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Abstract 

This report represents the results on the master thesis project on comparing methods 

between industry and healthcare. Reason for this research and the comparison between 

two different industries is the trend in healthcare to become more efficient. The healthcare 

system is under pressure due to increasing life expectancy and more complex care; 

improving effectiveness and efficiency is needed. Existing literatures describes the 

implementation of improvement methods, like lean in healthcare, but lack a pragmatic 

approach. To derive this approach in researching improvement methods, one specific tool 

out of the tool-set of lean will be researched. Industry is steps ahead in implementing these 

improvement methods, but is now facing problems with scheduling and the social aspects 

involved in it. Industries are seeking for opportunities to lower their costs by, for example, 

working more efficient with schedules, especially around seasonality; healthcare is used to 

complex scheduling. A two way approach to learn from each other and to identify the 

possibilities to use methods from one domain into another is the main goal of this thesis.  

To research the existing literature in the industry-domain, keywords were found and 

inclusion criteria were set-up; in total 73 sources were used for this thesis, 63 of them write 

about improvement methodology. In existing literature frameworks were searched and 

found which could help to identify important aspects of these articles and classify them. 

Founded literature is classified in two frameworks; one about lean-in-general and one about 

lean-in-healthcare. These two frameworks were compared according to predefined 

guidelines, similar to the ones described in the original literature which uses frameworks. A 

new final table with a discussion of the treated content was built to find opportunities and 

limitations for implementing lean-in-healthcare. Six stakeholders, from nurses to the board 

of directors, out of four hospitals were interviewed; Zuyderland medical center, Jeroen 

Bosch Hospital, Amphia Hospital and the Twee Steden Hospital.  

Three of these interviews were used to confirm the validity of the final framework, by 

processing the results into the same frameworks as used for the literature classification. The 

interviewees were also asked to provide key success factors to successfully implement new 

tools in a department. Out of the 63 sources used, articles about decreasing the change-

over-times of machines were analyzed by a frequency analysis approach. This analysis 

identified the amount of success factors in these articles and generated a frequency-table 

which indicated the importance of these factors when implementing a specific tool. These 

success factors were compared with the keywords the interviewees provided and five 

success factors were identified. 

The domain of complex scheduling is mainly focused on a mathematical approach and 

lacks social insights; existing literature on this subject was hard to find. To find pragmatic 

conclusions in this thesis, five out of the six interviewees were asked about seasonality and 

the way they cope with it. These interviews were classified in the same abstract frameworks 

as above; these frameworks were used find results in an abstract way out of multiple semi-

structured in-depth interviews. 



Abstract 

IV 
 

Table of Contents 
Abstract ..................................................................................................................................... III 

Management summary .............................................................................................................VI 

1 Introduction ....................................................................................................................... 1 

1.1 Literature study ........................................................................................................... 1 

 Background of improvement methods ................................................................ 2 1.1.1

 Patient centric approach vs. product centric approach ...................................... 4 1.1.2

 Existing models and influencers for implementation .......................................... 5 1.1.3

1.2 Delineation of the research area ................................................................................ 6 

 Industry and healthcare ....................................................................................... 6 1.2.1

 Visual representation of thesis set-up ................................................................. 7 1.2.2

1.3 Research questions ................................................................................................... 10 

 Main research question ..................................................................................... 10 1.3.1

 Data extraction approach .................................................................................. 10 1.3.2

 Sub-research questions...................................................................................... 12 1.3.3

1.4 Clarification of key aspects ....................................................................................... 13 

 Lean .................................................................................................................... 13 1.4.1

 Single minute exchange of die ........................................................................... 14 1.4.2

 Complex scheduling ........................................................................................... 15 1.4.3

1.5 Contribution to existing literature ............................................................................ 16 

1.6 Outline of the thesis .................................................................................................. 16 

 Review and preview of the thesis-parts ............................................................ 17 1.6.1

 Thesis structure .................................................................................................. 18 1.6.2

2 Motivation and explanation of research approach ......................................................... 19 

3 Extract data out of existing literature .............................................................................. 21 

3.1 Literature identification and inclusion ...................................................................... 21 

3.2 Framework development .......................................................................................... 22 

 Classification methods for the framework ........................................................ 23 3.2.1

 Classification of success factors to implement SMED ....................................... 24 3.2.2

3.3 Analyzing lean in literature ....................................................................................... 25 

 Classification frameworks .................................................................................. 25 3.3.1

 Guidelines for comparing the frameworks ........................................................ 34 3.3.2

3.4 Discussion of stages from both classification frameworks ....................................... 34 

3.5 Final framework ........................................................................................................ 38 

3.6 Discussion of improvement methods ....................................................................... 43 



Abstract 

V 
 

3.7 Analyzing SMED in literature ..................................................................................... 45 

 Identification of keywords about SMED ............................................................ 45 3.7.1

 Frequency analysis of SMED-success factors ..................................................... 46 3.7.2

 Discussion about results from frequency analysis............................................. 47 3.7.3

4 Interviews ......................................................................................................................... 48 

4.1 Abstraction in interviews due to models .................................................................. 48 

4.2 Frameworks classification healthcare interviews on improvement methods.......... 49 

4.3 Success factors for implementing new methods in healthcare ................................ 54 

4.4 Discussion of success factors .................................................................................... 54 

5 Complex scheduling and seasonality ............................................................................... 56 

5.1 Key aspects for scheduling in industry ...................................................................... 56 

5.2 Data extraction for scheduling in healthcare ............................................................ 57 

5.3 CIMO-logic framework scheduling and seasonality .................................................. 58 

6 Conclusions ...................................................................................................................... 63 

7 Works Cited ...................................................................................................................... 67 

Appendixes ............................................................................................................................... 72 

Appendix A: Keywords for identifying motivations and basics ........................................... 72 

Appendix B: Frequency table according to motivation and basics ..................................... 75 

Appendix C: interview protocol ........................................................................................... 76 

 
  



Management summary 

VI 
 

Management summary 

This master thesis report is the result of the graduation project, considering the 

opportunities and limitations of exchanging methods from one domain to another; industry 

and healthcare. The purpose of this thesis is to find pragmatic results about implementing 

continuous improvement methods, or short improvement methods, from one sector to 

another. Focus from industry towards healthcare is based on the lean improvement 

methodology; the other way around focus is on complex scheduling from healthcare 

towards industry. The following research question was derived: ‘Are methods/tools of 

continuous improvement, used in industry, one-to-one implementable in healthcare, or 

almost one-to-one? And visa versa?’ 

 

Literature about trends in healthcare describe that life expectancy nowadays is higher 

than in the past (Oeppen & Vaupel, 2002), the healthcare system is under pressure 

(Saltman, et al., 1998) (Hall, 2012) (Williams, 2014) improving effectiveness and efficiency is 

needed (Mazzocato, et al., 2012). Existing literature describes in both qualitative and 

quantitative research the implementation of lean and its tools in healthcare, but a complete 

view of this implementation and the opportunities and limitations of it is missing. Complex 

scheduling in a way were social aspects are dominant is not common in existing literature.  

To derive a more practical insight in the implementation of improvement methods 

from industry towards healthcare, part of the focus will be on implementing a specific tool. 

A framework with the results of this thesis must answer the gaps indicated in the literature 

study and research questions. The framework used in the literature from Bagheri et al., 

(2015) is used to classify literature from lean-in-general and lean-in-healthcare and compare 

them on an abstract level. The frequency analysis from Andersen, et al., (2014) indicates 

success factors in existing literature and concludes on basis of how frequent a subject is 

treated its importance, this method is used to identify the contributors towards 

implementing a specific tool of lean; Single Minute Exchange of Die. The principle of SMED is 

to decrease the set-up time for a machine to change-over from one product to another; the 

findings of this thesis should result in the possibility to use a tool like this in, for example, 

surgery rooms. 

 

The thesis shows research questions based on a literature research, performed at the 

beginning of the research. Out of these research questions, detailed subjects and key 

information are extracted to conduct further research. Based on extra literature frameworks 

are used to classify the literature found about lean and about lean in healthcare. When the 

frameworks are compared a new framework is generated with the results of the lean-in-

general and lean-in-healthcare comparison. To identify successful implementation of 

methods, in this case SMED, an analysis of the frequency of key motivation characteristics 

within literature is performed. Complemented with interviews with experts, both the 

framework and the analysis can be checked and useful results are generated.  
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The results of the literature research of lean-in-general and in healthcare are showed 

by the frameworks with possibilities to implement a new method following the approach of 

industry but with some limitations. The aspect of defining customer value is different in 

healthcare; two users are identified in different literature as end-user; the specialists who 

perform the treatment and the patient who undergo the treatment. Difficulties arise in the 

implementation of an organization wide improvement methodology. In healthcare there are 

two kind of departments; critical departments with low-predictability and non-critical 

departments who are easier to predict. Improvement methods in industry describe an 

organization wide implementation, which seems impossible for healthcare. Tools out of 

improvement methods, like SMED, are likely to contribute to the need for improving 

efficiency in healthcare, by looking at the success factors indicated in literature and 

indicated by stakeholders.  

The frequency analysis provided a list of success factors for implementing SMED in 

healthcare, on the other hand the interviewees were asked to indicate success factors from 

previous projects with the same kind of size and impact as SMED. Comparing these two lists, 

five success factors were found which cover the same loading. Two of the five success 

factors write about involvement of people; ‘strong teamwork’ and ‘powerful leadership’ 

with a ‘clear strategy’; when the management is not completely ‘convinced of the new 

method’, the team will neither adopt them. To start the project it seems welcome to have 

chaos, this generates the understanding by all stakeholders that change is needed. 

Tranquility during the project is afterwards needed to succeed in the implementation. The 

last success factor indicated was the ‘implementation approach’; this involves the other 

success factors which cover communication and involvement. By involving all stakeholders, 

teams-staff-management, in the process towards and during implementation, the 

understanding and there for level adoption will rise. 

 

Healthcare will benefit from improving by existing improvement methods from 

industry, but a change in approach is needed. The most important aspects to change are the 

idea of organization wide adoption; healthcare needs to split up different divisions in critical 

and non-critical care and should provide improvement methods to the second one. The idea 

of implementing an improvement method as one system needs to be changed as well for 

healthcare. A toolbox approach with all tools out of one improvement method should be 

provided towards departments, who can chose which tools to use when they have 

performed an analysis of their process. The scheduling aspect in this thesis is limited due to 

a lack of literature, so the research focused on interviewing stakeholders out of healthcare.  

A huge difference was found in the way healthcare copes with scheduling, this was 

based on the fact that they provide facilities to other departments; when it was needed 

people can work overtime and change departments or shifts. Industry has to focus more on 

efficiency and the man-hours used, because of this totally different approach comparison on 

this level was not possible. To find similarities between the two different sectors, the 

researched focused on seasonality. The main reason from industry to know more about 
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scheduling is the seasonality they experience in their process. Out of interviews and 

literature, the researcher found that departments of healthcare suffer from seasonality as 

well. Rescheduling staff from other departments by looking from a broader view will help to 

overcome this problem. 
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1 Introduction 

In this thesis a research will be performed between two existing but completely 

different sectors by looking at the differences and similarities of improvement methods in 

these sectors. The idea of this thesis started with the interest of the student in improvement 

methods due to internships during his studies mechanical engineering and industrial 

engineering. In the close vicinity of the student, a lot of people work or have worked in the 

healthcare sector; through their experiences the idea came up to combine research about 

improvement methods in existing industries and healthcare. The motivation to perform 

extra research became stronger when the student talked about these subjects with different 

kind of stakeholders from the field; they all were very interested in a study like this.  

In order to develop a thesis which contributes to the existing field of study, the set-up 

from the thesis is to have a two-way benefit for both sectors in order to learn from each 

other. During the research proposal the student experienced difficultness in finding valuable 

literature and abstract conclusions of complex scheduling in industry and especially in 

healthcare. To avoid obfuscation there will be a separate chapter to discuss this subject at 

the end of the thesis. An overview of the components of this thesis is provided at the end of 

this section in the thesis outline on page 16.  

 

1.1 Literature study 

This literature study section writes about the existing literature in order to create a 

view on the current situation and obtain information about the subject ‘improvement 

methods’. The motivation to perform this study and Information about the domain wherein 

improvement methods function are addressed as well.  

Our life expectancy nowadays is higher than in the past (Oeppen & Vaupel, 2002), this 

causes a healthcare system which is under pressure (Saltman, et al., 1998) (Hall, 2012) 

(Williams, 2014) and needs some change in effectiveness and efficiency (Mazzocato, et al., 

2012). More than ever medical informatics is needed for an efficient development and 

strategic management of new healthcare information systems (Haux, 2006). In order to 

reduce errors in healthcare, a deep understanding of the processes involved in patient care 

is needed (Lawal, et al., 2014). Horwitz et al. (2009) describe that experience in nonmedical 

industries and insights from human factors engineering contribute to the conclusion that 

systems-based improvements are needed in healthcare. Risk full areas are: communication, 

environment, workload, information technology, patient flow and assignment of 

responsibility (Horwitz, et al., 2009). 

When talking about improvements it is important to understand how performance can 

be measured. Key performance indicators (KPI) can have all different kind of shapes 

(Blumenthal & Kilo, 1998) (Shortell, et al., 1998), in industry it depends on the type of 

industry which KPI does make sense. In healthcare it is possible to create a common kind of 

KPI, the interest of all the patients is the same; get out of the hospital healthier. But it is 

hard to measure these KPIs, Blumenthal and Kilo (1998) talk about performance measures in 
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terms of clinical outcomes, patient satisfaction, error rates, waste, unit production costs, 

productivity, market share and other metrics. Shortell et al. (1998) complements this with 

more focus on systems and work processes, but with a strong focus on meeting the needs of 

the customer/patient. 

 Background of improvement methods 1.1.1

To generate a strong theoretical basis in this thesis, it is important to look at the 

background of improvement methods. For decades different industries use Toyota’s lean 

way of producing in order to optimize their process by eliminating waste. In different 

sectors this way of working has proven its value. Different researchers describe the lean by 

describing its most valuable areas of improvement like; quality improvement, increase in 

abundance and unit cost decrease (LaValley, 2010), (Martínez, et al., 2014) and dramatic 

gains in quality, safety, efficieny and appropriateness (Kim, et al., 2006). These authors also 

describe the unique aspect of lean like the focus on the specification of value from the 

customers perspective. Others describe it as the tool to create fewer defects of products, 

faster delivery and increased customer satisfaction with always the focus on eliminating 

waste (Barillas Ramírez, 2014), this waste is also described as all the non-value added 

activities which have to be investigated and if possible eliminated, this can be done in 

several areas like for example physical activities as all the walking distances someone has to 

make to complete his job  (Martínez, et al., 2014),  (Cheng, et al., 2014).  

Mazzocato et al. (2010) found in all their researched literature that successful lean 

implementation occurs most of the time. Especially in the areas of time saving, timeliness of 

service, cost reductions or productivity enhancements and several quality aspects including 

reduction in errors and mistakes, improvement staff and patient satisfaction and reduced 

mortality. The four main principals of lean are described by Mazzocato, et al. (2012): 

standardize work, connect people that are dependent to one another, create seamless, 

uniterrupted flow through the process and empower staff to investigate problems with the 

process and to develop, test and implement countermeasures using a scientific method.  

Others look at lean in the area of debates about standardization of clinical practice, re-

configuration of occupational boundaries and stratification of clinical communities (Waring 

& Bishop, 2010). Poksinska (2010) talks about the focus of the principals of lean on three 

areas: defining value from the patient point of view, mapping value streams and eliminates 

waste and also describes that an institution wide ownership of lean is needed for a 

successful implementation. Most literature about lean uses the article of Womack and Jones 

(1996) (2003) as basis for lean; these authors are considered as the starters of describing 

lean in industry. They describe the stages to become lean as a company as: define value 

from the end user perspective, identify entire value stream and eliminate waste, make 

remaining value-creating steps flow so there is no waiting, let the end customer pull and 

provide what the user wants when the user wants it, and finally pursue perfection (Womack 

& Jones, 1996, p. 141). 
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In some literature (Williams, 2014) lean is described with other methods like Person 

Centered Care (PCC). Both customer pull as PCC are implemented to improve healthcare 

services and patient experience. They have some similarities but also risk full areas where 

extra attention is needed, like standardization. Lean focusses more on the end user and the 

value, or waste, during the process; PCC focusses on people in general, staff and patients, 

and digs deeper in the beliefs and values of the organization. Other researches like Dickson 

et al. (2009) start their research with a comparisson to the improvement tool PDCA: plan, 

do, check, act; a cyclic process based on trial and error and learning approach. They describe 

that working in lean could improve the departments care, although it requires an institution 

wide adoption of lean. Lean can affect the areas of patient flow, service and growth in 

emergency department, when it is implemented with a high amount of ownership of lean by 

all staff. 

Almost all literature about lean in healthcare agrees on the fact that lean needs to be 

implemented in healthcare. Dickson et al. (2009) describe that lean is a common used 

method in many industries, but in healthcare it is barely used especially in emergency 

department there is no use of lean. Waring & Bishop (2010) conclude that Lean follows in a 

line of service improvements, but it might not be the easy remedy for creating 

improvements on efficiency and effectiveness in healthcare. Kim et al. (2006) suggest that 

healthcare should research more about the implementation of lean and share it in the 

healthcare community through peer-reviewed and published works.  

Some articles are slightly more critical about lean in healthcare like the article of 

Andersen et al. (2014). These authors write about quantitative and qualitative studies who 

often contradict each other about the outcomes of lean in an organization, but they also 

discuss some important suggestions for successful implementation. For an organization 

wide intervention of lean there are 23 inter-related facilitators with as most frequent: 

management engagement, cultural support, accurate data and training, teamwork and 

physician and staff involvement.  

It is important to give extra attention to these areas when implementing lean. Lawal 

(2014) describes the overall limitation of research about the application and sustainability of 

lean in healthcare, most reports (Kim, et al., 2006) (Poksinska, 2010) (Mazzocato, et al., 

2010) (Mazzocato, et al., 2012)  (Teich & Faddoul, 2013) (Barillas Ramírez, 2014) (Martínez, 

et al., 2014) only write success stories about the implementation. Mazzocato, et al. (2012) 

discusses that existing literature does not describe in depth the how and why of 

success/failure of lean interventions. The study created lean-inspired changes to employee 

roles, staffing and scheduling, communication and coordination, expertise, workspace 

layout and problem solving. The last critical note in the researched literature is the 

conclusion that it will be a challenge to adopt lean in a healthcare institute because this is 

not done very often (Barillas Ramírez, 2014). 

Contradictions in existing literature exist about the implementation of lean as a 

cultural change of the whole institute or company or the possibility to implement tools out 

of the method to catch low hanging fruit. Poksinksa (2010) says lean is used in healthcare as 
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a tool, which is separated in different approaches; value stream mapping is the most 

commonly used part of lean. Mazzocato et al. (2010) (2012) talk about picking the right 

components of lean, after managers understood the how and why of lean within healthcare; 

by choosing the right components they can optimize their organization. The article about 

‘the Journey from Toyota to Healthcare’ from Teich and Faddoul (2013) has found that using 

different tools out of the lean method gives success, especially the 5S method and quick 

changeover.  

 Patient centric approach vs. product centric approach 1.1.2

Looking at different industries means looking from different points of view, the big 

difference between industry and healthcare is the product they treat; in this section an 

explanation of the patient and product approach is given. The article of Teich and Faddoul 

(2013) and the report of Williams (2014) describe more about the patient-centric approach 

within hospitals and about lean in general. Originally lean started as a quality improvement 

method and the main idea was to move away from a production floor focus towards an 

approach which focusses on enhancing value by adding product or service features while 

eliminating wasteful activities. The lean process is about eliminating waste during the whole 

process, it is possible to see waste from different kind of perspectives; company/product 

orientation or customer orientation. It is important to keep in mind that within the lean 

methodology waste is determined by the customer. The researches also describe the 

current situation; the idea of a customer/patient-centric approach in hospitals is lacking. To 

change from the process-centric approach towards a patient centric approach, a strategical 

change at macro or even meso strategic levels is required. Williams (2014) found that lean 

has a double kind of focus on both customer satisfaction and employee involvement. The 

same article describes the fact that lean and healthcare have more similarities like the focus 

on customers, quality, safety and staff. 

Nolan et al. (2004) conclude that a patient centric approach can also be described as 

client-centeredness or person centered approach and that it reflects the emergence of new 

approaches to work with older people in a range of care environments; especially to see 

people as individuals. This approach is strongly linked with servicing companies. They 

describe person centered care as organizing around the needs of people and respect 

everyone as individuals. The opposite of a patient centric approach is a product centric 

approach or sometimes called a manufacturing approach where innovation is strongly 

linked with new products or manufacturing processes (Kindstrom & Kowalskowski, 2014). 

These researchers found that a product centric approach implies that the organization 

mainly sees itself as an entity that develops and sells physical goods. The main idea of a 

product centric approach is that its focus is inwards; by focusing on the process it is possible 

to create a better product.  

Saying that a company is only service orientated or only product orientated does not 

cover the whole story, according to Levitt (1972): ‘there are no such things as service 

industries’. He describes that the more technically complex the main product of the 
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company is, the more dependent its sales department is of the customer services. On the 

other side service oriented companies need to provide a product or service which can be 

seen as their main product. So to correctly subdivide industries for this thesis we will look at 

a slightly different approach by looking at its main focus. According to the considerations in 

the previous paragraphs, especially taking into account that service is nowadays in every 

organization, this thesis will look at healthcare and industry out of two perspectives; a 

patient-centric orientation or a product centric orientation.  

 Existing models and influencers for implementation 1.1.3

To treat data in this thesis in an abstract way, models or frameworks must be used; in 

this section a consideration of existing models out of literature is shown. The Base/X project 

from the School of engineering / Information systems group of the Eindhoven University of 

Technology, in which this thesis will be developed, writes about achieving business agility 

through cross-organizational service engineering (Grefen, 2014). Grefen talks about the 

movement from asset-oriented markets towards service-oriented markets and how the 

Base/X project benefits in dealing with agility and complexity. Bagheri et al. (2015), from the 

same department as the research from Grefen, talk about a customer-centric-view. They 

describe that value is based on co-creation with customers, use their experiences and it 

leads to integrated solutions. They describe that value is no longer based on determined 

output, but that value is reflected as a mutually created phenomenon. They cite Weng et al. 

(2012) who conclude that managing customer knowledge helps organizations to better 

understand customers’ characterizes needs and preferences.  

 

With focus on waste time reduction, Cheng, Bamford, Dehe, & Papalexi (2014) 

describe that within healthcare an important service quality dimension is accessibility. By 

the waste-time reduction approach of the lean method, this dimension is positively 

influenced. Using tools and techniques of the lean approach does make sense and will 

generate success. Patterson and Wears (2009) talk about the origin to start with lean or 

parts from lean by suggesting that judgements of human errors should form the starting 

point of accident investigations, rather than be the explanation for failure. This is in line with 

the root-cause-analysis used in lean.  

But not all literature is this positive about the implementation of lean in parts. LaValley 

(2010) found that there is a tendency in healthcare to implement systems without a deep 

understanding of it. They also describe that fresh eyes in an organization can help change 

very fast, because they observe the problem from another point of view. It is possible to 

implement parts of lean, in order to reduce waste in the process but it is hard to implement 

lean incrementally. A combination of lean and six sigma makes sense and has a high chance 

of success. Improving patient safety asks for attention to behavior and culture, as well as a 

search for technical solutions. Problem with lean implementation in healthcare compared to 

for example aviation industry is the fact that in aviation there is only a few companies, in 

healthcare you have thousands to implement the system (LaValley, 2010). 
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In order to successfully implement lean, different researchers made some suggestions. 

Mazzocato et al. (2010) say that in order to create a successful lean implementation, 

healthcare need to increase solution retention, involve senior management, work across 

functional divides, pursue value creation for patients and other customers and nurture long 

term view of continuous improvement. Waring & Bishop (2010) conclude that to 

successfully implement lean, the organization needs strong leaders with a lean-mindset and 

thorough understanding of the concept of lean. Other authors (Pines & Yealy, 2009) are also 

convinced of the need to implement lean as a whole system and therefore it needs a 

cultural change. Implementing a culture change requires strong leadership and full 

engagement of frontline providers. 

Most of the literature treated in this literature review talks about further research, 

especially Andersen et al., (2014) talk about meaningful further research what is in line with 

the idea of this thesis-subject. These authors suggest that characteristics and local 

applications need more attention in healthcare quality improvement. Especially the 

suggestion to look further in local practical implications supports the main idea of this 

research thesis to further research the practical limitations and opportunities from 

implementing methods from one industry into another. The systematic review of Andersen 

et al., (2014) can be seen as a strong basis for this thesis, except for the fact that they 

excluded all articles in their review which represented practical guidelines towards lean in 

healthcare; these kinds of articles can be very interesting for this thesis.  

 

1.2 Delineation of the research area 

As described in the title of the thesis, the research area of the thesis project is 

between healthcare and industry. Important for the selection of specific companies and/or 

institutions which can host the research is the current way of working within these areas. It 

would not make sense to compare a brand new production company with a relatively old 

healthcare institution or the other way around. Because this thesis will be the first to study 

the practical limitations and opportunities of implementing methods from one sector to 

another, a more focused approach will be conducted, therefor the research will be 

conducted at one industry-firm and one healthcare-institution.  

 Industry and healthcare 1.2.1

Because of the background of the researcher the selection for the industry-firm will be 

the Heineken brewery in ‘S-Hertogenbosch; a brewery with over ten years of experience in 

the use of the continuous improvement method Total Productive Maintenance. The 

healthcare involvement needs to be determined on the basis of this research proposal, but 

it needs to be an institute which is not brand new or which is in a phase of renewal of 

facilities or working methods, this would cause an incomparable situation. 

In existing literature (Kim, et al., 2006) (Berczuk, 2008) (Mazzocato, et al., 2010) 

(Poksinska, 2010) (Teich & Faddoul, 2013) (Lawal, et al., 2014) extensively is written about 
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the fact that healthcare needs to learn a lot from existing industries. These researchers have 

written their articles with a broad scope; the main idea was to find whether or not lean is a 

successful method to perform methodological improvement and to discuss the success 

stories about lean. They also discuss the implementation of parts of lean, but in none of the 

articles there is a discussion about specific implementations of parts of lean and their 

limitations and quick wins. To research these opportunities and limitations, the researcher 

of this thesis will narrow the scope to one industry-firm and one or more healthcare 

institution which can be compared on basis of lifetime of the areas for investigation and the 

short-term plans of these areas. In other words, it does not make sense to compare a 

production facility which is build 40 years ago with a healthcare-institution which started 

years ago or has the plans to renew their institution in the upcoming years.  

 Visual representation of thesis set-up 1.2.2

The information flow between the different industries is treated above; this flow can 

be presented in a visual representation. After the representation of the information flow, an 

hourglass representation will be shown to describe the general steps of this thesis. The 

visual representation of this set-up is shown below in Figure 1, followed by a brief 

description of the set-up. 

 

This visual representation is a simplification of the added values for both healthcare 

and industry, both sectors show something they can ‘offer’ and something they ‘need’. 

Industry can benefit healthcare because they have a long track record in continuous 

improvement methods, healthcare can, according to literature (Kim, et al., 2006) (Berczuk, 

2008) (Mazzocato, et al., 2010) (Poksinska, 2010) (Teich & Faddoul, 2013) (Lawal, et al., 

2014), benefit from this expertise. On the other side healthcare has a lot of experience in 

Expertise on 
improvement 
methodology

Possibility to 
implement 

improvement 
methodology

Need for custom-
fit scheduling

Experience in 
scheduling in 

complex 
environments

Industry Healthcare

Figure 1 Visual representation of set-up master thesis area 
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complex scheduling (Hall, 2012); different teams, different roles in teams, fluctuating 

demands, 24/7 shifts, etcetera. Industry is always searching for the most effective method 

to use their personnel; healthcare can maybe inspire industry with their experience and 

results from different kind of schedules.  

The fluctuation in demands is an important subject within industry, the problem they 

are facing is called ‘seasonality’. To find a solution for this problem it is important to 

research the existence of seasonality in healthcare and the way the cope with it (Upshur, 

2005) (Upshur, et al., 2005) (Mamdani & Upshur, 2001). These authors describe that 

seasonality exists in all different kind of forms in healthcare; different diseases during 

periods of the year, different diseases in the long-term and increasing and decreasing 

amounts of different people who need different attention during the year. Remarkable is 

the conclusion that Mamdami and Upshur (2001) extract from their research about the age 

of patients during seasonality; they made their research about diseases in fall-time and find 

that injuries occurs across all ages, not only at elderly people. 

For healthcare a big challenge is the pressure on the existing healthcare system 

because of the increase in patients due to the ‘baby-boom generation’ (Anderson & Hussey, 

1999) (Reinhardt, 2000) and the associated rising costs of healthcare in total (Bodenheimer, 

2005); the techniques to recover patients becomes better and better with the logical 

consequence that people get older and will use a longer period of healthcare. An efficiency 

improvement in healthcare without a loss in quality seems insuperable to maintain the 

healthcare system as we know it nowadays. 

 

To find results and develop models which are horizontal importable in other industries 

or institutions it is important to maintain a certain level of abstraction. To derive value in a 

practical way it is also important to maintain a technical view on the research instead of a 

more managerial view. The way of working towards a focused and detailed research with 

broad implications as results can be visualized as an hourglass as shown in Figure 2 below. 

The representation involves steps which are already performed and steps which will not be 

in the scope of this thesis and therefor will remain recommendations; this is also visualized 

in Figure 2 on the next page.  
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Broad view on problems, based on literature and stories

Detailed research in specific problem areas

Select and specify problem areas and find 
more literature

Develop frameworks for classifying 
literature and fill them

Compare frameworks, extract new 
framework and interview the 

stakeholders

Collect core 
information

Process core 
information

Model results

Test models and results

Start horizontal expansion

Keep track of implemented results

End of thesis 
scope

lean sch
ed

u
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ED

General methods (all 3)

 
Figure 2 Hourglass representation of working from abstract level towards a solid horizontal expandable 
solution (left) and representation of amount of research approach during these stages (right). 

 

The hourglass illustrates the general idea behind the process of working within this 

thesis; these are not the specific steps which have to be conducted literally. The set-up of 

the thesis is to have an overall look on the problems, understand the key-terms and identify 

success factors, based on existing literature and by having interviews with different 

stakeholders. After this phase there will be a clear understanding about the areas with 

problems, at that moment it is important to find more information and literature about 

these specific areas. These two phases are already conducted and summarized in the 

literature review and in the delineation of the research area. 

Out of this information it is possible to derive research questions, these will be treated 

in the next chapter. Based on these questions a research approach can be built in order to 

find the answers. In this phase it is important to select the very specific research area, 

where the actual comparison between the two sectors will be held. From the existing 

literature, complemented with additional literature about the specific research areas, a 

literature analysis with the use of frameworks can be done. Based on the outcomes of this 

analysis, it is possible to conduct interviews with stakeholders from the specific research 

areas. By conducting these interviews the researcher hopes to find clear similarities and 

differences which indicate the possibilities and limitations from exchanging methods 
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between sectors. In the middle of the hourglass, this information will be collected and 

presented.  

From this point this research is approaching its final conclusions and the information 

needs to be safeguarded in order to derive practical and valuable results for further 

research or implementations. After the modelling and testing by interviews period, the 

scope of this research ends and the horizontal implementation part can start. By looking at 

the key conclusions about possibilities and limitations, the researchers hope to say 

something about further possibilities for implementing different methods between different 

sectors. 

 

1.3 Research questions 

As seen in the literature study above, most literature describe that it is possible to 

implement parts of lean or a continuous improvement method instead of needing a total 

cultural change of the organization. In this section the main research questions and its sub-

research questions, complemented with a description of the data extraction approach is 

given. 

 Main research question 1.3.1

For this thesis it is important to find how and where it is possible to implement 

methods from one industry into another. To find answers to this case the main question of 

this research will be: 

 

Are methods/tools of continuous improvement, used in industry, one-to-one 

implementable in healthcare, or almost one-to-one? And visa versa? 

 

The student tries to obtain information about limitations and possibilities around 

implementing continuous improvements methods on a pragmatic level. As described 

existing study answers the question partly if it is possible to implement a whole system like 

lean in healthcare. The practical approach, concentrating on specific methods, in order to 

find pragmatic conclusions isn’t treated in these researches. During the process of 

systematically reviewing the literature, it is important to follow the procedures as described 

in the article from Kitchenham (2004). 

 Data extraction approach 1.3.2

In order to collect the data it is wise to check what approach is the best approach, 

Creswell (2007) describes that all data can be separated in four categories: ‘observations, 

interviews, documents and audiovisual materials’. Most qualitative research is interview 

based (Britten, 1995) and these interviews can be divided in three main types: structured, 

semi structured and in depth. Because this thesis wants to know more about the practical 

importance of methods in different departments, it would make sense to conduct semi 
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structured interviews with open questions, as suggested by Jacob and Furgerson (2012) 

when looking for valuable results in this research domain.  

Because we will not use quantitative research techniques, it will be harder to generate 

statistical representations of phenomena (Mays & Pope, 1995). As Jacob and Furgerson 

(2012) describe, it would make sense to develop a script with interview questions, in this 

thesis there will be a structured list of questions based on the same frameworks (Bagheri, et 

al., 2015) as the data analysis uses in this thesis. The researcher will treat this questionnaire 

and complement it with open questions to find out the real motives of the respondent. This 

openness, to provide a structured list of questions and extend it during the interview with 

in-depth detailed questions, can generate more confidence and clarity by the respondent, 

what will benefit the reliability results of the interview (Jacob & Furgerson, 2012). 

Combining qualitative and quantitative techniques is described in a slightly different way in 

the article of Mays and Pope (1995), they suggest that this is used to condense the results 

and make them easily intelligible. 

Some studies (Brailsford, et al., 2009) (Andersen, et al., 2014) cope with a review of 

articles with both qualitative and quantitative research approaches. To review a great 

amount of literature, Andersen, Røvik, & Ingebrigtsen (2014) filtered their founded 

literature according to some pre-specified criteria. After this filtering they compared the 

articles with each other by looking for common keywords in all articles. This approach of 

searching for certain keywords does make sense in this thesis to derive a more abstract level 

of reviewing articles.  

 

The keywords in the article from Andersen et al., (2014) were focused on facilitators; 

‘contingency factors predicted to promote quality improvement’. Because this thesis is 

searching for some practical waypoints which can be compared horizontally between 

healthcare and industry, it would benefit the research to identify keywords which hold 

context about basic conditions which are needed to start an improvement method. For 

example, to start a method for improving a machine with an already proven improvement-

method, some basic conditions need to be met before the improvement steps can be 

conducted; these basic conditions need to be identified to compare if both sectors have the 

same basics for improvement. After this identification, it is possible to perform some basic 

analysis by looking at, for example, the amount of keywords and their frequency in both 

literatures about industry and healthcare. 

The research question as described in the beginning can be answered by performing a 

structured analysis of existing literature on the implementation of different systems in 

industry and other industries and healthcare. To test whether the organization is ready for 

implementation of these kinds of methods, it is needed to conduct interviews with 

stakeholders from the areas where methods can be implemented. After this gathering of 

data, a strong idea about the answer of the research question will be found. Because the 

existing literature does not describe the practical opportunities and limitations of the 

exchange of methods, it is important to conduct a basic way of testing of these methods. A 
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full test of a method in a new organization will be out of scope of this project, there for a 

test will be performed which looks at the possibilities of exchanging and implementing the 

method according to the current state and way of working around the to-be-implemented 

area. In the existing methods which will be tested will be described which basic conditions 

needs to be med and where possible improvements are possible, comparing these with the 

area which will be researched will provide a strong testing of the data from the interviews 

and meta-analysis. 

Because literature is limited about the implementation of ‘scheduling’ in different kind 

of industries, especially compared to the amount of literature about lean in different 

industries, it makes sense to include a separate chapter at the end of this thesis. Research 

about lean describes often the possibility to horizontally expand methods, ‘scheduling’ can 

be seen as a comparable method. 

 Sub-research questions. 1.3.3

As described in the literature, there is a difference between customer centric and 

product centric organizations. For this thesis it is important to categorize the researched 

organizations in these two business orientations. Looking at the total approach of the 

organization towards product or customer centeredness, it is imaginable that there are 

differences or not towards implementation of methods between these organizations. 

Therefor it is interesting to examine a research question about product/customer centric 

organizations: 

 

What are the possibilities and limitations when implementing methods which are used in 

product-centric organizations into customer-centric organizations? And visa versa? 

 

This research question will be researched in order to obtain information about the 

differences in implementing methods when the background of the organization is totally 

different. The researches tries to obtain concrete information what the opportunities and 

treats are when an organization tries to implement a method from a totally other kind of 

organization. To find concrete results in this thesis, sub questions will be made which will 

benefit the results of this thesis and take into account limitations of the main research 

question. 

 

In what areas of healthcare (and visa versa) is it possible to retrieve the most valuable 

advantage of continuous improvement, looking at the already gained wins in industry? 

* 

Are methods used in healthcare one-to-one executable in industry (holding comparable 

the level of newness in industry and healthcare) and visa versa? 

* 

What are the major estimated bottlenecks/limitations when implementing current 

methods of industry in the healthcare domain and visa versa? 
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* 

Are methods of continuous improvement practically possible to implement in current 

healthcare or is a more broad way of thinking needed, in other words an 

institute/healthcare-wide management philosophy? Is it partially implemental? 

 

These sub questions will be answered by conducting interviews with stakeholders 

from the comparable areas. As knowledge-carriers they have the best idea if methods from 

other industries will provide benefits in their areas. It is important to conduct these 

interviews without literally talking about a specific method, from a specific area, towards a 

specific area because this can cause resistance. Literature can be examined to find the 

results of other researchers on these topics; this literature will be more abstract while a 

more practical result of this thesis is needed. The same approach as described at the first 

research question will be performed after the meta-analysis and interviews; a basic way of 

testing which looks at the provided guidelines from the existing methods and compare 

these with the to-be-researched area. 

 

1.4 Clarification of key aspects 

This thesis writes about comparisons of different methods between healthcare and 

industry, to have a clear idea about these methods and to set the boundaries of these 

methods it is important to clarify the key aspects used in this thesis. The aspects ‘lean’, 

‘SMED’ and ‘complex scheduling’ are explained in this section. 

 Lean  1.4.1

Womack and Jones (2003) describe that lean is a widespread technique, with as basis 

the way Toyota performed way better than traditional mass producers in western countries. 

The article from 2003 is partly a review of their book, published six years before the article 

in 1996: The machine that changed the world. When introducing the evidence of the results 

of Toyota, they feared that managers would reject the lean techniques as irrelevant to the 

circumstances they were working in or found it impossible to implement. The opposite was 

true; in all different industries they found adoptions of lean. But when they started to look 

more closely to the implementations of lean, they found a more unlinked island pattern of 

lean operating techniques. Most managers had found the right tools for their departments 

to work with, but failed in putting them all together; Womack and Jones therefor developed 

their ‘lean thinking’.  

Out of the results from successful lean-implementing companies they had found five 

steps, valuable for managers in all kind of sectors: 

 “Define value precisely from the perspective of the end customer in terms of a 

specific product with specific capabilities offered at a specific price and time; 

 Identify the entire value stream for each product or product family and 

eliminate waste; 
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 Make the remaining value creating steps flow; 

 Design and provide what the customer wants only when the customer wants it; 

 Pursue perfection” (Womack & Jones, 2003, p. 141). 

Womack and Jones also found that a company needs three kinds of leaders: leaders 

who are long-term committed to the business and therefor can be the anchor for stability 

and continuity, someone with deep knowledge of lean and as third the barrier-smashing 

leader in times of dramatic change.  

 

One of the mayor steps of lean, mentioned in the enumeration above, is the 

optimization of flow of the process. The idea behind the flow concept is that design, orders 

and products are worked on continuously at the same time; everything works in one 

continuous process, so no waiting time, downtime or scrap is created between steps. This 

means that production cells need to be disbanded and complex machines must be 

eliminated, short lines and smaller machinery needs to do the job. A change in working 

together was needed to succeed in this mission, the old way of buffering and inventory 

needs to be eliminated and by generating a widespread thinking about working methods 

the new way of working is introduced. Important pillars of lean thinking were just in time 

production and visualization of results; this cause worked as huge trigger for both 

production and salesforces to accelerate.  

To guide the process, a leader with deep knowledge and understanding of lean is 

crucial, but finally in the research of Womack and Jones they found that a lightweight team 

leader is the best to coordinate the numerous technical specialists. They also describe the 

use of a “direct responsible individual” who is responsible for the success of the product 

during its lifetime, nowadays called ownership. Finally they conclude that “lean thinking 

always works when applied in a comprehensive way. The problem is a shortage of managers 

with the knowledge and energy to make the leap.” (Womack & Jones, 2003, p. 158) 

 Single minute exchange of die 1.4.2

To generate the pragmatic approach this thesis is looking for to deliver, the researcher 

selected one method to discuss deeply. Going back to the flow part of lean; because smaller 

batches are made and the pull system asked for a direct delivery of the product needed, 

faster changeover times of machines were crucial. To look at the process of changeover 

times, the method of Single Minute Exchange of Die (SMED) is used. The literature review of 

Dave & Sohani (2012) describes the basis and development of the single minute exchange of 

die methodology extensively. The name ‘single minute’ comes from the idea that a 

changeover need to be performed in a ‘single digit minute’ time period; less than 10 

minutes. The ‘exchange of die’ terminology comes from the ‘die set’ which is used during a 

changeover: this is a toolset that is removed and replaced at a changeover. The time to 

changeover a machine is measured from the last good part leaving the machine untill the 

first good stable part produced by the machine. This involves the run-down and start-up of 

the machine as well. The SMED process consists of four parts:  
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 Observe current methodology; 

 Separate the internal and external activities; 

 Streamline the process of changeover; 

 Continuous training. 

 

The authors found some conclusions out of their literature review: 

 From top to bottom management continuous training and awareness programs 

are essential for creating the true SMED potential; 

 Every industry can implement SMED; 

 The use of visual control and 5S structuring increases the power of SMED; 

 SMED can be and should be combined with other lean tools; 

 Implementation of SMED results in saving manpower; 

 A comprehensive knowledge of improvement techniques is crucial for 

effectively introducing SMED. 

Pellegrini, et al., (2012) describe the same aspects as mentioned above and 

complement it with the fact that standardization is a crucial last aspect of implementing 

SMED. This is not only a last step for SMED, but also for lean in general. 

 Complex scheduling 1.4.3

In orienting talks with Heineken, towards creating the thesis subject, the subject of 

scheduling is discussed. The main aspects of scheduling problems at this firm are: 

 Work-life balance when working with varying rosters; 

 Seasonality during the year. 

Existing literature writes briefly about work-life balance in some articles, like the article 

of Tausig and Fenwick (2001) which describes work-life balance as the balance between 

bind-time and unbind-time. Guest (2002) describes the balance between quality of working 

life in the relation to broader quality of life. Literature about the effects of rostering and 

work-life balance is hard to find, in line with effects of rostering Tausig and Fenwick (2001) 

describe the positive influence of perceived control on work life balance. They describe 

aspects like the voluntary choice to work in alternate schedules, the control over working 

hours or days worked as influencers for reducing work-life imbalance. But when the worker 

has no choice and the schedule is outside standard working-hours, the imbalance can be 

bigger (Tausig & Fenwick, 2001, p. 103). 

 

Seasonality is a broader discussed subject, but mostly in terms of extreme seasonality 

as in the hospitality industry (Jolliffe & Farnsworth, 2003). Seasonality can be defined as the 

fluctuations in demand, supply or quality in an industry (Keane & Killen, 1980). Healthcare 

writes about seasonality as ‘systematic patterns that can be understood and predicted with 

reasonable accuracy’ (Upshur, et al., 2005, p. 13). Some researchers try to research the link 
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between seasons, age of people and care provided to explore seasonality on department 

level (Mamdani & Upshur, 2001), but an organization wide approach is not researched. 

 

1.5 Contribution to existing literature 

As seen in the literature study above, existing literature covers different aspects of 

implementing improvement methods and especially lean. This thesis tries to fill the gap 

what is open in existing literature by providing a framework and success factors about lean 

implementation and the implementation of a specific tool of lean; SMED. Existing literature 

broadly describes the general implementation of lean in industry and healthcare (Kim, et al., 

2006) (Mazzocato, et al., 2010) (Mazzocato, et al., 2012), considering the implementation as 

a complete system. Literature about the implementation in healthcare repeatedly finds that 

lean can be implemented in parts (Teich & Faddoul, 2013) (Martínez, et al., 2014) (Cheng, et 

al., 2014); this literature almost always provides an example of the success story of a tool-

of-lean implementation.  

This thesis tries to provide a more pragmatic and covering approach which treats the 

general implementation of an improvement methodology but on the other hand the specific 

success factors for implementing a tool out of this toolbox. Where other literature looks at 

methods in specific sectors (Eti, et al., 2004) (Kim, et al., 2006) (Mazzocato, et al., 2010), this 

thesis tries to look at methods in the field of process centric or product centric firms (Nolan, 

et al., 2004) (Kindstrom & Kowalskowski, 2014). 

By using frameworks, the researcher hopes to provide a clear and pragmatic view into 

the key factors of implementing a new method. This thesis is different from most literature 

in the confirmation part; out of two classification frameworks from lean-in-general and lean-

in-healthcare one final framework is developed. The information found in this framework is 

checked in a qualitative approach by having in-depth semi-structured interviews with 

important stakeholders out of the healthcare domain. This generates a total view on the 

review of literature about lean in general and in healthcare. The framework provides a tool 

to enhance information out of the lean-in-general domain towards lean-in-healthcare by 

looking at their context and perform weakness-modification (Bagheri, et al., 2015).  

The framework as discussed in the previous paragraph provides an in-depth pragmatic 

classification of existing literature in a two way model. On one side the aspects found in 

literature are classified in stages of the lean implementation process, on the other side they 

are classified in propositions need for designing an implementation by using the CIMO-logic. 

 

1.6 Outline of the thesis 

The outline of the thesis gives an indication about the subjects treated and the build-up 

of the research. First a visual representation of the chapters, and there for the treated 

subjects, is shown, inspired by the representation in the publication of Lüftenegger (2014, p. 

9). In the second subsection a consideration of the contribution of this thesis towards 

existing literature is carried out. 
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 Review and preview of the thesis-parts 1.6.1

In the previous parts the basis of this thesis is provided, in the upcoming parts this 

basis will be used to carry out the research to identify answers to the research questions. 

The previous parts provided a literature study which considered the motivation for 

healthcare to change, backgrounds of improvement methods, in particular lean, and 

identified the process- versus product approach in which companies work. The literature 

study finally addressed some models which can help creating abstraction in this thesis by 

classifying literature in frameworks. In the delineation of the research area the field in which 

this thesis is conducted is clarified. What the link is between these fields in this thesis and 

how they could benefit from each other is treated in the thesis set-up, complemented by a 

representation of the abstraction levels created in this thesis. 

 

After this basis the research questions can be extracted, one main research questions 

and several sub questions should make clear what the main idea of this thesis is. How to 

extract data and to take care of the pragmatic approach in this thesis is discussed in this part 

as well. To keep clear what is mend with key aspects of this thesis a clarification of these 

terms is provided. The introduction is finalized with considering the contribution of this 

thesis in the existing domain of literature.  

As shown in the ‘thesis structure’ below the paths about ‘improvement methods’ and 

‘complex scheduling and seasonality’ are split up. As discussed above, the literature basis of 

both subjects is to different to follow the same approach; complex scheduling and 

seasonality will be discussed mainly on basis of qualitative research by examining interview 

results. Improvement methods will be treated by classifying existing literature into proven 

frameworks, to find on an abstract level the key aspects of this data.  

First the methods to use the frameworks are discussed, after this development of 

frameworks they will be filled by analyzing new founded literature on the subjects, based on 

keywords and inclusion criteria. By processing the interviews in the same kind of framework 

it is possible to discuss the similarities and differences between implementing improvement 

methods according to literature and interviews. Out of these discussions it will be possible to 

draw conclusions, which need to answer the research questions as shown above. 
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 Thesis structure 1.6.2

 
Figure 3 Visual representation of the thesis structure 

 
Section 1 Introduction: The current section represents the four aspects shown in the 

visualization; literature study of existing literature, the researched area, the research 

question and its sub questions and an clarification of the key-aspects like ‘lean’, ‘SMED’ and 

‘complex scheduling’. 

Section 2: This section describes the different levels of the hourglass by explaining the 

motivation, clarifying the goal of each level and describing the steps which need to be 

performed in each level.  

Section 3 Data extraction: First the methods to perform the data extraction are 

described by explaining the frameworks and their dimensions. After that, two analyses are 

carried out; classification of literature about lean-in-general and lean-in-healthcare into two 

different models according to guidelines described in the method section. Second, a 

frequency analysis of founded keywords in literature about SMED implementation to 

identify the success factors for implementing a method like this into healthcare. 

Section 4 Interviews: Based on semi-structured interviews with stakeholders from the 

healthcare sector, classification frameworks like the ones in section two can be filled with 

the outcomes of these interviews. Other contributions to the thesis like findings about 

‘complex scheduling’ and identification of success factors for implementing tools are 

described in this section as well. 

Section 5 Complex scheduling and seasonality: Because of the limited amount of 

literature on the subject of complex scheduling and there for the different approach to this 

subject, a separate section is made. In this section a short consideration of existing 

literature, findings out of interviews with industry and findings out of interviews with 

healthcare are treated. 

Section 6 Conclusions: In these sections a conclusion of the sections above is treated. 
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2 Motivation and explanation of research approach 

This master thesis has two different goals it tries to accomplish; a scientific and a 

pragmatic goal. The scientific goal is to contribute to existing literature by filling the gap 

literature about improvement methods in healthcare is lacking. The pragmatic goal is to 

deliver guidelines for implementing an improvement method and its tools. To generate this 

pragmatic approach based on scientific research, the researcher performs an analysis of 

literature and complements this with interviews from stakeholders out of healthcare and 

industry. By approaching the research in this way, practical guidelines can be found and 

validation of these findings can be done by comparing them with the results of the 

interviews of the stakeholders. These same interviews can be used to find information 

about subjects existing literature is lacking. 

To accomplish these goals, the set-up as described above and in the previous section is 

followed. The hourglass representation in Figure 2 shows the main idea of the stages during 

this thesis. The way they are connected with each other and the motivation to follow this 

approach, are discussed in this section below. Every level of the hourglass is discussed 

following three steps; the motivation to perform this step, the goal it tries to accomplish 

and the approach to accomplish this goal. 

As described above the idea to research the topic of exchanging methods between 

industries rise came up during the traineeship of the student at an industry firm. Before the 

research started, the researches had some knowledge about continuous improvement and 

had some ideas that healthcare could work with it, but these ideas needed to be developed. 

To generate more insight into the thesis topic before developing the research questions and 

generating the title of this research, the student needed a broad view, based on literature 

and stories out of the domains of industry and healthcare. Existing literature about 

improvement methods in healthcare helps to generate an understanding of the trends in 

healthcare. Within the close vicinity of the student, different stakeholders out of the 

healthcare domain were present; these could be used to generate a broader understanding 

of the current way of working and the problems which occur in healthcare. The old 

colleagues of the student during his traineeships at Heineken could help him to find more 

information about the current way of working and current problems in industry.  

When a general understanding of the to-be-researched areas is created, a specific 

approach is needed to identify possible areas of research and interesting subjects for this 

thesis. Detailed research in specific problem areas could help to narrow down the field of 

study to come to a thesis-title and the research questions. In this phase, a clear 

understanding of the research area exists, but out of all the problem areas which were 

found the scope has to be narrowed. A broad scope on this subject could generate 

unwanted noise around the topics which are identified as interesting for healthcare and 

industry. To perform this detailed research frequently used topics in existing literature were 

recognized and important subjects around these topics were identified. These findings could 

be used in the next level of the hourglass to find more literature. Based on the founded 
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literature and de knowledge generated in the first phase of the hourglass, research 

questions and the thesis-title can be described. 

Based on the research questions and the research-topic, more and specific literature is 

needed to perform an analysis of existing literature. This is necessary to generate the 

pragmatic approach based on scientific research as described at the beginning of this 

section. The student needs to select and specify the problem areas and needs to find more 

literature about the topics described above. The articles which were found were used to 

find new articles by looking at the references they used. Articles were screened at the same 

time to find methods or frameworks which analyze existing literature. The frameworks from 

Bagheri, et al., (2015) and from Andersen, et al., (2014) were identified as vulnerable for this 

thesis; these will be explained in the upcoming sections when they are used. The 

frameworks need to be changed to be useful for the topic of this thesis, after that they can 

be filled with the founded literature. 

This thesis is aimed to provide pragmatic results; a table of guidelines for 

implementing methods from one industry to another and keywords to identify success 

factors are the main goal. By comparing the frameworks described above and extract a new 

framework out of it, pragmatic results can be found in the form of guidelines. The interviews 

focus on identifying guidelines as well, so they can validate and complement the founded 

results by checking it with the stakeholders in a later phase. 

After this level in the hourglass the level comes closest to the cross point, from here on 

the scope of the thesis is broadening again. Therefor it is important to collect the core 

information so it can be used for working towards the results of this thesis. The goal is to 

identify the information out of the literature-analysis and interviews in frameworks, find 

success factors for implementing tools based on literature and interviews and find 

information about complex scheduling in healthcare and industry. This information is found 

in the previous levels. The levels of the hourglass become broader to come to results by 

processing the core information. The steps before the crossing were carried out to find all 

the information, now it is time to describe the outcomes; the goal is 

 To find one table based on the comparison of frameworks in literature and a 

table with the results of the interviews about the same topic; 

 Identify success factors from literature and success factors from interviews; 

 Find information in literature about complex scheduling and find information in 

interviews about this topic. 

This processed information is already collected into models or frameworks and 

therefor ready for the next step of the hourglass; testing of the models and finding the 

results. These models and results need to answer the research questions as founded at the 

beginning of the research and generate the pragmatic approach this thesis is looking for. 

This step is performed by combing the frameworks and combining the success factors and 

identify were they overlap and where they can contribute to each other. The topic of 

complex scheduling results by complementing information from both sectors and identify 

the existence of similar information.  
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3 Extract data out of existing literature 

The set-up of this study will be, as described above, partly based on existing literature 

and a validation of the results by conducting qualitative interviews. The idea of these 

interviews is to check the information which is founded out of literature and generate a 

more detailed idea about the use of improvement methods in both industries as healthcare. 

In order to find valuable results from the literature it is important to generate a level of 

abstraction, this will be done by compressing the results into a model. In this section the 

approach to extract data out of existing literature by identifying, including and classifying 

them into frameworks is discussed. 

 

3.1 Literature identification and inclusion 

To find articles which will support this thesis, the procedure for performing systematic 

reviews (Kitchenham, 2004) will be used. Kitchenham describes three phases of performing 

a systematic review: planning, conducting and reporting the review. The first stage is 

described above and in the current section, identifying the need for a review and the 

development of a review protocol. The conducting phase consists of identification of the 

research, selection of primary (individual) studies, assessing the study quality, extracting and 

monitoring the data and finally synthesizing the data. When this is done, the reporting 

phase is a single stage phase to write the actual review.  

 

As said, this part of the thesis describes the methods described in the second phase of 

the article of Kitchenham (2004). She describes that to identify the research which is needed 

for this thesis, keywords need to be used to explore different databases. Keywords are 

found by breaking up the research question into individual facets and find synonyms for the 

keywords. After this initial phase of searching with keywords, more keywords can be 

obtained by considering the headings of founded papers. Combining these keywords can 

generate sophisticated search strings. After a basic list of literature is found, more literature 

will be obtained by looking at the references of this literature and check them for relevance. 

The keywords used in this thesis are described in Table 1. 

 
Table 1 Keywords used to identify more literature for framework classification 

No. Keyword Source of keyword 

1 Improvement methods 
a) Process improvement; 
b) Continuous improvement; 
c) TPM; 
d) Lean; 
e) Six sigma; 
f) Lean six sigma; 
g) Six sigma vs Lean. 

Research question 
a) Synonym; 
b) Synonym; 
c) Preliminary research; 
d) Preliminary research; 
e) Preliminary research; 
f) Literature study; 
g) Literature study. 

2 Healthcare Research question 

3 Industry 
a) Toyota; 

Research question 
a) Preliminary research; 
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b) Process industry. b) Synonym. 

4 Systematic review Research question 

5 Pragmatic approach 
a) Practical approach. 

Research question 
a) Synonym. 

6 Optimization 
a) Reduction. 

Research question 
a) Synonym. 

7 Baby boom Preliminary research 

8 Patient centric Interviews with experts 

9 Product centric Interviews with experts 

10 Process centric Interviews with experts 

11 Seasonality Interviews with experts 

12 Complex scheduling Interviews with experts 

13 Change over time 
a) Single minute exchange of die. 

Preliminary research/interviews with experts 
a) Preliminary research/interviews with 

experts. 

14 Practical lean Preliminary research 

 

After the identification phase, the study selection process needs to be done; a list of 

criteria is shown below. It is important to note that lean is a well-established improvement 

method, therefor the general use of lean is based on the ideas of a few researchers and well 

described by Womack and Jones (1996). The findings of these researchers is most important 

for the use of lean, therefor the amount of articles to classify lean can be lower when 

integrating the original findings about lean in the classification. 

 
Table 2 Inclusion criteria for articles and preferred inclusion criteria 

No. Inclusion criteria Motivation 

1 English written articles Study and thesis are full English. 

2 Scientific article University master thesis project. 

Preferred inclusion criteria 

3 Citations>20 The article appears to be more relevant when it is 
high-frequently cited by other authors. This can give 
an indication of the external validity of the study. 

4 Peer review journal publication To maintain the scientific character. 

5 Time period 2005-2015 To include articles which are relevant for time 
period of this thesis. 

6 Case study This gives good examples and indicators of 
successes and failures on a pragmatic level. 

 

3.2 Framework development 

Different methods will be used to generate abstraction and modeling in this thesis, 

these methods are extracted from existing research. In the literature study at the beginning 

of this thesis different approaches to deal with data extraction are treated, the Base/x 

model from Grefen (2014) and the classification framework of Bagheri et al. (2015) were 

identified as useful methods. The treatment of data with the classification framework of 

Bagheri et al. (2015) is in line with the approach needed for this master thesis; therefor this 

approach will be used to subdivide the founded literature. Bagheri, et al. presents a 

conceptual framework of the value network customer knowledge management lifecycle, 

based on a broad literature study.  
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The goal of the study of Bagheri et al. (2015) is in basis the same as the goal of this 

thesis; try to fill the gap which existing literature is lacking by using classification 

frameworks and concluding the results in a model or conceptual framework. The difference 

is the use of interviews to derive a more in-depth view to develop a pragmatic result out of 

this thesis. Bagheri et al. (2015) want to compare two lifecycles to identify gaps and 

weaknesses of current literature about both lifecycles. Especially the method to extract the 

data is interesting for this thesis; the researchers coded the text and used three instruments 

as guidelines. The articles used in their literature study are categorized in these three 

instruments and are summarized in one table where all the information is shown together. 

This classification framework is made for both lifecycles, where after an analysis is done and 

a new proposed conceptual framework is derived. The idea of extracting main ideas out of 

the existing literature, categorizing this in a conceptual framework and compare the 

framework of industry and healthcare with each other can create much value for this thesis. 

The results out of this comparison and out of these frameworks give us insight in the 

differences, based on existing literature, between implementing lean in industry and in 

healthcare (Bagheri, et al., 2015).  

The classification framework of Bagheri, et al. (2015) uses instruments specific for 

managing customer knowledge. The set-up of the framework is used in this thesis, but with 

other instruments; aimed at classifying lean or parts of lean. By classifying the founded 

literature in this framework, the level of abstraction, which is needed for a master thesis, 

will be reached. The first level of abstraction is derived by following the approach as 

suggested in the hourglass representation in the ‘delineation of the research area’ at the 

beginning of this thesis. The hourglass narrows the focus from treating lean alone towards a 

more detailed look at SMED, the stage of processing the literature in an abstract way is 

located a little bit before the narrowest part of the hourglass. 

 Classification methods for the framework 3.2.1

 Instead of the KM-lifecycle processes in the original framework, this thesis uses the 

steps of lean implementation to classify articles about lean in industry and healthcare: 

define value from the perspective of the end user, identify entire value stream and eliminate 

waste, make remaining value-creating steps flow so there is no waiting, let the end customer 

pull and provide what the user wants when the user wants it, and finally pursue perfection 

(Womack & Jones, 1996, p. 141) (Womack & Jones, 2003). As in the original framework from 

Bagheri, et al. the main activities of the steps will be described. After that the steps will be 

evaluated by using the CIMO logic (Denyer, et al., 2008) as used in the article of Mazzocato, 

et al. (2010). The CIMO logic describes propositions in the form of “an intervention (I) in a 

context (C) triggers a mechanism (M) which generates an outcome (O)” (Mazzocato, et al., 

2010, p. 377).  

Andersen, et al. (2014) describe, as described in the literature review, inter-related 

facilitators for lean in hospitals. Looking at these facilitators a distinction can be made 

between facilitators as human beings or as other elements of lean implementation. The 
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most frequently found facilitators in the research where: management engagement, staff 

involvement and teamwork. These three factors represent the three levels of humans in a 

process: management level, staff level and operational level, therefor the involvement of 

them at lean implementation can be classified in the framework as well. 

 Classification of success factors to implement SMED 3.2.2

The article of Andersen, et al. (2014) aims to provide more information about the 

conflicting evidence on the outcomes of lean, they try to identify factors which facilitate 

intended outcomes from lean interventions and to understand when and how different 

facilitators contribute (p. 1). The article of Antony (2011) describes as support for successful 

implementation the same facilitators. Andersen, et al. (2014) created a two-dimensional 

framework wherein they related facilitators to domains and dimensions of capability.  

The process towards creating this framework was to identify the frequency of the 

appearing of facilitators and their synonyms in articles. These findings can be summarized in 

graphs, where the facilitator with the highest frequency can be seen as the one with the 

highest contribution towards implementing lean (Andersen, et al., 2014). This method can 

be used in this thesis to identify important terms which indicate the basis which is needed 

to implement a part of an improvement method. Especially to find valuable results about 

the implementation of SMED this method can be useful. There is not many research about 

SMED in healthcare, so an approach to identify the key aspects or so called success factors 

of implementing a method from industry towards healthcare, without the link the other way 

around, will help this thesis.  

These methods will help to find success factors for the implementation of 

improvement methods and SMED in industry and healthcare. The same can be done for the 

literature about complex scheduling in healthcare towards industry. Out of these methods, 

suggestions and conclusions can be extracted, together with interviews to find experts 

opinions about this subject, these findings can be mapped in a single model.  
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3.3 Analyzing lean in literature 

The total amount of literature about improvement methods studied for this thesis where 63 articles, as said the amount of 

articles to extract data to classify lean in general is relatively low because the lean method is based on the research of Womack and 

Jones (1996) (2003). In total 7 articles where used to classify lean in general in the table below. To classify lean in healthcare, a 

selection is made of articles with and without a practical description of implementing lean in healthcare, according to the including 

criteria and preferred including criteria, in total 10 articles were used. 

 Classification frameworks 3.3.1

Table 3  classification framework of literature about lean in general 

Steps of 
lean 

Main activities 

CIMO Involvement 

Source 
Context 

Intervention 
(Vorne 

industries 
Inc, 2010) 

Mechanis
m 

(Mazzocat
o, et al., 
2010, p. 

378) 

Outcomes 

Managem
ent 

engageme
nt 

Staff 
support 

Teamwork 

Define 
value from 
end-user 

perspectiv
e 

Form teams; 
 
Define from user-perspective a 
specific Product with specific 
capabilities offered at a specific price 
and time; 
 
Differentiate value for the customer; 
 
Find waste (Muda); 
 
Small lots; 
 
Few defects. 

Eliminate 
waste 
from 
organizatio
n 

Gemba (the 
real place), 
Hoshin Kanri 
(policy 
deployment)
, KPI (key 
performance 
indicators), 
Muda 
(waste), Six-
big-losses, 
smart-goals  

Generate 
shared 
understan
ding and 
add up 
values.  

Product 
with 
specific 
capabilities 
offered at 
a specific 
price and 
time. Keep 
aware of 
producing 
a wrong 
product 
highly 
efficient. 

Long term 
stable and 
continuous 
committed 
leader. 
 
Change-
leader who 
can smash 
barriers. 

Leader 
with deep 
knowledge 
of lean 
techniques
. 
 
Heavyweig
ht project 
managers. 

Team to 
rethink the 
value 
stream 
and flow 
of value. 
 
Independe
nt multi-
skilled 
teams. 

(Womack 
& Jones, 
1996) 
 
(Cusuman
o, 1994) 
 
(Andersso
n, et al., 
2006) 
 
(Antony, 
2011) 
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Map/ 
identify 

Identify value stream: make product 
definition, identify information 
management, identify physical 
transformation; 
 
Eliminate waste; 
Identify product groups; 
 
Identify complex machines. 

Eliminate 
waste 
from 
organizatio
n.  
 
Helps in 
getting 
early 
engageme
nt of staff. 
 
Work floor 
level 
improvem
ents. 

5S, Muda 
(waste), 
PDCA (plan-
do-check-
act), Root 
Cause 
Analysis 
(5xwhy), 
Value 
Stream 
Mapping. 

Generate 
practical 
suggestion
s, make 
product 
definition, 
identify 
informatio
n 
manageme
nt and 
identify 
physical 
transforma
tion. 

Lean 
enterprise: 
a 
continuing 
conference 
of all 
concerned 
parties to 
create a 
channel 
for the 
stream. 

 Process-
guiding 
staff. 

Everyone 
involved in 
the 
process 
needs to 
be in the 
team 
which 
identifies 
and maps 
the 
process  

(Womack 
& Jones, 
1996) 
 
(Andersso
n, et al., 
2006) 
 
(Antony, 
2011) 

Flow 

Work on each design-order-product 
continuously; no moving of 
commodities in large batches; 
 
Eliminate waiting-downtime-scrap 
within or between steps; 
 
Introduce new types of organizations 
or technologies; 
 
Get rid of machines who don't fit in a 
small-batch production process;  
 
Don't think flow is a long complex 
process; 
 
Disband production departments 
and regroup machinery so that all 
equipment needed for a product 
group is located in separate 
production cells;  
 

Eliminate 
waste 
from 
organizatio
n.   
 
Control 
sources of 
variability. 
 
Work floor 
level 
improvem
ents. 

Bottleneck 
analysis, 
continuous 
flow, 
Heijunka 
(level 
scheduling), 
Jidoka 
(Automation
), Muda 
(waste), OEE 
(Overall 
Equipment 
Effectivenes
s), SMED, 
Value 
Stream 
Mapping 

New types 
of 
organizatio
n or 
technologi
es. 
 
Creation of 
production
s cells. 

Lead time 
decreases. 
 
Clustered 
production 
cells. 
 
Small 
batches. 
 
 

Put one 
outside 
technical 
consultant 
in team. 

Staff needs 
to manage 
the errors 
of 
changing 
towards 
flow 
system. 
 
Capable of 
working 
out bugs. 
 
Individual 
direct 
product 
responsibl
e team 
leader. 

Best 
workers 
from 
previous 
project 
become 
new 
member of 
new lean-
project. 
 
Dedicated 
teams. 

(Womack 
& Jones, 
1996) 
 
(Andersso
n, et al., 
2006) 
 
(Antony, 
2011) 
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Look for smaller machinery so it fits 
in a production place; 
 
Production leveling. 

Pull 

Let the end user pull the product 
from the value stream; 
 
Eliminate finished goods inventories; 
 
Eliminate the possibility to have 
obsolete parts when end product is 
made; 
 
Avoid elaborate inventory tracking 
systems; 
 
Eliminate remaindered goods 
nobody wants; 
 
Define TAKT-time (total amount of 
products made in a day divided by 
the total hours of production); 
 
Find out how to change-over quickly, 
optimize JIT working; 
 
Make process visual. 

Eliminate 
waste 
from 
organizatio
n. 
 
Work floor 
level 
improvem
ents.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Andon 
(visual 
feedback), 
Just-In-Time, 
Kanban (pull 
system), 
Muda 
(waste), OEE 
(Overall 
Equipment 
Effectivenes
s), PDCA 
(plan-do-
check-act), 
SMED, TAKT-
time, Visual 
Factory. 

Make 
process 
more 
explicit 
and staff 
more 
aware. 
Follow up 
practical 
suggestion
s. 

Eliminates 
Muda, 
creates 
pull 
process. 

Managem
ent which 
believes in 
pull 
system. 

Staff able 
to push 
the pull-
system 
towards its 
teams and 
let them 
believe in 
it. 
 
Individual 
direct 
product 
responsibl
e team 
leader. 

Team 
which 
believes in 
a pull 
system 
against the 
general 
believes. 
 
Dedicated 
teams. 

(Womack 
& Jones, 
1996) 
 
(Cusuman
o, 1994) 
 
(Andersso
n, et al., 
2006) 

Pursue 
perfection 

Observe the virtuous cycle of the 
previous four steps; 
 
Strive for perfection; 
 
Change a generation of thinking 
about work and how people work 
together; 
 
Make strategy for perfection, every 
major activity in the organization 

Eliminate 
waste 
from 
organizatio
n.   
 
 

Kaizen 
(continuous 
improvemen
t), OEE 
(Overall 
Equipment 
Effectivenes
s), Poka-
Yoke 
(foolproof), 
Six-big-

Strategy Virtuous 
circle 
becomes 
clear, new 
Muda 
pops-up.  

Inspire 
staff that it 
is a 
virtuous 
circle. 
 
Strategy 
for 
perfection.  
 
Create 

Staff 
seeking for 
further 
improvem
ent. 
 
Individual 
direct 
product 
responsibl
e team 

Team 
which 
believes 
that it is a 
virtuous 
circle. 

(Womack 
& Jones, 
1996) 
 
(Cusuman
o, 1994) 
 
(Andersso
n, et al., 
2006) 
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undergoes a three-day kaizen several 
times a year; 
 
See no end in sight; 
 
When a layer of waste is removed a 
new one will pop up; 
 
Foolproof automation devices; 
 
Lean creates the standard. 

losses,  
smart goals, 
standardized 
work, TPM 
(Total 
Productive 
Maintenanc
e)  
 
Show quick 
results to 
leaders of 
the 
company. 

managers 
with 
knowledge 
and energy 
to make 
the leap. 

leader. 
 
Create 
staff with 
knowledge 
and energy 
to make 
the leap. 

(Abdelham
id, 2003) 
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Table 4 classification framework of literature about lean in healthcare 

Steps of 
lean 

Main activities 

CIMO Involvement 

Source 
Context Intervention 

Mechanis
m 

Outcomes 

Managem
ent 

engageme
nt 

Staff 
support 

Teamwork 

Define 
value from 
end-user 

perspectiv
e 

Create deep understanding of 
processes involved in patient care; 
 
Control healthcare cost increases, 
improve quality and provide better 
healthcare: insurance companies 
demand lowest prices; 
 
Improve quality of care to fulfil 
patients demands; 
 
Eliminate lead-time complaints from 
customers; 
 
Eliminate employee complaints 
about high workload and limited 
space in ER; 
 
Replace old quality methods by more 
data driven analysis; 
 
Use of lean is mainly to improve 
clinical processes and outcomes; 
 
There is not one approach to solving 
all problems: deciding when and how 
to use lean-tools is not easy. 
 
Long waiting times and low on 
required spaces for patients; 

Remain 
competitiv
e, cost 
efficient 
and up to 
date. 
 
Aging 
population 
and 
technologi
cal 
advantage
s. 
 
Unnecessa
ry 
operationa
l 
inefficienc
y. 
 
Conflicting 
goals. 
 
ER is of 
high 
strategical 
importanc
e. 

Prepare for 
meeting. 
 
Make topic 
being 
discussed 
visible in 
words. 
 

 Competitiv
e 
advantage 
derived 
from 
customer 
satisfactio
n. 
 
Goals are 
not 
measured 
in financial 
terms (or 
even a 
concrete 
metric). 

Managem
ent does 
not 
measure 
goal 
attainment
. 
 
Focused 
on strategy 
and 
resources. 

Practicing 
managers 
need to 
identify 
and 
structure 
initiatives 
to benefit 
from it. 
 
Use step-
by-step 
approach 
and help 
identify 
problems 
of the 
team. 

Involve 
individuals 
who have 
knowledge 
of the 
problem or 
opportunit
y. 

(Kim, et 
al., 2006) 
 
(De 
Koning, et 
al., 2006) 
 
(Van den 
Heuvel, et 
al., 2006) 
 
(Langabeer
, et al., 
2009) 
 
(Simon & 
Canacari, 
2012) 
 
(Martínez, 
et al., 
2014) 
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according to regulations.  
How and 
which 
stakeholde
rs must 
specify 
‘value’ in 
healthcare
. 

Map/ 
identify 

 
Green belt chose to focus on lead-
time; 
 
Team members develop a detailed 
process-flow diagram and cause and 
effect diagram; 
 
Organize the problem in logical 
groupings.  
 
Organize problems by a cause-effect 
diagram with priority analysis. 
 
Identify boundaries, opportunities 
and limitations. 
 
Involve stakeholders before 
implementation process changes. 
 
Perform analysis to identify activities 
that do not add value to the process. 

 

Profession
al groups, 
like 
healthcare, 
are 
characteriz
ed by 
jurisdiction
al 
boundaries 
 
Lean can 
contribute 
to waiting 
times, 
length of 
stay and 
successfull
y treated 
patients. 
 
Long 
waiting 
times, fail 
to comply 
minimum 
required 
spaces for 

Ask 
questions 
about the 
process. 
 
Use flow 
diagrams. 
 
Frontline 
workers in 
active 
participation 
cause 
greater 
immediate 
results. 

Critical 
path 
analysis. 
 
Involve 
frontline 
workers in 
process 
changes. 
 
Lean in 
healthcare 
is mostly 
split-up in 
tools. 
 
Perform 
interviews 
to 
understan
d the 
process 
with all 
stakeholde
rs (except 
for 
patients). 

New 
protocols 
are 
developed 
to help 
nurses to 
exam the 
process. 

Departme
nt 
managers 
must 
select the 
people 
with the 
right 
knowledge 
and 
experience 
to solve 
the 
problem. 

Use step-
by-step 
approach 
and help 
identify 
problems 
of the 
team. 
 
Ensure a 
plan is in 
place to 
hold the 
gains. 
 
Participate 
in 
developing 
scope 
statement 
so they 
can help 
identify 
the right 
stakeholde
rs. 
 

Organize 
problems 
by a cause-
effect 
diagram 
with 
priority 
analysis. 
 
Involve 
individuals 
who have 
knowledge 
of the 
problem or 
opportunit
y 
 
Frontline 
workers in 
active 
participati
on cause 
greater 
immediate 
results. 
 
 

(Van den 
Heuvel, et 
al., 2006) 
 
(Simon & 
Canacari, 
2012) 
 
(Waring & 
Bishop, 
2010) 
 
(Dickson, 
et al., 
2009) 
 
(Martínez, 
et al., 
2014) 
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patients. 

Flow 

Inefficient healthcare services cost 
more and fewer can benefit from 
technical advantages of modern 
medicine; 
 
Seek for an optimum in the amount 
of patients in the process; 
 
Team members use a detailed 
process-flow diagram and cause and 
effect diagram; 
 
Discuss the problem in logical 
groupings; 
 
Prioritize problems; 
 
Make activity scorecards; 
 
Develop implementation plans. 
 
Management makes goals like: 
reduce average patient waiting time. 

Emergency 
rooms 
cope with 
acute and 
planned 
patients. 
 
How and 
which 
stakeholde
rs must 
specify 
‘value’ in 
healthcare
. 
 
Profession
al groups, 
like 
healthcare, 
are 
characteriz
ed by 
jurisdiction
al 
boundaries 
 
Lean can 
contribute 
to waiting 
times, 
length of 
stay and 
successfull
y treated 

Value 
stream 
process 
maps. 
 
Continuous 
and 
relentless 
pursuits of 
innovations. 
 
Lead time 
shows two 
components 
to focus on: 
reducing 
amount of 
work or 
increase 
completion 
rate. 
 
Use triage 
system. 
 
Lean 
involves a 
range of 
approaches 
and tools. 
 
Use flow 
diagrams, 
define area 
layouts, 

Systematic 
innovation 
efforts. 
 
Triage 
system 
causes 
lead-time 
to go up, 
but this is 
inevitable. 
 
Prioritized 
and scored 
problems 
to solve. 
 
To create 
flow across 
value 
streams, 
lean-
thinking 
encourage
s service 
leaders to 
rationalize 
and re-
configure 
these 
boundaries
. 
Lean in 
healthcare 
is mostly 

Improvem
ent and 
redesign of 
routine 
tasks. 
 
Lead time 
decreases, 
but less 
intense 
because of 
triage 
system. 
 
Implement
ation 
plans. 

Managem
ent makes 
goals like: 
reduce 
average 
patient 
waiting 
time. 

Coaching 
by Master 
black belts. 
 
External 
coaches 
provide 
tools out 
of lean 
packages. 

Projects 
executed 
by black 
and green 
belts. 
 
Develop 
process-
flow 
diagram 
and cause 
and effect 
diagram. 
 
Develop 
and 
complete 
implement
ation 
plans. 

(De 
Koning, et 
al., 2006) 
 
(Van den 
Heuvel, et 
al., 2006) 
 
(Simon & 
Canacari, 
2012) 
 
(Young & 
McClean, 
2008) 
 
(Waring & 
Bishop, 
2010) 
 
(Mazzocat
o, et al., 
2012) 
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patients. 
 

make 
Implementat
ion plans. 
 
Certain tools 
out of lean 
are 
implemente
d 
sometimes. 

split-up in 
tools. 

Pull 

   Systematic 
innovation 
efforts. 

Provide 
better 
economy, 
greater 
efficiency 
and better 
service. 
 
Superior 
cost 
structure. 

 Coaching 
by Master 
black belts. 

 (De 
Koning, et 
al., 2006) 
 
(Van den 
Heuvel, et 
al., 2006) 
 
 

Pursue 
perfection 

Spread out the way of approaching; 
 
Set KPIs for other departments; 
 
The method used (lean) is not always 
possible to implement everywhere in 
the hospital, select the right 
departments; 
 
Hold the gains; 
 
Decrease lead time in other 
departments as well. 

Addition to 
critical 
path other 
departmen
t are asked 
to 
decrease 
lead-time. 
 
 

Priority 
scheduling. 
 
Hold the 
gains and 
spread the 
learning. 
 
Implementin
g lean 
depends on 
effective 
leadership 
to promote 
ethos and 
values of 
lean-

Priority 
and new 
method 
show the 
importanc
e of 
changing 
the way of 
working. 
 
Make 
foolproof 
by holding 
the gains 
and 
spreading 
the 

Resulting 
in superior 
quality and 
efficiency. 
 
Decrease 
in lead-
time: 
relate to 
cost 
containme
nt and 
internal 
quality. 
 
Find the 
right 

Project 
monitoring 
by 
Champions
. 
 
Support by 
yellow 
belt. 
 
Lean 
implement
ation is 
driven by 
hospital 
leadership. 

Coaching 
by Master 
black belts. 
 
Spread the 
learning. 
 
Reallocate 
staff and 
create new 
standards 
under new 
leadership. 

Physicians 
are 
instructed 
and act. 
 
Hold the 
gains. 
 
Whole 
lean 
implement
ation can 
be driven 
by 
frontline 
workers. 
 

(Van den 
Heuvel, et 
al., 2006) 
 
(Simon & 
Canacari, 
2012) 
 
(Waring & 
Bishop, 
2010) 
 
(Dickson, 
et al., 
2009) 
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thinking. 
 
Outcomes 
are 
positively 
affected by 
continuous 
leadership 
commitment 
to lean. 
 
Make results 
visible. 

learning. departmen
ts for 
further 
implement
ation. 
 
When 
sticking to 
Toyota 
principles, 
the best 
outcome 
will arise. 
 
Outcome 
is based on 
context 
and 
mechanis
m, when 
one is 
lacking, 
the results 
were not 
successful 
or not 
sustainabl
e. 
 
Patient 
satisfactio
n is the 
outcome 
most 
resistant 
to change. 

Successful 
implement
ation 
depends 
on both 
frontline 
workers as 
manageme
nt 
engageme
nt. 
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 Guidelines for comparing the frameworks 3.3.2

In line with the research of Bagheri, et al. (2015) the classification frameworks are 

compared with each other to identify gaps and weaknesses of current literature. In the used 

method an identification of gaps and weaknesses is performed by the following issues:  

 Weakness: modify content whenever it is needed when existing literature is lacking on 

this subject and there is a strong basis of modification; 

 Confirmation: both tables describe the same thing; 

 Enrichment: Something missing in the healthcare table could be completed by the 

relevant information from the lean-in-general table 

 Empty cell: when a cell is empty in the healthcare table, there are two choices; leave it 

empty or fill it by using information from the other table after changing this information 

in a healthcare approach. 

 
3.4 Discussion of stages from both classification frameworks 

Now the classification of articles is performed and guidelines for comparing the two tables 

are described, the actual comparison can be achieved. Step by step the two tables are 

compared and classified; the discussion of these results is displayed in this section by discussing 

each phase as used in the framework.  

First the column with main activities is compared; logically the activities of healthcare are 

more specific and the activities of lean-in-general (LIG) are based on methodology -thinking. To 

have the abstraction and correct steps of LIG but with the focus on implementing them in 

healthcare, it is wise to use all approaches except for empty-cell; confirmation, enrichment and 

weakness. The combination of the activities involves the change of words like products into 

treatments or users into patients, all combined activities are displayed in ‘Table 5’ at the end of 

this section. 

Second, on a horizontal level, the classifications are compared; starting by the defining of 

the value out of the end-customer perspective. Looking at the context of defining this value, 

both lean in general and in healthcare describe the same main context; eliminate everything 

from the process what is not needed; this is a confirmation of context. Healthcare describes 

more about the background of the value, but that is logical because LIG has a broader field of 

implementation and is longer embedded in industry. The idea of healthcare about the 

intervention is in line with the approaches described at LIG, but the actual steps as indicated in 

lean are lacking; this can be classified as a weakness. To overcome this weakness, the 

interventions from LIG can be adjusted to healthcare and added to the new framework.  

The cell of mechanisms in healthcare is empty while the cell in LIG shows the step 

between the intervention and the outcome, different approaches can be used to fill or not fill 
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this cell. Because LIG describes broadly this aspect, this can be used in the final framework; this 

can be considered as a weakness completion. The last step is the outcomes, the idea of the 

outcome described in the healthcare table is acceptable but it is lacking concrete metrics to 

measure the outcome. By weakness completion the new framework will clearly describe the 

valuable outcomes. LIG makes a good point by describing the pitfall of producing something 

highly efficient what nobody is waiting for; this covers the whole idea of defining the value out 

of the customer perspective; literature about lean in healthcare describes most of the time 

value as something derived by all stakeholders from the healthcare, but without explicitly 

saying it; not including the patient. This idea will be further discussed after the new framework 

is completed. 

The involvement of levels of stakeholders are described mostly in different perspectives, 

lean-in-general looks at what kind of people are needed to complete the job, healthcare looks 

at what their approach is when performing the job. This makes it difficult to compare, but the 

main idea of them both can be comparable. The management engagement of both will benefit 

from enrichment, but confirmation in the basis can be founded; the basis of both is good 

because they both focus on strategy, but the suggestions of LIG to have managers who can 

break barriers and are continuous long committed leaders are good to implement in the new 

framework. Staff support describes mainly the same idea in both sectors, there this is regarded 

as confirmation; lean implementation needs staff with a lot of knowledge about lean, the idea 

of this person is to be the first support towards the teams working with lean. Teams have to 

identify the process and define value, confirmation and enrichment covers the comparison of 

both tables; lean in healthcare describes a good basis, but can be complemented with the idea 

of multi-skilled teams which rethink the value. 

 

At the level of ‘identifying and mapping’ literature about lean-in-general and in 

healthcare, the context description can be seen as a confirmation and a bit of enrichment. Both 

describe the identification of problem areas, but lean describes a bit more the details of their 

areas; it would make sense to include in the framework the healthcare areas as waiting times, 

successful treated patients and length of stay. A remark is made by the healthcare literature 

that improving in the area of healthcare has jurisdictional boundaries.  

The intervention-cells can be compared with the intervention cells of the defining value 

phase described above; healthcare literature lacks in making clear suggestions of methods to 

use to improve their process. This is a weakness which can be complemented by the suggested 

methods from LIG. The mechanisms parts describe mainly the same thing and are therefore 

regarded as confirmation. Enrichment can be added to include more of the specific suggestions 

of healthcare. A remark has to be made when healthcare describes the use of a certain tool; LIG 

almost always writes about the organization wide implementation of a lean methodology  

where healthcare mostly describe a certain tool which is implemented in a certain department; 
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this needs to be considered in the discussions later in this thesis. The outcomes have to be 

treated on basis of weakness; LIG is way broader than healthcare literature. The main 

difference is that lean talks about a lean organization as an outcome where healthcare writes 

about the results of specific results of some tools; as said, the idea of lean is to have an 

organization wide thinking. 

Considering the involvement, management engagement would best be treated as an 

empty cell; identification phases may not be influenced by management interaction. Staff level 

describes the same approach, only healthcare has a broader description of the ideas and would 

therefore be regarded as confirmation and enrichment; it would make sense to include these 

ideas in the framework. On teamwork level all literature describes the same; confirmation is 

found but healthcare writes explicitly more about the involvement of frontline workers during 

these steps, therefor enrichment can be added as well. 

 

The third step of implementing lean is to look at the flow of the process, looking at the 

literature about LIG and lean in healthcare this is a well-discussed subject. Identifying and 

comparing the right components to put in the framework is therefore difficult; combining parts 

by enriching mostly offers the best results. The first consideration is the context of flow 

optimization, healthcare talks more about problems where LIG writes about opportunities to 

increase flow, this can be regarded as a weakness whereby parts of the LIG approach need to 

be used in the framework, combined with remarks of the healthcare part. A frequently 

addressed subject is the idea that not every department in healthcare can optimize their flow as 

easy as others; for example the departments who suffer from emergencies are difficult to 

optimize. 

The intervention in flow is reasonably discussed in all literature, LIG is more abstract 

about it and healthcare writes more about the use of certain tools to optimize flow; enrichment 

would support the final framework. In this part the subject of emergency departments who 

have trouble with flow is addressed again, this needs to be taken into account in the final 

framework or discussion around it. In the mechanism part the idea is mostly the same as the 

intervention part; healthcare describes the content more detailed than the articles of LIG. 

Healthcare makes a point about jurisdictional boundaries, as described previously, by 

suggesting that service leaders must rationalize and reconfigure these boundaries. The articles 

in both LIG as healthcare write mainly the same about the outcomes, confirmation covers the 

idea; this can be taken over by the framework. 

Management engagement on flow describes two completely different aspects; LIG 

suggests that management should involve external technical consultants, healthcare writes 

more about the management focus on goals; both can be useful for the framework. Staff 

involvement is more difficult; lean suggests involving external coaches and LIG wants that 

individuals are direct product responsible. Both coaches and a product responsible team leader 
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can work next to each other, but it will give a challenge to which level the coaches are involved. 

Partly the same approach can benefit for teamwork as well; LIG suggests creating dedicated 

teams where the best workers from previous projects become new members of lean-projects, 

healthcare wants experienced teams with green belts and black belts.  

 

About the pull section the conclusions can be very small, but therefor maybe the most 

valuable of all. The idea behind lean is to create a pull-organization where the end user triggers 

the process by pulling the product out of the process, all the steps before act only when there is 

pulling. Literature about lean-in-general describes extensively about this system and what the 

main characteristics are. Healthcare literature only describes very briefly pull on a mechanism 

and output level; without a context and an intervention background this can be considered as 

empty cells as well. Because the process of pull is not described in literature, the involvement 

of people is not available as well. 

To develop a good framework it can help to treat all the empty cells as empty-

modification; fill the cells on basis of LIG but by modifying them with a healthcare approach. As 

discussed previously, not all departments of healthcare will be able to improve by a process 

improvement method, so this has to be taken into account. 

 

The last step of the lean process is to pursue perfection; as described in lean literature 

and thus partly in the context section, lean is a virtuous process where every time when waste 

is eliminated new waste pops up. This can be complemented with the findings of the healthcare 

literature about lean which talk about decreasing the lead time and involving other 

departments; confirmation is addressed. The intervention part is the same as in the beginning 

of this discussion, where LIG writes more about specific methods and healthcare more about 

ideas. When these two are combined by weakness modification, this will generate valuable 

results in the framework. The same can be applied for the mechanism part, but healthcare 

describes this part more broadly than LIG. Especially the mechanism to make a system 

foolproof is a characteristic of lean which is adopted in healthcare. To include the outcomes, 

weakness modification will help concluding the best of both sectors; healthcare is broader 

again and confirms partly what LIG writes about, but with more detailed suggestions.  

The idea about all three involvements of people is the same; LIG writes a lot about the 

virtuous circles of lean in the pursue perfection section, healthcare writes more about 

monitoring, spreading and learning from implementing lean by the previous steps, so both of 

them describe the same thing and confirm and enrich each other. 
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3.5 Final framework 

Table 5 Framework for comparing literature about lean in industry and in healthcare 

Steps of 
lean 

Main activities 

CIMO Involvement 

Context Intervention Mechanism Outcomes 
Managemen

t 
engagement 

Staff support Teamwork 

Define 
value from 
end-user 

perspectiv
e 

Confirmation/Enrichment/Weakness Confirmatio
n 

Weakness Weakness 
completion 

Weakness 
completion 

Confirmatio
n/Enrichmen
t 

Confirmatio
n 

Confirmatio
n/enrichmen
t 

Form teams; eliminate complaints 
from team members about current 
workload. 
 
Define from patient-perspective; 
specific treatment with specific 
capabilities at a specific time. On the 
other side: improve quality and 
control cost increase because 
insurance companies demand lowest 
prices. 
 
Improve quality to fulfill patient 
demands; eliminate waste. 
 
When defining value; there is not 
one approach which covers all 
departments. 
 

Eliminate 
waste out of 
the process 
 
Take care of 
strategically 
important 
departments 

Use existing 
tools/keywo
rds: 
 
Gemba (the 
real place) 
 
Hoshin Kanri 
(policy 
deployment) 
 
KPI (key 
performance 
indicators) 
 
Muda 
(waste) 
 
Six-big-
losses 
 
Smart-goals 

Generate 
shared 
understandi
ng. 
 
Add up 
values out of 
the process. 

Make goals 
measurable. 
 
Keep aware 
of making 
the process 
efficient in a 
way nobody 
is waiting 
for. 
 
Look at 
value out of 
patient 
perspective 
instead of all 
other 
stakeholders
’ 
perspective. 

Long term 
focus on 
strategy and 
resources. 
 
Long term 
stable and 
continuous 
committed 
leader. 
 
Change 
leader who 
can smash 
barriers. 
 
Measure 
goal 
attainment. 

Managers 
with 
knowledge, 
who can 
help identify 
problems of 
the teams.  
 
Practicing 
managers 
need to 
identify and 
structure 
initiatives to 
benefit from 
them. 

Involve 
individuals 
with 
knowledge 
of the 
problem or 
opportunity.  
 
Create 
independent 
multi-skilled 
teams which 
rethink 
value in 
healthcare. 

Map/ 
identify 

Confirmation/Enrichment/Weakness Confirmatio
n/enrichmen
t 

Weakness Confirmatio
n/ 
Enrichment 

Weakness Empty cell Confirmatio
n/enrichmen
t 

Confirmatio
n/enrichmen
t 
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Identify value stream; make 
definition of treatments, identify 
information management and 
identify physical transformation. 
 
Eliminate waste; perform analysis to 
identify activities that do not add 
value to the process. 
 
Identify groups of 
patients/treatments; organize 
problems in logical groupings. 
 
Identify complex activities; identify 
complex treatments, boundaries, 
opportunities and limitations. 

Look for 
work floor 
level 
improvemen
t 
 
Identify 
waste. 
 
Take care of 
jurisdictional 
boundaries. 
 
Important 
aspects: 
waiting 
times, 
successful 
treated 
patients and 
length of 
stay. 
 

Use existing 
tools/keywo
rds: 
 
5S 
 
Muda 
(waste) 
 
PDCA (plan-
do-check-
act) 
 
Root Cause 
Analysis 
(5xwhy) 
 
Value 
Stream 
Mapping. 
 
Interview 
(from 
manager till 
patient) 

Generate 
practical 
suggestions 
 
Make 
product 
definition 
 
Interviews 
for 
understandi
ng the 
process 
 
Lean is an 
organization 
wide 
methodolog
y; in 
healthcare it 
is split up in 
tools. 

Create a 
lean 
organization 
with 
everyone 
involved, 
everyone 
needs to 
understand 
the process. 

Don’t let the 
identificatio
n phase be 
influenced 
by 
managemen
t. 

Staff needs 
to support in 
step-by-step 
approach, 
helping to 
identify 
problems of 
and with the 
team. 
 
Participate 
in 
developing 
scope 
statement to 
identify 
stakeholders
. 

All 
stakeholders 
need to be 
in the team. 
 
Frontline 
workers 
need to be 
actively 
participated, 
especially in 
process 
changes. 

Flow 

Confirmation/Enrichment/Weakness Weakness Enrichment Enrichment Confirmatio
n 

Enrichment Enrichment Enrichment 

Work on each activity continuously; 
no clustering of treatment hours; 
seek for an optimum of amount of 
patients in the process.  
 
Discuss problems in logical 
groupings; eliminate 
waiting/downtime/scrap within or 
between steps. 
 
Introduce new types of organizations 

Control 
sources of 
variability. 
 
Eliminate 
waste. 
 
Take into 
account the 
differences 
between 

Take into 
account the 
differences 
between 
departments
. 
 
Focus on 
lead time, 
use value 
stream maps 

Get out of 
the box by 
looking for 
completely 
new type of 
organization 
by 
systematicall
y performing 
innovation 
efforts. 

Decrease 
lead time. 
 
Make 
clustered 
areas where 
treatments 
take place. 
 
Create small 
‘batches’. 

Keep the 
focus on the 
goals as 
defined as 
value and 
identified 
and 
mapped. 
 
Put an 
outside 

Staff has to 
handle the 
errors which 
rise when 
changing 
towards a 
flow system. 
 
Individual 
direct 
responsible 

Best workers 
from 
previous 
project 
become new 
team 
members.  
 
Develop 
with all 
stakeholders 
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or technologies 
 
Do not think creating flow is a long 
complex process. 
 
Disband departments and regroup 
functional departments so that all 
activities needed for a treatment are 
located in process cells. 
 
Look for smaller machinery so it fits 
in process cells. 
 
Prioritize problems, make activity 
scorecards and develop 
implementation plans. 

departments
; not every 
method is 
overall 
applicable 
(for example 
in 
emergency 
rooms; flow 
is 
completely 
different). 
 
Jurisdictiona
l boundaries 
do not help 
the process 
to improve. 

and area 
layouts. 
 
Use existing 
tools/keywo
rds: 
Bottleneck 
analysis. 
 
Continuous 
flow. 
 
Heijunka 
(level 
scheduling). 
 
Jidoka 
(Automation
). 
 
Muda 
(waste). 
 
OEE (Overall 
Equipment 
Effectivenes
s) 
 
SMED 
 
Value 
Stream 
Mapping 
(activity 
scorecards/i
mplementati
on plans). 

 
To create 
flow; service 
leaders need 
to 
rationalize 
and 
reconfigure 
boundaries. 
 
Find right 
tools for 
creating 
flow in 
different 
departments
. 

 
Create 
implementat
ion plan. 

technical 
consultant in 
the team. 

team leader 
is needed. 
 
Attract 
external 
coaches who 
provide the 
right tools 
out of the 
lean 
package. 

an 
implementat
ion plan. 
 
Green and 
black belts 
are in the 
teams. 

Pull Confirmation/Enrichment/Weakness Empty cell Empty cell Empty cell Empty cell Empty cell Empty cell Empty cell 
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Let the patient trigger the process. 
 
Eliminate waiting places at end of 
each process step. (Finished goods 
inventories). 
 
Avoid elaborate tracking systems 
(make it simple: KANBAN system). 
 
Define TAKT time (total amount of 
treatments done divided by total 
hours of production). 
 
Find out how to change over quickly, 
optimize Just In Time working. 
 
Make process visual. 

Eliminate 
waste in all 
processes.  

Use existing 
tools/keywo
rds: 
Andon 
(visual 
feedback) 
 
Just-In-Time 
 
Kanban (pull 
system) 
 
Muda 
(waste) 
 
OEE (Overall 
Equipment 
Effectivenes
s) 
 
PDCA (plan-
do-check-
act) 
 
SMED 
 
TAKT-time 
 
Visual 
process 
steps. 

Make 
process 
more 
explicit and 
staff more 
aware. 

Eliminate 
waste to 
create a pull 
process. 

Strong belief 
from 
managemen
t in a pull 
organization
.  

Staff needs 
to be able to 
inspire the 
teams to 
create a pull 
organization
. 
 
Make direct 
individual 
responsible 
team leader. 

Team needs 
to believe in 
a pull 
organization
. 
 
Dedicated 
teams. 

Pursue 
perfection 

Confirmation/Enrichment/Weakness Confirmatio
n 

Weakness 
modification 

Weakness 
modification 

Weakness 
modification
/ 
Confirmatio
n 

Confirmatio
n/enrichmen
t 

Confirmatio
n/enrichmen
t 

Confirmatio
n/enrichmen
t 

Observe the virtuous circle of the 
previous four steps; when a layer of 

Organization 
wide 

Hold the 
gains and 

Make 
foolproof by 

Shared 
understandi

Strategy for 
perfection. 

Staff with 
drive to seek 

Team needs 
to 
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waste is removed a new one will pop 
up. 
 
Spread out the way of approaching 
and strive for perfection. 
 
Change a generation of thinking 
about work and how people work 
together. 
 
Take care that methods used are not 
always organization wide applicable: 
select the right departments for each 
method. 
 
Hold the gains; foolproof 
process/automation devices. 
 
Decrease lead time in other 
departments; lean creates the 
standard. 

spreading to 
decrease 
lead time. 
 
When 
eliminating 
waste, new 
waste pops 
up. 

spread the 
learning. 
 
Use existing 
tools/keywo
rds:  
Kaizen 
(continuous 
improvemen
t) 
 
OEE (Overall 
Equipment 
Effectivenes
s) 
 
Poka-Yoke 
(foolproof), 
Six-big-
losses 
 
Smart goals 
 
Standardize
d work 
 
TPM (Total 
Productive 
Maintenanc
e)  
 
Show quick 
results to 
leaders of 
the 
company. 

holding the 
gains and 
spreading 
the learning.  
The 
importance 
of changing 
the way of 
working 
becomes 
clearer. 

ng of 
benefits 
from new 
way of 
working.  
 
Superior 
quality and 
efficiency. 
 
Decreased 
lead time. 
 
Virtuous 
circle 
becomes 
clear: waste 
is eliminated 
and new 
waste pops 
up. 

 
Create 
understandi
ng that lean 
is a virtuous 
circle; lean is 
driven by 
hospital 
leadership. 
 
Create 
managers/c
hampions 
with energy 
to make the 
leap. 

for further 
improvemen
t and with 
understandi
ng of the 
virtuous 
circle idea.  
 
Reallocate 
staff and 
create new 
standards 
under new 
leadership. 

understand 
and believe 
in virtuous 
circle. 
 
Whole 
implementat
ion can be 
driven by 
frontline 
workers. 
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3.6 Discussion of improvement methods 

During this thesis the concepts of general improvement methods and lean are used; as 

shown in the hourglass representation on page 9 the thesis focusses from general to a 

specific method like lean and broadens the scope back again towards improvement 

methods in general. The interviews talk about improvement methods in general and do not 

treat the stages as described in lean, so the broader scope is derived in this phase. 

The findings out of literature start with discussing the main activities; these activities 

represent different phases out of the CIMO-logic and stakeholder involvement and 

summarize these. These findings, combined with findings out of the interviews, are 

represented in the conclusions part of this thesis in chapter 6. In the section below a detailed 

discussion of the CIMO-logic frameworks with literature and interviewees are treated. 

 

Context - Eliminating waste out of the process in all different kind of forms is the main 

activity of implementing an improvement method like lean, according to literature. The 

stages of lean describe the identification of by looking at the process and identify the 

strategically important departments/critical departments. The interviewees indicate these 

departments as the; surgery rooms, intensive care department and the emergency room. 

Important aspects of improvement are reducing waiting times, amount of successfully 

treated patients and the length of stay. An interesting aspect out of both literature and 

interviews is the fact that value defined from the end-user perspective is sporadically the 

value the patient direct gets; more often functional departments, doctors or the hospitals 

are the ones who are marked as the end-user. 

An organization wide spreading of the improvement methodology is something both 

literature and interviews are critical about. In healthcare there are two different kinds of 

departments; departments with high amount of controlled chaos, like the critical 

departments described above, and departments which do not suffer from chaos. To 

perform methodological improvement it is needed to find a level of abstraction to start the 

improvement and then focus on the details. The risk of improving in critical departments is 

the idea that the level of abstraction needs to be extremely high to find a strong basis and 

therefor it loses its reality with the actual work on the floor; literature describes work floor-

level improvement as a key aspect of improving. 

 

Intervention - As described in the discussions towards the final framework in section 

2.4, all healthcare literature is lacking focus on existing tools and methods. The original tools 

to implement lean are given in the final framework in table 5, but other remarks can be 

made. As said, the differences in the chaos in different departments ask for a different 

approach, all interviewees unanimously confirm this. To find the right departments and 

right approach, literature suggests focusing on lead time by using value stream maps and 

area layouts. One interviewee confirms this by stating that in their new-to-build hospital, 
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critical areas will be clustered physically to improve the lead-time. All interviewees and the 

literature about lean-in-healthcare describe the fact that an organization wide approach 

does not work within healthcare; this is the opposite of methodology of lean by Womack 

and Jones (2003). 

An important intervention used in lean-in-general, lean-in-healthcare and suggested 

by two out of the three interviewees is the use of clear measurement methods and 

presenting them. By stating clear key-performance-indicators and making agreements with 

the owners of specific activities, the chance to successful implementation rises. Both 

literature and interviewees suggest that it is important to make the process visual; this helps 

the team to follow the process and keep motivated by looking at the results. 

 

Mechanism - Literature about lean implementation clearly suggests that to become 

successful in improvement it is needed to generate practical suggestions and think out of 

the box to develop a completely new organization. The process to pull from one department 

to another is the key-aspect of lean-in-general, by making the process more explicit and the 

staff more aware; the process can become easier to manage. Literature clearly describes 

that most organizations think too difficult about their process and use complex methods to 

manage it; they suggest avoiding elaborate tracking systems to help healthcare in managing 

the patient flow easier.  

When the suggestions to split-up critical and non-critical departments are fulfilled, it is 

possible for these departments to cherry-pick the right methods and tools to improve their 

department. Literature suggests making a toolbox with all different kinds of methods and 

tools to implement the process, one interviewee confirms this approach and identify that 

some kind of toolbox is used.  

 

Outcomes – Literature describes it is important to look for horizontal learning, have 

contact about used methods with other departments and staff. In the interviews it became 

clear healthcare functions more as islands which develop and use their own method without 

discussing it on practical level with other departments. One interviewee made remarks 

about the toolbox, by providing different tools for different situations, there is a risk that 

managers and project-teams do not finish the tools. The first steps out of a tool or method 

are easy to implement, the last steps are harder to implement but normally cause the 

implemented new way of working to be foolproof. The interviewee describes that it is hard 

to motivate project teams to go through these last though barriers to fulfill the project and 

that is takes a strong leader to break these barriers. 

The outcomes of the literature and interviews are partly treated in the sections above 

in this discussion. A clear suggestion of literature is the focus on the right process; more 

than once a department or organization is improving its way of working drastically without 

having clear who the end-users are and what the main goals are. This derives a highly 

efficient process which is supported by all people working within it, but it does not add any 

value towards the patient. One interviewee suggests keeping some quick-win-tools to 
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implement later in the process when heavy changes in the way of working are made, this 

will help to keep all stakeholders motivated. 

 

3.7 Analyzing SMED in literature 

As explained in the ‘methods’ part of this thesis, the implementation of SMED is 

researched out of the industry perspective. Out of the 70 articles found for this thesis 12 

articles talk about Single Minute Exchange of Dies. This section describes the process to 

perform the pragmatic approach of implanting a tool like SMED into an organization. 

 Identification of keywords about SMED 3.7.1

In the article of Andersen, et al. (2014, p. 3) the next step is to search for facilitators. In 

this thesis the motivation to implement SMED will be searched to indicate which pragmatic 

parts of the implementation are needed for successful changeovers. The reason to search for 

the motivation of implementing SMED was based on the fact that existing literature  about 

lean and changeovers in healthcare  (Mazzocato, et al., 2010) (Poksinska, 2010) (Moreira & 

Pais, 2011) (Teich & Faddoul, 2013) (Andersen, et al., 2014) (Lawal, et al., 2014) (Balon & 

Buchtová, 2015) does not describe a pragmatic approach and does not give clear directions 

what is the need of healthcare and what their basis of implementing a method like this is. 

After the basic conditions are identified they can be clustered to avoid synonyms, an 

overview of the findings without the synonyms is presented in the table below. The whole 

list of basics extracted from literature with the synonyms can be found in ‘Appendix A’. 

 
Table 6 Identified keywords for performing frequency analysis to find success factors for implementing 
SMED. 

No Keyword/success factors Description Source 

1 Small batches Basic characteristic for SMED is to work with small 
batches instead of long running big batches. 

(Bevilacqua, et 
al., 2015) 

 
(Dave & Sohani, 

2012) 
 

(Pellegrini, et al., 
2012) 

 
(Shingo, 1989) 

 
(Moreira & 

Garcez, 2013) 
 
 

2 Manage urgencies Customers request different kinds of urgencies which 
need to be taken into account. 

3 Flexibility Use machines and equipment which provide good 
flexibility. 

4 Frequency High frequency of changeovers. 

5 Overall equipment 
effectiveness (OEE) 

 

6 Look to change process: 

 Eliminate  

 Combine 

 Rearrange 

 Simplify  

 Standardize 

Streamline the process 

7 Lead time/mean time Basic of SMED is to reduce the mean time or lead time 
of the changeover. 

8 Variation setup times Changing one process to another costs time, normally 
there is a huge variation in these times. 

9 Unique characteristics The process has unique characteristics. 

10 Sequential approach SMED is using a sequential implementing approach. 

11 Strong human factors SMED considers and motivates human factors, only by 



Extract data out of existing literature 

46 
 

involving them thoroughly SMED can work. 

12 Implementation 
approach 

Methods, standardization of normal processes, 
foolproof 

13 Continuous training Continuous training of staff is essential. 

14 Knowledge Intensive knowledge about the process 

15 Expansion SMED in other industries, possibility to horizontally 
expand methods. 

16 Visual control Organization benefits from visual control 

17 Way of working Kind of improvements as change in the organization 

18 Trend in quality Upcoming trend in better quality 

19 Customer expectations  Customer expectations are rising on basis of 
functionality and service 

20 Prepare for long term Time is changing and competitors are always seeking to 
become better, preparing for the long term by using 
new methods is the best solution. 

21 Management 
engagement 

The way management is involved; they need to take 
down barriers and inspire the staff. (Andersen, et al., 

2014) 22 Staff engagement Guide teams and have knowledge about the method. 

23 Teamwork/involvement Trained in performing the method. 

 Frequency analysis of SMED-success factors 3.7.2

In ‘Appendix B’ a table is shown with the keywords as identified out of the table in 

‘Appendix A’. The overview of these keywords, which represent motivations and basics to 

implement SMED in general, is shown in Table 6 on the previous and current page. During 

the review of the fifth till the eighth article to find keywords, the keywords started to 

duplicate, therefor the researcher did not used the other seven articles to identify more 

keywords. All 12 articles where screened to find the keywords and related terms as 

indicated in ‘Appendix A’. The frequency of the keywords in the articles is registered, 

together with the amount of articles where the keyword was present. In ‘Figure 4’ a visual 

representation based on frequency of keywords is shown, dark blue indicates the total 

amount of keywords found, light blue indicates the number of articles where the keyword 

was found in. 
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Figure 4 Frequency table: success factors and motivations to implement SMED 

 Discussion about results from frequency analysis 3.7.3

Looking at the frequency table shown above some remarks can be made; as expected 

the keywords ‘Waste’ and ‘Small batches’ score relatively high. These two words are the 

basis of lean; the optimization methods where SMED belongs to. Remarkable is the fact that 

management engagement and teamwork and team involvement score high, while staff 

engagement scores approximately 70% lower in frequency. Continuous training and team 

involvement are both in the top five of this analysis, this sounds logical when looking at the 

content they represent: both consider the subject of intensive participation in implementing 

a new method; especially involvement describes the phases far before implementing the 

new method and how important it is to get all the stakeholders involved.  

Besides looking at the frequencies it is possible to look at the light-blue bars in the 

table which represent the amount of articles where the representing keywords are found in. 

Success factors as ’implementation approach’, ‘elimination’, ‘Overall Equipment 

Effectiveness’ and ‘trend in quality’ score relatively high, besides the ones with a high 

frequency. Based on the two sets of keywords shown above, it is needed to check these 

with the possibility to implement a method like SMED in healthcare; this is treated in the 

next chapter. 
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4 Interviews 

The aim of performing interviews is to check if stakeholders out of healthcare indicate 

the same kind of opportunities and limitations as the information extracted from the articles 

which are classified in the frameworks above. As said in ‘1.3 Research questions’, the 

researcher wants to know more about the pragmatic importance of methods in different 

departments, therefor semi structured interviews with open questions will help (Jacob & 

Furgerson, 2012). The interviews about ‘scheduling and seasonality’ are treated in the next 

section. The interview-sheets with guiding questions can be found in ‘Appendix C’. 

 

4.1 Abstraction in interviews due to models 

To find the same level of information and derive abstraction in the results of the 

interviews, the same classification as the classification framework from table 3, 4 and 5 are 

used; CIMO logic (Mazzocato, et al., 2010) and involvement (Andersen, et al., 2014). The 

stages of lean (Womack & Jones, 1996) (Womack & Jones, 2003) as used in these tables are 

not used in the development of the interviews and the classification of their results, because 

the semi structured interviews give a broader idea about implementing methods in 

healthcare. As said, lean in healthcare is not as common as lean in industry, so to find 

valuable and pragmatic results, the implementation of new methods in healthcare is 

researched with keeping lean in mind.  

Besides the questions asked to fill the same classification frameworks as mentioned 

before, a question to indicate success factors or key terms for implementing a new method 

in healthcare was asked as well, these are indicated in table 9. After the questions about 

methods in healthcare, questions were asked about complex scheduling and therefor 

especially about seasonality in healthcare and how they cope with that. These findings are 

treated in a CIMO-logic table (Mazzocato, et al., 2010) despite the fact that not all four 

aspects are found in the interview results.  

Only in the first two interviews clear statements about complex scheduling were 

found, therefor only these two are included. In total five interviews were conducted with 

different kinds of stakeholders from three different hospitals in the south of the 

Netherlands. Considering the results of the framework in Table 5, whereby management 

engagement and staff involvement play a big role, the three interviews on management 

levels are selected to include in this thesis. These interviews are conducted with one board 

member and two unit managers of big healthcare institutions in the Netherlands.   
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4.2 Frameworks classification healthcare interviews on improvement methods 

In this table, the interviews are classified according to the same logic as used in the data-extraction part above. By using the same 

approach, comparisons can be made in a later phase of this thesis. As shown in the hourglass representation in Figure 2 on page 9, the scope of 

the thesis broadens toward the end of the thesis. This means that after the specific data-extraction and its results in the previous chapter, a 

phase will come where broader implementation of methods is taken into account; this is done by conducting the interviews in a general 

improvement method approach. The numbers in the first column represent the ID of the interviewee, to draw abstract conclusions and 

provide confidentiality the names and organizations of the interviewees linked to results are not provided in this thesis. 

 
Table 7 Classifying answers from semi-structured interviews into CIMO-logic 

no Content Intervention Mechanism Outcome 

1 The biggest challenge is to consider the 
culture of healthcare in comparison with 
industries. The set-up of the organization is 
completely different: healthcare works with 
professionals who are expert in their line of 
work and responsible for their acting 
(protected by law). 
 
Critical departments: 

 Surgery rooms: this is where the doctors 
actually earn their money; 

 Intensive care: the back and of the 
operation, without a good intensive care 
the hospital is worthless. 

 Emergency room: the main entrance for 
most people in the hospital. This is where 
most patients check in and most first 
diagnosis is made. Without an emergency 
department it is almost impossible to 
work like a complete hospital. 

 

Management decides to change a method or 
equipment. 
 
Product Forward improvement method: parts of 
lean to make process more efficient: 

 Implementing time: 2-4 hours a week for 
operational staff. 

 Create big quick wins to get people motivated. 

 Visualize results and progress. 
 
A company/ medical center wide implementation of 
a new methodology is impossible:  all different kind 
of RVEs/business units can be seen as different small 
companies within a big one. They can use the seam 
methodology, but everybody has their own 
challenges and their own rhythm for implementing 
them. 
 
Employees from a department are part of their ‘club’ 
and are not directly linked to other clubs; it doesn’t 
make sense to use the same method at the same 

When moral was low to go 
further, simple visualization 
of results were used to 
show the effects of using a 
new method.  
 
Every department needs to 
pick their own methods out 
of the Product Forward 
method. 
 
Departments look, 
sometimes, at managerial 
level towards other 
departments. 

Quick wins at the 
beginning, robust results 
further in the project, 
interrupted by quick wins. 
 
Visualization of the 
implementation and its 
results. 
 
Concluding: same 
methodology is fine, but 
every department at their 
own rhythm. 
 
Not many horizontal 
expansion/ learning from 
other departments/ 
methods 
. 
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time and rhythm between these clubs.  

2 Lean is a cookie factory approach: 
THE healthcare process does not exist; it has 
too much variety to find a model to look at the 
process; standardization is impossible in 
healthcare. Only when applying a lot of 
abstraction this is possible, but then it will 
almost become unrealistic. This is supported 
by research from the Erasmus MC and Pauline 
Meurs (according to the interviewee). 
 
A more used approach in healthcare/this 
hospital is to change the method/medium 
instead of the methodology. Statement of the 
interviewee: does real innovation exists within 
healthcare or does it stay to some small 
innovations and is everything tested over and 
over at big medical academic centers? 
 
Profit/efficiency can be found in eHealth 
(change of medium, not of methodology); by 
applying this in the right way, both FTE as 
floor space can be used more efficient/can be 
eliminated in the upcoming years. 
 
The new challenge to cope with for hospitals 
are the ‘focused factories’; these specialized 
clinics are focused on a few treatments. These 
treatments are: 

 Simple; 

 Possible to standardize; 

 Profitable. 
The result is, that patients who only have this 
one treatment go to the clinics, and the 

Managers are educated in working with project 
management method PRINCE2; this was a total 
waste of money according to the interviewee.  
 
Organizational wide used improvement 
methodology or method for healthcare does not 
exist. 
 
Letting the process flow by changing the schedule is 
a big option to increase efficiency with 10-15%, but 
this is blocked by specialists. 
 
Try to build new hybrid rooms to be able to handle 
more specialisms in once. 
 
Look at floorplan: make all the critical rooms 
physically next to each other (in the new, to build, 
hospital). 
 
New equipment/rooms create barriers to use when 
they are too different from the older ones. 
 
Nurses are deeply focused on the patient, not at 
methods around it and to treat it less or different. 

The way of working 
changes: longer working 
days so patients are sent 
home till 21.00 in the 
evening instead of staying 
overnight or over the 
weekend. 
 
Investment in equipment 
and floorplan instead of 
methods to work with 
existing equipment and 
existing stream of the 
process. 
 
In the new to build hospital, 
the interviewee wants to 
focus on: 
Split up pre and post-
surgery unit: current 
situation has patients in pre 
and post operation phase in 
the same room (bad feeling 
for both, different kinds of 
treatment needed by 
nurses). 
 
Team leaders and staff are 
visiting other hospitals to 
look at these kinds of set-
ups. 
 

Improvement of 
department in basis of 
equipment and physical 
locations instead of way of 
working with the existing 
set-up.  
 
Teams work better when 
guided in their work by 
managers and staff with 
medical background. 
 
Focus is on quality of the 
patient, not of the way 
towards it. 
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complex patients with 2 or more needed 
treatments (up to sometimes 9 specialisms) go 
to the hospitals; this causes an intensification 
on the healthcare system because the 
hospitals are left with only the very expensive 
and complex areas.  

3 Working more efficient = investing in quality. 
Value based healthcare from porter. 
 
Nobody is going to work more efficient when 
only cutting down budgets; by investing in 
better quality of working, efficiency will come 
almost automatically. 
 
There was a culture where finance is not 
talked about in this hospital (as in almost 
every hospital). 

Let all levels of the hospital share in the profits the 
hospital makes to motivate to work more efficient. 
 
Using lean as an organization wide complete 
methodology does not work; some departments 
benefit more from it than other departments.  The 
use of multiple instruments works better. 
 
The interviewee made together with a project team 
(management, Academic center and department of 
quality) a toolbox of methods where every 
department can pick out what they want; this 
creates specific plans for each department and saves 
money because not every department has to buy-in 
external knowledge about methods. 
 
Make clear KPIs or agreements with owners on basis 
of the PQQC model: 

 Production; 

 Quality of healthcare; 

 Quality of labor; 

 Costs. 

Everyone shared in the 
profit of their department; 
this created an island-
structure in the hospital 
with nobody working 
together; nowadays 
everyone shares in the total 
results. 
 
Departments can choose 
out of this toolbox which 
instruments they need to 
make their department 
more efficient. This causes a 
specific approach for a 
department and a saving in 
investing in different 
methods specific for each 
department.  

The problem of the 
toolbox approach, at the 
moment, is that 
department switch to 
much between 
instruments. The first 
phases are good, but 
when the final phases 
come, they go further. 
This is caused by a lack of 
perseverance of the 
leaders. 
 
Check KPIs or agreements 
with owners on basis of 
the PQQC model: 

 Production; 

 Quality of healthcare; 

 Quality of labor; 

 Costs. 
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Table 8 Classifying answers from semi-structured interviews into involvement levels 

No Management engagement Staff involvement Teamwork 

1 Management is educated in Product Forward methodology. 
 
Managers with or without medical background can manage 
a hospital and projects; most of the time managers with 
medical background manage the project the best. 
 
Input to change the system comes from the head of the 
departments (with/without medical background). 
 
Management has to play with the wheels of the process to 
decrease the lead time. 
 
Strong leadership is needed to implement a new method: 
try to inspire. 
 
Once started a new project: finish it completely. 
 

Staff is educated in Product Forward methodology. 
 
Staff must perform the plans the management makes when 
they are looking at the ‘wheels’ of the process.  
 
Staff needs to take care of the chemistry between people in 
projects.  
 
Staff looks at the equipment, the people working with it, 
the patients who are treated by it and method to work with 
it. 
 
Manage difficulties; do not start with the heaviest part first. 

Teams are guided by staff and 
management to work with a new 
method. 
 
Teams need to trust their colleagues 
to get the space to implement a new 
method and get the time to think 
about it.  

2 Medical background is critical for clinical processes, for less 
crucial processes it is possible to manage without a medical 
background.  
 
It is a benefit when a manager has a medical background in 
general because he/she is able to communicate easier and 
shorter with specialists and he/she can understand the 
subject when specialists are talking with each other. 

Team leaders can be divided in two groups: one like the 
nurses and the others with a clear view on how to be more 
efficient and how to use new methods. 
 
No external experts attracted:  

 They do not go in depth and they do not see the grey-
communication channels between departments and 
people. 

 Capacity and knowledge is most of the time available at 
own staff and employees; only needs to be extracted. 

 
Interim manager to change way of working works the best, 
because of hard-transition phase and possibilities to disrupt 
‘valuable’ and long-term relationships which a normal 
manager needs to keep alive. 
 

Because of the huge amount of 
personnel for limited places 
available: Internal shifts (obligatory) 
are a big problem for facing 
challenges: specialized nursery 
departments (with mostly dayshifts) 
and administration functions (also 
dayshifts) have a high amount of 
older employees/nurses. When 
someone is not able to fulfill his/her 
original job, they will be shifted 
towards these jobs. The fact that 
someone needs to have an internal 
shift is more important than 
selection the best person for the job. 
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3 Good management of healthcare doesn’t depend on the 
background of the manager but on his leadership and 
process-understanding capabilities.  
 
People with a good understanding of guiding the process 
can work on each level.  
 
Especially staff/management levels need strong leaders 
with a good process understanding. 
 
Managers share financially in the profit from the hospital. 
 
Managers who talk about financial results are most of the 
time blocked in healthcare; when they lecture the 
specialists and nurses about how finance in hospitals work, 
they can inspire employees to work more efficient. 
 
Strong leaders are needed who want to complete the job 
and push through resistance. 
 
Create or find the right amount of chaos to have a reason to 
change the methods. 
 

Especially staff/management levels need strong leaders 
with a good process understanding. 
 
The more coordinating staff-levels can benefit from a 
medical background because they work more with detailed 
processes and need to schedule the right person for the 
right job. 
 
Specialists share financially in the profit from the hospital. 
 
Strong leaders are needed who want to complete the job 
and push through resistance. 
 
It is in the nature of people to resist against big changes, so 
the game of implementing is between resistance and 
perseverance. The nature of the person, who has to 
implement it, is to find alternatives when having resistance 
instead of pushing the method through the resistance. 
 
Create or find ownership, only owners are in the position 
and belief to change their process, two kind of ownership: 

 ‘Result responsible unit’ owners; 

 Process owners; in a change period, they can 
coordinate broader than the usual business unit level. 

 

Nursery departments share as 
department in the profit from the 
hospital to get extra training or to 
spend with the whole department. 
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4.3 Success factors for implementing new methods in healthcare 

Besides the semi-structured interview about implementing methods into healthcare as 

shown above, the interview existed out of questions about success factors for implementing 

new methods or tools in healthcare. The interviewees were asked to give key facilitators for 

successfully implementing these methods or tools. The numbers in the first column 

represent the interviewees. 
 
Table 9 Success factors for implementing new methods in healthcare 

No Success factors 

1 Teamwork:  Trust colleagues to have time to focus. 

Leadership:  Strong leadership with inspiration. 

Time:  Dare to take time for the implementation. 

Focus on 1 project:  Implement one project at a time, otherwise chaos rises. 

Perseverance:  Ones started, finish it. The whole process will have ups and downs, keep control of 
these. 

Manage difficulty:  Don’t start with the most difficult task first, but don’t implement all easy tasks in 
once. 

Tranquility:  Only implement in a department where there is a tranquil atmosphere, no big 
absenteeism, change in staff, reorganization, new building, new machines etc. 

Make results visual:  In this way, people can see easily what is happening and how the method works 
and results. 

2 Communication: Inform everybody early in the process, they can get used to the idea of change; 

Tranquility Create knowledge about previous projects: after a reorganization, don’t start a 
new one again (stay away from these terms); 

Tranquility Be honest: bring the pros and cons; 

Offer perspective Keep the work councils and unions informed (there is always someone who 
informs them); 

Strong leadership Medical manager (responsible for the specialisms) is crucial: take care that the 
employees are not going to that manager to complain about the process manager 
(‘Result responsible unit’ manager): this undermines the power (And visa versa). 

3 Strong leadership Leaders who want to inspire the system to others and push through resistance; 

Chaos to become 
more effective 

Create or find chaos to show where a change in working is needed; 
Keep this chaos in the right level, when it accelerates the problem gets bigger; 

Ownership Create or find ownership, only owners are in the position and belief to change 
their process, two kind of ownership: 

 ‘Result responsible unit’ owners; 

 Process owners; in a change period, they can coordinate broader than the 
usual business unit level. 

Communication Make clear KPIs or agreements with owners on basis of the PQQC model: 

 Production; 

 Quality of healthcare; 

 Quality of labor; 

 Costs. 

 
4.4 Discussion of success factors 

The improvement of a specific improvement method like SMED is treated in the 

frequency analysis by counting the success factors described in literature about the 

implementation of this method. Because SMED is not widely used in healthcare, the 
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interviewees were asked to identify key-facilitators which make the implementation of a 

specific method to a success. These two outcomes are compared in the section below. 

As described in the discussion section of the frequency table, different success factors 

are identified out of the literature. The interviewees indicated success factors as well. Both 

are represented in the table below. 
 
Table 10 Success factors out of frequency analysis and interviews. 

Frequency analysis Interviews 

Teamwork Teamwork; 

Management engagement Strong leadership; 

Small batches and waste Time for implementation; 

Implementing approach Focus, perseverance and managing difficulties; 

Continuous training Ownership 

Team involvement Communication and perspective; 

Overall equipment effectiveness Motivation to become more effective; 

Elimination to streamline the process Tranquility 

Trend in quality  

 

The success factors out of both approaches can now be discussed by comparing both 

outcomes. With green the success factors are indicated which represent the same loading. 

More than half of the founded success factors out of literature are indicated by the 

interviewees as well. It is interesting to see that two out of five factors describe the 

involvement of people. 
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5 Complex scheduling and seasonality 

As described in the beginning of this thesis, healthcare has a lot of experience in 

complex scheduling (Hall, 2012). Hall describes healthcare scheduling as matching the 

resources of healthcare like; rooms, equipment, supplies, organs, devices and instrument 

with the need of the patients. When scheduling is done effectively this reduces waste, 

waiting times and it improves quality. The scheduling what Hall writes about includes 

forecasting, mathematical modelling and optimization, queue models and stochastic 

processes. Articles found about complex employee scheduling like the articles from Ernst, et 

al., (2004)  and Glover and McMillan (1986) describe complex scheduling in the same scope 

as Hall. This section describes the information founded in existing literature, complemented 

with information from interviews. 

 

5.1 Key aspects for scheduling in industry 

During the delineation of the research area, different conversations were held with 

Heineken to identify their need in complex scheduling. Out of these interviews the following 

key aspects were identified; comparing with other sectors, social impact and seasonality. 

These subjects are treated in this section. 

Heineken wants to compare their experiences with different kind of scheduling with 

other sectors where complex scheduling is used more often. Five years ago Heineken 

produced five days a week, 24 hours a day. Some of the production lines became under 

pressure, so a new way of working was needed; first they stretched the capacity of the lines 

by improving the efficiency with improvement methods as described in the previous section. 

When the lines became more efficient, they still could not provide the capacity which was 

needed; an increase in production hours was needed. The critical production lines started to 

work in a seven-day schedule; but this increase caused problems because the standard 

three-shifts-a-day schedule could not fit this schedule. New employees were hired and 

teams needed to work in other schedules. Working seven-days a week is not an exception, 

many industries use this kind of scheduling, but limited literature is found about it; the idea 

of this part of the thesis is to find similarities with healthcare and learn from their schedules. 

Especially social impact and differences in knowledge levels of employees make it 

difficult for Heineken to schedule. Teams exist out of different knowledge levels of 

operators, this cause a complexity in the flexibility of the team. Not everyone can work in 

other teams easily; healthcare suffers from the same problem, they have different 

stakeholders who are all involved in the same process. This makes it interesting for industry 

to learn how to cope with different specialties into one team which need to be scheduled 

flexible. Thereby many of the staff worked in the three-shifts-a-day schedule for a long time, 

changing towards a new schedule creates a high impact on the social life. 

Heineken is able to make long term planning but with fluctuations during the seasons, 

so called seasonality; how does healthcare cope with seasonality is an interesting subject for 

this study. In summertime the demand for beer is way higher than in wintertime, this causes 
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two different schedules during the year; a summer-schedule with 10% more hours needed 

to work than the winter schedule. These kinds of fluctuations are called seasonality, it is 

interesting for industry to see if healthcare suffers from seasonality as well, and if yes, how 

they cope with it. 

 

With these aspects in mind different research questions were developed, which are 

displayed in the ‘research question’ section of this thesis. Especially the product-centric 

background of industry and the process-centric background of healthcare can cause a 

valuable view on this subject. The research question which addresses this subject is; ‘What 

are the possibilities and limitations when implementing methods which are used in product-

centric organizations into customer-centric organizations? And visa versa?’ As described 

above most literature writes about modelling schedules (Glover & McMillan, 1986) (Ernst, et 

al., 2004) (Hall, 2012) and forecasting seasonality (Upshur, 2005) (Upshur, et al., 2005) 

(Mamdani & Upshur, 2001) and tries to find solutions for this. In these articles is found that 

seasonality exists in different forms in healthcare.  

 

5.2 Data extraction for scheduling in healthcare 

Because of the low amount of literature, another way of data extraction is needed to 

complement the data. By paying attention towards seasonality within the interviews which 

are needed for the comparison between improvement methods in healthcare and industry 

this information can be found. In the previous parts only three out of five interviews were 

used to add information towards the founded literature. These three interviews were all 

conducted with stakeholders on management level. The two interviews which were 

excluded were conducted with stakeholders on operational level. Because they work within 

schedules, their experience and information can be valuable for this part of the thesis.  One 

of the management interviewees did not provide information about scheduling and 

seasonality, therefor this interview is excluded. The results of the interviews are classified in 

the CIMO-logic as used in the previous part of this thesis; the table with results is 

represented on the next page. 
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5.3 CIMO-logic framework scheduling and seasonality 

The idea of this thesis is to have a two-way comparison between industry and healthcare; there for the interview also existed out of 

questions about seasonality and scheduling. Information about this subject was limited, so are the interview results. As described above, four 

out of five interviewees gave valuable information for this thesis section.  

 
Table 11 Classifying answers from semi-structured interviews about complex scheduling and seasonality 

no C I M O 

1 Office-hours for surgery rooms: 
surgeons do not want to make extra 
hours, therefor only office-hours are 
used for surgeries (emergencies 
disregarded). 
 
The hospital already extended working 
days from 8 towards 9 hours. Another 
stretch of working days causes a 
change in planning: two teams. 
 
Using other times to do surgeries is 

not always that wise. In summertime 

there are 2 trends: 

 Doctors are on vacation, so the 

amount of surgeries are lower; 

 Patients don’t want their surgery 

in summertime (when it is not 

needed: new hips etc.). 

The biggest possible stretch is in 
including the Saturday for 
surgeries. 
 
Some hospitals experimented with 

evening-policlinics, this was not a 

success.  

 

Surgeries in summertime or on 
Saturday; the possibility to receive 
surgery in summertime is high, but 
the interest of patients is low, what if 
you would do it on Saturday?  
Private hospitals do not use evening 
hours as well. Their interested is 
towards efficiency and money, but 
still they don’t do it. 
 

Prediction: surgeries on Saturdays or in 
summertime would not be filled with 
patients. 
 
Surgeries in the evening are in the current 
system not profitable (looking at private 
clinics that do not perform surgeries late in 
the evening); 
 
Specialists determine the amount of time 
they want to work; management can try to 
influence this. Hospital delivers the facilities 
by working overtime or changing shifts and 
places. 
 
When pressure is too high on departments, 
based on priority patients will be 
rescheduled. 
 

2 When it is snowing, the hospital 

orders extra plaster. 

At these days, a CAT-chamber is 

always ready for emergencies.  

Less elective planning: 

 Normal planning in the hospital 

is based on elective planning 

The hospital plans less elective on Fridays. 

The hospital plans more spaces after long 
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Monday and Friday are the busiest 

days for cardiology, people wait during 

the weekend to go to the hospital 

when they have pain, and the Friday is 

harder to explain. 

When holiday-days cause a long 

weekend (eastern is always an extra 

Monday off), it is extra busy on the 

Tuesday. 

After vacations the Monday is always 

busy.  

Solution for this problem: Plan less 

elective. 

The hospital used the method 

HCK24: wait maximum 24 hours 

before a place on the CAT-room is 

available. 

with spaces for emergencies; 

 This is important for the 

hospital, but also for hospitals in 

the region that send their 

patients to the hospital for CAT 

emergency. 

weekends 

When extra-long weekends come 

(Thursday-Friday-sat-sun), the Friday is still 

planned with elective + spaces for 

emergencies.  

Other hospitals plan one room empty for 

emergencies; 

Extra employees are scheduled, only in the 

long term planning. In short term planning 

people work overtime; 

When there are less people, fewer 

departments are open, so people shift from 

one department to another. 

3 At this department fluctuations exist, 

especially on day-level.  

Before the weekend and direct after 

the weekend many patients are send 

by the general practitioner. 

Some departments are very 

predictable: orthopedics for example; 

in summertime nobody wants a new 

hip, they want it when the weather is 

worse. 

Predictability on these fluctuations 

is possible, but with a big variety.  

 

Plan the surgery rooms less full on 
Mondays and Fridays to cope with 
the people sent through by their 
general practitioner.  

Based on feelings the planning is made in 

line with fluctuations on day level.  

The time when seasonality arises, in 

summertime, is the same time doctors and 

facilitating departments are on vacation as 

well; seasonality solves itself in the hospital. 

4 Surgery rooms have reduction periods; 

in summertime there are fewer 

One of the hospitals of this 

hospital group closes during 

summertime; patients are treated 

Departments stay functioning, even 
when they have less personnel; it will 
only take longer.  

Departments will always function; they 

change in their schedule of treatments 
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surgeries than in summertime. 

The hospital provides a framework 

when how many staff is needed. 

in the biggest ‘functioning’ 

hospital. 

Extra staff is hired from 

recruitment agencies when a peak 

will come.  

Employees schedule their 

vacations according to the 

provided framework. 

Internal shift of nurses is done to 
solve the problem when 
departments are low on staff. 

based on priorities. 

Departments are closed beforehand; staff is 

scheduled from closed departments to 

departments where extra staff is needed. 
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Healthcare has seasonality what can be divided in two different kinds of reasons; seasonality 

due to critical care and seasonality due to non-critical care. This last one can be described as 

patients who not need immediate care will take this care when they want it; outside of the 

summer or vacation seasons. Healthcare experiences seasonality within: 

 Seasons: winter for example brings more patients who have fallen; 

 Vacations: in vacation periods there is a decrease in patients without critical 

complaints; 

 Weekdays: Monday and Friday are busier than other days; 

 Special weeks: long-weekends are changing the amount of patients a day during 

the whole week. 

 

Based on literature there can be concluded that there is not much stretch in resources, 

because specialists, non-emergency based, only want to work office-hours. When more 

hours are needed, a complete new way of working with two teams is needed. This step 

towards implementing a two-shift schedule is the same shift Heineken has experienced. 

Industry wants to learn something from healthcare, so the fact they can stretch their 

working hours within the shifts they have causes to not find valuable information in this 

part. 

The need for additional treatment-hours is low; when it would be profitable, private-

clinics would be open at these moments. There is enough space to work extra hours, when 

the need of the hospital would be extremely high, they could work in evening or weekend 

hours. A remark made by one of the interviewees is the comparison with private-clinics; 

they function with the goal to treat as much patients as possible and there for they would 

work on every moment in every way possible. At this moment private clinics are not using 

these evening or weekend hours fully; what indicates the need for these hours is too low.  

One of the interviewees on management level made a contribution to this point; the 

possibility to work extra hours needs to be found in the weekend. Working in the evenings 

creates a system with two-teams, working on Saturdays means one of the specialists needs 

to work one day extra; this is far more acceptable to the specialists. But the point of non-

critical care needs to be addressed here again; patients who do not need immediate care 

chose the best times, out of their perspective, to get treatment. Saturdays are in line with 

holidays and summer days; people are not interested in being in the hospital in the 

weekend when it is not needed. In the interview this manager forecasted some trends; to 

create a system where people want to be treated in these hours, a new approach on 

governmental level is needed. Government and insurance companies can make two 

different rates for insurances, a high rate with hours in weekdays in the not-summer 

seasons and a low-rate for treatments in weekends, holidays and other pleasant days. 

As said, seasonality does exist in hospitals; interviewees indicated that frameworks are 

provided by the hospital with an overview which resources are needed and people can 

arrange their vacations around it. But sometimes departments are low on staff, so they 

need a solution for that problem. When extra manpower is needed, the culture of working in 
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a hospital provides in the will from people to work extra shifts or overtime. The main goal of 

all stakeholders is to provide the best care possible for all patients; this results in working 

longer days and extra shifts when extra treatments are needed. This is a totally different 

approach with industry, where people work exact shifts and are replaced by a next shift; no 

immediate change in shifts is needed, comparison on this level is hard between healthcare 

and industry. 

When every solution is used and extra treatments are needed, the system of 

healthcare allows changing the pressure on the departments. The product, the patient, can 

be rescheduled on basis of priority; this will cause waiting times but treatment will be done. 

When the pressure is too high, patients with a low priority treatment can be put on hold 

and patients with high-priority are helped first. The culture to be waiting for the treatment 

is way more accepted by patients than the need for industry to deliver their product not in 

time by the customer. 
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6 Conclusions 

This thesis tries to find answers on the main research question, provided in section 

1.3: ‘Are methods/tools of continuous improvement, used in industry, one-to-one 

implementable in healthcare, or almost one-to-one? And visa versa?’ The approach used in 

this thesis is to derive a framework with pragmatic results, based on literature about lean in 

industry and healthcare. These findings are complemented with the results out of a 

framework filled by the answers of interviews with stakeholders out of healthcare. The 

other way around these interviews try to find pragmatic results about scheduling in 

healthcare and industry, where a strong literature basis is lacking.  

 

Continuous improvement methods, or short improvement methods, and especially 

lean are widely used in industry; also healthcare has seen this trend, but implementation of 

these kind of philosophies is low. Some literature describes the successful use of tools of 

lean; others describe the implementation of lean as a system but do not manage to describe 

the pragmatic opportunities and limitations of this implementation. In this thesis the use of 

lean in healthcare is researched by reviewing existing literature and comparing this with 

results of interviews with important stakeholders out of healthcare. It can be concluded that 

healthcare can benefit from improvement methods of other industries, but with some 

limitations. 

The biggest challenge for implementing existing improvement methods into 

healthcare is the culture and set-up of healthcare; organizations with both managers and 

specialists who need each other but have different incentives in their work. The outcome of 

this division is that almost no literature was able to describe the real end-user; for the 

hospital the user is the specialist, and for the specialist the user is the patient. To overcome 

this, two approaches can be concluded out of the literature and interviews. 

First, another aspect of the set-up of healthcare has to be taken into account; the 

difference between departments with low predictability, like emergency care, and other 

departments which are more predictable. Improvement methods are normally organization 

wide implemented; with the two set-ups mentioned above this organization wide 

implementation is difficult. Therefor in the phase towards the implementation it is needed to 

split-up departments into groups which are difficult and groups which are easier to improve, 

selected on basis of critical care. It is important to map the value stream in the hospital and 

split it up in critical or non-critical departments. Critical departments suffer from more 

chaos and unpredictability and therefor they need a higher level of abstraction to have a 

basis for implementing an improvement method. The higher the level of abstraction is to 

improve; the lower are the realistic results on the floor. By splitting these departments, a 

semi-organization wide methodology can be introduced in departments with lower levels of 

chaos. 

Second, as said the real end-user is hard to define in healthcare; specialist have many 

power and the hospital need to facilitate them in their work. Therefor it is important to 
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separate the specialists and hospital responsibilities; what is carried out by the specialist is 

not of interest for this thesis, because that is in the domain of the doctor; optimizing the 

process around it by using improvement methods has to be the main focus. The power of the 

specialists is high, so it is needed to work towards them to let a new improvement method 

succeed in the hospital. By focusing on the work around the work of the specialist, he or she 

will benefit and a broader level of adoption is derived. 

 

Organizing and clustering treatment areas can help healthcare to look with a different 

approach to their process. One of the interviewees mentioned the fact that in their new-to-

build hospital critical treatment areas are physically clustered to improve the lead-time from 

patients through these treatments. An organization-wide approach of methodologically and 

physically clustering treatments and critical areas and improving these by using existing 

methods out of industries can benefit the quality and efficiency of the healthcare institution. 

When departments are categorized into groups, the normal approach is to follow the 

route of the improvement method. To implement an improvement method into healthcare, 

it would make sense to provide a toolbox for every department. The differences between 

departments are big and there for an individual approach can benefit. The benefit from the 

toolbox approach is the horizontal learning, different departments and stakeholders can 

look at the work from other departments to learn from it and see if the approach works. 

This will help in the motivation to look at the way of working, what is important for an 

improvement method to succeed. 

Motivation can also be gained from using clear key performance indicators and share 

these with all the stakeholders in the medical center. When there is a clear goal for everyone 

and agreements are made when and how these goals need to be fulfilled, people will have a 

higher feeling of involvement; involvement is found as one of the key indicators of 

successful implementing new methods. Visual representation of the results and the current 

state of the project helps stakeholders to motivate each other when difficult stages need to 

be carried out. This kind of tracking system is one of the aspects of the pull-stage in lean 

improving, most organizations use very complex systems to monitor the flow through their 

organization; by using simple and clear systems it will be easier to see where waste can be 

eliminated. 

 

In this thesis literature about product-centric firms and process-centric healthcare are 

compared with each other. Out of this comparison a new framework is developed which 

generates pragmatic outcomes for implementing an improvement method into healthcare. 

During the classification of this literature into these frameworks it was clear that there exist 

numerous possibilities to use general methods for different purposes. The idea of product or 

process centric firms causes no difference in the way of implementing a new method or way 

of working. An interesting remark found in the interviews was the cookie-factory approach; 

the interviewee stated hospitals are not cookie-factories and are there for impossible to 

optimize using a general method. Besides the fact that this thesis does not share that idea, 
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numerous literatures show the anxiety for lean or components of lean. An approach to solve 

this problem is to implement methods, but stay away from terminology what is directly 

linked to lean or other famous improvement methods, terminology like; eliminating waste, 

pulling the process, creating flow.  

The idea of this thesis is to have a two way approach towards comparing methods 

from industry and healthcare. The basis for comparing existing methods from industry was 

very strong, with numerous examples and decades of literature, experience and 

improvement within the methods. Healthcare stakeholders who were interviewed knew 

something about improving within processes, but it was clear there was enough room for 

implementing new methods.  

On the other hand information was searched to provide industry with experience and 

recommendations out of healthcare about complex scheduling and seasonality. A strong 

literature basis around this subject was lacking, so the research focused on interviewing 

stakeholders out of healthcare. The way healthcare copes with scheduling was totally 

different and more based on the fact that they provide facilities to other departments; when 

it was needed people can work overtime and change departments or shifts. This approach is 

totally different than the approach from industry where efficiency and man-hours are 

critical, there for a comparison on this level was not possible.  

The research then focused on finding similarities of differences between scheduling in 

healthcare and industry. The main reason from industry to know more about scheduling is 

the seasonality they experience in their process during the year. Out of interviews with 

health-care stakeholders and found in literature about healthcare it became clear that some 

departments of healthcare suffer from seasonality as well. The main solution used is to 

schedule staff from other departments during this peak in seasonality by looking at the 

process in a broader view. 

 

When looking at the five success factors which are found in both literature and 

interviews, it is clear that the involvement of people is important in this process; building a 

strong team will help to overcome barriers in the process of implementing. Strong leadership 

and an engaged management is needed to have the support to implement it, this is in line 

with the idea of an improvement methodology; management gives the tools and the 

opportunities to let the team improve their way of working. When the management is not 

completely convinced of the new method, the team will neither adopt them. 

There has to be a basis to implement a new method, the ‘overall equipment 

effectiveness’ and the ‘motivation to become more effective’ support this. The interviewee 

who gave this factor mentioned the tranquility and chaos; tranquility is needed to make 

steps in the process, but chaos is needed to show the need to change the current way of 

working. This approach, together with the management involvement and the strong basis of 

teamwork support the last success factor ‘implementing approach’. During the process 

boundaries need to be overcome, perseverance is needed for managers and they need to 

focus on the final goals. This is in line with the outcomes of the final framework about 
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improvement methods in healthcare, which indicates that during a process moral can be 

decreased and it is needed to have tools and managers who can change this trend. The 

implementing approach covers several other success factors indicated in the table and in 

this consideration, communication and involvement are aspects which were highlighted by 

the interviewees. Involving all stakeholders in the total process from beginning till 

implementation will generate a shared understanding and gives clarity to people what is 

going to happen and what is expected from them. 
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Appendixes 

Appendix A: Keywords for identifying motivations and basics 

Table 12 Keywords for identifying motivations and basics 

No Keyword Description Clustered 
keywords 

(Bevilacqua, et al., 2015) 

1 Small batches A characteristic for SMED Small lots 

2 Manage urgencies Manage urgencies requested by customers Manage 
urgencies 

3 Good flexibility “Use of the latest machines and equipment which 
guarantee good flexibility” 

Flexibility 

4 High frequency High frequency of changeovers. Frequency 

5 Low level of OEE Overall equipment effectiveness OEE 

6 High mean time High mean time of changeovers so there is room for 
improvement. 

Lead time/mean 
time 

7 Rapidly respond to changes Respond rapidly to changes in customers’ 
requirements 

Manage 
urgencies 

8 Switching between products  Flexibility 

9 Reduce mean time  Lead time/mean 
time 

10 Reduce standard deviation of 
changeover 

 Variation 

11 Increase OEE Increase the overall equipment effectiveness OEE 

12 Unique characteristics Packaging lines has unique characteristics like 
governmental rules, regulations and controls. 

Unique 
characteristics 

13 Simplify and streamline Eliminate, combine, rearrange, simplify, and eliminate 
waste. 

Simplify and 
streamline 

14 Sequential implementation 
approach 

SMED is characterized by a sequential implementation 
approach 

Sequential 
approach 

15 Human factors SMED considers and motivates human factors Human 

16 Standardize work  Standardize 

17 Improving productivity  OEE 

18 Poka-yoke  Standardize 

(Dave & Sohani, 2012) 

19 Reduce waste  Waste 

20 Rapid and efficient 
changeover 

 OEE 

21 Big production lot sizes Improvement of flow is possible Small lots 

22 Increased demand for product 
variability 

 Variation 

23 Reduced product life cycles  Managing 
urgencies 

24 Need to significantly reduce 
inventories 

 Small lots 

25 Due to globalization: 

 Small lots; 

 Increase in frequency of 
setup; 

 Reduction of times 
productions for each lot. 

 Future 
Small lots 
Frequency 
 
Small lots 

26 Continuous training is 
essential 

 Training 
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27 Awareness program from top 
to bottom management 
benefits SMED 

 Knowledge 

28 SMED in any industry  Expanding 

29 Visual control increases 
power 

 Visual 

30 Mechanical improvements as 
results 

 Way of working 

31 Procedural improvements as 
results 

 Way of working 

32 Organizational improvements 
as result 

 Way of working 

33 Reduces need of resources  OEE 

34 Combine with other tools  Visual 

35 Comprehensive knowledge of 
improvement techniques is 
needed 

 Knowledge 

(Pellegrini, et al., 2012) 

36 Need to become more 
efficient in delivering 
products. 

 OEE 

37 Trend of increased variety  Variation 

38 Trend of quality  Quality 

39 Short product lifecycle  Expectations 

40 Short lead times  Lead time/mean 
time 

41 Faster changes in products  Frequency 

42 Customer expectations are 
rising on: 

 Product functionality; 

 Quality. 

 Expectations 
 
 
Expectations 
Quality 

43 Increasing customer-oriented 
society 

 Expectations 

44 Expand the offering To stay competitive  Future 

(Shingo, 1989) 

45 Eliminating waste  Waste 

46 Shorten cycle times  Small lots 

47 Demand small lot production  Small lots 

48 Respond to changes in 
consumer demand 

 Flexibility 

49 Understand the process 
before working with SMED 

 Knowledge 

(Moreira & Garcez, 2013) 

50 Need for innovation  Future 

51 Improve production  OEE 

52 Provide better service  Future  

53 Respond to demand 
fluctuations 

 Managing 
urgencies 

54 Reduction of lead time  Lead time/mean 
time 

55 Elimination of waste  OEE 

56 Prepare for increasing 
competitiveness 

 Future  

57 Process innovation  Environment of 
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environment innovation 

58 Small-sized production lots  Small lots 

59 Non-stock production  Future  

60 Organization needs to behave 
as a provider of innovation 

 Environment 

61 Cost-cutting motivation  Future  

62 Time-to-market motivation  OEE 

63 Reducing stock motivation  OEE 

64 Increase of flexibility 
motivation 

 Flexibility  
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Appendix B: Frequency table according to motivation and basics 

Table 13 Frequency table according to motivation and basics 

no Motivation and basics total items found number of articles 
found in 

1 Small batches 90 5 

2 Manage urgencies 19 3 

3 Flexibility 43 8 

4 Frequency 11 7 

5 Overall equipment effectiveness 63 9 

6 
 

look at process/streamline/standardize 

 rearrange 

 combine 

 standardize 

 eliminate  

 waste 

36 7 

2 1 

10 4 

44 7 

49 9 

137 10 

7 Lead time 43 8 

8 Variation setup times 13 7 

9 Unique characteristics 7 2 

10 Sequential approach 7 4 

11 Strong human factors 13 6 

12 Implementation approach 41 10 

13 Continuous training 108 9 

14 Knowledge 25 7 

15 Expansion 4 3 

16 Visual control 34 6 

17 Way of working 14 5 

18 Trend in quality 73 10 

19 Customer expectations 7 4 

20 Prepare for long term 79 8 

21 Management engagement 215 10 

22 staff engagement 58 6 

23 Teamwork 158 10 
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Appendix C: interview protocol 

Introduction Frits 

 TU Eindhoven, master Innovation Management 

 Master thesis in capacity-group  Information Systems 

 Working experience: Heineken TPM/SMED 

 Thesis subject:  

o Idea generation of thesis subject at presentation TweeSteden Hospital 

(continuous improvement platform from Heineken); 

o A study into similarities and differences within improvement methods settled 

between healthcare and industry, from an organizational point of view. 

o A pragmatic approach around the limitations and opportunities or 

implementing improvement methods between two different sectors. 

 Current phase of thesis: 

o Questions and conclusions out of existing literature: lean (or similar) 

implementation within health care: 

 Is lean the right method? 

 Is lean divisible? 

 Lean is widespread in industry 

o Data collection from the literature, in order to achieve level of abstraction; 

o Input needed from healthcare sector, various stakeholders; 

o Late September first version in early October final. 

Introduction healthcare stakeholder 

 Career; 

 Working area; 

o Which side of the coin? Process side or patient/treatment side. 

 Focus Points 

 Short long term goals with the ‘result responsible unit’/business unit? 

 Experience with improvement methodologies? 

 
Context  

Future of healthcare  
• What major challenges are rising in health care generally and specifically for your 

hospital? 

o Nuance in aging? (older people stay longer healthy before the intensive care 

takes place) 

• More process or patient-centered care? 

• Integration of technology within healthcare, opinion and trends? 

o EHealth / self-management 

o Robotics 

o Other equipment of hospitals (new) 
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• Papers/blogs describe that 40% of the man-hours in healthcare is dedicated to 

administrative handling, is that feeling right? 

Intervention/mechanism (/outcome) 

Current situation in health care: 
• Within the process: 

o Are methods used in healthcare organization wide or do they focus on a 

doctor or department? 

o Is there a horizontal expansion applied (learning from other departments)? 

o Does the hospital use models/frameworks to optimize the hospital? 

• Outside of the process; how to implement a new method for improvement: 

o How is this happening now? 

o Who is responsible? 

o How important is lead time? 

o What methods are now used to analyze the process? 

o To what level is the process analyzed to improve? 

o Do you use other disciplines/stakeholders? 

o Do you use other departments within the hospital 

o Does the hospital encourage the departments to improve this process? 

o Is there budget for methodological improvement, how it is controlled? 

o If additional training is used, who is responsible for this? Internal/external? 

• Are hospital-wide methods / tools introduced? 

o And department-specific? 

o How to integrate them? 

• When implementing previous methods (improvement methods or other methods) 

into healthcare, which keyword/success factors are identified which created a 

successful implementation? Which keywords/success factors created failures? 

Outcomes 

• Who sets KPI’s? 

• Who controls them? 

• Who is responsible for outcomes of a specific project? 

Stakeholder involvement 

• When methodologies hospital wide/department wide are introduced, are different 

people responsible for it?  

• Who is in charge of methodological improvement?  

o Separate department / ‘result responsible unit’ management? 

• What is the role of management in implementing a new method? 

• What is the role of staff in implementing a new method? 

• What is the role of specialists in implementing a new method? 

• What is the role of teams/operational employees in implementing a new method? 

Complex scheduling 
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• Seasonality 
o Present? 
o What is done with this? 
o How is scheduled to this? 
o Does the hospital hire external staff? 


