     None     

Mediator External 

Environment 

Outsourcing Association     

Self-service Customer Control 

relocation 

Association     

Copying External 

environment 

Trusted party Generalization: parent-

child 

    

Dispose External 

environment 

Outsourcing Generalization: parent-

child 

    

Replacement of 

mechanical system 

Technology Integral 

technology 

Association     

Pneumatic or 

hydraulic 

construction 

    None     
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Flexible 

membranes or thin 

films 

    None     

Porous material     None     

Changing the 

colour 

    None     

Homogeneity     None     

Rejecting and 

regenerating parts 

    None     

Transformation of 

properties 

    None     

Phase transition     None     

Thermal 

expansion 

    None     

Accelerated 

oxidation 

    None     

Inert environment     None     

Composite 

materials 

    None     

 

Table 2 - Mapping principles to best practices (consensus decision) 

The results of step 4 are shown in the table below.  

Principle Category Principle 

renamed 

(optional) 

Definition Principle 

Prior 

counteraction 

Business 

process 

operation 

  Add tasks to prevent happening of a 

undesirable situation or to reduce its impact  

Prior action Business 

process 

operation 

  Add tasks to smooth the execution of 

remaining tasks in the process  

Transition into a 

new dimension 

Physical 

Layout 

Reconstruction Consider reconstructing the physical layout 

Periodic action Business 

process 

operation 

  Consider making an action periodic or 

changing the periodicity of an already 

recurrent action 

Rushing through Business 

process 

operation 

Shortcut Introduce process short-cut possibilities 

Feedback Information   Consider introducing feedback 
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Flexible 

membranes or 

thin films 

Physical 

Layout 

Flexible layout Make the physical layout flexible 

Rejecting and 

regenerating 

parts 

Non-human 

resources 

Sustainable use Consider reusing, dissolving or evaporating 

non-human resources 

Partial or 

excessive action 

Organization 

population 

Resource 

adjustment 

Consider changing  the number of human 

resources 

 

Table 3 - Adding new propositions (consensus decision) 

Category Description 

Non-human resources Considers the numbers and types of non-human 

resources that the business process uses, may 

use, consumes and may consume and its 

allocation 

Physical Layout Considers the physical arrangement of a 

business process 

Table 4 – Adding new categories (consensus decision) 

The results of step 5 are shown in the table below. 

Principle 

(renamed 

where 

applicable

) 

Original 

principle 

name 

Relationship 

(where 

applicable) 

Best 

Practice 

Category 

(original / 

new) 

New 

category 

 

Proposition 

renamed  

Definition 

Proposition 

Shortcut Rushing 

through 

    Business 

process 

operation 

Physical 

layout 

Physical 

shortcut 

Introduce 

physical short-

cut possibilities  

Dynamicity   Association Flexible 

assignm

ent 

Organizati

on 

structure 

Non-

human 

resources 

Flexible 

assignment 

Assign non-

human 

resources in 

such a way that 

maximal 

flexibility is 

preserved for 

the near future 

      Specialis

t  

Organizati

on 

population 

Non-

human 

resources 

Specialist Consider to 

make non-

human 

resources more 

specialized 

Universalit   Association Generali Organizati

on 

Non-

human 

Generalist Consider to 

make non-
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y st population resources human 

resources more 

generalist 

      Bufferin

g 

Informatio

n 

Non-

human 

resources 

Buffering Consider to 

buffer non-

human 

resources 

Copying   Generalization

: parent-child 

Trusted 

party 

External 

environme

nt 

Non-

human 

resources 

Copying Consider to use 

inexpensive 

copies of non-

human 

resources 

instead of 

expensive 

original ones 

Dispose   Generalization

: parent-child 

Outsour

cing 

External 

environme

nt 

Non-

human 

resources 

Substitution Replace 

expensive non-

human 

resources with 

less expensive 

ones 

Dispose    Generalization

: parent-child 

Outsour

cing 

External 

environme

nt 

Organizati

on 

population 

Substitution Replace 

expensive 

human 

resources with 

less expensive 

ones 

Resource 

adjustment 

Partial or 

excessive 

action 

Generalization

: parent-child 

Extra 

resource

s 

Organizati

on 

population 

Non-

human 

resources 

Resource 

adjustment 

Consider 

changing  the 

number of 

involved non-

human 

resources 

 

Table 5 - Adding propositions to one of the new categories (consensus decision) 
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Appendix 13 – The Extended Business Process Redesign 

Framework 
Proposition Definition in new 

category 

New / 

original 

Involved in 

step: 

New definition 

Control relocation Customer Original     

Contact reduction Customer Original     

Integration Customer Original 3   

Order types Business process 

operation 

Original     

Task elimination Business process 

operation 

Original 3   

Order-based work Business process 

operation 

Original     

Triage Business process 

operation 

Original 2, 3   

Task composition Business process 

operation 

Original 2, 3   

Prior counteraction Business process 

operation 

New 4 Add tasks to prevent happening of a 

undesirable situation or to reduce its 

impact  

Prior action Business process 

operation 

New 4 Add tasks to smooth the execution of 

remaining tasks in the process  

Periodic action Business process 

operation 

New 4 Consider making an action periodic 

or changing the periodicity of an 

already recurrent action 

Shortcut Business process 

operation 

New 4 Introduce process short-cut 

possibilities 

Resequencing Business process 

behaviour 

Original 3   

Knock-out Business process 

behaviour 

Original     

Parallelism Business process 

behaviour 

Original 3   

Exception Business process 

behaviour 

Original 3   

Order assignment Organization structure Original 3   
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Flexible assignment Organization structure Original 3 Assign human resources in such a 

way that maximal flexibility is 

preserved for the near future 

Centralization Organization structure Original   Treat geographically dispersed 

human resources as if they are 

centralized  

Split responsibilities Organization structure Original     

Customer teams Organization structure Original     

Numerical involvement Organization structure Original     

Case manager Organization structure Original     

Resource adjustment Organization population New 3, 4 Consider changing  the number of 

human resources 

Specialist-generalist Organization population Original 2, 3 Consider to make human resources 

more specialized or more generalist 

Empower Organization population Original     

Substitution Organization population New 5 Replace expensive human resources 

with less expensive ones 

Control addition Information Original 3   

Buffering Information Original     

Feedback Information New 4 Consider introducing feedback 

Task automation Technology Original     

Integral technology Technology Original 3   

Trusted party External environment Original 3   

Outsourcing External environment Original 3   

Interfacing External environment Original 3   

Reconstruction Physical Layout New 4 Consider reconstructing the physical 

layout 



113 | P a g e  
 

Flexible layout Physical Layout New 4 Make the physical layout flexible 

Physical shortcut Physical Layout New 5 Introduce physical short-cut 

possibilities  

Sustainable use Non-human resources New 4 Consider reusing, dissolving or 

evaporating non-human resources 

Resource adjustment Non-human resources New 5 Consider changing  the number of 

involved non-human resources 

Flexible assignment Non-human resources New 5 Assign non-human resources in such 

a way that maximal flexibility is 

preserved for the near future 

Specialist-generalist Non-human resources New 5 Consider to make non-human 

resources more specialized or more 

generalist 

Buffering Non-human resources New 5 Consider to buffer non-human 

resources 

Copying Non-human resources New 5 Consider to use inexpensive copies of 

non-human resources instead of 

expensive original ones 

Substitution Non-human resources New 5 Replace expensive non-human 

resources with less expensive ones 
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Appendix 14 – Mapping TRIZ and BPR frameworks – 

Delphi execution 
 

Delphi guideline Description Inclusion 

decision 

Argumentation 

Summary of 

procedure 

All the questionnaire issues of a 

survey also apply to a Delphi study. 

After the researchers design the 

questionnaire, they select an 

appropriate group of experts who are 

qualified to answer the questions. The 

researchers then administer the 

survey and analyze the responses. 

Next, they design another survey 

based on the responses of the first 

one and re-administer it, asking 

respondents to revise their original 

responses and/or answer other 

questions based on the group 

feedback from the first survey. The 

researchers reiterate this process 

until the respondents reach a 

satisfactory degree of consensus. The 

respondents are kept anonymous to 

each other (though not to the 

researcher) throughout the process.  

Yes 

 

 

 

The Delphi procedure is followed as 

described, with the following modifications: 

 The object of the Delphi method is 

the development of the new 

redesign framework, instead of the 

survey mentioned in the 

description. 

 The experts are not given an 

intermediate/final object of the 

study, instead they are requested to 

create it, following several steps 

and given several indications with 

respect to the starting point. 

 Concerning the name of the 

iterations, we made a decision for 

two iterations (individual work) 

and a consensus round (which 

involves all experts discussing 

together the results and striving for 

a unanimously accepted result). 

The anonymity is preserved for the 

two individual rounds.  

Representativeness 

of sample 

The questions that a Delphi study 

investigates are those of high 

uncertainty and speculation. Thus, a 

general population, or even a narrow 

subset of a general population might 

not be sufficiently knowledgeable to 

answer the questions accurately. A 

Delphi study is a virtual panel of 

experts gathered to arrive at an 

answer to a difficult question. Thus, a 

Delphi study could be considered a 

type of virtual meeting or as a group 

decision technique, though it appears 

to be a complicated decision. 

No In our study, we decided to have a group of 

experts of three people that have worked 

very closely with the topic. This decision was 

made because, as compared to answering a 

survey, where a high number of respondents 

are required for accuracy, involving too 

many actors in developing a framework 

might lead to complications in reaching an 

acceptable consensus. 

Sample size for 

statistical power 

and significant 

findings 

The Delphi group size does not 

depend on statistical power, but on 

group dynamics for arriving at 

consensus among experts. Thus, the 

literature recommends 10-18 experts 

No The considerations for this recommendation 

are rooted in the argumentation for the 

previous point. 
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on a Delphi panel. 

Individual vs. 

Group response 

Studies have consistently shown that 

for questions requiring expert 

judgment, the average of individual 

responses is inferior to the averages 

produced by group decision 

processes; research has explicitly 

shown that the Delphi method bears 

this out. 

Yes This recommendation is incorporated in the 

current procedure for executing the Delphi 

method in our study. 

Reliability and 

response revision 

Pretesting is also an important 

reliability assurance for the Delphi 

method. However, test-retest 

reliability is not relevant, since 

researchers expect respondents to 

revise their responses. 

Yes We take this aspect into consideration by 

having the experts review their decision 

during the two individual rounds. 

Construct validity In addition of what is required of a 

survey, the Delphi method can 

employ further construct validation 

by asking experts to validate the 

researcher’s interpretation and 

categorization of the variables. The 

fact that Delphi is not anonymous to 

the researcher permits this validation 

step, unlike many surveys. 

Yes The two individual rounds and mostly the 

consensus round allow for input from the 

experts on the moderator’s results. 

Anonymity Respondents are always anonymous 

to each other, but never anonymous 

to the researcher. This gives the 

researchers more opportunity to 

follow up for clarifications and 

further qualitative data.  

Yes The property is preserved in our study as 

well, with the mentioning that not the 

persons are anonymous, but the answers. 

The experts know each other in our study. 

Non response 

issues 

Non response is typically very low in 

Delphi surveys, since most 

researchers have personally obtained 

assurance of participation 

Yes The same situation is encountered in our 

study as well; the three experts have 

confirmed their full commitment. 

Attrition effects Similar to non-response, attrition 

tends to be low in Delphi studies and 

the researchers can easily ascertain 

the cause by talking to the dropouts. 

No Having a reduced number of experts and 

their full commitment reduces the 

probability of attrition to rather nonexistent.  

Richness of data In addition to the richness issues of 

traditional surveys, Delphi studies 

inherently provide richer data 

because of their multiple iterations 

and their response revision due to 

feedback.  Moreover, Delphi 

participants tend to be open to 

follow-up interviews. 

Yes The description is true for the new 

framework development research, due its 

design (two iterations followed by feedback 

and one consensus round.) 
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