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CHAPTER 1 
 

 

General introduction 
 

 

1.1 INTRODUCTION 

The academic public was made aware of a promising production 

system used by Toyota through an academic paper in 1977 authored by 

Sugimori, Kusunoki, Cho and Uchikawa (New, 2007). Later, in 1984, 

intrigued by the low cost and high quality of Japanese cars, a group of 

American researchers from MIT started a study aimed at investigating 

the ‘secrets’ of the Japanese car manufacturers’ success. The study 

resulted, amongst other publications, in the book ‘The machine that 

changed the World’ (Womack et al., 1990). The production approach 

now labeled “Lean” was introduced to the broader public (Shah and 

Ward, 2007). Moreover, the book initiated a stream of new research, a 

stream that has gained interest over the years and continues to grow to 

this day (Samuel et al., 2015). 

 In their book, Womack, Jones, and Roos report on the findings of 

their longitudinal study at various international car manufacturers 

including Toyota, Honda, General Motors, and Ford. The study 

showed that the Japanese manufacturers, and especially Toyota, were 

able to outperform their Western counterparts. This was not because 

of external factors such as the Japanese culture or the Keiretsu 

(systems of banks, shareholders, and businesses), but because of a 

superior approach: i.e. Lean (Krafcik, 1988).  
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After its increasingly common application in manufacturing, and 

later service, environments, Lean is now also being applied in 

healthcare. Its popularity is reflected in the size of the Dutch ‘Lean in 

healthcare’ foundation (LidZ) that currently has over 60 member 

organizations, and well over 2000 individual participants. This shows 

the interest in Lean ideas in healthcare settings in the Netherlands, 

and underlines the importance and relevance of this thesis for 

practice. Perhaps surprisingly, given Lean’s popularity, the effects of 

Lean applications in healthcare are still unclear.  

In this thesis, we therefore focus on the effects and the application 

of Lean interventions in healthcare. Lean interventions are changes 

made to (and in) the work environment that are based upon the 

application of Lean principles. Currently, evidence for the long-term 

effectiveness of Lean performance improvements is limited, and 

studies often provide no more than anecdotal evidence. Inconclusive 

literature findings, coupled with the popularity of Lean management 

initiatives in healthcare environments, suggest an increased need for 

rigorous Lean-oriented studies (Mazzocato et al., 2010).  

Research on the application of Lean principles is sometimes able to 

show positive outcomes (e.g. Bamford et al., 2015; Breslin et al., 

2014), yet literature reviews struggle to deliver a conclusive verdict on 

the long-term Lean effects (e.g. Mazzocato et al., 2010; Poksinska, 

2010). Especially in healthcare, the impact of applying Lean 

management principles is still varied. In this introductory chapter, we 

first provide a review of the Lean philosophy. Subsequently, we 

introduce the research projects and then present an outline of the 

thesis. At the end of this chapter, we provide an overview of the Dutch 

healthcare system for those unfamiliar with it. 
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1.2 THEORETICAL BACKGROUND 

Womack et al. (1990) initially identified Lean as a manufacturing 

system that used fewer resources than the more commonly applied 

mass production methods. Central to Lean is the reduction of waste, 

activities, and parts of a process that do not add customer value 

(Womack and Jones, 1996). Within Lean, a distinction is made 

between seven types of waste: inventory, movement, defects, over-

processing, over-production, transport, and waiting (Womack et al., 

1990). The creation of these wastes often has a very practical nature, 

for example, movement includes a worker constantly having to reach 

for an item needed during the job. A solution would be to relocate the 

item – move it closer to the worker. This simple example underlines a 

crucial aspect of waste, namely that it is avoidable. Not surprisingly, 

tackling waste usually features prominently in Lean practice (Chapter 

3, this thesis).  

Despite there being a plethora of studies that have investigated 

Lean (Bhamu and Singh Sangwan, 2014), the research field still lacks 

an agreed formal Lean definition (Pettersen, 2009; Samuel et al., 

2015). However, most definitions do indicate that waste is not the only 

important aspect of Lean. Most authors agree that continuous 

improvement is central to Lean (Pettersen, 2009). Through 

continuous improvement, and often with the help of Lean tools such 

as value stream maps or 5S, Lean strives to improve the flow of 

materials and/or information.  

Flow can be improved by reducing waste and variability 

(Schmenner and Swink, 1998). Nevertheless, depending on the 

research focus, authors tend to stress different Lean aspects. For 

example, there are authors who are especially interested in continuous 

improvement (e.g. Bhuiyan and Baghel, 2005), and others who stress 
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the importance of waste-related issues (e.g. Jimmerson et al., 2005). 

When we consider the review by Mazzocatto et al. (2010) it seems that 

currently variability-related matters attract little interest and that 

obvious waste receives the most consideration.  

The limited attention to variability in, especially empirical, Lean 

research is surprising given that various authors report on the 

importance of variability. For example, Shah and Ward (2007) stress 

the role of variability in Lean in their statement that Lean’s main 

objective is to “eliminate waste by concurrently reducing or 

minimizing supplier, customer, and internal variability”. Further, 

according to Treville and Antonakis (2006), Lean is meant to 

maximize the utilization of capacity resources whilst minimizing 

buffer inventories through the minimization of system variability. A 

more specific theory explaining the importance of reducing buffers 

and variability is the ‘Theory of Swift, Even Flow’ (Schmenner and 

Swink, 1998) which is used as a theoretical underpinning for Lean 

(Shah et al., 2008; Boer et al., 2014).  

Hopp and Spearman (2004) identify the roles of buffers and 

emphasize the importance of reducing variability in Lean approaches: 

variability in supply and demand will decrease the overall 

performance of a process because it leads to buffers (Hopp, 2008). In 

this thesis, we are especially interested in both variability and buffers, 

two aspects of Lean that have had very limited attention yet should be 

considered central to a Lean approach (e.g. Shah and Ward, 2007). 

Therefore, in this thesis, we adopt the definition of Lean by Hopp and 

Spearman (2004) that puts buffers at its heart (see Textbox 1.1).  
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Textbox 1.1 Lean definition. 

Definition of Lean:  

“The production of goods or services is Lean if it is 

accomplished with minimal buffering costs”  

(Hopp and Spearman, 2004, p. 144). 

 

In applying Lean principles, an organization should strive to reduce 

variability in order to reduce buffers. In essence, this is what Hopp 

and Spearman (2004) identified at the Toyota Motor Company. When 

Toyota implemented Lean, they exchanged inventory buffers for 

capacity buffers. The previous inventory buffers allowed sources of 

variability to remain ‘hidden’ and, when these inventories were 

reduced, the sources became apparent. The issues created by 

variability could then be overcome through having an extended 

capacity. Later, through a continuous improvement process, both 

inventory and capacity buffers could be reduced. Figure 1.1 provides a 

graphical representation of this process, which essentially reflects the 

maturity steps in Lean development. However, these maturity steps 

have yet to be empirically established. In the early stages of Lean 

development, we would expect organizations to work on direct waste 

reduction. Later, with increased experience, we would expect them to 

focus on reducing buffers and variability.   
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Figure 1.1. Phases of Lean adoption (Hopp, 2008, p. 91) 

 

Variability and buffers 

In healthcare, it can be helpful to differentiate between different types 

of variability. In this thesis, we initially distinguish between natural 

and artificial variabilities (Litvak and Long, 2000). Natural variability 

is always present, and can only be influenced or controlled to a limited 

extent. Conversely, artificial variability occurs because of one’s own 

decisions and this type of variability can be addressed with the help of 

Lean. Kim et al. (2006) provides several examples that can be seen as 

artificial variability, such as the delayed discharge of patients because 

of poor planning.  

Alongside natural and artificial variabilities, Litvak and Long 

(2000) provide an additional typology to distinguish between different 

types of variability. They suggest the following types of variability are 

relevant to healthcare: (1) flow variability related to the arrival of 

patients; (2) clinical variability related to the degree of patients’ 

illnesses or differences in response to treatment; and (3) professional 

variability related to differences in the capabilities of medical 

professionals to deliver care. In this thesis, flow and professional 

variabilities are of prime importance since we expect clinical 

variability to be a purely natural affair and therefore impossible to 
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influence. This implies that Lean interventions would have a very 

limited (if any) effect on clinical variability, and therefore the focus 

should predominantly be on reducing flow and professional 

variabilities. 

Variability leads to buffers. It is common to distinguish between 

inventory, capacity, and time buffers (Hopp, 2008). However, 

provided healthcare is considered a service, inventory buffering is not 

applicable in the core healthcare process (Jack and Powers, 2004) 

unless one would see the patients in a process as inventory. In this 

thesis, we see time buffers (waiting time) as a mechanism to handle 

the variability in cases of waiting patients. That is, variability is 

buffered by having patients waiting until the required resources 

become available. The alternative to having patients waiting for 

resources, is to have idle capacity waiting for patients. In the event of 

having excess idle capacity, we speak of capacity buffers.  

Time buffers can be used to buffer arrival variability, such as in an 

emergency department where non-urgent patients have to wait for 

treatment (Van der Vaart et al., 2011). However, from a customer-

oriented quality perspectives, having a waiting time for patients could 

be undesirable. This could mean that time buffers are not always 

acceptable. Conversely, capacity buffers are costly and unattractive, 

especially in an era of shrinking healthcare budgets. Ultimately, the 

only viable option seems to be to reduce the underlying variability, 

and this is where Lean interventions should focus once direct waste 

issues have been addressed.  

Apart from time and capacity buffers, Hopp et al. (2007) also 

identified quality buffers as an additional buffer type that could be 

used in service environments. The underlying idea is that, in services, 

professionals can vary their processing times to cope with demand. In 
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their study, Hopp et al. (2007) illustrated the principle of quality 

buffers in a telemarketing service. In their example, the general idea 

was that a telemarketer could invest additional time in attempting to 

sell to a client when times were quiet. The authors saw this as 

translating into a higher service quality. However, whether quality 

buffers are an appropriate extension to the established buffers in 

healthcare is debatable.    

 

Lean in the context of healthcare 

In this thesis, we are especially interested in the application of Lean in 

a healthcare context. Healthcare is considered a service, a different 

environment to manufacturing environments where Lean was initially 

introduced. The positive relationship between Lean and performance 

is well established in manufacturing (e.g. Seth and Gupta, 2005; 

Taylor, 2005; Subha and Jaisankar, 2012), and in service 

environments there have been many positive reports on Lean 

applications (e.g. Furterer and Elshennawy, 2005; Staats et al., 2011; 

Piercy and Rich, 2009).  

However, it would be dangerous to assume these positive reports 

can be immediately translated to healthcare. Healthcare environments 

have some specific features that distinguish them within the broader 

services spectrum. One of the main differences to most services is that 

the client, or part of the client, (patient or patient material) is the 

‘object’ being worked upon. Essentially, one is working with living and 

breathing persons, not inanimate objects. In addition, we can think of 

examples where the interactions between medical professionals and 

clients are more varied and personal (Shah et al., 2008). Overall, we 

can expect Lean applications in healthcare to have additional 

complexities related to the specific environment.    
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Lean is applied in the healthcare sector in response to the increased 

demand for higher quality care. The application of Lean in healthcare 

environments is a relatively new phenomenon (Burgess and Radnor, 

2013) although Fillingham (2007) reported reduced lengths of stay, 

among other performance increases, due to Lean. In another 

healthcare study, Grove et al. (2010) showed that applying Lean tools 

assisted in identifying possible process improvements, such as the 

simplification of standard tasks and reductions in paperwork. In 

addition, Smith et al. (2012) applied various Lean tools and 

techniques, including Kaizen events, to improve patient safety.  

These above examples, and other studies (Mazzocato, 2010), show 

promising outcomes. Nevertheless, there seems to be an over-focus on 

tools and technology, and elements such as variability are largely 

unaddressed (Andersen et al. 2014; Radnor, 2010). Furthermore, 

current studies are unable to indicate the long-term effects of adhering 

to Lean principles. In this thesis, we attempt to go beyond short-term 

effects, achieved through adopting Lean tools for waste reduction, and 

instead emphasize the roles of variability and buffers.  

Joosten et al. (2009) claimed that a thorough understanding of the 

effects of Lean in healthcare was absent. Similar later observations 

were made by Burgess and Radnor (2013) who commented that the 

implementation of Lean principles is often isolated rather than 

organization-wide. Several authors have similarly concluded that the 

application of Lean in healthcare is fragmented (Young and McClean, 

2008; Proudlove et al., 2008; Ballé and Régnier, 2007). Curatolo et al. 

(2014) observe that most studies on Lean in healthcare lack a 

thorough methodological basis, and that this hinders well-founded 

statements concerning the Lean – performance relationship. In 

essence, the results of Lean research in healthcare seem promising but 
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there is still a need for more thorough research. The current status of 

the research field has several implications for our own study, in the 

sense that our research: 

 Should report on the long-term effects of applying Lean 

principles; 

 Should go beyond the application of tools aimed at obvious 

waste; 

 Should provide a clear understanding of the principles, 

beyond waste reduction, that drive Lean;  

 Should provide a strong methodological basis that allows 

firm statements concerning the Lean – performance 

relationship in healthcare. 

 

Thesis focus   

In developing research projects for this thesis, we took the outstanding 

issues identified in the literature into account. In Chapter 2, we report 

on our first research project where we attempted to provide clarity on 

the effects of the long-term application of Lean principles in a medical 

setting. We investigate if performance does indeed improve, perhaps 

gradually, over time because of a series of Lean interventions. The 

results indicated that Lean interventions had only a limited impact on 

time buffer reduction. This led us to question the focus of practical 

interventions, and therefore, in our second study, we investigated a 

large number of interventions. Could we expect the impact of Lean 

interventions on variability and buffers when we consider their actual 

content?  

In Chapter 3, we show the results of this second study and we 

explore whether knowledge on variability and buffers can influence 
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the focus of Lean interventions. We concluded that the most prevalent 

focus is on waste, and that variability and buffers seem to be absent 

from the practitioners’ mind-sets. Given our belief that flow-oriented 

Lean projects should address variability and buffers, we turned our 

attention to these kinds of projects in our next study.  

Chapter 4 provides the outcomes of a multiple-case study in which 

we were especially interested in projects that targeted flow. Here, we 

investigated the underlying principles of variability and buffers in the 

context of Lean improvement projects and show the complexities 

inherent to these principles. After this third piece of research, we 

began to observe a pattern. In all of the studies so far, we had been 

confronted with limitations in explaining our observations based on 

the trade-off between time and capacity buffers.  

In our final research project, reported in Chapter 5, we investigated 

the buffer trade-off and further developed the concept of quality 

buffers identified by Hopp et al. (2007). We elaborate on their ideas 

for this additional buffer in service environments, and unravel the 

underlying buffering mechanisms. The results in Chapter 5 help to 

explain situations where one fails to observe idle or excess capacity 

without the presence of obviously waiting patients.  

  

1.3 RESEARCH PROJECT & THESIS OUTLINE   

The previous section ended with a brief overview of how the 

developing thesis focus resulted in four research projects. We now 

extend this by providing a short introduction to the subsequent 

chapters.     
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Chapter 2 

In Chapter 2, we focus on performance changes stemming from Lean 

interventions in a medical laboratory. This research is one of the first 

to link series of Lean interventions and performance over time. The 

main research question for this study was: how do Lean interventions 

influence time buffer performance over time? We attempt to answer 

this research question in a mixed-method longitudinal case study.  

The analysis is based on six years of patient-related throughput 

data, retrieved from a laboratory computer database, to show how 

throughput time performance evolved over time. In addition, we apply 

semi-structured interviews to gain a deeper understanding of the Lean 

interventions. Given the retrospective and longitudinal nature of the 

study, we use the event history calendar method to enhance the 

respondents’ recall and reliability.  

Results provide clarity on the effects of ongoing series of Lean 

interventions in performance terms in the form of improved 

throughput times. Additionally, based on the identified Lean 

interventions that had an impact on throughput time performance, the 

study offers support for theories emphasizing the importance of 

reducing variability. However, the outcomes also raise questions 

regarding the focus of Lean interventions in general: given that only a 

limited number of these Lean interventions improve throughput 

performance, what types of issues are addressed? 

 

Chapter 3 

In this chapter, we build on the previous research and investigate the 

focus of Lean interventions initiated by healthcare professionals. Our 

basic premise is that variability is detrimental to flow performance, 

and that Lean approaches can be used to reduce variability and 
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thereby improve flow performance. However, it is unclear whether 

Lean interventions do attempt to reduce variability and consequential 

buffers, or merely to reduce waste. For this study, we formulated the 

following research questions: (1) how should one qualify the focus of 

existing Lean interventions?; (2) does this focus change, or mature, 

over time?; and (3) does knowledge on buffers and variability 

influence the intervention focus? In this research project, we 

combined a longitudinal field study with an exploratory field quasi-

experiment.  

In the study, we first classify a large number of interventions from 

practice, and then carry out an exploratory field quasi-experiment. 

Our project is one of the few studies that have investigated Lean 

applications over a lengthy period with a large set of Lean 

interventions included in the classification. Field experiments in Lean-

oriented research are rare, and we see this as a valuable addition to the 

more commonly used research methods. Through the classification, 

we establish an overview of the focus of Lean interventions. Semi-

structured interviews with practitioners also supported the findings 

regarding this focus. The exploratory field quasi-experiment was used 

to investigate whether a lack of knowledge could explain the identified 

focus.  

Results show a limited application of Lean principles, and indicate 

that expanding knowledge on other, underused, Lean aspects could 

broaden the focus. This study contributes to the discussion in the 

literature on the maturity of Lean in the healthcare field. Moreover, it 

leads to questions concerning the ‘straightforwardness’ of buffer 

exchange in relation to variability reduction. 
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Chapter 4 

Prompted by our earlier studies, this research investigates the 

interaction between buffers and variability in patient flow. To 

successfully improve flow in healthcare, a good understanding of the 

relationship linking variability, buffers, and patient flows is essential. 

Healthcare is considered a service-focused environment with only 

limited options to buffer variability, namely through either time or 

capacity buffers. This limitation increases the importance of the 

variability – buffer relationship.  

Here, we highlight complexities related to the variability – buffer 

relationship in patient flows. To investigate these issues, we 

formulated two main research questions: (1) how do buffers and 

variability interact in a healthcare environment? and (2) how does 

the interchange, or ‘trade-off’, between buffers manifest itself in 

practice? In answering these questions, we carried out a multiple-case 

study in which we analyze three different hospital departments that 

had executed flow improvement projects.  

The results indicate that the interaction between variability and 

buffers is less clear-cut than the literature generally assumes. The 

study highlights several complicating factors that are relevant in flow-

oriented Lean projects. As a step in furthering the existing Lean theory 

on the roles of variability and buffers, our tentative outcomes are 

translated into a number of propositions. These propositions can be 

used as the starting point for future research.    

 

Chapter 5 

Time and capacity buffer types are commonly identified in service 

environments. However, during our research, we came across many 

situations where neither capacity buffers nor waiting time buffers 
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could explain the apparent situation. Based on our earlier studies, this 

chapter reports on our conceptual study of the roles of quality buffers. 

In this research, we study the relationship of quality buffers with other 

buffer types, and consider how such quality buffers would manifest 

themselves in practice.  

The main research questions for this study are: (1) how should the 

mechanisms behind quality buffers be typified and explained? and (2) 

how do quality buffers interact with the earlier-identified buffer 

mechanisms. We adopt a theoretical approach in formulating answers 

to these questions, through which we provide a deeper understanding 

of the mechanisms behind quality buffers. 

Our results indicate that the mechanism behind quality buffers 

involves adjusting processing times. In our study, we explore how 

these adjustments can be made. The study shows that this mechanism 

does not necessarily impact on quality, but that this is dependent on 

the definition of quality adopted. This research provides a more solid 

theoretical basis for the roles of buffers in Lean applications in 

healthcare environments and offers a formal definition of quality 

buffers.     

 

Chapter 6 

In this final chapter, we provide a general discussion on the findings 

presented in this thesis. We provide a short overview of the completed 

studies, where we highlight the main findings from each study. Next, 

we discuss our findings in relation to the current literature and 

highlight its most important implications for both science and 

practice. Chapter 6 thus provides the link between the chapters. We 

combine findings from the individual studies and show the relevance 

of our combined results. Here, we present our adapted Lean maturity 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

16 
 

model for healthcare environments and discuss the effects of 

exchanging buffers in healthcare. We finish Chapter 6 with closing 

comments on our research projects and on the main findings.  

 

 

A short overview of Dutch healthcare  

 

The Dutch healthcare system is considered one of the best healthcare 

systems available, and has been frequently ranked first in the 

Consumer Health Index (Björnberg, 2013). The Dutch healthcare 

structure provides high quality, safe, and accessible care for the 

inhabitants of the Netherlands. However, rising demand for care and 

limited budgets put pressure on the healthcare system and explain the 

popularity of healthcare improvement initiatives.  

Within the Dutch healthcare system, one can distinguish between 

preventive care, primary care, secondary care, and long-term care. A 

typical patient’s journey starts with a visit to their general practitioner 

(GP). In those cases where the GP cannot provide the necessary care, a 

patient is referred to secondary care facilities (often the local hospital). 

As such, the GP functions as a gatekeeper such that secondary care, 

such as specialist care in hospitals, is only accessible upon referral by 

the GP. The gatekeeper role of the GP has a dampening effect on 

referrals, resulting in a referral rate of four percent (Schäfer et al., 

2010). This pre-screening limits the number of people that use 

specialized care facilities, which helps reduce overall costs. However, 

even with the dampening effect of GPs, there are still over 25 million 

hospital referrals a year (2012 data: CBS, 2014), that is 25 million 

people that require some form of additional diagnosis or treatment. 
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Obviously, providing high quality treatment to such numbers comes at 

a high financial cost, and it requires fully dedicated medical personnel.   

Maintaining the high level of quality and accessibility of Dutch 

healthcare is predicted to require increased funding, with estimates 

reaching levels of 31% of gross domestic product by 2040 (Van der 

Horst et al., 2011). There are various reasons for this financial 

pressure, such as the growing elderly population, which is expected to 

increase healthcare demands in coming years, more treatment 

possibilities, and better-informed and demanding patients. 

Furthermore, Dutch healthcare insurers are now allowed to negotiate 

costs with healthcare providers, making the cost of delivering this high 

quality care additionally important. Insurers are free to decide not to 

contract certain providers, for example because of poor standards of 

delivered care (Daley and Gubb, 2013). Consequently, the healthcare 

sector is adopting various quality and continuous improvement 

initiatives to reduce costs. 

The interest in improvement initiatives partly helps to explain the 

popularity of the Lean philosophy. A streamlined process, free of 

faults and free of unnecessary waiting, is vital. The coming together of 

these issues underlines the practical relevance of Lean in healthcare. 

Lean is expected to offer a bottom-up solution to the increasing costs 

and demands by improving current processes in order to cope with the 

future demands on healthcare.  
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CHAPTER 2 

This chapter is currently under review at the International Journal of Production 
Research as: Roemeling, O.P., Land, M.J., Ahaus, C.T.B., Slomp, J, & Van Den 
Bijllaardt, W. (2016). Impact of Lean interventions on time buffer reduction in a 
hospital setting. 
 

 

Impact of Lean interventions on time 

buffer reduction in a hospital setting 
 

 

2.1 INTRODUCTION  

This paper investigates the relationship between the long-term 

application of Lean principles and throughput time performance in a 

healthcare setting. We will focus on the process flow of a medical 

laboratory and study performance changes over six years. Healthcare 

is faced with increasing demands for excellent performance, the 

objective being to deliver increased quality while reducing costs. One 

of the approaches to performance improvement in healthcare is 

adopting a Lean philosophy (Burgess and Radnor, 2013; Clark, 

Silvester and Knowles, 2013). Holweg (2007) notes that the Lean 

philosophy has gained increasing attention since its popularization by 

Womack, Jones, and Roos in 1990. Over the years, Lean has been 

shown to be a facilitator of performance improvements in industry 

(Belekoukias, Garza-Reyes, and Kumar, 2014; Khanchanapong et al., 

2014; Chavez et al., 2015). This increased attention for Lean in 

research, has resulted in a growing amount of scientific studies aimed 

at Lean applications in healthcare (Young and McClean, 2008; 

Poksinska, 2010; Holden, 2011). Despite the promising outcomes 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

20 
 

(D’Angelo and Zarbo, 2007; Serrano et al., 2010), there is still a need 

for more empirical research focused on the application of Lean 

principles (Jasti and Kodali, 2015).   

Current studies investigating Lean and performance in healthcare 

tend to focus on the short-term effects of Lean applications. This is 

problematic, since Marodin and Saurin (2013) report that the 

adoption of Lean in other sectors, such as health care, requires an 

effective performance of Lean in those sectors. According to 

Mazzocato et al. (2010), the research field has yet to reach maturity. 

Additionally, Poksinka (2010) comments that there is only limited 

evidence of the complete Lean philosophy being applied in healthcare. 

Rather, the concept is perceived as a set of tools and techniques 

aiming at process improvement. Based on the studies included in the 

review by Mazzocato et al. (2010), it seems that most reports of 

successful Lean implementations in healthcare focus on single event 

outcomes with Lean tools aimed at reducing waste.  

While using tools that reduce waste can have a large impact on 

performance, it is not the only goal of the Lean approach. Targeting 

direct (or obvious) waste can be seen as the first step in Lean 

implementation, but one might also seek to reduce variability. The 

reduction of variability is of major importance, since variability has 

consequences for both patient service measures and healthcare costs 

(Salzarulo et al., 2011; Helm, AhmadBeygi and Van Oyen, 2011). In the 

longer term, the reduction of variability allows buffers to be 

minimized (Hopp and Spearman, 2004). In hospitals, there would 

particularly be an interest in reducing time buffers since these are 

perceived by patients as undesirable waiting time and may also 

increase healthcare costs due to longer stays in a hospital. Despite 

Lean having received attention for a number of years, the actual effects 
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of long-term adherence to the Lean philosophy are still unknown. 

Therefore, our main research question is: how do Lean interventions 

influence time buffer performance over time?    

To investigate the relationship between Lean and time-buffer 

performance, we have conducted an in-depth longitudinal case study 

in a healthcare environment. For our study, we make use of data 

spanning a six-year period. We visualize Lean performance over time, 

and show the effects of adhering to Lean principles with the aid of 

statistical tests. In-depth interviews help identify the specific root 

causes that result in performance improvement. Our study is one of 

the first studies to investigate the effects of Lean on performance over 

such a lengthy period based on real-life data. We use triangulation, 

combining both quantitative and qualitative data, to strengthen the 

reliability of our results. 

The structure of the paper is as follows. The first section introduces 

our theoretical framework. In the second section, the methodology is 

presented, and the case setting and chosen methods are outlined. 

Then, in our third section, covering our analysis and results, we 

analyze the changes in performance over time and investigate 

performance changes through in-depth interviews. The paper 

concludes with a discussion of our findings and the implications for 

future research. Ultimately, our study should help create a better 

understanding, both within academia and management, of the effects 

of prolonged adherence to Lean principles in a healthcare setting. 

 

2.2 THEORETICAL BACKGROUND  

A substantial research base reports positive Lean effects in various 

healthcare settings (Ben-Tovim et al., 2007; Shah et al., 2008; 

Dickson et al., 2009). For example, Lean techniques have been 
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successfully applied to improve a histopathology department (Raab et 

al., 2008). In healthcare, studies commonly use various Lean 

definitions with a focus on the reduction of waste or the creation of 

value (e.g. Laing and Baumgartner, 2005; Fillingham, 2007). These 

definitions are then used as a theoretical basis for the approach 

adopted. Additionally, some applied studies (e.g. Raab et al., 2006; 

Grigg, Garrett and Miller, 2009) report on the usage of tools without 

providing a clear theoretical basis. In short, there seems to be no 

generally accepted Lean theory.  

Lean is related to the Theory of Swift, Even Flow (TSEF) 

(Schmenner and Swink, 1998), which states: “the more swift and even 

the flow of materials through a process, the more productive that 

process is”. In essence, this means that lower throughput times 

increase flow and productivity, and thus performance (Devaraj, 

Terence and Kohli, 2013). Additionally, in a study by Fredendall et al. 

(2009) TSEF constructs are shown to affect flow speed and variance. 

Moreover, the TSEF emphasizes the role of reduced variability to allow 

for a more even flow, in accordance with the ‘Law of variability’ 

(Schmenner and Swink, 1998).  

Shah and Ward (2007) underline the importance of variability 

within Lean with their definition of Lean as an integrated socio-

technical system whose main objective is to eliminate waste by 

concurrently reducing or minimizing supplier, customer, and internal 

variability. This reduction in variability is obtained through 

continuously improving processes (Radnor, Holweg and Waring, 

2011). Still, despite variability clearly being an important aspect of 

Lean, healthcare-oriented studies often focus on direct waste. To go 

beyond the focus on waste, and help build a theoretical Lean 
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framework, we adopt the description of Lean by Hopp and Spearman 

(2004) and Hopp (2008).  

From Hopp and Spearman’s perspective, apart from reducing so-

called ‘direct’ waste, reducing variability is of major importance. 

According to Hopp and Spearman (2004), when Toyota implemented 

Lean, they first switched the focus from inventory buffers, which ‘hide’ 

undesired variability, to capacity buffers. Then, by removing sources 

of variability through a continuous improvement process, both 

inventory and capacity buffers could be reduced. Ultimately this 

makes an organization Lean since the “production of goods or services 

is Lean if it is accomplished with minimal buffering costs” (Hopp 

2008). Hopp (2008) distinguishes four phases of Lean 

implementation: (1) target direct waste, (2) exchange inventory for 

capacity buffers, (3) reduce variability, and (4) reduce capacity. 

Furthermore, one should cycle between phases three and four as part 

of continuous improvement initiatives. These phases can be 

considered development steps in becoming a mature Lean 

organization. Whilst testing the existence of these phases in practice is 

difficult, they do provide a frame of reference to argue that an 

organization with Lean experience should focus on more than just 

direct waste and show attention to buffers and variability.  

While we expect inventory and capacity buffers to be present in 

healthcare organizations, we do not see inventory appearing in the 

core healthcare process of providing patient care (Jack and Power, 

2004). Since patients are themselves transformed in the healthcare 

process, it is impossible to stock the transformed resource, the 

patients. When a queue of patients or patients’ samples occurs, this 

should be seen, in terms of Hopp (2008), as the use of a time buffer 

(the customer requirement waits) and not as an inventory buffer. As 
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such, coping with variability in healthcare is mainly achieved through 

capacity and time buffers. This also means that we expect time buffers 

to fulfill the roles associated with inventory buffers, since both 

inventory and time buffers hide variability. Time buffers in healthcare 

most commonly relate to patients waiting for either diagnosis or 

treatment. Whilst capacity buffers relate to different capacity 

resources (such as staff or MRI machinery) waiting for jobs.   

In adopting the Lean philosophy, we might expect healthcare 

organizations to initially focus on reducing direct waste (the first 

phase), which will be coupled with waste reduction tools such as 5S. 

Typical for direct waste is that it is visible or obvious. Contrary to 

variability, direct waste is not hidden by buffers. An example of direct 

waste is the time spent searching for medical equipment. Once 

healthcare organizations have been using Lean principles for some 

time and become more mature in their Lean approach, we might 

expect to see changes related to the later phases. We would therefore 

expect healthcare organizations in the later phases of Lean 

development to reduce variability to enable smaller time buffers, i.e. 

shorter customer waiting times.  

Reduction in customer waiting times can be measured through 

decreases in throughput times for the process that the customer is 

waiting for. While we expect throughput time reductions to result 

from adhering to a Lean philosophy, the impact of adhering to the 

Lean philosophy in practice will only result from Lean interventions. A 

Lean intervention incorporates changes in work routines at a specific 

moment in time. These changes should relate to either direct waste, or 

to variability and related buffering requirements. Even when 

variability is a logical consequence of customer-specific operations, 

which certainly applies to healthcare settings, Lean approaches could 
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still seek to minimize the buffers needed to deal with this variability 

(Thürer et al., 2014). Especially for interventions in the mature phases 

of Lean adoption, we would expect a relationship between 

interventions and time buffer performance, i.e. decreased throughput 

times. In other words, the focus on Lean interventions allows us to 

investigate the relationship between actual Lean practices and their 

outcomes in terms of actual changes in performance. The method 

applied to investigate the relationship between Lean interventions and 

the time buffer is elaborated in the next section.       

  

2.3 METHODOLOGY  

This research is a mixed-method longitudinal case study in which we 

combined both qualitative data resulting from interviews and 

quantitative data on throughput times. The case study approach is the 

preferred method when “the focus is on a contemporary phenomenon 

within some real-life context” (Yin, 2003). Here, the contemporary 

phenomenon comprises Lean interventions and their impacts on time 

buffers in healthcare. Further, we are able to study the phenomena 

over a lengthy period which makes the longitudinal case study 

approach particularly valuable (Voss, Tsikriktsis and Frohlich, 2002). 

The source of our quantitative data lies in the past, which means that 

we cannot have influenced the original data, thus avoiding the 

Hawthorne effect (e.g. Leonard and Masatu, 2006).  

In order to investigate the influence of Lean interventions on 

throughput times, we required access to an organization that had a 

comprehensive Lean strategy and had been applying Lean principles 

over a prolonged period. In this study, we therefore focused on a 

hospital in the Netherlands that had been one of the first to adopt 

Lean approaches across the entire organization, and is still considered 
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a leader in Lean. Within this hospital, we focus on a medical 

laboratory that has seen hundreds of Lean-inspired improvements 

over the years. The extent of the Lean strategy in the laboratory is 

reflected in the richness of its practices and policies. Examples of Lean 

practices include employees applying tools such as 5S and 

participating in daily Lean meetings focused on continuous 

improvement. Policies include mandatory Lean training for new 

employees, and only hiring people that show an explicit willingness to 

work in a continuously improving environment.  

The analysis of the data consisted of two main steps. First, and 

central to this study, is the analysis of quantitative data in the shape of 

throughput times for patient samples. Patient samples, such as blood 

or saliva, are processed in the laboratory and form highly homogenous 

groups with large numbers of flow units. This should enable 

statistically sound performance changes to be identified. Here, we 

view throughput time as an indicator of a time buffer. Second, we 

identify the causes of throughput time changes through a qualitative 

exploration. When a change in throughput time is identified, we 

consider whether this change can be attributed to Lean interventions.  

The analysis steps will be discussed in detail after the case setting 

has been specified. First, we will further introduce the research 

setting, and then our attention switches to the data and the steps 

needed to enhance the data analysis possibilities. In the final part of 

this section, we elaborate on our statistical tests and the interview 

approach. 

 

Case Setting 

The main task of the microbiology department consists of testing 

patient samples (e.g. urine) for the presence of bacterial infections, 
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and determining which antibiotics are best suited to curing these 

infections. When patient samples are delivered to the laboratory, the 

first step is to label these samples with an identifier to establish an 

order. Next, laboratory analysts inoculate the sample on petri dishes. 

After inoculation, the dishes are transferred to an incubator, which 

maintains a specific environment in which bacteria can flourish.  

At pre-determined time intervals, dishes are inspected for bacterial 

growth. Samples that do not show the growth of clinically relevant 

bacteria after protocol times have passed are considered negative. 

Conversely, when samples do show clinically relevant bacteria, they 

are considered positive and undergo further testing. These later tests 

determine the type of bacteria, and their resistance to antibiotics. 

After either concluding that no bacteria growth is present, or after 

subsequent testing where the bacteria are identified, the initiator of 

the order receives confirmation from an analyst that the process is 

complete. The confirmation is the signal that no further processing is 

required for this order. After a final check by a microbiologist, the 

outcome is authorized, and the results become available to the 

applicant.  

In our study, we focus on the laboratory process from the moment 

an order is created to when it is confirmed that the testing is complete. 

For our analysis, we divide the samples into two groups, positive and 

negative, since we anticipate seeing different and stronger effects of 

interventions in the positive group. Positive samples require 

additional handling and testing, and it is the waiting time in this 

period that can be influenced through interventions. In contrast, the 

negative samples have a larger part of their throughput times 

determined by medical protocols, i.e. the length of incubation, and 

should thus be less influenced by Lean interventions. 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

28 
 

 

 

Quantitative Data  

In this research, the focus is on the quantitative performance first, and 

on the underlying causes later. Since hundreds of interventions took 

place, there would always be performance fluctuations that could 

indicate positive effects of preceding Lean interventions. However, the 

goal of this study is to identify Lean interventions that resulted in 

structural performance improvement. We are not interested in 

random or short-term performance variation. Our approach starts 

with objective performance data to reduce the chance of self-fulfilling 

prophecies. In other words, we avoid the risk of wanting to find 

performance changes, solely because there has been an intervention.  

Alongside Lean interventions, external influences (such as 

legislation) can also influence realized throughput times. To counter 

the risk that such factors would confound our analysis, we followed 

the suggestion of Voss, Tsikriktsis, and Frohlich (2002) to use 

triangulation, and discussed our approach in meetings with laboratory 

specialists. The team of laboratory specialists did not identify any 

external factors that they thought might have influenced throughput 

times over the period of our study. Further, these meetings helped us 

in extracting the appropriate data from the database, helped in 

identifying appropriate data inclusion criteria, and provided us with 

our initial dataset as depicted in Table 2.1.  

Our focus in the analysis should be on the bulk of the orders that 

appear to be reasonably homogenous in that they follow the same 

route. Therefore, samples that followed deviating routes were 

excluded from our analysis. For example, feces go through a special set 

of pre-processing steps because this sample type always contains 
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bacteria. Further, sample types that are not processed at least once a 

month were excluded. Although these would have little effect on our 

results (due to the low number) they could potentially cause disruptive 

effects on the mix corrections that will be introduced later.  

 

Table 2.1. Data inclusion criteria and their effect. 

Inclusion criteria / 
Procedural measure 

Consequences for dataset 
Records Percentage Sample 

types 
Records for analysis after 
initial data cleaning (e.g. 
removal of deviating 
processes). 

287,757 100 30 

Removal of records with 
obvious errors (e.g. negative 
throughput times). 

287,744 99.9 30 

Removal of samples that are 
not processed at least once 
each month. 

282,913 
 

98.3 17 

Removal of samples outside 
the upper and lower bounds 
put on throughput time. 

260,323  
 

90.5 17 

 

Figure 2.1 shows a Pareto analysis for the sample types included in the 

dataset and indicates that the top six types account for almost ninety 

percent of the dataset.  
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Figure 2.1. Pareto analysis of the samples included in the dataset. 

 

Pattern Recognition 

We adopted the moving average as our centrality measure to visualize 

patterns of throughput time performance. Averages were taken over a 

moving 28-day period to allow patterns in throughput times to be 

picked up. By using a multiple of seven days, we ensure equal numbers 

(here, four) of each day of the week are included in each average value. 

This avoids fluctuations caused by different throughput times for 

samples arriving on certain days of the week. Periods shorter than four 

weeks were investigated but the noise in the data was such that it 

became impractical to distinguish trends from normal fluctuations. 

With even longer periods, it became impossible to link trends to 

underlying Lean interventions because of the blurring of time, and 

because multiple interventions may underlie a single observed trend 

change. 

To further guarantee robustness, we applied two operations in 

calculating moving averages: 
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 First, we focused on the key part of the throughput time 

distribution and removed outliers by only including throughput 

times between 16 hours (0.67 days) and 156 hours (6.5 days). 

 We then corrected the averages for changes in the mix of 

samples processed over time. Since different samples require 

different incubation times, changes in the mix might cause 

changes in performance that are not related to interventions.  

Figure 2.2 shows the distribution of individual throughput time 

observations and clarifies our choice in focus. Only samples with 

throughput times exceeding 16 hours were included since this is the 

normal minimum incubation period for specimens. The upper limit 

was imposed because the laboratory executes a ‘sample clean-up’ 

procedure after seven days in which unused, forgotten, or lost samples 

are discarded, and thus acquire a throughput time of approximately 

seven days or maybe longer. Including these measurements would 

distort our averages. In general, excluding the long right-hand tail of 

the distribution is useful, despite some of the extremely long 

throughput times reflecting lengthy incubation requirements rather 

than genuine outliers. However, small incidental changes in these long 

throughput times might heavily influence our averages and therefore 

we adopted a conservative approach and set our upper limit at 156 

hours (6.5 days). 
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Figure 2.2. Distribution of throughput times across the samples. 

 

Correction for mix changes was reasonably straightforward. The 

distinguished sample types are referred to by a combination of two 

indices i and j: with i indicating the type of sample (1 = urine, 2 = 

respiratory tract sample, etc.), and j indicating whether it was negative 

(j=0) or positive (j=1). Then the corrected average throughput time for 

a certain period t is calculated as: 

i j
t
ijij

t TfT                                                          (1) 

with ijf being the fraction of all throughput time observations that 

were associated with samples of type (i,j) during the measurement 

period and t
ijT being the average throughput time in period t for 

sample (i,j). Note that the set of samples considered and the periods 

were chosen such that each period t contained at least one observation 

for each sample (i,j). 

Our initial approach to visualizing throughput time performance 

used the median as the centrality measure rather than the average. 
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The theory being that this would avoid the need to correct the data for 

outliers. However, as Figure 2.2 shows, the distribution of throughput 

times is multimodal. As the required incubation periods are multiples 

of 24 hours, the distributions of throughput times also show multiple 

modes at intervals of 24 hours. Consequently, while the median is 

normally a very robust centrality measure, it could lead to adverse 

effects with our multimodal dataset. That is, if the median was located 

between two modes, a small change in the data over time might result 

in the median value switching to either the preceding or the following 

mode. Conversely, if the median were to be in the middle of a mode, 

with many near-identical observations, even fairly major data changes 

would barely influence the median, which becomes ‘stuck in the 

middle’. So rather than displaying its normal robustness, the median 

could, here, be either extremely sensitive or insensitive to changes 

over time, and so we adopted the average as our centrality measure. 

 

Statistical Analysis 

Moving averages enabled us to visualize changes in performance over 

time. Where our visualization suggested the existence of distinct 

performance periods, we carried out additional testing. First, Kruskal-

Wallis tests were executed for both positive and negative samples to 

investigate if there were statistically meaningful differences between 

the periods identified. When the differences were meaningful, we 

applied Student’s t-tests to further investigate these periods. For the 

statistical tests, we calculated weekly averages from the distinct 

performance periods to give a single (weekly) data point, since this 

enabled mix corrections to still be used. We took the corrected weekly 

averages for 33 consecutive weeks, from the first full week following 

February 1st in 2007, 2009, and 2011. This avoided any influence of 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

34 
 

possible seasonal differences. We included only those sample types 

that were tested at least once each week. This left us with seven 

positive, and nine negative sample types to be included in the 

statistical tests. We applied the Bonferroni correction (Moore and 

McCabe, 2005) to address the problem that the significance level is 

influenced by conducting multiple tests, and set α tightly at 0.005.  

 

Qualitative Data Collection and Analysis 

To reach a better understanding of the events that led to performance 

changes and to triangulate our quantitative findings, we conducted 

five semi-structured interviews. These specifically focused on those 

moments when changes in time buffer performance were observable. 

Since our interviews were aimed at recalling knowledge from previous 

years, we adopted the Event History Calendar (EHC) approach. Here, 

we provided each interviewee with time lines and important headlines 

from the news. The EHC is seen as a way to increase reliability because 

it enhances recall (Emans, 2002; Van der Vaart and Glasner, 2010; 

Glasner, Van Der Vaart and Belli, 2012).  

The procedure for the interviews was as follows. One week prior to 

the interview, an interviewee received an e-mail containing a reminder 

of the scheduled interview plus the EHC materials. These materials 

consisted of a timeline with selected headlines related to major events 

from the years 2007 to 2012. More detailed timelines with a higher 

density of events were provided for 2008 and for 2010, since the 

preceding data analysis had shown the largest performance changes in 

these years. In the e-mail, interviewees were asked to think about the 

events listed and recall events from their own experiences that had 

happened in these periods. The first four interview questions related 

to broad knowledge of the Lean philosophy and the interviewee’s 
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background. Then the interviewee was asked to spend ten minutes on 

the EHC task. This involved studying the EHC materials and adding 

meaningful personal events to the timelines. When this EHC task was 

complete, the interview continued with ten questions related to time 

buffer performance changes. The interview questions are available in 

the online supplement. 

To reach a better understanding of the events that led to 

performance changes and to triangulate our quantitative findings, we 

conducted semi-structured interviews. The respondents were selected 

on the basis that they had been working in the laboratory sufficiently 

long to have witnessed all the events, had a thorough understanding of 

the laboratory process, had experience with Lean, and would be 

informed about most of the Lean interventions. These criteria resulted 

in the identification of five interviewees: 

 a chief analyst, who was head of the bacteriology department 

and involved in most of the department’s Lean interventions; 

 a database expert, professionally trained as an analyst and 

facilitating all the database requests for the laboratory; 

 a Lean expert, professionally trained as an analyst and involved 

in Lean interventions throughout the hospital;  

 two physician microbiologists who were part of the laboratory’s 

management; 

The respondents were all male, and had been working for the 

laboratory for 20.6 years on average (minimum 11, maximum 26). All 

the interviewees had received substantial training on the Lean 

philosophy, and their experience with Lean varied from four to eight 

years, with 6.4 years as the average. When asked to compare their 

Lean knowledge with people in similar positions, all considered they 
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had above-average knowledge. All the interviewees had an expert 

understanding of the laboratory processes. We refer to the 

respondents as interviewees A – E, with these labels randomly 

assigned to protect the respondents’ identities.   

The first step in analyzing the recordings of the interviews was to 

transcribe them. Then, following the advice of Miles and Huberman 

(1994), the interview questions and related answers were positioned in 

a matrix. In the matrix table, answers are listed by interviewee, which 

allows for a quick comparison between the answers of the different 

interviewees. Effectively, based upon the constructed table, we assess 

whether our experts shared views on the causes of changes in 

throughput performance. If the same cause was identified by multiple 

respondents, we saw that as corroboration for the event having caused 

a performance change.       

 

2.4 ANALYSIS AND RESULTS  

Quantitative Data: Patterns and Statistics 

Figure 2.3 presents the 28-day moving average of throughput times 

over the entire studied period, and we distinguish between positive 

and negative samples.  
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Figure 2.3. Moving average of throughput times: performance trend. 

 

From Figure 2.3, it is immediately clear that, even after eliminating 

irregularities and applying smoothing techniques, there is still quite 

some variability in the performance. However, two major shifts in 

throughput time performance are clearly present. The first is in early 

2008 when throughput times started to become noticeably shorter 

than in the previous period. A second change occurs in early 2010, 

when throughput times increased sharply. As such, the six-year period 

studied can be typified by three distinct periods in terms of 

throughput time performance which we have labeled A, B, and C. 

Period A, is the year 2007. The second period, B, lasts from the middle 

of 2008 through to early 2010. The third period, C, starts in the 

middle of 2010 and continues at least to the end of our analysis in late 

2012. Rather than step changes, there seems to be transient periods, 

which we have shaded in Figure 2.3. 

To investigate these periods, we compare the means of three equal-

length time periods, well away from the transient periods, within 

periods A, B, and C. The tested periods are indicated by the rectangles 
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in Figure 2.3. Table 2.2 shows the results of the Kruskal-Wallis tests 

carried out for both positive and negative samples. 

 

Table 2.2. Results of the Kruskal-Wallis test for both positive and 

negative samples.  

**sig. level <0.005 

 

Based on the Kruskal-Wallis test results, we conclude that the 

specific periods can indeed be typified by different distributions of 

throughput times and, therefore, additional tests are justifiable. To 

further investigate the differences between the periods we carried out 

Student’s t-tests on the means. The results of these tests are provided 

in Tables 2.3 and 2.4 for positive and negative samples respectively. 

 

Table 2.3. Results of the Student’s t-test for positive samples. 

Period Mean DF T Sig.* 
A vs. B 3.040 (A) 

2.653 (B) 
64 10.621 0.000** 

B vs. C 2.653 (B) 
3.040 (C) 

64 -7.249 0.000** 

*two tailed, **sig. level <0.005 

 

 

 

Kruskal-
Wallis Test 

Positive samples Negative samples 

Null hypothesis The distribution of weekly average throughput 
times is the same in the three distinguished time 
periods A, B, C. 

Significance 0.000** 0.000** 
Result Null hypothesis 

rejected 
Null hypothesis 

rejected  
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Table 2.4. Results of the Student’s t-test for negative samples. 

Period Mean DF T Sig.* 
A vs. B 2.371 (A) 

2.112 (B) 
64 11.956 0.000** 

B vs. C 2.112 (B) 
2.133 (C) 

64 -0.923 0.359 

*two tailed, **sig. level <0.005 

 

The t-test results for the positive samples show that the mean 

throughput times in our chosen period are significantly higher in 2007 

(period A, mean 3.040 days) and 2011 (period C, mean 3.040 days) 

than in 2009 (period B, mean 2.653 days). The t-test results for the 

negative samples show that the mean throughput time was 

significantly lower in our selected period of 2009 (period B, mean 

2.112) than in 2007 (period A, mean 2.371). However, unlike with the 

positive samples, there was no statistically significant change in 

throughput times after 2009 for negative samples.  

The mix corrections introduced earlier control for fluctuations in 

the types of samples. Table 2.5 shows that changes in throughput 

times also cannot be attributed to changes in total requirements. The 

total number of samples in period B is higher than that in period A, 

whilst throughput times were shorter in period B. In period C, the 

number of positive samples hardly increased relative to period B, but 

throughput times increased significantly. 
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Table 2.5. Distribution of positive and negative samples of the years. 

 2007 2008 2009 2010 2011 2012 
Period A  B  C  
Positive 20,098 21,875 22,614 22,290 22,919 20,668 
Negative 23,880 26,264 25,393 27,182 26,119 23,639 
Total 43,978 48,139 48,007 49,472 49,038 44,307 
 

Based on these quantitative results, we conclude that throughput 

times in the laboratory had indeed changed between various periods, 

and that these changes have been different for positive and for 

negative samples. Hence, we assume that Lean interventions could 

provide a feasible explanation. 

 

Qualitative Data Analysis and Results: Explanations 

In order to explain the quantitatively identified changes in 

performance, we continued our research with a qualitative exploration 

of possible causes. Each of the interviewed professionals were asked to 

list what they thought to be the three most important changes based 

on them having significantly impacted throughput time performance 

over the past six years. The interviewees provided their responses, 

tabulated in Table 2.6, before being confronted with the visualized 

performance trend.  
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Table 2.6. Interviewee top three events. 

Respondent Change event 
A New working 

method 
New machinery Overhaul of the 

lab* 
B New working 

method 
New machinery Overhaul of the 

lab* 
C New working 

method 
New machinery Attention to 

Lean 
D Changes in 

staffing 
New machinery Overhaul of the 

lab* 
E Lean workshop 

2007**  
Consultants 
from X 

Consultants 
from Y 

*Rebuild was coupled with new working method. 

**First time the laboratory heard about Lean. 

 

Three of the five respondents referred to a change in the working 

method in the bacteriology department, as a consequence of their 

Lean program, that they thought would have caused changes in 

throughput time performance. This new working approach was 

facilitated by a rebuild/overhaul of the laboratory, which perhaps 

explains why several interviewees felt this was an important change 

event.  

Further, four of the five respondents listed the introduction of a 

new machine for the incubation process as an event that influenced 

throughput times. The laboratory professionals considered the 

introduction of this new machine as a Lean intervention. The machine 

led to a ‘one-piece-flow’ working methodology, and a focus on flow is 

generally considered part of the Lean philosophy (Spear and Bowen, 

1999; Shah and Ward, 2007).  

The answers provided by respondent E offered a different 

perspective to those of the other respondents, and focused more on 

social events and individuals. However, when respondent E was 
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confronted with the specific performance changes discussed in the 

following paragraphs, his responses related to the causes commonly 

identified by the other interviewees. 

  

Performance improvement 2008 

First, we sought to explain the sudden improvement in throughput 

time performance in early 2008. The laboratory professionals thought 

that a new way of working, and which was in line with Lean principles, 

to be the most plausible explanation for the improvements. This new 

way of working was inspired by the one-piece-flow approach.   

Interviewee A: “I believe that it (the performance change) is due to 

the change in work methodology; we switched from working based 

on the patient’s name towards a station-based approach” and 

interviewee B: “One of the events that should be considered when 

addressing the bacteriology department is adopting a different work 

method” and interviewee C “Well, that just means a different way of 

working, a new division of labor amongst our people”.  

The next question aimed to investigate what actually changed due 

the introduction of the new working method, in order to determine 

whether the observed performance change could causally be attributed 

to it. The laboratory had stopped the preprocessing steps that 

consisted of creating batches based on a patient’s family name and 

hospital department. As such, the new working method meant that the 

laboratory had switched from needless grouping (or batching) to a 

process that was more in line with the ‘one-piece-flow’ principle. In 

essence, they had started to focus on introducing flow into the process 

and avoided the time needed for batching. 

Interviewee B: “Process-focused work - so we have our inserts, 

then the next step and so on; and we physically put these steps in 
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their sequential order in the laboratory. So samples go from the front 

to the back of our laboratory, and at this point the process is 

finished.”  

In the original setup, a laboratory employee would perform all the 

processing steps for an order, for which they carried full responsibility. 

The change in work methodology meant laboratory employees became 

responsible for a specific part of the process and received standardized 

work quantities. In terms of the Lean philosophy, this could be seen as 

the introduction of mixed modelling and Heijunka (production 

leveling).  

Interviewee B: “There was no understanding (in the previous 

situation) as to what kind of quantities of work there were for 

everyone.” Interviewee C “so, eventually, we stopped separating 

samples, which meant people got allocated a standard number of 

petri dishes.” Interviewee D: “Based on a Lean approach, we just took 

everything (all types of samples, patients, departments) together.” 

This may explain another element of the reduced waiting times. 

Previously, some analysts might have a low ‘utilization’ while others 

were highly utilized, causing samples to be delayed.  

Based on the explanations of the laboratory employees, it is clear 

that the previous batching (referred to as separation by the laboratory 

employees) cost unnecessary time and effort whilst failing to add value 

to the process. In applying their new Lean knowledge, they considered 

the creation of batches to be a form of direct waste.  

Interviewee E: “In the early days you had a separation of samples. 

In other words, we separated urines, we separated the IC (Intensive 

Care) which, together, costs a lot of energy. It was just over 

processing, the separation of samples and distributing them to 

different servers.”  
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This division existed because it was the way they had always worked 

and it was considered to be the “state of the art” (interviewee E). 

However, through their Lean knowledge, they were able to boost 

performance by reducing direct waste and by balancing the workloads 

of the servers. In essence, the laboratory started to make better use of 

its available capacity, which resulted in improved throughput time 

performance. Interestingly, they did not consider the effects these 

steps could have on waiting times. Rather, they focused on the time it 

took to create the batches, which they saw as excessive processing 

steps.   

Both the positive and negative samples were influenced by these 

changes, albeit to varying degrees. The differences in throughput times 

between the positive and negative samples stem from the fact that 

positive samples require more employee input and handling. Negative 

samples are only checked for bacteria growth, whereas positive 

samples then require additional testing.   

Interviewee A: “It is just more laborious, you have to take 

additional steps, have things wait an additional day.” and 

interviewee B “Positive samples just require more time, you’ll be 

working for three days on a positive sample whilst negative samples 

are gone after one day.” 

 

Performance after 2010 

Apart from the performance improvement in 2008, Figure 2.3 also 

indicates a change in performance in 2010. Suddenly, positive samples 

seemed to require longer to process whilst negative samples’ 

throughput times remained constant. According to our laboratory 

professionals, the cause for this decrease in performance was linked to 

the introduction of a new machine (NM) for the incubation process. 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

45 
 

The laboratory viewed the introduction of the NM as part of their Lean 

initiative, or a Lean intervention, as the equipment required (and 

facilitated) working in a ‘one-piece-flow’ manner.  

 Interviewee E: “Easy, (that’s because of the) NM.” Interviewee C: 

“That’s solely the implementation of the system related to the NM.” 

Interviewee B: “This should be the NM. Yes, that really was a major 

process change, a very different way of working.”  

In order to clarify the changes due to the NM, a short explanation of 

these changes is provided next. Before the implementation of the NM, 

the laboratory employees physically inspected the petri dishes for 

bacteria. The employees were also responsible for transporting the 

petri dishes to and from the various incubators. The NM changed this 

way of working by providing the employees with a conveyor-belt 

system that transported the inoculated petri dishes to an incubator 

that had the ability to deliver high quality photographs. These images 

of the petri dishes could then be studied on a computer screen. If it 

was decided that a sample required additional testing, the NM will 

return the petri dish to the employee through the conveyor system. In 

principle, the way the NM is setup requires one and a half FTE fewer 

personnel (although there have been no resulting layoffs). At first 

glance, the introduction of the NM does not seem to pose major issues. 

However, there was little doubt amongst our professionals that the 

increased throughput time for positive samples was linked to the 

introduction of the new NM. Why then did the introduction of the NM 

lead to a worse throughput time performance? Two main reasons were 

advanced as to why the NM slowed the process. First, the laboratory 

employees had to learn how to work with the new equipment.  

Interviewee B: “You have to get used to it, it’s a totally different 

way of working with images (instead of physically holding the petri 
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dishes). You need explanations (on the working of the NM) and ask 

questions, and that does mean longer throughput times.” Interviewee 

C: “Then you end up with an entire period where you have around 

twenty analysts having to learn how to work with this particular 

system.”  

During the early phases, the machine also suffered some, what can 

best be described as, teething problems. Combined with the lack of 

knowledge amongst the employees this partly explains the increased 

throughput times. However, after a certain period of time, one would 

expect these issues to be resolved, and performance to return to the 

original level. Yet, this was not the case. As such, the learning process 

cannot be the reason for the prolonged decrease in throughput time 

performance. The laboratory professionals raised another issue linked 

with the NM. The NM has to perform several tasks, i.e. incubate 

samples, take photographs of the samples, and deliver petri dishes to 

the employees for further processing. However, the NM is only 

capable of performing one of these tasks at a time. Furthermore, 

certain tasks have priority over other tasks.  

Interviewee A: “My belief is that the NM was not properly set up 

and tuned, so you had to wait a long time for your (petri) dishes.”  

The NM re-introduced a batching approach, but now based on 

prioritizing tasks. For example, photographing samples is always 

considered more important than delivering petri dishes. Thus, 

photographic tasks were batched and, as a consequence, the machine 

would be creating an inventory of pictures that would not necessarily 

be urgently required.      

Interviewee C: “If you consider the prioritization, making a 

photograph has a higher priority than delivering a petri dish. So, we 

would have an analyst requesting dishes to process. However, 
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because the NM was still busy with photographing dishes, requests 

for dishes would be overruled.”  

In practice, this meant that laboratory employees had to wait, 

sometimes for up to 18 hours, before they obtained a required petri 

dish. One aspect of this was that the NM, as soon as it became 

operational, was operating close to its maximum capacity, which 

caused even more delays. Essentially, the laboratory had created a 

highly utilized resource, which is against Lean principles.   

Interviewee B: “It is slow, yes, the retrieval of dishes. They are 

improving it now, but it works slowly.” Interviewee C: “Additionally, 

whilst we were working with the system, we started to notice that we 

were right at the peak of its possible capacity.” 

The clear difference between the time involved in testing positive 

and negative samples when the NM was introduced stem from the 

explanation given earlier: that positive samples require further 

employee handling. Given that the NM takes longer to deliver the petri 

dishes for further testing, we end up with a combined effect: positive 

samples inherently take more time to process, but they now also have 

increased waiting times because of the NM. Negative samples are not 

delayed further by the NM because these do not require further testing 

once the photograph has been taken.  

Interviewee C: “The negative samples are not returned. They 

merely take their turns in the system. When they are finished (the 

protocol time has passed), they are discarded.”  

From a Lean adoption perspective, the machine could be 

considered as an advanced Lean intervention. The machine increases 

the capacity buffer, and it introduces task standardization, which 

reduces the processing variability that would normally stem from 

having different operators. However, these advantages did not result 
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in decreased throughput times for either positive or negative samples. 

During the interviews, laboratory employees identified the initial 

learning process as the main reason for the decrease in throughput 

time performance. However, learning to operate a new machine 

should not take years, and one would have expected to see the effects 

of learning on both negative and positive samples. A more plausible 

explanation for the reduced performance relates to the time the new 

machine takes to deliver petri dishes for further processing, and the 

fact that it has become a highly utilized resource. 

We were unable to pinpoint the exact timing of the interventions 

preceding the changes in throughput times. The arrows in Figure 2.3 

indicate the approximate timing of the ‘new working method’ and ‘new 

machinery’ Lean interventions that were revealed in the interviews as 

‘reasons’ for the changes in throughput time performance.  

 

2.5 DISCUSSION  

In this study, we set out to explore how Lean interventions influence 

time buffer performance over time. Based on the theories discussed, 

we would expect interventions that reduce variability to allow 

successive time buffer reductions, and we would expect to see such 

interventions in mature Lean organizations. However, whilst there 

have been numerous interventions in the studied case, which had been 

selected largely on the basis of its maturity, most of these 

interventions had either no effect on throughput time performance, or 

the effects were lost in the ‘noise’ of throughput time variability. Only 

two ‘Lean’ interventions have had effects that were sufficiently 

substantial to be statistically significant.  

Our results indicate that the early changes in work methodology 

improved throughput times for both positive and negative samples. 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

49 
 

The batching applied previously can be seen as artificial variability in 

the terms of Litvak and Long (2000). Interestingly, this intervention 

was never explicitly intended to reduce time buffers and, further, 

addressing buffers and variability did not appear to be a conscious 

part of the laboratory’s Lean approach. Furthermore, these positive 

results were obtained early in the laboratories Lean transition 

whereas, based on the model by Hopp and Spearman (2004) of the 

different Lean phases, we would expect a focus on variability to only 

appear later, once an organization achieves Lean maturity. In that 

sense, the case investigated challenges conventional wisdom regarding 

progression towards Lean maturity.  

Continuous process improvement plays a central role in the 

laboratory, and in the Lean literature (Radnor, Holweg and Waring, 

2011). However, our results did not exhibit a pattern of continuously 

improving throughput times. One might have expected a declining 

pattern to be evident over time in Figure 2.3. Yet, after the first 

significant decrease, performance remains stable for negative samples, 

and even deteriorates for positive samples, after 2010. Whilst the 

continuous improvement of processes is often considered a hallmark 

of the Lean approach (e.g. Chen, Li and Shady, 2010), and our case 

organization does implement improvements on a continuous basis, 

these do not clearly result in continuously improving performance.   

The worsening performance in the laboratory in the later years of 

our research period is hard to explain if one relies on the common idea 

that Lean leads to improved performance (Womack, Jones and Roos, 

1990). It could be questioned whether the adoption of the new 

machinery should be considered a Lean intervention. However, the 

mere fact that a specific intervention does not result in improved 

performance is not sufficient to categorize it as ‘not’ Lean, since such 
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reasoning would result in a situation where only interventions that 

have positive outcomes are considered Lean. In essence, we have to 

accept that applying and adopting Lean ideas might, in some 

situations, have an unintended negative impact.   

Given the laboratory’s focus on continuous improvement, we would 

have expected the worsening performance to have been picked up, and 

effort put into restoring the initial gains. However, we should not 

overlook the fact that this laboratory is a pioneer, both with the 

adoption of Lean and in the use of the new machine. Additionally, 

until this study, the laboratory had never seen their actual throughput 

performance laid out this clearly. Whilst they were aware that positive 

samples had longer throughput times, they had no structured 

methodology that could show them how much their performance had 

deteriorated. Moreover, as reflected in our initial methodical 

struggles, visualizing performance is not that straightforward. Besides 

not being able to use the normally robust median values as a centrality 

measure in order to avoid correcting for outliers, we also had to 

correct for changes in sample types over time. Perhaps we cannot 

expect a laboratory to devote the time and skills necessary for such a 

complex analysis.   

Based on the current study, we conclude that investigating the 

relationship between Lean interventions and performance outcomes, 

in terms of reducing time buffers, is a complicated affair. Despite our 

study being based on a substantial long-term dataset that was 

collected in a short-cycle repetitive environment with homogeneous 

groups of flow items, a high level of variability still exists. This raises 

questions for studies aiming to focus on Lean applications and 

resulting performance changes in other healthcare settings, such as 
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nursing wards, which are characterized by much smaller and more 

heterogeneous populations of patients.  

As all research, our study has some limitations. It is possible that a 

time lag occurs between applying Lean interventions and their effects 

on performance. While we believe our longitudinal approach covers 

the important periods, it is possible that the real benefits lie further 

ahead. We have tried to address these possibilities through using 

interviews but, even in a longitudinal study like this, such 

uncertainties remain. Another limitation relates to the interviews that 

addressed events that had occurred three to five years earlier. Whilst 

we adopted recall-enhancing techniques, the human memory is not 

infallible. Additionally, there is always the risk that performance 

changes are attributed to the wrong root causes, despite our attempts 

to reduce this risk through triangulation with qualitative and 

quantitative data. Finally, we opted for a single case study approach 

because we had access to what is considered the leading Lean 

application in the Dutch healthcare field, and this allowed us to study 

performance over time. The downside is that this obviously limits the 

possibilities for generalization.  

 

2.6 CONCLUSIONS  

This study investigated how the long-term application of Lean 

practices influences time buffers. In our specific case, we observed that 

the time buffer initially decreased and we attribute this to the 

reduction of artificial variability. However, interestingly, despite the 

laboratory’s long Lean tradition, there was almost no focus on 

variability in this healthcare organization. It seemed that the role of 

variability was neither well known nor understood.  
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The study applied a robust and structured approach to determine 

changes in throughput time performance over time. During the review 

of the literature, it became clear that there is a lack of consensus on 

what constitutes Lean performance. Furthermore, available scales to 

measure Lean tend to address Lean implementation rather than 

performance outcomes. In our opinion, there remains a need for a 

generally accepted measure of Lean performance. From the 

perspective applied in this study, time buffer performance should play 

an important role in evaluating Lean applications in the service sector 

as it should reflect the effect of variability reduction.   

  Ultimately, our results show that an organization is able to 

increase its throughput time performance through Lean interventions. 

However, not all interventions lead to satisfactory results, and later 

interventions can distort or reverse earlier positive results. This raises 

questions as to the value of Lean-oriented studies that focus on short-

term effects, and whether the effects they measure are sustainable. We 

would argue for a greater use of longitudinal studies that investigate 

Lean applications and performance, since one of the main challenges 

for organizations introducing Lean ideas is to sustain the initial gains 

whilst moving forward.  
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CHAPTER 3 

This chapter is currently under review at the International Journal of Operations & 
Production Management as: Roemeling, O.P., Land, M.J., & Ahaus, C.T.B. (2016). 
Does Lean cure variability in healthcare? 
 

 

Does Lean cure variability in 

healthcare? 
 

 

3.1 INTRODUCTION 

Lean management has been successful in improving performance in 

production environments (Fullerton and Wempe, 2009). Later, Lean 

moved beyond production environments into services, including in 

health care. This interest is reflected in the growing number of studies 

focusing on Lean health care (e.g. Chiarini and Bracci, 2013; 

Papadopoulos, 2011; Papadopoulos, 2012; Poksinska, 2010; Poksinska 

et al., 2013). Most of these healthcare-oriented studies report 

successful Lean outcomes (e.g. Breslin et al., 2014; Chiodo et al., 2012; 

Raab et al., 2006; Yousri et al., 2011). Hence, the adaptation of Lean 

ideas to healthcare environments seems promising. However, a review 

by DelliFraine et al. (2010) suggests that the evidence that Lean 

improves healthcare quality is weak. Furthermore, Waring and Bishop 

(2010) observe that clinicians worry about negative consequences for 

patients when contemplating changed practices based on Lean 

principles. In a literature review, Mazzocato et al. (2010, p. 376) noted 

that most of the studies “report narrower technical application with 

limited organizational reach” of Lean principles. Additionally, 
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Curatolo et al. (2014) observed that a structured methodology is often 

absent, and this hinders study replication and validity. Radnor and 

Osborne (2013) comment that Lean implementation in the broader 

public service environment has generally been defective due to a focus 

on tools without an overarching logic. For both service as well as 

production environments, Hines et al. (2004) noted that the way Lean 

deals with demand variability has received particular criticism. Thus, 

whilst there are positive reports on the effects of Lean in health care, it 

seems questionable whether Lean is well understood and fully applied 

in healthcare environments.  

In this research, we adopt Hopp and Spearman’s (2004, p. 144) 

definition of Lean: “Production of goods or services is Lean if it is 

accomplished with minimal buffering costs”. Reducing variability and 

buffers are key Lean elements (Hopp and Spearman, 2004; De Treville 

and Antonakis, 2006; Shah and Ward, 2007; Browning and Heath, 

2009) and, in our study, we are especially interested in the roles of 

variability and buffers because interventions in these areas are 

expected to have a considerable impact. Hopp and Spearman (2004) 

and Hopp (2008) identified a transition from an initial focus on direct 

waste to a focus on variability and buffers at Toyota. Given these 

arguments, we expect organizations to focus increasingly on reducing 

variability and buffers as they mature in their Lean approach, 

although it is understandable why organizations would initially focus 

on direct waste. Whilst medical professionals are hampered by 

variability, they do not seem to be inclined to reduce it, even though 

Lean is an appropriate way towards variability reduction. Although 

healthcare-oriented literature (e.g. Graban, 2009; Snyder and 

McDermott, 2009) emphasizes flow, it tends to ignore the roles of 

buffers and variability. In a study on hospital quality improvement 
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initiatives, almost 80% of cases reported a focus on flow, whilst only 

6% explicitly used Lean (Cohen et al., 2008). These are surprising 

findings since improving flow requires a reduction in variability 

(Schmenner and Swink, 1998) and reducing variability is an integral 

part of Lean. Studies by Jimmerson et al. (2005), Proudlove et al. 

(2008), and Mazzocato et al. (2010) indicate that, in health care, Lean 

is viewed as a continuous improvement approach with a focus on 

direct waste. It is unclear whether Lean improvement initiatives in 

practice seek to reduce buffers and variability.  

In this longitudinal research, we study Lean interventions in a 

hospital recognized for its pioneering use of the Lean philosophy. By 

classifying Lean interventions made over a five-year period, we 

establish the changing focus and the development of Lean 

interventions over time. Then, through a field experiment, we 

investigate whether the focus of interventions can be encouraged to 

shift towards more mature Lean issues. The central research questions 

for this field research are therefore: (1) how should one qualify the 

focus of existing Lean interventions; (2) does this focus change, or 

mature, over time; and (3) does knowledge on buffers and variability 

influence the intervention focus? Our studied case relates to one of the 

first hospitals in the Netherlands to adopt Lean, one that is considered 

to be leading in its Lean approach. We further focus on a medical 

laboratory in this large teaching hospital. The laboratory has been 

adopting Lean principles for more than seven years and keeps 

meticulous records of its interventions.  

 

3.2 THEORETICAL BACKGROUND 

Samuel et al. (2015) note that a general Lean theory is still lacking. 

However, one can identify key Lean aspects in the literature. Reducing 
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‘unnecessary’ waste in order to increase the value or ‘value-added’ for 

customers is often considered central to Lean (Holden, 2011). 

However, many scholars, such as Hasle et al. (2012), argue that Lean 

is about more than direct or ‘obvious’ waste reduction, and that 

reducing buffers and variability, should be part of a Lean approach.  

Direct waste refers to waste that is obviously present in the 

workplace and that can be linked to one of the seven waste types 

distinguished in Lean literature (e.g. O’Neill et al., 2011). Direct waste 

in general covers “operations that are not needed, excessive setup 

times, unreliable machines that can be made more reliable, rework 

that can be eliminated, etc.” (Hopp and Spearman, 2004, p. 145). 

Contrarily, waste can also result from a more complex causal chain, 

starting with some source of variability, which finally results in 

buffering by inventory, overcapacity, or customer waiting time. The 

original source of waste in terms of variability is less obvious as it is 

hidden by the buffer.  As such an inventory can be direct waste, for 

example in case of overstocking, while it might also be the buffer that 

hides variability as a root cause. Thus, we posit that direct waste can 

be typified by the fact that its cause is not hidden by a buffer, a 

distinction with that resulting from variability (Hopp and Spearman, 

2008). Reflecting on the perspectives of Hopp and Spearman (2004), 

De Treville and Antonakis (2006), Narasimhan et al. (2006), Shah and 

Ward (2007), Hopp and Spearman (2008), and Browning and Heath 

(2009), we can conclude that Lean encompasses the reduction of 

direct waste, variability, and buffers.  

Even though variability is considered an aspect of Lean, it only 

receives limited attention in Lean-related studies. A Lean approach 

should include a focus on reducing the variability that is hidden 

behind buffers, and this is something that seems to have been lost in 
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translating Lean from manufacturing to service environments. Since 

buffers are used to cope with variability, reducing buffers implies a 

need to reduce variability. In our study, especially the works of Hopp 

and Spearman (2004) and Schmenner and Swink (1998) provide a 

theoretical perspective against which we evaluate our findings. Hopp 

and Spearman stress the importance of buffer reduction in Lean, 

whilst the ‘Theory of Swift and Even Flow’ (Schmenner and Swink, 

1998) underlines the disruptive effect of variability on a process.  

We distinguish between two types of variability: artificial variability 

and natural variability (Litvak et al., 2005). An example of natural 

variability in health care concerns the different reactions to treatment 

amongst patients. Artificial variability results for instance from 

batching activities, which has been observed in health care for many 

years (e.g. Berwick, 1996; Vissers et al., 2001). Another type example 

of artificial variability relates to the daily ward rounds of physicians, 

which require multiple resources to be available at the same moment, 

while decisions during the round may cause peaks in requirements 

elsewhere in the hospital. Natural variability cannot, or to a limited 

extent, be influenced or controlled. Conversely, artificial variability is 

created by one’s own actions, such as introducing rules and legislation. 

Artificial variability is thus controllable, and can potentially be 

reduced. Consequently, this is the type of variability one should focus 

on in Lean interventions.  

In our research, we are especially interested in artificial variability. 

Reports on Lean research tend not to distinguish between natural and 

artificial variability. Although Joosten et al. (2009) make this 

distinction in their study on the application of Lean in health care, it is 

not a central theme. It is important to recognize that variability will 

always lower process performance (Hopp and Spearman, 2008), and 
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so the ideal is to minimize artificial variability. Further, Lean 

interventions that focus on variability reduction can be expected to 

have a large impact on process flow (Fredendall et al., 2009; 

Schmenner and Swink, 1998). 

Based on the review by Mazzocatto et al. (2010) it appears as if 

variability is hardly addressed in Lean approaches in healthcare. In 

turn, studies in healthcare environments that do address variability 

(e.g. Allder et al., 2010; Hosseini and Taaffe, 2015) tend to focus on 

natural variability. Yet, it is artificial variability that could actively be 

reduced. In a case study by McManus et al. (2003), we can observe the 

effects of artificial variability in an emergency care unit. The authors 

report that “scheduled patient flow, although theoretically controllable 

is, counterintuitively, more variable than the random demand of 

emergencies” (McManus et al. 2003, p. 1493). These types of artificial 

variability will result in either patients waiting for treatment or 

medical personnel waiting to provide treatment. In other words, in 

order to cope with variability in practice, organizations inevitably use 

buffers.  

It is common to distinguish between three different types of buffers: 

time, inventory, and capacity (Hopp and Spearman, 2008; Thürer et 

al., 2014). Whilst different types of buffers are witnessed in healthcare 

organizations, inventory buffers are not appropriate to the core 

healthcare process of providing patient care because it is the patients 

that are being transformed in the healthcare process. Clearly, it is not 

feasible to produce these ‘products’ (i.e. cured patients) in advance of 

demand. Based on the definitions of Hopp (2008), a queue of waiting 

patients should be seen as the use of a time buffer (buffering by 

customer waiting time), and not as an inventory buffer. This leaves 
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healthcare organizations with two viable options to cope with 

variability: time buffers and capacity buffers.  

Coping with variability through increasing capacity buffers is costly 

and unattractive from a financial perspective. Similarly, coping with 

variability through increasing time buffers is similarly unattractive as 

it results in longer patient waiting times. Whilst having a reduced set 

of buffer options might suggest an easier choice when it comes to 

choosing which buffer to apply, health care is faced with two 

unattractive options. This implies that both the patient’s and the 

healthcare provider’s interests need to be balanced in any situation 

where buffering is a necessity. While flexibility in the capacity buffers 

may help reduce the required size of buffers, ultimately, the only 

viable option to avoid the need for buffers is to reduce artificial 

variability. 

One would expect the reduction of variability to receive attention in 

Lean practices in healthcare environments. However, there seems to 

be a strong focus on direct waste reduction in studies published on 

Lean in the healthcare sector (e.g. Dickson et al., 2009; Jimmerson et 

al., 2005). In a healthcare environment, unnecessary diagnostic 

procedures, medication errors, and expired supplies (Graban, 2009) 

are good examples of direct waste. The fact that direct waste is not 

hidden by buffers could explain why most organizations focus on 

waste – it is simply the most obvious thing to do.   

Reducing direct waste, thereby obtaining quick wins, is often the 

first step when healthcare organizations start their Lean journey 

(Radnor et al., 2012). We would then expect to see organizations 

moving through distinct phases: first focus on direct waste, then try to 

reduce buffers and variability – a transition that Hopp and Spearman 

(2004) identified at Toyota. This conceptual idea related to Lean 
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maturity is largely ignored in the literature, and has so far only been 

identified in the Toyota production environment. It is unclear whether 

service providers, such as healthcare organizations, show the same 

kind of transition through these Lean phases.  

The studies reporting on Lean in health care seem only interested in 

waste issues (Mazzocato et al., 2010). An initial focus on direct waste 

is perfectly sensible: any improvement that avoids the needless 

occupation of capacity may help to avoid congestion and waiting 

times. However, opportunities to reduce direct waste will eventually 

become hard to find and, at that point, organizations should move 

towards addressing the hidden causes of performance inefficiencies. 

As time passes, and an organization becomes more mature and 

experienced in its Lean approach, and once quick wins through waste 

reduction are achieved, interventions should move on to target 

reductions in buffers and variability.   

  

3.3 METHODOLOGY 

Our study applied a field research approach that can be typified by the 

collection of qualitative and quantitative data from real-life settings 

(Edmondson and McManus, 2007). Field research allows one to 

“explore the implementation of managerial norms and solutions as 

well as the practical validity of theoretical models” (DeHoratius and 

Rabinovich, 2011, p. 372) and is thus an ideal approach for exploring 

and validating the focus of Lean interventions. Since we were 

interested in the development of Lean interventions over time, we 

required in-depth data over multiple years. Furthermore, we required 

numerous interventions because we wanted to establish the main 

focus of Lean interventions. In reality, there are few organizations that 

meet these criteria and, therefore, we studied a single case. This 
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approach is generally seen as effective when the case is treated as 

unique, when the study is longitudinal, and when in-depth insights are 

required (Yin, 2009). We triangulated our study through the 

combination of different data sources as advised by scholars such as 

Voss et al. (2002) and Barratt et al. (2011).  

The current research is typified by two parts. In the first part of our 

research, we investigated how Lean interventions can be qualified. We 

combined archival data with interview data in order to increase the 

reliability of our findings. In this part of our research, we started by 

classifying the Lean interventions identified to establish their focus. 

Subsequently, we conducted semi-structured interviews to investigate 

how Lean was interpreted in our case, and to what extent practitioners 

were knowledgeable about the roles of buffers and variability. In the 

second part of our study, we conducted an exploratory field-quasi-

experiment (Pelham and Blanton, 2003; Franklin, 2005). Exploratory 

field experiments are useful to investigate new relationships and have 

been conducted by Hui et al. (2007) and by Shantz and Latham 

(2009) amongst others. The exploratory field-quasi-experiment was 

setup as a ‘knowledge session’, which allowed us to investigate 

whether it had been a lack of knowledge that was inhibiting broader 

interventions, or if we should seek out other factors that were limiting 

Lean in health care.  

 

Case setting 

Our research setting was a medical laboratory in a clinical teaching 

hospital in the Netherlands. The hospital, and particularly its 

laboratory, was among the first to adopt a Lean philosophy. The 

hospital is considered to be among the leading organizations in the 

Netherlands in terms of working with Lean, and is considered a 
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national example of a successful Lean organization. New employees 

receive in-house Lean training and, at the time of our study, almost all 

laboratory employees had received such training. The laboratory 

started to introduce Lean principles in late 2007, and there have been 

hundreds of both large and small interventions over recent years. The 

laboratory has kept meticulous records of all its Lean interventions 

since 2009, providing us with a unique dataset. Additionally, we have 

been able to make a distinction between large-scale interventions 

(LSIs) and small-scale interventions (SSIs). The laboratory itself refers 

to LSIs as A3’s, and to SSIs as Kaizens. Both have their own format 

(template) within the laboratory. The formats require the user to 

provide information on the problem at hand, including the current 

state, the required actions, and the expected results. LSIs are used for 

projects that span periods of several weeks or longer, and that require 

the input of multiple people, disciplines, or departments. Together, 

the LSIs and the SSIs form the foundation or the laboratory’s 

approach to continuous improvement.   

 

Part 1: Lean intervention qualification  

During the first part of this research, the main objective was to 

establish insight into the current focus of Lean initiatives. We 

investigated how Lean interventions could be qualified. In our 

classification, we distinguished between four groups, namely 

interventions related: to direct waste, to buffers, to variability, and 

those not related to any of these aspects. The process to classify the 

interventions based on their content involved three steps. First, when 

classifying an intervention, we searched for explicit mentions of 

reductions in direct waste, buffers, or variability. Second, if none of 

these were obviously present, we studied interventions further to see if 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

63 
 

the steps taken could logically be expected to lead to reductions in 

direct waste, buffers, or variability. Third, if neither explicit 

information nor logic could distinguish a focus, the intervention was 

placed in the group of interventions apparently unrelated to Lean. For 

example, one of the ‘Lean’ interventions that we attempted to classify 

concerned whether a specific type of bacteria could test positive under 

certain conditions. Whilst this is relevant to the functioning of the 

laboratory, the question in itself does not represent a Lean 

intervention, and so we classified this specific question as unrelated to 

Lean.  Further, within the direct waste group, we recognized the seven 

types of waste identified by Womack et al. (1990) and were able to 

show which types of waste were most often addressed. 

The inputs for our classification were the Lean interventions 

undertaken in the laboratory during the period from 2009 through to 

2013. As suggested by Miles and Huberman (1994), the interventions 

were put into tables to create case displays. In the classification 

process, we used a two-step approach with two independent 

investigators to strengthen the reliability of the study. In the first step, 

investigator A classified all the interventions, and investigator B 

classified a randomly selected sample of 10% of the interventions. 

Then, in step two, the results were compared to determine inter-

assessor agreement. We measured the level of agreement using 

Cohen’s Kappa (Cohen, 1960; Hsu and Field, 2003) and were aiming 

for at least a moderate agreement score (k > 0.40). Cohen’s Kappa is a 

more robust measure than the percentage overlap because it accounts 

for the possibility of agreement occurring by chance. Similar two-step 

approaches have been used with success by Done et al. (2011) amongst 

others.               
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To investigate the current interpretation of Lean in the laboratory, 

and increase the reliability of the first part of this research, we 

conducted eight semi-structured interviews of thirty minutes each 

with two participants from each department, two of whom were 

female. The interviewees consisted of four chief analysts (department 

heads) and four analysts. They were selected because they had 

completed the most Lean interventions in the past five years. Before 

the start of the interviews, all interviewees signed an informed consent 

form. The interviewees were aged from 40 to 58, with a median of 

48.5, and had been with the laboratory for between 17 and 30 years, 

with a median tenure of 26 years. All the interviewees had between 5 

and 9 years of Lean experience, with a median of 6.5 years. Further, all 

the interviewees had been trained in the Lean philosophy, completing 

an in-house basic Lean training course plus various seminars and 

presentations.  

 The interviews allowed us to explore the current conceptual 

knowledge of Lean, and to determine whether a knowledge deficiency 

was the likely cause of any identified underrepresentation of Lean 

aspects during the classification. During the interviews, we explicitly 

avoided references to ‘buffers’ and ‘variability’ in our questions. 

Rather, we asked general questions regarding the participants’ 

personal ideas on Lean. The rationale behind the questions was that 

this would allow the interviewees to provide us with their 

understanding of the Lean concept. The interview questions are 

included in the appendix and were not related to specific Lean 

interventions. Interviews were transcribed and the information put 

into tables, as advised by Miles and Huberman (1994). 

If our classification process had shown that interventions focused 

only on direct waste reduction, we would then have expected 
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professionals to only mention direct waste when asked about their 

ideas on Lean. However, if despite such a focus on waste in practice, 

the professionals did mention the roles of buffers and/or variability 

during the interviews, we would then need to investigate why these 

aspects were not being targeted in the current interventions. 

 

Part 2: An exploratory field quasi-experiment 

Through the use of an exploratory field-quasi-experiment, we tried to 

investigate if the scope of interventions was dependent on having 

knowledge related to managing variability and buffering. This allowed 

us to explore the possibility of the presence of a knowledge deficiency, 

a limited understanding of the Lean concept, within our studied case. 

Those eight employees in the case organization who had earlier 

participated in the interviews and had completed the most Lean 

interventions, were invited to a session to implement learning about 

variability and buffers in Lean, which was conceived as a concise 

three-hour class exercise. Thus, rather than a random sample of 

participants, we purposefully selected participants to increase the 

likelihood of obtaining meaningful data, i.e. linked to completed 

interventions. Participants in the three-hour session can be considered 

the treatment group. The control group is made up of all the 

employees that did not attend the three-hour session. The session took 

place on October 3rd 2014, and was facilitated by both investigators (A 

and B). It is important to note that this was not an attempt to change 

existing continuous improvement procedures. 

The class consisted of a 30-minute introduction on the roles of 

variability and buffers in our daily lives, and specifically in health care, 

followed by a 150-minute game-playing exercise related to variability. 

The work of Hopp (2008) served as a starting point in explaining steps 
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that can be identified as an organization’s Lean approach matures. 

The game was then aimed at increasing the understanding of the 

practical effects of variability. The exercise was an adaptation of the 

dice game that has been successfully used by Goldratt and Cox (1984), 

Umble and Umble (2005), and Knight (2014). Instead of product 

flows in a factory, the focus was changed to patient flows in a hospital. 

For example, rather than thinking in terms of build-up of inventory, 

we focused on patient waiting times. The game showed that larger 

buffers, increased patient waiting times, could be used to cope with 

variability in patient arrivals. Further, participants experienced how 

low variability reduced patient waiting times without downsides. Each 

round of the game was followed by a plenary discussion to stress the 

meanings of buffers and variability identified during play. The session 

ended with a short recap of the ‘lessons’ of the day. Three days after 

the class, participants received an e-mail containing slides used during 

the session. Approximately two months after the class took place, 

participants received another e-mail as a reminder of the issues 

discussed.   

To determine whether the exploratory field-quasi-experiment had 

changed the focus of interventions, we investigated all the 

interventions, by participants and non-participants, that were carried 

out in the period between October 3rd 2014 and January 13th 2015. In 

other words, we compared the results of our treatment group with the 

results from the non-treatment group. As the basis for this 

comparison, we again applied the classification process used in the 

first part of our research to determine the focus of these new 

interventions. We retained the basics of the two-step approach, but 

made some alterations to boost reliability. Given the smaller number 

of interventions, it was practical for both original investigators to 
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classify all the interventions, rather than selecting a random subset for 

investigator B. Investigator A anonymized all the interventions before 

handing them over to investigator B such that they no longer 

contained any information on date, department, or owner/initiator. As 

such, there was nothing that Investigator B could use to distinguish 

between interventions performed by the treatment group and those by 

the non-treatment group. A benefit of this adaptation to our 

classification approach is that it controls for false positives. 

Consequently, one should expect investigator B to make the most 

objective judgements. If the two investigators did classify an 

intervention differently, investigator B’s decision was adopted.    

 

3.4 ANALYSIS AND RESULTS 

The raw data in the form of archival records amounted to 324 

interventions. After data cleaning, 284 (88%) documents where seen 

fit for further analysis. The removed data consisted of documents that 

did not report on an intervention, were double entries, were undated, 

or were appendixes to other interventions.  

 

Results of Part 1: Establishing the focus  

Our classification started by comparing the determinations of 

investigator A with the randomly assigned subset classified by 

investigator B. Here, we achieved a moderate Cohen’s Kappa (k= 

0.531), and an agreement level of 88%, and, on this basis, concluded 

that the classification was successful. Of the thirty interventions 

assessed by both investigators, four interventions were classified 

differently. Three of these were considered to be related to direct 

waste by investigator A, while investigator B did not consider these 

interventions to be Lean-related. This was primarily due to the 
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practical nature of some of the interventions, it can be difficult to 

determine whether solving practical issues should be categorized as 

direct waste reductions. The fourth disagreement was a more 

interesting case in that it was labelled as variability reduction by 

investigator A, but was seen as direct waste reduction by investigator 

B. The intervention concerned the absence of a standard procedure for 

petri-dishes that could not be fully processed during weekends, and 

had to be seen again during the following week. Investigator A felt that 

changing to a standard procedure implied a reduction in variability. 

However, investigator B did not believe the intervention would reduce 

variability in such a way that it could be expected to reduce the size of 

buffers. After discussing the matter extensively, and noting that the 

specific intervention did not explicitly mention either variability or 

buffer reduction, waste reduction seemed the more appropriate 

category. Table 3.1 provides an overview of the number of 

interventions related to the different categories, and covers the entire 

set of Lean interventions based on the classifications by investigator A.  

 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

69
 

  T
ab

le
 3

.1
. C

la
ss

ifi
ca

ti
on

 o
f i

nt
er

ve
nt

io
ns

 b
y 

ye
ar

. 

Y
ea

r 
20

0
9

 
20

10
 

20
11

 
20

12
 

20
13

 
T

ot
al

 

G
ro

up
 

SS
I 

LS
I 

SS
I 

LS
I 

SS
I 

LS
I 

SS
I 

LS
I 

SS
I 

SS
I 

LS
I 

D
ir

ec
t 

W
as

te
 

53
 

9 
16

 
8 

41
 

16
 

65
 

1 
41

 
21

6 
34

 

B
uf

fe
rs

 
 

1 
1 

2 
1 

 
 

 
 

2 
3 

V
ar

ia
bi

lit
y 

 
1 

 
2 

 
 

 
 

 
 

3 
 

O
th

er
 

7 
2 

3 
7 

3 
3 

1 
 

 
14

 
12

 

To
ta

l 
 

 73
 

39
 

64
 

67
 

41
 

28
4 

 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

70 
 

Table 3.1 shows that interventions relating to buffers and variability 

reduction were rare. During the period studied, we in fact only 

identified eight interventions in total falling into either of these 

categories (compared with 250 related to direct waste). In the later 

years of our review period, there were no interventions tackling either 

buffering or variability. These results are in direct contrast to the 

anticipated development in the intervention focus. Based on the 

theory on Lean maturity, we had expected an initial focus on waste 

and then an increasing focus on buffers and variability. Rather, even 

in our mature Lean situation, we observed a reversed pattern – with 

buffer and variability interventions only in the early days. 

Since nearly all interventions related to direct waste, we 

investigated whether there was a focus on specific types of waste. 

Interventions were attributed to one, or more, of the seven types of 

direct waste as indicated in Table 3.2. If interventions appeared to be 

related to more than one type of direct waste then multiple categories 

were credited. The results show that the most common reason for an 

intervention was to reduce the number of defects, over 40% in our 

sample. However, most of the defect-related interventions did not 

report a specific hitch or malfunction that had actually occurred, 

rather these were preventive actions that related to the possibility of a 

fault that could be avoided if the intervention’s suggestions were 

applied. Thus, apart from corrective improvements, the laboratory 

also has a focus on preventative actions.     
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Next, we investigated how Lean was perceived by the 

experienced practitioners and whether they were knowledgeable 

on the roles of buffering and variability. Professionals tended to 

refer to personal aspects, such as more enjoyable work, when they 

thought of Lean rather than patient value. Further, when talking 

about Lean, they generally refer to direct waste reduction and 

continuous process improvements. Only one of the interviewees 

mentioned reducing time to result (throughput time) as an 

objective of Lean, but even this interviewee did not think in terms 

of buffering or variability to obtain this objective: rather, the 

removal of direct waste was supposed to reduce throughput times. 

During the interviews, it became apparent that our healthcare 

professionals did not share a definition of Lean as reflected in the 

following quotes: 

“To me, Lean stands for studying your processes, and 

removing the parts of your job that are undesirable. Thus, you 

remove waste from your processes and, as a result, the job 

becomes easier, better, and more enjoyable.”  

“For me personally, it especially means improving the process 

and removing all types of waste.” 

“Lean is, if I am allowed to use catchwords: process 

improvement, time-to-result reduction, increasing efficiency, and 

problem-solving skills. To me personally, Lean is fun, and Lean is 

the reduction of waste in your processes.” 

 Given that reduced buffers or variability are widely seen as 

outcomes of Lean interventions, we were interested in the ideas of 

this group of professionals concerning Lean intervention success. 

If process performance was one of the main criteria, it would be 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

73 
 
 

logical to have interventions related to reducing buffers or 

variability. However, the healthcare professionals struggled to 

provide concise success criteria. They might provide practical 

examples from successful interventions, or they might consider an 

intervention successful if it resulted in positive sentiments in the 

people involved. In general, they were unable to give clear criteria 

used to determine intervention success. 

“Eventually the result of the change you make is to have 

everyone working in accordance with your idea.” 

“It is of major importance that the improvement is accepted by 

those people it affects. They should feel good about it. They should 

feel that the process was actually improved, and they should 

profit from it. Not in financial terms, but profit in terms of the 

process.” 

“I consider every Lean intervention we have performed to be 

successful. Even though sometimes this is only as a learning 

experience, for I personally consider learning a goal of Lean.” 

 The professionals thought about human aspects when asked for 

success criteria - the acceptance of the suggested improvements by 

peers seemed of major importance. It appeared that neither 

buffers nor variability were part of the Lean mindset. This would 

seem to support the reliability of our earlier classification, and it 

reinforced our belief that there could be a knowledge deficiency 

concerning the roles of buffers and variability.   

 

Results of Part 2: Exploratory field-quasi-experiment  

The inputs for assessing the effect of the exploratory field-quasi-

experiment were all the interventions initiated by the participants 
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in the period October 2014 – January 2015. We collected data on 

35 interventions from this period. After data cleaning, 33 (94%) of 

the 35 interventions remained for the post-experiment 

assessment. We again applied our classification and compared the 

findings of investigator A with the findings of investigator B. We 

obtained a good Cohen’s Kappa (k =0.704), and an agreement 

level of 81%. The overall results of the classification have been 

added in Table 3.3.  

 

Table 3.3. Classification of interventions after the knowledge 

session  

 
Group 

Initiator did 
not attend 

session 

Initiator 
attended 
session 

 
Total 

Waste 15 6 21 
Variability & 

Buffers  
 3 3 

Other 6 3 9 
Total 21 12 33 

 

Of the 33 interventions, 12 were undertaken by people who had 

attended the session. Of the 21 interventions initiated by non-

participants, 15 related to direct waste, the remaining 6 were not 

related to Lean aspects. Further, we found no interventions related 

to buffers or variability. Of the 12 interventions undertaken by 

participants of the session, 6 related to direct waste, 3 were not 

related to Lean, and 3 were related to either buffers or variability. 

The ‘new’ buffer and variability-oriented interventions explicitly 

mentioned time reduction as an important outcome goal. We will 
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now further describe each of the three buffer and variability 

related interventions.  

In one of the new interventions, the incubation process of 

microorganisms (i.e. growing bacteria) in patients’ urine samples 

was being considered. During this process, laboratory equipment 

is used to take photographs of petri-dishes that contain urine 

samples. These pictures are assessed by a laboratory analyst to 

determine the presence of microorganisms. Photographs were 

taken of several dishes at the same time – that is, they assembled 

batches of samples before starting the photographic step. 

However, this was considered as less than ideal because some 

microorganisms grow rapidly. Given this relatively rapid growth, 

the testing process of these samples could potentially be 

completed sooner. The proposed intervention suggested an 

additional assessment step, and this was expected to significantly 

reduce throughput times. In this intervention, the laboratory 

would reduce an artificial variability in the form of batching, and 

this reduction in variability should result in a smaller time buffer, 

leading to a reduction in patient waiting time. 

The second of the three interventions related to variability or 

buffering aimed to reduce the number of incubation methods 

used. In a way, this intervention has features in common with the 

first of the new interventions discussed. The various incubation 

methods have their own protocols to be followed by the laboratory 

practitioners. The number of different incubation methods, and 

their corresponding protocols, makes it difficult for practitioners 

to remain up-to-date on all procedures. The intervention stated 

that practitioners have to spend considerable time reading, and re-
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reading, protocols. The intervention aimed to reduce the number 

of methodologies and protocols in use, easing the burden on 

practitioners and reducing the variety in applied incubation 

methods. In essence, the current structure was putting a strain on 

the available capacity, and we should expect this to have increased 

patient waiting time. The steps in the intervention should reduce 

this strain, which should allow for shorter throughput times. 

 In the last of the three buffer or variability interventions, the 

focus was again on reducing throughput times. In the laboratory, 

various techniques help identify the type of microorganism 

present in patient samples. These techniques differ in the time 

they take to produce a conclusive result. Having such a large 

number of different techniques was identified as disruptive, and 

the suggestion was to adopt a standard technique. It was suggested 

that this new standard would reduce throughput times and costs, 

and result in higher quality. In considering this intervention, the 

number of different techniques was seen as hindering the flow of 

patient samples.  

Table 3.4 summarizes the content of the three variability and 

buffer related interventions. All three interventions focus on the 

reduction of throughput times, which translates into reduction of 

time buffers.  
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Table 3.4. Summary of the variability and buffer focused 

interventions.  

Interven
tion Focus Variabilit

y* Actions Results**   

1 Incubation 
process of 
microorgani
sms. 

Artificial 
variability 
caused by 
batching. 

Add an 
additional 
assessment 
step that 
eliminates 
waiting for 
complete 
batches.  

Reduced  
throughput 
times. 

2 Set of 
incubation 
methods. 

Artificial 
variability 
caused by 
differences 
in 
methodolog
ies. 

Avoid 
needless 
methods 
and 
protocols. 

Reduced  
variety. 

3  Techniques 
used to 
identify 
microorgani
sms. 

Artificial 
variability 
in terms of 
identificatio
n 
techniques. 

Avoid 
needless 
techniques. 

Reduced  
throughput 
times. 

 *Identified by researchers, **Identified by initiators intervention 

 

  Two of these three interventions had reduced throughput 

times as an explicit goal, while one intervention explicitly referred 

to variety. In addition, we should expect all of these interventions 

to eventually impact patient waiting times. Since this was to be 

achieved without adding capacity, the interventions needed to 

reduce variability. We observe that in the first intervention the 

laboratory decided to stop its batching activities in order to reduce 

artificial variability, and in the latter two interventions the 
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laboratory aims to reduce the number of applied methods and 

techniques. Whilst these interventions are related to variability 

and buffering aspects, we have to remain cautious in our appraisal 

of these interventions and the effect of our knowledge-raising 

exercise. Most notably, the word ‘buffer’ was never used, even 

though the interventions did indicate that time reduction was 

important. Nevertheless, findings from the experiment did provide 

evidence that a knowledge deficiency could be a cause of the 

singular focus on direct waste we observed in the earlier Lean 

interventions.           

  

3.5 DISCUSSION 

In this research, the main questions were how the focus of existing 

Lean interventions should be qualified, how this focus developed 

or matured over time, and whether knowledge on buffers and 

variability influenced the focus of interventions. In terms of our 

first research question, the findings show that Lean interventions 

tend to be strongly focused on simple practical improvements that 

reduce waste. This is in line with the suggestions of many authors 

that identify waste as the first step in a Lean transition (e.g. Hopp 

and Spearman, 2004; Shah and Ward, 2007). Further, the 

tradition in health care of improving quality and safety (Stelfox et 

al., 2006; Weiner et al., 2006) is reflected in the focus of the Lean 

interventions. Most of the interventions in the medical laboratory 

focused on reducing direct waste, with half linked to eradicating 

defects or boosting quality.  

The fact that the focus of the interventions hardly changed over 

time answers our second research question: we could not identify 
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changes in focus over time, nor do our results show a move 

towards a more mature Lean approach. The continuing focus on 

direct waste reflected a lack of attention on reducing buffers and 

variability. In other words, we saw a narrow perspective of Lean, 

despite the length of its experience with Lean at our case site. 

Radnor et al. (2012) identify two reasons why a narrow view of 

Lean persists in health care. Firstly, they saw it as difficult to 

influence or control services beyond the individual organization 

because of structures related to funding of services and the 

regulation of services through government targets. Secondly, the 

authors argued that Lean is mainly seen as a managerial tool for 

waste reduction. Our findings strongly support this latter view – 

that Lean is especially seen as a means to reduce waste. However, 

we did not find evidence for the former issue regarding a lack of 

control beyond the specific organization related to funding or 

service regulation. Radnor and Osborne (2013) argued that public 

services have over-focused on the technical tools of Lean without 

understanding the underlying principles. However, in our study, 

we did not come across an overuse of tools, although we did 

encounter a lack of knowledge on underlying principles regarding 

variability and buffers.  

In responding to our third research question, we can conclude 

that knowledge on variability and buffers does seems to influence 

the focus of Lean interventions. Having only a limited knowledge 

on the roles of variability and buffers in Lean hinders healthcare 

professionals in targeting these aspects. The quasi-experiment 

showed that a small investment in knowledge had clear impacts in 

terms of the interventions. The healthcare professionals we 
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interviewed mainly thought of Lean as an approach for continuous 

improvement. Radnor and Osborne (2013) argued that service 

organizations need to establish a logic suited to the service 

domain, rather than adopt one based on production environments. 

This could especially be relevant where buffers are concerned. The 

absence of inventory buffers in service environments has the 

consequence that variability can only be buffered by additional 

capacity or by increasing patient waiting times. In other words, it 

creates an additional burden on capacity and patients, and puts 

more emphasis on reducing variability in Lean service 

organizations. 

It is important to question the implementation of Lean at the 

specific investigation site. Are the findings simply the result of a 

weak application of Lean principles? Considering the basis for 

selecting the case organization, this seems highly unlikely. The 

specific site is generally seen as an exemplary applier of Lean 

ideas. The hospital has its own in-house Lean training scheme that 

is mandatory for new personnel. In addition, employees – 

including physicians – travel the globe to share their Lean views 

and study Lean in other healthcare providers. The site has a well-

structured continuous improvement system with daily Kaizen 

meetings that have resulted in hundreds of interventions. More 

recently, the laboratory has adopted visualization tools to 

continuously monitor performance. There is no denying that the 

site has been successful in terms of reducing waste, and its 

application of Lean appears to result in a smoothly running 

organization. However, the lack of variability- and buffer-related 
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knowledge provides an opportunity for further high-impact 

improvements.  

Based on the phases identified at Toyota (Hopp and Spearman, 

2004; Hopp, 2008), we would have expected to find interventions 

related to direct waste in the early phases of Lean adoption, and 

interventions related to buffers and variability as an organization 

matures in its Lean approach. However, our findings did not 

identify such a pattern. Interventions related to buffers and 

variability seemed to occur somewhat randomly, and the few 

interventions that did relate to buffers or variability had occurred 

quite early during the laboratory’s Lean journey. We suspect that 

these early variability- and buffer-focused interventions had more 

to do with chance – due to the sheer number of interventions – 

then with a deliberate attempt to reduce variability and buffers. 

One could perhaps argue that, despite over seven years of Lean 

experience, the organization has still to reach the mature stage. 

Whilst there is no established period for reaching maturity, we 

would have expected any shift of focus to be apparent within this 

period. An alternative explanation for the limited attention to 

buffers and variability could be related to the specific 

environment. Health care lacks an equivalent of inventory buffers. 

In production environments, inventory buffers can ‘hide’ 

variability but, in health care, there is no natural form of 

equivalent buffer. This could make coping with variability more 

complex as it leads to a direct trade-off between patient waiting 

times and excess capacity. 

It seems probable that the limited focus in the Lean 

interventions, and the lack of attention towards buffers and 
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variability, is a manifestation of a lack of knowledge. By 

conducting an exploratory field-quasi-experiment we investigated 

the possible role of a knowledge deficiency while limiting the 

involvement of the researchers. Our findings show that, following 

the experiment, buffer and variability related interventions were 

generated. We saw that explicit attention was given to variability-

related issues in the later interventions, and that this was linked to 

initiator’s expectations related to throughput performance. 

Following the experiment, we were able to identify three 

interventions related to buffers and variability within a period of 

three months, compared to just eight over the previous five years. 

The specific interventions aimed at reducing artificial variability in 

terms of batching, incubation methodologies and identification 

techniques. We would expect these interventions to eventually 

result in reduced time buffers.  

It seems that a lack of variability-related knowledge could 

explain the initially identified bias in focus on direct waste issues. 

The three variability related interventions could be seen as 

examples of interventions that require additional investigation and 

understanding. In turn, this could explain why the literature has 

struggled to demonstrate conclusive results on the effects of Lean 

in service industries. Our findings in the healthcare sector 

strengthen the suggestion by Radnor and Osborne (2013) that, in 

public services, there is a limited understanding of Lean’s 

underlying principles. The empirical findings lead us to the 

following proposition, for which this current study has provided 

some initial evidence:  
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“Healthcare industries may suffer from a deficiency of 

knowledge related to buffers and variability that hinders 

organizations to reach Lean maturity”.  

In addition to our theoretical contributions, our study has 

implications for practice. The classification adopted shows a 

dominant focus on waste issues in this healthcare organization. 

However, our experiment indicates that this focus can be shifted 

towards variability-related issues if managers and organizational 

leaders invest in Lean knowledge that emphasizes the roles of 

variability and buffering. We were able to attain results through 

the application of a small-scale experiment, which shows that 

minimal investments could have a large impact. 

     

3.6 CONCLUSIONS 

In this research, we executed an in-depth case study including an 

exploratory field-quasi- experiment to determine how the focus of 

Lean interventions could be qualified, how this focus changed over 

time as Lean experience grew, and how knowledge on buffers and 

variability played a role in the intervention focus. Our research has 

made the following contributions: 

 It offers support for the common view that there is a 

tendency to focus on waste issues in Lean healthcare; 

 It shows that time (our case study took place in the Dutch 

hospital with the longest experience of embedding Lean) 

does not guarantee interventions that go beyond obvious 

waste reduction. This contrasts with the literature assuming 

that the switch to buffer and variability reduction in later 

stages to be the key to success at Toyota; 
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 It underlines the view that neither variability nor buffers 

appear to be a conscious part of the Lean mindset in the 

service sector; 

 It suggests that providing knowledge on the role of 

variability does facilitate initiatives to start variability-

related Lean interventions, and that only a small 

investment is required to instill this knowledge (a single 

three-hour session sufficed in our study). 

This research is a step towards a better understanding of Lean 

interventions in practice, and their limited impact on buffer 

reduction. The use of real-life data covering a large number of 

interventions is a unique feature of our research. Whilst our study 

does provide new insights, it naturally has some limitations. By 

selecting an organization that can be seen as an excellent example 

of Lean in health care, we tried to mitigate the limitations 

concerning generalizability normally associated with case studies. 

Additionally, whilst our experiment was aimed at knowledge 

transfer, we have not focused on the sustainability of the provided 

knowledge and restricted ourselves to the question as to whether 

knowledge (or lack of) could be a factor. Clearly, it was impossible 

to conduct a controlled experiment in our case setting, and this 

hinders the ability to make statements concerning causal 

relationships. Nevertheless, our experiment does show the 

importance of buffer and variability related knowledge when 

formulating Lean interventions.      

 Future research could benefit from our approach to classification. 

It would be especially interesting to investigate the sustainability 

of Lean interventions and to observe differences between cases. A 
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basic question still unanswered is whether buffers and variability 

reduction have a role in day-to-day improvement activities in 

other healthcare environments? Additionally, we would suggest 

future studies to consider the understanding of the roles that 

variability plays in health care. If, as our single case suggests, 

reducing direct waste is the main driver of Lean in health care, 

then there is work to do for both business and healthcare scholars 

to educate practice on additional Lean aspects that could prove 

beneficial.  
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CHAPTER 4 
 

 

Exploring variability and buffers in 

Lean initiatives in healthcare 

 

 

4.1 INTRODUCTION 

Adopting Lean concepts is one of the more popular strategies that 

healthcare organizations employ in an attempt to improve their 

performance (e.g. Serrano et al., 2010; Hicks et al., 2015), and 

improving patient flow is one of the main drivers of Lean 

initiatives. Improvements in flow can be obtained through 

reductions in variability and buffers, important Lean aspects 

(Hopp and Spearman, 2004).  

According to Poksinska (2010), there is a need for more 

rigorous research in order to fully understand the underlying 

factors, which should include variability and buffers, that influence 

the impact and success of Lean initiatives in healthcare. In a 

review by Marodin and Saurin (2013) it becomes evident that Lean 

its theoretical underpinnings are still largely unclear. Andersen et 

al. (2014) similarly argued that the characteristics of Lean and its 

local application should be given more attention. More recently, 

Jasti and Kodali (2015) established that there is still need for more 

empirical research focused on Lean.  

In response to these calls, and using case research, we 

investigate variability and buffers in Lean initiatives aimed at 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

88 
 
 

improving patient flow. With this study we provide a stronger 

empirical basis for Lean and the underlying roles of variability and 

buffers. We study three different patient flows, in three different 

hospital departments. In this study, we adopt the definition of 

Hopp and Spearman (2004) by defining a Lean approach in 

services as the delivery of a service with the use of minimal 

buffers.  

Buffers are seen as a consequence of variability, and variability 

is one of the main obstacles to a smooth flow (Schmenner and 

Swink, 1998). Further, alterations aimed at increasing flow will 

result in process changes that are likely to have a significant 

impact on performance (Fredendall et al., 2009), and 

improvements in patient flow should lead to increased hospital 

productivity and greater patient satisfaction (Litvak, 2009; Villa et 

al., 2009). Despite these positive assertions, the Lean-oriented 

literature is often lacking a focus on the variability and buffers that 

influence patient flow.  

In this research, we will focus on the roles of buffers and 

reducing variability in patient flows, and elaborate on the 

interaction between the various forms of buffers. Through a 

multiple case study, we seek to answer the following research 

questions: (1) how do buffers and variability interact in a 

healthcare environment, and (2) how does the interchange, or 

‘trade-off’, between buffers manifest itself in practice compared to 

theory? The remainder of this paper is structured as follows: first, 

we provide our theoretical background where we elaborate on the 

application of Lean ideas in healthcare and introduce the main 

concepts used - buffers and variability. Then we explain our 
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adopted methodology in more detail, coupled with a description of 

the cases studied. Following this, we present our analysis and 

results, showing the unique variability and buffer complexity in 

each case. The paper then ends with a discussion and draws 

preliminary conclusions based on our findings from which we 

present propositions for further testing.   

 

4.2 THEORETICAL BACKGROUND 

Krafcik, a researcher in the MIT international motor vehicle 

program in the 1960s and 1970s, coined the term Lean to label the 

new approach to manufacturing seen in Japanese industries 

(Krafcik, 1988; Womack et al., 1990; Warnecke and Hüser,1995). 

The Lean concept originated at Toyota, in a production 

environment, and has become increasingly popular ever since 

(Bhamu and Sangwan, 2014).  

Lean has since been applied not only in production settings but 

also in service environments including healthcare. The interest in 

applying Lean ideas to services began later than in production 

settings (Bowen and Youngdahl, 1998), and the transfer of Lean 

principles to healthcare environments is still seen as relatively 

novel (Burgess and Radnor, 2013). Nevertheless, Lean has been 

shown to improve healthcare quality, access, and efficiency 

(Mazzocato et al., 2010).  

Hassell et al. (2010) report on the application of Lean principles 

in a medical laboratory, and show increased productivity alongside 

other improved performance outcomes. In a study by Chiodo et al. 

(2012), Lean ideas were successfully applied to improve the 

throughput of patients in a rehabilitation unit, with the result that 
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patients were now admitted and discharged on time. However, 

given that Lean ideas originated in a production setting, authors 

agree that Lean approaches cannot simply be copied from 

production to healthcare environments (Hines et al., 2004).  

Several studies have concluded that Lean applications in 

healthcare are inconsistent and fragmented (e.g. Ballé and 

Régnier, 2007; Proudlove et al., 2008; Young and McClean, 

2008). Additionally, Radnor and Osborne (2013) reported that 

studies on Lean in healthcare had mostly focused on the use of 

tools and practices. It would seem that Lean studies in the 

healthcare environment have focused on visible or practical 

aspects, and fail to address the underlying elements and 

characteristics (Andersen et al., 2014; Hines et al., 2008; Radnor, 

2010).  

In order to avoid the danger of selectively applying Lean 

practices, authors stress that a more holistic approach is necessary 

(Radnor et al., 2012; Towill and Christopher, 2005; Waldman and 

Schargel, 2006). A holistic view requires organizations to take all 

the aspects of Lean into account, which means maximizing 

customer value through reducing waste and variability (Jayaram et 

al., 2008; Shah and Ward, 2007).  

Variability is an important factor in healthcare (Noon et al., 

2003; Allder et al., 2010), and should have a central role in Lean 

applications. Given this importance, it is useful to distinguish 

clearly between natural and artificial variability (Litvak and Long, 

2000). Natural variability is a given, and always present. 

Conversely, artificial variability exists because of a dysfunctional 

process (here within a healthcare organization) (Litvak and Long, 
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2000). In essence, artificial variability is a consequence of 

decisions made in an organization.  

Alongside the fundamental distinction between natural and 

artificial variability, Litvak and Long (2000) propose a further 

distinction, identifying clinical, flow, and professional variability. 

Whereas these authors used this additional distinction only for 

natural variability, we would propose expanding their typology to 

include professional and flow variabilities as subtypes of artificial 

variability. However, we would expect clinical variability, the way 

patients respond to treatment, to be a purely natural affair, as the 

condition and recovery of patients can only be influenced by a 

healthcare provider to a very limited extent. We argue that flow 

and professional factors can cause artificial variability, for example 

when a patient is brought late into the operating room (flow 

variability) or a clinician's unfamiliarity with new technology slows 

the process (professional variability).  

Variability influences the flow and results in the presence of 

buffers (Schmenner and Swink, 1998; Hopp and Spearman, 2004) 

in terms of either additional patient waiting time (patients waiting 

for treatment) or excess capacity (doctors waiting to treat), both 

leading to unnecessary healthcare costs. In a perfect world, these 

types of variability would be eliminated. 

Buffers can be subdivided into capacity, time, and inventory 

buffers. An inventory buffer can relate to a stock of medicines, or 

medical attributes such as syringes. Inventory buffers cannot be 

used to absorb fluctuations in either flow variability or 

professional variability related to patient flow. This indicates that 

inventory buffers might be less relevant when addressing the core 
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healthcare process of providing patient care. Instead, healthcare 

providers are forced to manage variability through the use of time 

and capacity buffers.  

In a hospital, capacity buffers could consist of an excess of 

nurses, physicians, or medical equipment, and would show itself in 

idle capacity or capacity waiting to deliver treatment. A time buffer 

on the other hand amounts to patients waiting to receive 

treatment, for example in the form of waiting lists. As such, patient 

flow problems result in either waiting patients or waiting staff 

(Mazzocato et al., 2012).  

To achieve a continuous flow, relevant stakeholders have to gain 

an understanding of the different processes, be able to identify 

waste, and investigate the source of the problems at hand 

(Poksinska, 2010). In particular, sources of variability that lead to 

buffers are crucial for improving flow performance and are 

integral to applying Lean ideas. In addressing these aspects, this 

research aims to create a better understanding of the link between 

variability and buffers, and the factors that add complexity to this 

relationship when focusing on patient flows.  

Ultimately, our aim is to formulate propositions that can further 

Lean theory, especially where buffers and variability are 

concerned. In this study, we investigate the sources of artificial 

variability that hinder patient flows in a range of hospital 

departments, and we identify the relationship between the time 

and capacity buffers that are the consequence of artificial 

variability.  
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4.3 METHODOLOGY 

We adopted a case study approach in this research because it is a 

suitable option for theory building, and for creating an 

understanding of a phenomenon in practice (Karlsson, 2009). In 

addition, case research is especially appropriate when, as in our 

healthcare environment, context knowledge is important (Voss et 

al., 2002).  

We have chosen to conduct a multiple case study since this 

should allow a thorough in-depth analysis of the relationship 

between variability and buffers in our selected cases (Voss et al., 

2002; Burgess and Radnor, 2013). Further, the investigation of 

multiple cases typically provides stronger support for theory than 

single case studies (Yin, 2009). Furthermore, multiple cases help 

prevent observer bias and strengthen validity (Karlsson, 2009), 

and we obtained data from different sources to enhance 

triangulation.  

Through pattern matching we were able to compare empirically 

found patterns with patterns predicted by theory (Yin, 2009), and 

we can attempt to identify interchanges between buffers as 

described by Hopp and Spearman (2004).  

Since we wished to focus on situations where improvements to 

patient flows were realized, our selected unit of analysis was the 

patient flow. Consequently, we searched for patterns to identify 

which buffers and variability sources were present, and how these 

affected patient flow. Our analysis started with a within-case 

analysis where we identified the main causes of variability in each 

flow, and looked for the buffering mechanism employed to cope 

with the specific variability. Here, we also investigated disruptive 
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factors since we are interested in issues that add complexity to the 

buffer - variability relationship.  

Onsite visits were undertaken to gain deeper insight into the 

patient flows under study. As part of these site visits, we observed 

the daily routines of physical therapists and we took field notes 

during the onsite visits and observations. These observations were 

crucial in clarifying why certain variabilities and buffers existed 

and how they interacted, and this enhances the interpretive 

validity of our study (Karlsson, 2009). Data from the observations 

were analyzed by comparing the field notes collected. The case 

sites were visited several times during the research period to 

discuss and reflect on intermediate findings.  

In addition to observations and case visits, we obtained 

secondary data on patient flows. These data consisted of internal 

documents, Excel data files, and presentations that reported on 

the steps that were undertaken as part of projects to improve 

patient flow. Hospital databases provided insight into access 

times, process structures, waiting times, and planning schedules.  

To provide a richer story we conducted three semi-structured 

interviews with the unit managers responsible for patient flows in 

the various departments. The unit managers should be considered 

to be the most knowledgeable on the specific interventions and the 

related outcomes. These interviews were based on an interview 

protocol to enhance reliability and lasted between 45 and 60 

minutes; they were recorded and transcribed within 24 hours as 

recommended by Eisenhardt (1989). These interviews provided 

insight into patient flows and aided the identification of flow 
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problems. The specific interview questions are included in 

appendix C.  

The formal interviews were complemented by unstructured 

interviews with improvement project leaders, secretaries, a 

radiologist, and a surgeon. These interviews provided an 

understanding of the approaches that different disciplines took in 

coping with patient flow problems. The categorization of the 

interviews started by determining what type of variability or buffer 

was being discussed. Then, through deductive reasoning, we 

identified relevant quotes and irrelevant data. The combination of 

different types of collection methods and data sources facilitated 

construct validity, which is essential to theory building (Karlsson, 

2009).  

 

Cases  

In our study, we focus on three different departments in a large 

teaching hospital in the Netherlands. This major clinical hospital 

has over 2900 employees and 643 beds at its disposal. Recently, 

the hospital adopted a Lean strategy as its main approach to 

continuous improvement.  

For our study, we purposefully selected, on the basis of their 

flow orientation and perspectives, three cases out of a large 

number of improvement projects. This selection of these cases 

should ensure external validity, and should allow the results to be 

generalized (Karlsson, 2009).  

All the patient flow improvement projects studied had been 

completed within the previous year. The projects focused 

respectively on improving flow in breast, physiotherapy, and 
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rheumatology units. The projects varied in their perspectives and 

we aimed to cover both a patient perspective (waiting for capacity) 

and a capacity resource perspective (waiting for a patient to be 

available). These distinct perspectives should also result in 

theoretical replication since we can expect contradictory outcomes 

between cases but for predictable reasons (Voss et al., 2002).  

At first we considered using only two cases, the rheumatology 

project (which had a patient perspective) and the physiotherapy 

project (a capacity resource perspective). However, we decided to 

include a hybrid form that was being adopted in the breast unit. 

Although the main focus in the breast project was reducing patient 

waiting times, this flow improvement project also identified 

situations where capacity was waiting for other capacity resources.  

Overall, our selected cases provide a set of different perspectives 

on flow issues: patient-oriented, capacity-oriented, and hybrid. 

The differences among our selected cases meant that we had 

achieved theoretical sampling (Glaser and Strauss, 1967; 

McCutcheon and Meredith, 1993) in that we had covered the 

different conditions that we expected to influence the flow project 

outcomes. Additionally, the similarities and differences between 

the cases support the identification of patterns, and these patterns 

can form the basis for further theory development (McCutcheon 

and Meredith, 1993). Below, we further introduce the breast, 

physiotherapy, and the rheumatology units.    

 

Breast: hybrid perspective  

A breast clinic provides screening and treatment for women who 

are diagnosed with or suspected of having breast cancer. The main 
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goals of the flow improvement project were to decrease access 

time to 24 hours, to provide a final diagnosis within one day, and 

to ensure that 90 percent of those patients requiring treatment 

start this within four weeks.  

During pre-screening, patients are categorized into six groups 

to determine urgency – by the so-called Breast Imaging-Reporting 

and Data System (BI-RADS) score. A patient visit starts with an 

intake interview and, depending on the situation, the patient 

undergoes a mammography or an echography. Mammograms and 

echograms are performed by an echo analyst and the outcomes 

later assessed by a radiologist. Patients have to wait while the 

results are produced, after which these are discussed with a 

surgeon. At this point, there are two possible outcomes: (1) the 

patient does not have a malignancy and exits the patient flow, or 

(2) the results are inconclusive or malignancy may be suspected, in 

which case the patient needs additional tests. These additional 

tests will require the same or maybe other medical disciplines to 

enter the care process.  

Apart from new patients, a breast clinic also sees numerous 

patients returning for check-ups after treatment. Surgeons, echo 

analysts, and radiologists are involved in these appointments. The 

number of appointment slots per day is limited, and these are 

mostly at predetermined times. Five radiologists and five surgeons 

deal with these check-ups, and each staff member is available to 

the breast clinic one day a week.  
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Physiotherapy: capacity resource perspective 

Physiotherapists help patients with their movement and aim to 

restore flexibility, strength, coordination, and balance. Central to 

the tasks of a physiotherapist is the ‘mobilization’ of patients, 

preferably within four hours of surgery in order to have them fit 

enough to be discharged from the hospital.  

The main goal of the flow improvement project was to 

determine what caused physiotherapists to sometimes be waiting 

around for a patient to see. Physiotherapists would often 

encounter situations where they could not provide patient care 

because of a range of external disruptions. For example, patients 

could be unavailable because they were being treated by another 

medical professional.  

The therapists can be classified as a shared resource because 

they provide their services in various departments throughout the 

hospital. During preliminary interviews, we were made aware that 

it was in the orthopedics ward and a general surgery ward that 

physiotherapists encountered the most disruptions. We therefore 

focused on these two departments, as these should provide the 

best opportunities to create new knowledge.  

 

Rheumatology: patient perspective 

The rheumatology department treats patients with arthritis and 

other rheumatic illnesses. These health problems affect muscles, 

bones, joints and other body parts, and are often highly complex.  

The goal of the flow improvement project was to free up 

capacity in order to increase production and reduce access times. 

Previously, patients that needed to see a rheumatologist faced long 
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and fluctuating access times. The capacity of the rheumatology 

clinic was determined by its staffing of two rheumatologists, one 

specialized rheumatology nurse, one counsellor, and a front office.  

Most of the patients were treated by the rheumatologists, one of 

whom had limited availability because of commitments in other 

departments. Patients considered to be relatively straightforward 

could be seen by the specialist nurse. The counsellor provided 

support activities, such as guidance on the course of treatment, 

and was not involved in medical procedures.  

Patients come into contact with the rheumatology clinic 

through referral by their general practitioner (GP). One of the 

rheumatologists performs an initial screening during a triage 

process in which the information provided by the GP is assessed to 

determine subsequent actions. Then, in a first appointment, a 

patient is subjected to several tests by the rheumatologists and 

may receive a prescription for medication. In practice, as the 

illnesses are often chronic in nature, a large number of the new 

patients will return to the department several times for follow-up 

appointments.  

 

4.4 ANALYSIS AND RESULTS 

In this section, we analyze the data collected and present the 

results of our study. First, we focus on patient flow in the breast 

unit, then we shift our attention towards the patient flow in the 

physiotherapy unit, and conclude this section with the 

rheumatology patient flow. 
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Breast: hybrid perspective 

In our analysis of Excel datasets on patient inflow, and based on 

earlier experiences of the clinic, we conclude that the variability in 

the inflow of patients appears predictable. Additionally, the 

number of patients that can be expected to show signs of a 

malignant growth is limited.  

With low flow variability and low clinical variability, one would 

expect these issues to have no more than minor consequences on 

buffer sizes. However, patients have to wait before they can visit 

the clinic and encounter in-process waiting times in various 

appearances. Thus, contrary to our initial expectations, time 

buffers, especially in the form of patient waiting time, are 

prominent. Further, our analysis shows that patient waiting times, 

between intake, final diagnosis, and the start of the treatment, are 

mostly caused by the differences between patients, which appear 

to be highly unpredictable. Furthermore, it is the patient’s degree 

of illness, reflected in the required number of tests and outcomes, 

that largely determines if a short wait for access is granted.  

Regarding the daily differences between patients, the 

department head commented: “when we observe an increase in 

new patients, then a percentage of those patients will receive bad 

news, and this means we will need additional time”. According to 

the department head, the uncertainty linked to new patients 

makes it difficult to determine how much time per patient will be 

required: “Since you do not always know exactly what your 

workload will be during the day, you might plan a Cobra 

examination [a time-intensive scan] and then receive a request 
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for additional ultrasounds. If so, these ultrasounds have to wait, 

and work grinds to a halt”.  

In addition to a time buffer in the form of waiting patients, we 

also saw capacity buffers. Given the uncertain variability in the 

need for additional scans or tests, radiologists often have spare 

capacity. All the available appointment slots are not always filled 

but the radiologists have to be available in case a high number of 

patients with malignant symptoms enter the clinic. According to 

one of our interviewees, “occasionally, not all the slots for scans 

will be used, there is a gap between scans. If this happens, a 

radiologist might wait until a batch of tasks is available before 

starting”. We perceive this as the radiologists coming up with their 

own coping mechanism to avoid idle periods: sometimes they 

delay starting their work to ensure there is a build-up of 

mammograms or echogram to assess.  

We encountered an interesting form of buffering behavior 

employed when there are a large number of patients requiring 

further treatment. At such busy times, personnel tend to work 

through their lunchbreaks or work beyond their normal finishing 

time. While this is not a capacity buffer in the strictest sense, it 

does show that a form of buffering is used, and one that is 

normally hidden in that it does not show itself in the form of either 

idle or excess capacity or of waiting patients.  

The presence of both capacity and time buffers is difficult to 

explain given the limited variability. However, if we take the 

policies of the breast clinic into account, the underlying causes 

become much clearer. Achieving a patient access time of 24 hours 

and same-day-discharge can only be achieved with a specific mix 
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of patients. For example, it could perhaps be achieved if only five 

patients required tests, and only one of these patients required an 

additional scan. Given the unpredictable variability, it is 

impossible to ensure the required mix, and therefore the goals set 

by the clinic for patient times are only feasible under very specific 

conditions.  

In essence, our study indicates that, while the desired specific 

patient mix might seem possible based on the overall annual 

inflow of patients, the uncontrollable variability between days 

ensures that this is unachievable on a day-to-day basis. Although 

the BI-RAD scores do offer some pre-screening information that 

can be used in planning, the test outcomes are not always 

definitive and further tests may be required. As such, there 

remains a relatively high level of uncertainty attached to each 

patient.  

Even though most patients will be able to leave the clinic 

without requiring further testing or surgery, it is impossible to 

determine in advance whether a patient will require additional 

testing because of a suspected malignancy. Given the tight goals 

set, there then becomes no alternative but to accept the presence 

of a capacity buffer, for example in terms of the radiologists having 

excess capacity. Based on the current policies, the clinic has to 

accept that, at certain times, there will be idle capacity waiting for 

patients to treat. In essence, there is a trade-off between achieving 

a 24-hour access time and providing a conclusive diagnosis on the 

day of admittance.  
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Physiotherapy: capacity resource perspective 

Physiotherapists have to find a balance between their own limited 

capacity and the limited availability of patients. For example, 

patients that are being treated by other disciplines cannot receive 

physiotherapy at the same time. Despite this variability in patient 

availability being expected to cause major issues, it does not 

translate itself into obvious capacity buffers. When we investigated 

further, we came across an interesting phenomenon that appears 

specific to healthcare environments.  

During a patient’s stay in a hospital, the unavoidable time it 

takes them to recover creates an ‘invisible’ time buffer. If a patient 

should receive physical therapy ‘today’, and is also scheduled to be 

discharged ‘today’, then there can be a time window of several 

hours in which the therapy can take place without delaying the 

patient’s discharge. Apparently, there are no consequences related 

to patients receiving treatment either early or late in a day, 

provided it is given before the day ends. Rather than experiencing 

their stay in the ward as waiting time, patients see it as time spent 

recovering.  

The physiotherapists are able to use this hidden time buffer to 

their advantage, and they use it to create flexibility in their 

capacity. It allows them to focus only on patients that are 

immediately available for treatment, and it enables them to work 

around other disciplines that also place demands on the patient. 

Intuitively, we would expect the hospital policy to result in a time 

buffer or, in other words, patients waiting for physiotherapy. Yet 

waiting time is ‘absorbed’ in the recovery time.  
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Moreover, we also failed to identify a capacity buffer in the 

sense of idle capacity. During observations and case visits, it 

seemed as if people were never idle, and that excess capacity did 

not exist. It seems that physiotherapists are able to find other 

activities to fill their capacity.  

Nevertheless, we were able to identify the same ‘capacity’ buffer 

as we saw in the breast clinic, that is physical therapists continuing 

working during breaks or after regular working hours. The unit 

manager reported: ''If everything runs smoothly, you cannot say 

we need more physical therapists because, if you compare the 

number of patients with the time each patient needs, it should be 

possible. However, this is only feasible if you start therapy at 

exactly eight o’clock and finish at twelve o'clock, with two 

physical therapists available, and if you have access to the next 

patient immediately after completing an appointment. However, 

that is not how it works in practice''. Here, the unit manager is 

alluding to the fact that capacity planning ignores the role of 

variability during the day. This implies that some form of buffering 

will be required. To an extent, this variability is absorbed through 

the flexibility that a patient’s recovery time offers, and partly 

through physiotherapists working during breaks or after normal 

hours. However, we also observed an additional mechanism: 

physiotherapists adjust processing times in order to cope with 

variability. Especially at busy times, physiotherapists tend to 

increase their working speed or omit certain elements of their 

tasks.  
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Rheumatology: patient perspective 

The rheumatology unit was struggling with long access times of up 

to 16 weeks for new patients that were referred to the department. 

In a response to this issue, the clinic decided to temporarily 

increase capacity, in order to reduce the backlog of patients and 

waiting times. As expected, the increase in capacity did shorten the 

waiting list, and patients could again be seen quickly by one of the 

rheumatologists.  

Essentially, the rheumatology clinic had exchanged a time 

buffer for a capacity buffer. However, the temporary increase in 

capacity had another consequence in addition to shortening access 

times through reducing the reliance on time buffers. According to 

the medical professionals and the quantitative dataset, the 

reduction in access times resulted in an increased rate of referrals 

to the clinic. Hence, the increase in capacity buffer did not only 

substitute for the time buffer, it also functioned as a trigger for 

new demand.  

Once access times had returned to an acceptable level, the 

capacity returned to the original level. This meant that the capacity 

that should have catered for the newly referred patients had been 

cut. In this overall process, the rheumatology clinic had introduced 

variability through a temporary increase in capacity. Although the 

decision to temporarily increase capacity looked a promising 

approach, the consequent inflow of new patients resulted in a 

lagged increase in demand. The new patients introduced into the 

system would require follow-up appointments, but the capacity to 

provide these follow-up sessions was no longer available. As a 

consequence, not only do access times start to increase again, it 
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also means that the additional capacity needed to provide 

treatment for follow-up patients came at the cost of capacity for 

accepting new patients.  

This clinic provides an example of how underestimating the 

dynamics between buffers and self-induced variability can lead to 

problematic situations. The changes in the clinic were initiated 

with the best intentions, but the clinic was unaware of the external 

consequences of their actions. The improvement in access time led 

to more referrals, which led to inflow variability, which led to 

increased access times.  

 

4.5 DISCUSSION 

In carrying out this research, we were interested in the way buffers 

and variability interacted in a healthcare environment, and how 

the interchange or trade-off between buffers would manifest itself 

in practice. The interaction that one normally expects between 

variability and buffers was not so straightforward in our studied 

healthcare situations.  

Moreover, on various occasions we observed what could be seen 

as buffering involving processing time, a mechanism described as 

a quality buffer by Hopp et al. (2007). To the best of our 

knowledge, this is the first study to identify this form of quality 

buffer in healthcare practice. The presence of this additional buffer 

has consequences for the interchange between buffers, and it 

could help explain situations where patients are not obviously 

waiting despite there being no excess capacity. We will expand on 

this quality buffer later in this section.  
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Contrary to earlier findings that reported limited attention 

being given to the underlying characteristics of Lean approaches 

(Andersen et al., 2014; Hines et al., 2008; Radnor, 2010), we 

would argue that, in the cases we studied, the attention given to 

flow does show that fundamental Lean issues are being 

considered. However, this apparently only seems to cover patient 

flows.         

Our findings regarding patient flow in the breast unit underline 

the complexities of Lean initiatives in healthcare as already 

identified in the literature (Ballé and Régnier, 2007; Proudlove et 

al., 2008; Young and McClean, 2008). Here, the need to address 

the desires of a range of stakeholders, such as the 24-hour access 

time with discharge on the same day, can result in waiting times. 

What we see here is that the goals set by the clinic conflict with 

each other.  

When considering the variability in the inflow and mix of 

patients on an annual basis, this variability, and therefore the 

effects one might expect, appears to be limited. On what could be 

considered a macro-level, variability seems of minor importance 

because there is a relatively steady inflow and a low probability of 

malignancy in patients. This led us believe that the objectives set 

by the clinic were obtainable.  

However, on a day-to-day basis, even the limited variability in 

patient inflow and malignancy rates can have major impacts. This 

makes it difficult to achieve the objectives set by the clinic in 

practice. These issues arise in an environment where 

organizational policies oppose buffering ‘solutions’ (additional 

time or capacity) based on the desire for quick access and 
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discharge. The findings from the first case in the breast unit lead 

to our first proposition: Buffering ‘solutions’ should be 

implemented that reflect the period of time over which variability 

is targeted. 

The findings from our second case, involving the 

physiotherapists, showed that, in a healthcare organization, the 

interchange between buffers is not always obvious. We observed 

that a feature seemingly unique to healthcare, the unavoidable 

recovery time for patients, allowed a time buffer mechanism to be 

used during the recovery period without patients apparently 

waiting for treatment. In this situation, the patients acquire the 

characteristics normally associated with inventory buffers. For 

example, they seem to be ‘stored’ for future ‘use’.  

This goes against our original thinking and the ideas put 

forward in the literature (e.g. Jack and Powers, 2004) in that 

inventory buffers were not expected to have a role in the patient 

care process. It would therefore seem to be important to 

distinguish between occasions when patients can be considered as 

inventory, and others when waiting patients should be viewed as a 

time buffer. Additionally, despite patients not obviously waiting to 

receive treatment, they will often still require some form of 

treatment in due course. To illustrate this fluidity in 

interpretation, if, for example, the healthcare policy changed such 

that patients should be discharged as soon as the physiotherapists 

have delivered their treatment, the effect would be that, suddenly, 

there would be multiple patients waiting and an obvious use of a 

time buffer involving patients.  
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In addition to our observations related to this hidden time 

buffer, we came across another interesting phenomenon. At busy 

times, the physiotherapists were inclined to include fewer 

exercises in order to shorten consultations. In other words, they 

were reducing their processing time to cope with system load. This 

behavior could be considered as the use of a quality buffer, a 

special form of buffer for service environments proposed by Hopp 

et al. (2007). With a quality buffer, processing time is adjusted, 

influencing job quality, in response to system congestion. The 

study of the physiotherapy unit shows that the presence of buffers 

is partly dependent on organizational policies, and that an 

interchange between buffers (time and capacity) can be hidden 

behind these policies. Based on these findings, we formulate the 

following proposition: In healthcare, a patient’s recovery time 

before discharge can be used as a ’hidden’ time buffer without 

resulting in obviously waiting patients.    

  A study by Mazzocato et al. (2012) found that problems in 

patient flow result in increased waiting times. Our findings related 

to flow in the rheumatology unit underline these findings and 

reflect these earlier results. However, the way the problems in the 

rheumatology unit came into existence is both surprising and 

remarkable. Despite the best intentions of the medical 

professionals, the decrease in access times achieved through a 

temporary increase in capacity over several months, ended up in a 

worse situation. 

 Increasing the number of new patients seen led to an increase 

in the number of follow-up appointments which, without long-

term added capacity, essentially blocked further new patients 
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entering the system. This mechanism resembles the service 

bullwhip effect (Lee et al., 1997; Akkermans and Voss, 2013) in 

which limited information downstream of a process causes 

variability upstream of this process. The term bullwhip is applied 

because the further away the upstream process is, the greater the 

problem with variability (Geary et al., 2006).  

However, in our situation, rather than a lack of information 

being the cause, it was the availability of information, with 

referrers being kept appraised of current access times, that 

facilitated the effect. The temporary increase in capacity ultimately 

resulted in greater variability, and less stable access times than 

before. The lessons from our third case lead to our next 

proposition: Buffering ‘solutions’ may create new variability and, 

as such, induce vicious cycles.  

The dynamics between patient recovery time and a time buffer, 

and between idle capacity and a quality buffer, add complexity to 

variability and buffer issues in healthcare. We had assumed that a 

capacity buffer in a hospital would manifest itself as idle capacity, 

in the form of under-occupied nurses, physicians, and medical 

equipment. However, we rarely found evidence of idle capacity 

resources. Maybe, and perhaps not surprisingly, professionals will 

find something to do if they are currently ‘unneeded’.  

Here, we come to the concept of the quality buffer (Hopp et al., 

2007). A quality buffer assumes that processing time can be 

adjusted in response to system load. If processing time can be 

lowered at busy times, we would expect the opposite to be also 

true: that, at times of low capacity demand (i.e. quiet periods), 

staff can increase their processing times to remain busy. As such, 
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the presence of a quality buffer could be interpreted either as a 

hidden capacity buffer, or as replacing it. This brings us to our 

final proposition: A quality buffer, the ability to vary processing 

times to adapt to load levels, is an additional buffering 

mechanism that is able to manage variability that is neither 

buffered by explicit excess capacity nor by patients’ waiting 

times. 

This research has its limitations and a major concern is that 

there is no standardized way to detect the causes of variability or 

buffers. The observations of buffers and their interchanges depend 

on the theoretical lens adopted. Our study is not exempt from the 

concerns regarding generalizability that are often associated with 

case studies. However, we have tried to mitigate generalizability 

issues by studying multiple, purposefully selected, cases, and by 

triangulating our data. Nevertheless, one should not assume that 

we have identified all the interactions between variability and 

buffers, or all the interchanges between buffers.  

 

4.6 CONCLUSIONS 

In this study we have taken a close look at the interaction between 

variability and buffers in a healthcare organization, investigated 

the ‘buffer trade-off’, and have uncovered additional complexities 

to the buffer and variability relationship in healthcare. We can 

now respond to our original research questions: (1) how do buffers 

and variability interact in a healthcare environment, and (2) how 

does the interchange, or ‘trade-off’, between buffers manifest itself 

in practice?  
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While the interaction between buffers and variability might 

initially appear straightforward, we observed various mechanisms 

in play. Hospital policies can hide or amplify time buffers. 

Capacity buffers are often hidden and we did not encounter 

capacity resources that were clearly idle. However, in times of high 

capacity demand, processing times are shortened, which we would 

see as the application of a quality buffer, and in a way that 

obscures the ‘trade-off’ between time and capacity buffers.  

The outcomes of our current study lead to suggestions for 

further research. The mechanism we observed in which patient 

recovery times provide an additional time buffer appears unique to 

healthcare but it would be valuable to investigate whether a 

similar process occurs in other service environments. Additionally, 

while bullwhip effects have been studied over a considerable 

period, studies reporting on such effects in a service setting are far 

more limited. It would be interesting to revisit this concept and the 

related vicious cycles observed in this study. This is particularly 

relevant for healthcare settings where customers having 

information on access times appears to induce strong behavioral 

effects. Finally, we would like to suggest taking a closer look at a 

fourth conceptual buffer type that we identified: using processing 

time as a buffering mechanism. We saw this as a quality buffer but 

failed to find other studies that had investigated this phenomenon 

in practice.    
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CHAPTER 5 

This chapter is currently under review at Production Planning & Control as: 
Roemeling, O.P., Land, M.J., & Ahaus, C.T.B. (2016). Buffering by adjusting 
processing times in healthcare. 
 

 

Buffering by adjusting processing 

times in healthcare 
 

 

5.1 INTRODUCTION  

This research investigates the interactions between buffers and 

variability in healthcare environments from a Lean perspective. 

We are especially interested in the concept of quality buffers 

(Hopp et al. 2007). Quality buffers are identified as an addition to 

the widely recognized buffering opportunities in service 

environments. We focus on the theoretical implications of quality 

buffers and research the feasibility of applying this buffer type as 

well as the more commonly identified time and capacity buffers. 

Through activities such as benchmarking or strategies aimed at 

improving patient flow (Cohen et al., 2008), healthcare processes 

are continuously evaluated and improved (Umble and Umble, 

2006). Improvements in patient flow have particularly been linked 

to increased healthcare quality and productivity (Litvak, 2009; 

Villa et al., 2009). Limited patient flow in healthcare providers can 

arise from issues such as admitting unfit patients, lengthy 

discharge procedures, or poor coordination with external parties 

(Rich and Piercy, 2013). Flow can be improved by reducing 
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activities that do not add value, bottlenecks, and variability 

(Schmenner and Swink, 1998; Schmenner, 2001). The Lean 

philosophy is a popular strategy to improve process flow. Lean is a 

management system that aims to achieve the desired production 

with the minimum use of buffering (Hopp and Spearman, 2004) 

and is facilitated through a relentless process of continuous 

improvement (Shah and Ward, 2007; Hopp, 2008; LaGanga, 

2011). Lean was initially seen as an appropriate approach for 

manufacturing, with studies showing promising results such as 

improved overall performance (Shah and Ward, 2003) and 

increased quality (Oliver et al., 1994; Cua et al., 2001). In this 

study, we are interested in Lean in the context of healthcare, and 

particularly in the roles of variability and buffers.   

Whilst Lean is certainly popular in services (e.g. Piercy and 

Rich, 2009; Radnor and Johnston, 2013), including in healthcare 

(e.g. Mazzocato et al, 2010), it originated in a production 

environment where variability led to buffers in the forms of time, 

capacity, and inventory (Hopp and Spearman, 2008; Thürer et al., 

2014). In service environments, the service is produced and 

consumed simultaneously (Radnor and Osborne, 2013). 

Consequently, inventory buffers play a minor role in healthcare: 

the patients themselves are transformed in the process, and these 

patients cannot be stocked in advance of demand. This implies 

that coping with variability in healthcare and similar service 

environments will be regulated using time and capacity buffers 

(Jack and Powers, 2004). Capacity buffers present themselves in 

the form of idle capacity. In healthcare, one could think of 

physicians waiting for a patient so that they can provide treatment 
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or perform a diagnosis. Similarly, time buffers appear in the form 

of waiting patients: waiting for treatment, for diagnosis, or for 

other actions. In this research, we define capacity buffering in 

healthcare as the mechanism in which capacity resources are idle 

in order to absorb variability in the availability of patients or in the 

resource itself. We define time buffering as the mechanism in 

which patients are waiting in order to be able to absorb the 

variability in the availability of resources or in the patients 

themselves. The interaction between capacity and time buffers 

results in a continuous ‘buffering trade-off’ between additional 

waiting time for a patient and idle capacity. It seems that, when 

dealing with variability, healthcare providers have a choice 

between Scylla and Charybdis. 

The ability to trade time and capacity buffers fails to fully 

explain the many situations in which patients are not waiting but 

capacity resources (such as physicians) are fully occupied. It seems 

that another factor is in play, and a possible explanation is 

provided by Hopp et al. (2007) who introduced an additional 

buffering mechanism, specific to service environments, that has 

been typified as a quality buffer. Hopp et al. (2007) argue that, in 

environments where actors have discretion over the completion of 

their task, these actors can increase or decrease the quality of the 

delivered service in response to potential idle capacity or 

imminent congestion. Other studies have acknowledged the 

possibility of quality buffers (e.g. Wang et al., 2010; Kostami and 

Rajagopalan, 2013; Kuntz et al., 2014), but we are unaware of any 

studies that have further explored quality buffers and investigated 

how they absorb variability. The central research questions for our 
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study were therefore: (1) how should the mechanisms behind 

quality buffers be typified and explained, and (2) how do quality 

buffers interact with time and capacity buffer mechanisms? The 

paper now continues with a critical reflection on the theory and 

the concept of Lean in relation to healthcare and the roles of 

variability and buffers within this. Following this, by combining 

theory and logic, we explain the relationship between buffers and 

the mechanisms behind quality buffers. We draw the paper to a 

close by drawing conclusions from our findings.  

 

5.2. THEORY: THE INTERACTION OF VARIABILITY 

AND BUFFERS 

The potential benefits of Lean approaches in healthcare look 

promising, with several studies reporting positive outcomes 

(Nelson-Peterson and Leppa, 2007; Raab et al., 2008; Hydes et 

al., 2012). Nevertheless, literature reviews struggle to provide a 

conclusive verdict on the effects of Lean in healthcare, with 

Brackett et al. (2013) unable to conclude that Lean greatly 

influences patient care. Further, Costa and Filho (2016) report that 

Lean in healthcare environments is still applied in a superficial 

way. In addition, Mazzocato et al. (2010) found that Lean-related 

studies in healthcare often report on the reduction of direct waste, 

suggesting that reducing variability and buffers receives less 

attention. This is perhaps surprising given that it is especially the 

reduction of variability that improves flow (Schmenner and Swink, 

1998; Fredendall et al., 2009; Drupsteen et al., 2013). Variability 

is a major concern for hospital performance (Salzarulo et al., 2011) 

since it puts a strain on capacity, and inadequate staffing levels 
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have been shown to result in increased patient mortality risk and 

increased staff turnovers (Aiken et al., 2002). 

In healthcare, one can distinguish between natural and artificial 

variability (Litvak and Long, 2000). Natural variability is a result 

of differences between individual patients and between medical 

staff, and cannot, or only to a limited extent, be influenced (Litvak 

and Long, 2000; Joosten et al., 2009). Contrarily, artificial 

variability follows from controllable, non-random, factors and 

these can potentially be influenced and the variability reduced. In 

other words, our own actions are the underlying causes of artificial 

variability. Both types of variability lead to the use of time or 

capacity buffering, or a combination of the two. This implies idle 

capacity resources and/or patients waiting to receive attention. In 

both cases, one party is waiting for the other to become available. 

However, the introduction of quality buffers, identified by Hopp et 

al. (2007), may provide a third buffering opportunity.  

Hopp et al. (2007) describe how quality buffers come about as 

follows: in systems with discretionary task completion, such as 

healthcare, it is attractive to complete a service earlier in response 

to congestion. Instead of using waiting as the buffer mechanism, 

quality can serve as a buffering mechanism. Quality buffers 

assume that service providers are able to adjust delivered service 

quality in order to cope with variability (i.e. offer a lower service 

quality when busy). In this perspective, the quality of a service is 

seen as the consequence of processing time adjustment rather 

than being directly affected. However, we would argue that a 

degraded service quality does not automatically follow from 

shortened processing times. Therefore, we would propose seeing 
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adapting the processing time as the buffering mechanism and 

therefore, instead of the term quality buffers, we refer to 

processing time (PT) buffers. In contrast to both time and capacity 

buffers, waiting is not a fundamental component of PT buffers. 

Since waiting is not fundamental to PT buffers, the question 

becomes how such buffers cope with variability. Here, we discern 

two possible perspectives in that PT buffers can:  

(1) reduce or avoid future customer waiting time (i.e. time 

buffers) by decreasing processing time;  

(2) reduce or avoid future idle resources (capacity buffers) 

by increasing processing time. 

These two alternatives show parallels with inventory buffers in 

production settings. In a production setting, inventory buffers 

anticipate future demand which would otherwise result in 

backlogs (time buffers), and avoid idle capacity resources (capacity 

buffers) by producing ahead of demand. Similar to inventory 

buffers, PT buffers can work when it is not possible or desirable to 

keep a customer (i.e. patient) waiting or have idle excess capacity.  

To provide a better understanding of PT buffers, we have 

investigated the interchange or ‘trade-off’ among the various 

buffer types. It is customary to view buffers as communicating 

vessels. Figure 5.1 depicts the trade-off between buffers in a 

service environment. In this situation, inventory is not considered 

to be a primary buffer type, and PT buffers may take the role over. 

Nevertheless, the basic premise remains: that if one buffer is 

increased, another buffer (or combination of buffers) should 

decrease. If we now consider a practical example where an 

emergency care unit is confronted with a sudden rise in the 
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number of patients, and all the medical and nursing staff are 

already fully occupied, but, somehow, the new patients do not 

experience longer waiting times before receiving treatment. To 

understand this situation, we need to incorporate PT buffers in our 

thinking as only then can we explain the stable waiting times. With 

all other aspects unchanged, a reduction in processing times is the 

only feasible explanation.     

  

 
Figure 5.1. Representation of the relationship between buffers. 

 

We have argued that quality buffers are more appropriately 

described as PT buffers since the prime adaptation mechanism 

relates to processing time, although this may indeed influence 

quality. However, we have not yet addressed how processing times 

can be reduced. In an empirical study, Batt and Terwiesch (2012) 

focused on service times in an emergency care unit and found that 

care providers are able to adjust their clinical behavior to increase 

service speed. One of the ways that medical professionals can 

increase service speed is to reduce service content. Essentially, 
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Batt and Terwiesch (2012) identified an opportunity to reduce 

processing time by changing the clinical behavior to reduce the 

number of tasks. In another study, Kc and Terwiesch (2009) 

investigated the effect of system load on service speed and found 

that workers who encountered a busy period, in terms of an 

increase in system load, increased their task speed. So, instead of 

added capacity or additional patient waiting times, the speed of 

the task is increased. The increased workload, which results in 

reduced processing times, is not without it risks and can lead to 

adverse quality effects (Oliva and Sterman, 2001). Based on the 

above examples, we can identify two options in the healthcare 

literature in order to adjust processing times: 

(1) reduce or increase the number of tasks; 

(2) reduce or increase task speed. 

Clearly, cutting processing times by reducing the number of 

tasks or by increasing task speed can have consequences for 

service quality. However, we would argue that this is not always 

the case. It is difficult for patients to evaluate the technical skills of 

medical professionals and also the results of treatment (Kang and 

James, 2004). Patients therefore often rely on other measures of 

quality associated with the delivery of care. From a patient’s 

perspective, attributes such as empathy can determine care quality 

(Kang and James, 2004). Thus, as long as attributes such as 

empathy are present, reducing processing time does not 

necessarily result in lower perceived quality. As such, the 

consequences of PT buffers, through sometimes reducing 

processing time, for quality are strongly dependent on how quality 

is defined. For example, if quality is seen as conformance to 
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specifications (Reeves and Bednar, 1994), then a physician’s small 

talk (‘bedside manner’) might not contribute to quality viewed as 

the quick and full recovery of the patient. However, if quality is 

understood as exceeding customer expectations, a short 

conversation with a patient is probably part of the desired 

experience and therefore boosts quality. This also underlines why 

we see the original term ‘quality buffer’ as an unfortunate choice in 

this situation. The impact of adapting processing time is fully 

dependent on the way quality is perceived.  

Once an interpretation of quality has been defined, one can 

distinguish between tasks that facilitate service quality, and those 

that do not. In other words, we can distinguish between critical 

and non-critical tasks. Critical tasks are those activities that cannot 

be accelerated or left out without affecting service quality. Non-

critical tasks are activities that can be omitted without reducing 

service quality. As long as professionals focus on carrying out the 

critical tasks while reducing processing time, there will be no 

tangible, or at least measurable, implications for the health-related 

outcomes within the applied quality perspective.  

Finally, we should consider whether such processing time 

adjustments should really be seen as a form of flexible capacity 

buffer since it is the capacity resource that determines which tasks 

are left out or sped up. However, we would argue that processing 

time adjustments should not be confused with flexible capacity. 

Hopp and Spearman (2008) argue that flexibility is an attribute of 

buffers. Buffer flexibility is defined as the possibility to use the 

same buffer for different purposes, leading to a reduction in 

overall buffering requirements (Iravani et al., 2005; Hopp and 
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Spearman, 2008; Hopp and Lovejoy, 2013). In this respect, PT 

buffers can reduce the amount of buffering sourced from other 

buffer types, but they do not reduce the overall amount of 

buffering. Further, it is not a case of overcapacity being used for 

different purposes, as it is with flexible capacity, since PT buffers 

use the same amount of capacity but at different intensities. As 

such, we do not see capacity resources as the buffering mechanism 

although they do play an important role in applying PT buffers.  

 

5.3 CONCLUSIONS  

In this research, we set out to explore the merits of quality buffers 

in a healthcare environment and our main research questions 

were: (1) how should the mechanisms behind quality buffers be 

typified and explained, and (2) how do quality buffers interact 

with the more commonly identified time and capacity buffers? In 

response to our first research question, we showed that quality 

buffers could be better characterized as processing time (PT) 

buffers. The mechanism behind adjustments in processing times 

amounted to reducing the number of tasks and/or increasing task 

speed. These actions might result in reduced service quality but 

this is heavily dependent on the way quality is defined in a specific 

environment. In response to our second research question, we 

showed that PT buffers interact with other buffers in a service 

environment and work in a somewhat similar way to inventory 

buffers in a production situation. When one type of buffer is 

reduced, another buffer has to increase unless the underlying 

variability is reduced. Here, PT buffers help explain situations 
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where both capacity and patient waiting times remain stable when 

the variability increases. 

Based on the preceding considerations, we would suggest the 

following definition of PT buffering: “Processing time buffering is 

the mechanism through which processing times are reduced by 

removing critical and/or non-critical tasks and/or increasing 

task speed in response to variability”. Quality is incorporated in 

this definition through the distinction made between critical and 

non-critical tasks. However, we argue that quality changes are a 

possible consequence of the processing time buffering mechanism, 

not the buffering mechanism itself. The consequences for quality 

of applying processing time buffers are far from straightforward, 

and depend on how quality is perceived.  

   This study is not without its limitations. First, in this study, we 

have relied on logic and examples taken from the literature. To 

boost confidence in the findings, controlled experiments could be 

used to establish if quality buffers are indeed enacted through 

adjusting both task speed and the number of tasks. There may also 

be other mechanisms in play. Nevertheless, this study does 

provide a stronger theoretical foundation for the existence and 

role of PT buffers, and this research explains why the alternative of 

thinking in terms of quality buffers is inappropriate in some 

situations. Future research could further explore the interchange 

between PT buffers and the time and capacity buffers identified in 

the literature. For example, it would be valuable to empirically 

establish the relationships between the buffer types in a range of 

service environments.  
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CHAPTER 6 
 

 

General discussion 
 

 

6.1 INTRODUCTION 

So far, in this thesis, we have reported on our investigation into 

Lean in healthcare environments and especially on the roles of 

buffers and variability. In Chapters 2 to 5, we looked into the link 

between Lean and throughput time performance, considered the 

focus of Lean interventions in practice and attempted to influence 

these interventions, researched projects with different flows to 

show the relationships between underlying variability and buffers, 

and finally made a theoretical exploration into the logic of an 

additional buffer type (quality). In all these chapters, the focus was 

primarily on the roles of variability and buffers within a Lean 

context.  

In this final chapter, the findings of the individual research 

projects and the relationships between the different projects are 

discussed. First, the main findings of each individual study will be 

addressed, by shortly stating the most important messages to 

come out of each of the four research chapters. Following this, we 

will elaborate on the main theoretical contributions of this thesis 

and show where it provides new knowledge, challenges existing 

ideas, or supports earlier findings. In the subsequent section on 

the practical consequences, we translate our findings into 
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implications for practice. We provide suggestions for professionals 

in the field that use Lean during the course of their work. Then, we 

will discuss the limitations of this thesis and indicate leads for 

future research. This concluding chapter finishes with final 

remarks related to our research findings.     

 

6.2 MAIN FINDINGS 

Chapter 2: Impact of Lean interventions on time buffer reduction 

in a hospital setting 

Chapter 2 set out to relate performance changes to Lean 

interventions. The study showed that adhering to Lean principles 

resulted in changes in throughput time performance. However, 

contrary to our expectations, the continuous improvement process 

did not result in an observable uninterrupted pattern of 

incremental throughput time improvement. Rather, we identified 

an erratic throughput time pattern typified by three distinct 

periods.  

The throughput time improvements seemed to be of a ‘step’ 

nature rather than a gradual progression. We identified one major 

performance improvement, and one major decline in performance. 

As such, our findings are at odds with the more common 

understanding of Lean, where incremental improvements over 

time result in superior results.  

The study continued with semi-structured interviews that 

adopted the Event History Calendar methodology. The interviews 

revealed that two major Lean interventions could be identified as 

the causes of the changes in throughput time performance. We 

could relate the improvement in throughput time with the 
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abandoning of batching and the adoption of production balancing. 

The original batching could be seen as a source of artificial 

variability, which had resulted in additional time buffers. The later 

setback in performance was the result of newly introduced 

machinery that was presented as being oriented towards one-

piece-flow but resulted in an over-utilized resource.  

Surprisingly, even though the laboratory was continuously 

initiating improvement projects, none of the projects focused on 

the degradation in performance after the introduction of the new 

machinery. Whilst the laboratory was aware of the additional 

waiting times after the introduction of the new machine, 

identifying and rectifying the exact causes of the performance 

decline was deemed too complicated a task for the people in the 

laboratory.           

 

Chapter 3: Does Lean cure variability in healthcare? 

Chapter 3 investigated Lean interventions in practice. We 

classified several interventions to establish their focus, and further 

tried to influence the focus of interventions through a field 

experiment. Most of the original interventions addressed reducing 

obvious waste, which is in line with other findings on Lean in 

healthcare. Very few interventions reported on variability or buffer 

reduction. Our results suggested that only a handful of 

interventions investigated variability and, based on our interviews, 

this seemed to be chance rather than deliberate attempts to reduce 

variability.  

Whilst reducing waste seemed to be the clear target in most 

interventions, not all waste types seemed equally important. It 
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seemed that reducing waste related to defects (or quality issues) 

grabbed the practitioners’ attention. Thus, even if we disregarded 

variability and buffers, there still seemed to be a gap between the 

possibilities offered by Lean and its actual implementation in a 

healthcare environment. This expressed itself in an over-focus on 

quality-related issues and a lack of emphasis on variability-related 

matters. 

The interviews confirmed our impression from the initial 

classification of the Lean interventions: that waste reduction was 

the predominant focus. When we asked practitioners about Lean, 

they immediately thought of waste reduction. Variability and 

buffers were never mentioned, either as their goals or as aspects of 

the Lean philosophy. This led us to suspect that it was a knowledge 

deficiency related to the roles of buffers and variability that 

resulted in the almost universal focus on waste. As an initial test of 

these suspicions, an exploratory field quasi-experiment was held 

in which we provided participants with knowledge on the roles of 

both buffers and variability. We then performed a similar 

classification to the initial one, but this time on interventions 

made after the experiment was held. Variability- and buffer-

related interventions were still limited but the number of such 

interventions undertaken by those practitioners who had been 

provided with the relevant knowledge had grown substantially.  

These results from our case provide a first indication that it is a 

lack of knowledge on the effects of variability that could hinder the 

adoption of a mature Lean approach in healthcare environments. 

As long as this remains the general situation, we should perhaps 

not expect major performance impacts from Lean in healthcare.  
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Chapter 4: Exploring variability and buffers in Lean initiatives in 

healthcare 

Chapter 4 investigated the complexities related to variability and 

buffers in flow improvement projects. Flow improvement requires 

the reduction of time buffers, and these buffers can be cut by 

reducing variability. To successfully improve flow in healthcare 

requires a good understanding of the relationship between 

variability and buffers. However, this is hampered by the roles and 

impacts of variability and buffers not being well established in the 

Lean literature. In our study, we investigated three hospital 

departments where Lean initiatives were employed in attempting 

to improve patient flows. The study showed that the interaction 

between variability and buffers is less straightforward than the 

literature assumes, and our research identified several 

complicating factors.  

In our first case, a breast clinic, we obtained information on the 

inflow of patients from which we expected the effects of variability 

to be very limited or non-existent. However, when we took a closer 

look, the level of variability on a day-to-day basis was sufficiently 

high to require buffering. This resulted in waiting times for 

patients and idle capacity in terms of unoccupied physicians and 

radiologists. In an attempt to explain these occurrences, we looked 

at the performance goals set by the clinic. The clinic aimed to 

achieve access times of 24 hours and to also deliver test results 

within 24 hours. To achieve these targets required a very specific 

subset of patients, or patient mix, on a daily basis. This mix 

reflected the yearly inflow but day-to-day variability resulted in 
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different daily patient mixes, some that meant that the initial goals 

could not be achieved. Here we observed that performance goals, 

such as access times and delivery times, and also performance 

agreements such as check-ups being with the same surgeon led to 

high levels of artificial variability.  

In our second case, looking at the workflow of physiotherapists, 

we found that the interaction between buffers is not always 

obvious. The unavoidable recovery time for patients enabled a 

time buffer to be inserted during this recovery period without 

patients apparently waiting for treatment. In addition, we saw 

that, when under time pressure, physiotherapists were inclined to 

include fewer exercises in order to shorten consultations. This 

behavior could be considered as the use of quality buffers, a special 

form of buffer type that can be applicable in service environments 

and further studied in Chapter 5.  

Our third case was a rheumatology unit that had tried to reduce 

access times. We showed that the reduction achieved through a 

temporary increase in capacity resulted in an undesirable vicious 

cycle. An increase in the number of newly diagnosed patients led 

to an increase in the number of follow-up appointments. These 

follow-ups essentially blocked new patients from entering the 

system. This mechanism resembled the service bullwhip effect in 

which limited information downstream of a process causes 

upstream variability. However, in our situation, it was not a lack of 

information but rather the availability of information that resulted 

in the increase in patients. The knowledge that the unit had 

changed referral strategies and shortened access times increased 

the number of patients selecting that unit for treatment. In the 
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end, the temporary increase in capacity resulted in higher levels of 

artificial variability, and more variable access times than before 

the ‘improvement’. At the end of Chapter 4, we presented a set of 

propositions. These propositions translated the individual case 

findings into more general theoretical contributions that could 

provide a basis for future studies.  

 

Chapter 5: Buffering by adjusting processing times in healthcare 

Chapter 5 focused on the quality buffers we had identified, a term 

originally coined by Hopp et al. (2007). Initially, our conceptual 

study suggested that it would be more appropriate to think in 

terms of processing time buffers since it is the processing times 

that are adjusted in a response to variability. We identified the 

underlying mechanism behind processing time buffers as 

adjustments to task speed and to the number of tasks. These 

adjustments are possible because a capacity resource has the 

freedom to decide which tasks to leave out and which tasks to 

speed-up. We further identified several empirical studies that 

provided examples of these behaviors in practice.  

While increasing task speed and leaving out certain task 

elements can have negative effects on service quality, this is 

dependent on the way quality is defined in a specific environment. 

Here, this research offers a theoretical basis for the understanding 

of processing time buffers that is applicable in service 

environments. These buffers are especially helpful in explaining 

situations where patients do not appear to be waiting for 

treatment despite there being limited capacity and variable 

inflows.     
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6.3 THEORETICAL CONTRIBUTIONS 

This thesis has several implications for theory. Some of our results 

are in line with earlier assumptions, whilst other results differ 

from earlier findings. In some studies, the application of Lean in a 

service environment is considered defective because of an overuse 

of tools and a lack of understanding of the context and underlying 

Lean principles (Radnor and Osborne, 2013). Based on our own 

findings, we can provide insights into the status of Lean in 

healthcare. Whilst not all the underlying Lean principles are put 

into practice, our studied cases did apply the main Lean ideas and 

actively attempt to reduce waste through a process of continuous 

improvement. In addition, none of our studied cases ever showed 

an excessive use of Lean tools. When tools were applied, these 

were always part of the wider Lean approach. Whilst not all Lean 

aspects might enjoy the same amount of attention, those that had 

gained the practitioners’ attention were applied extensively.  

 

Lean and variability 

The absence of a generally accepted Lean definition hinders the 

development of theory: a common concept is required in order to 

share ideas and new insights. Nevertheless, Samuel et al. (2015) 

note that, even without a formal definition, Lean has become a 

dominant operations paradigm. Moreover, most authors (e.g. 

Hopp and Spearman, 2004; De Treville and Antonakis, 2006; 

Shah and Ward, 2007; Browning and Heath, 2009) agree that 

waste, variability, and buffers are important aspects of Lean, and 
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researchers seem to share common key concepts even though 

these are not always explicitly mentioned.  

In this thesis, we adopted the definition of Lean by Hopp and 

Spearman (2004) since this focusses on minimizing buffer costs 

and thereby recognizes the importance of buffers, which are a 

major part of our studies. However, even here, the importance of 

both variability and waste is not explicit and has to be inferred by 

the reader. In addition, the focus on minimizing buffering costs 

could be interpreted as meaning that buffers do not need to be 

reduced in size, rather that the most cost-friendly buffer should be 

adopted. The minimization of buffers should ultimately go hand-

in-hand with decreasing levels of waste and variability. Therefore, 

it is important to stress and explicitly address these Lean aspects.  

Not only is there no accepted definition, there also appears to be 

no specific theory of Lean. Instead, Lean is made up of multiple 

theories (Boer et al., 2014). For example, Lean relies heavily on 

concepts such as Total Quality Management (TQM) through its 

focus on continuous improvement. The Theory of Swift and Even 

Flow (TSEF:  (Schmenner and Swink, 1998) is a more general 

theory that can be used to explain the link between Lean and 

productivity (Boer et al., 2014). The TSEF holds that the swifter 

and more even the flow in a process, the higher the productivity in 

this process. As such, the importance of variability is reflected in 

the TSEF.  

The findings in our studies also highlight the importance of 

variability. In Chapter 2, the Lean interventions that had the 

greatest impact on throughput times were those that influenced 

artificial variability. In addition, Chapter 2 provided a quantitative 
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basis for such statements, thereby responding to the call by 

DelliFraine et al. (2010) for more rigorous designs and more 

detailed statistical reports. In Chapter 4, we saw that artificial 

variability resulted in added complexity when attempting to 

improve patient flows. Despite variability being an important 

aspect of Lean in healthcare, knowledge on the role of variability 

seemed to be largely lacking in the Lean practitioners interviewed 

in Chapter 3. Moreover, as we saw in Chapter 4, healthcare 

policies such as promising 24-hour access times can increase 

artificial variability which results in increased buffering 

requirements and puts a strain on both capacity and patients. 

 

Towards Lean maturity 

Toyota can be considered the original and a leading example of a 

Lean organization. In its early Lean stages, Toyota focused on 

reducing direct waste by addressing the practical and visible issues 

related to wasteful movements, inventories, over-processing, 

defects, over-production, transport, and waiting. Later, Toyota 

began to increase capacity buffers in order to be able to reduce 

inventories. This highlights an important buffering principle: 

buffers can be exchanged (Hopp and Spearman, 2004; Hopp and 

Spearman, 2008). The deliberate exchange of buffers in order to 

reveal hidden variability could be seen as a transition towards a 

mature Lean approach. Hopp and Spearman (2004) identified this 

pattern in the development of Lean at Toyota and distinguished 

various phases in Lean maturity as depicted in Figure 6.1.  
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Figure 6.1. Phases in Lean adoption (Hopp, 2008) 

 

The fact that inventory buffers can hide variability is a central 

theme in Lean theory (Hopp and Spearman, 2008). Problems 

caused by variability that would otherwise be exposed in the form 

of idle capacity or waiting clients can be dampened by inventories. 

Having reduced inventories, Toyota used added capacity to solve 

temporary issues occurring because of variability, and then 

successfully eliminated the causes of variability. This enabled the 

more obviously desirable reduction in capacity buffers over 

successive continuous improvement steps. Through this process of 

continuous improvement, an organization should eventually 

become Lean (as in the case of Toyota). 

 

Buffer exchange in healthcare, introducing processing time 

buffers   

As reflected in our own studies, healthcare has to exist without 

inventory buffers (Jack and Powers, 2004) in its primary process. 

This suggests that the variability in healthcare leads to a 

continuous trade-off between capacity and time buffers. Based on 

the phases identified at Toyota, one should expect to see an 
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ongoing struggle in healthcare that tries to balance idle capacity 

and waiting patients. However, in our studies, we did not identify 

this continuous struggle, and we came across numerous situations 

where patients were not obviously waiting and capacity resources 

were not standing idle. It seemed that an alternative buffer type 

was able (at least partly) to take over the role associated with 

inventory buffers in healthcare.  

Hopp et al. (2007) identified an additional buffer type that can 

be applicable in service environments: quality buffers. While some 

studies have acknowledged the presence of this quality buffer (e.g. 

Kostami and Rajagopalan, 2013; Kuntz et al., 2014), there seemed 

a lack of research that had further investigated this concept. In 

Chapter 5, we therefore aimed to further develop the logic and 

theory for this buffer as it seems an important addition to the 

established buffering concept in service environments.  

In our analysis of the quality buffer, we showed that, rather 

than thinking in terms of quality, we should think in terms of 

processing times. The actual buffering mechanism is making 

adjustments to processing times. Quality changes are a possible, 

but not necessary, consequence of using processing time buffers, 

the term coined for this additional buffer. Processing time buffers 

manifest themselves in increased task speed and/or a decreased 

number of tasks. Consequently, we suggest a formal definition for 

the concept of processing time buffers: “Processing time buffering 

is the mechanism through which processing times are reduced by 

removing critical and/or non-critical tasks and/or increasing 

task speed in response to variability”.  
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The use of processing time buffers helps explain situations 

where throughput times do not deteriorate and capacity remains 

stable despite variability increasing. In addition, it suggests 

another buffer type to include in the earlier identified maturity 

model. Our analysis of the quality buffer concept shows that the 

original term ‘quality buffers’ is unfortunate since it gives the 

impression that quality will always suffer. However, as we argued 

in Chapter 5, the consequences for quality of this type of buffer are 

dependent on the way quality is defined and there indeed may be 

zero impact.  

 

Lean maturity in healthcare  

Before applying the earlier identified maturity model as presented 

in Figure 6.1 to healthcare, one should introduce some alterations. 

In place of inventory buffers, we should include processing time 

buffers and time buffers. Although similar to inventory buffers, 

time buffers and especially processing time buffers have the 

characteristic that they can hide variability. Processing time 

buffers hide variability through the continuous and hidden 

changes in task speed and task elements. As soon as time buffers 

arise, for example in the shape of waiting lists, this is a signal of 

variability in the related process. Figure 6.2 presents our revised 

development model, now suitable for the healthcare context. 
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Figure 6.2. Phases of Lean maturity in healthcare.  

 

We would expect healthcare organizations to move through the 

phases shown in Figure 6.2 over time. We had expected to see such 

developments in the case sites included in our research. Although 

all the case organizations that we studied did show a strong focus 

on waste in the early phases of Lean adoption, we could not 

identify patterns that indicated a move towards variability- and 

buffer-related Lean interventions.  

Based on the findings in Chapter 3, it seems that a lack of 

knowledge on the roles of variability and buffers limits 

interventions focused on variability and buffering. This might 

explain why we did not observe a transition from earlier to more 

mature Lean phases in our case studies. In this respect, our study 

further showed that even a small investment in knowledge can 

influence the focus of interventions. While we failed to identify our 

healthcare cases moving through the development phases, this 

does not mean that the proposed Lean maturity phases are 

incorrect from a normative perspective.  
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6.4 PRACTICAL IMPLICATIONS 

Based on the findings from our studies, we can articulate several 

consequences for professionals responsible for the implementation 

of Lean in healthcare practice. First, our results underline the 

importance of variability and buffers in flow-oriented projects. If 

one accepts that flow performance is an important aspect of Lean 

─ since it translates into low throughput times ─ then buffers and 

variability have a crucial role. In flow-oriented situations, rather 

than attempting to reduce obvious wastes, it would probably be 

more beneficial to attempt to determine where and why buffers 

arise. This should then allow an organization to focus on the 

underlying variability. A first step in determining where buffering 

takes place is to determine who of what is waiting (or idle). Are 

patients waiting for treatment, or is it capacity standing idle 

waiting for a patient to treat? Rather than continually striving for 

additional capacity, it could be more fruitful to give attention to 

the causes of waiting times and the reasons for sudden increases in 

the demand for care.     

Further, our studies show that in order for practitioners to 

initiate projects that focus on flow, it may be necessary to extend 

their knowledge on the roles of variability and buffers. This could 

require Lean professionals to refresh their existing knowledge with 

advanced Lean classes that focus on the roles and uses of 

variability and buffers. Here, practice could benefit from 

additional support through relationships with universities, which 

are expected to include variability and buffers in their educational 

courses on Lean.  
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The results reported in Chapter 4 in particular indicate that 

practitioners are likely to underestimate the effects of artificial 

variability on performance. Small adjustments to the initial 

decisions made regarding patient flow could, relatively easily, 

reduce artificial variability. All the cases included in Chapter 4 

showed that hospital policies were the cause of additional artificial 

variability. The same could easily be true in other healthcare 

organizations, suggesting that set policies could be the cause of 

considerable waiting times. Therefore, we would suggest, before a 

complete overhaul of a process is undertaken, that managers focus 

on analyzing the impact of decisions and rules within the current 

process.  

Based on the findings in our final research project, we would 

like to emphasize the role of processing time buffers. Utilizing 

processing time buffers can avoid patient waiting time and excess 

capacity. However, on a note of caution, processing time buffers 

could be hiding variability and bring the risk of decreased service 

quality. We therefore think it is important that healthcare 

managers are sensitive to signs of processing time buffers. For 

example, if busy days do not lead to additional waiting times for 

patients, this could indicate that processing time buffers are being 

used. Ultimately, one would like to minimize buffers. Whilst 

processing time buffers might be difficult to identify, effort should 

still be put into minimizing the variability that creates the need for 

buffers. Here, we think that a useful diagnosis could start with 

questions to medical professionals about their routines and 

behavior to uncover if, and when, processing time buffers are 

applied. Identifying when processing times are adapted could 
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constitute a first step in tracing the hidden variability at the root of 

this buffering.             

 

6.5 LIMITATIONS AND FUTURE RESEARCH 

As with all research, our individual studies have their limitations. 

The main concern regarding our studies, since we mostly relied on 

the case study approach, relates to the issue of generalizability. 

Whilst case studies offer a unique insight into the inner workings 

of organizations and allow a detailed view of theoretical 

phenomena, a case study methodology does not always allow 

statements to be made that apply at an industry-wide level (Voss et 

al., 2002; Yin, 2009).  

In our studies, we tried to limit the concerns related to 

generalizability through the selection of ‘excellent’ case examples. 

For example, through the selection of very experienced cases. Our 

single case studies, in Chapters 2 and 3, took place in what is 

considered one of the most advanced ‘Lean healthcare’ 

environments in the Netherlands. We reasoned that if we failed to 

establish effects of Lean here, studies at other healthcare providers 

would almost certainly not provide better insights. Expanding on 

our current studies, future research could consider cross-case 

designs, with a focus on differences between Lean environments. 

This would enable a comparison of different Lean approaches and 

help to clarify which type of approach results in the best possible 

outcome.  

Another limitation relates to our theoretical lens, which was 

focused on variability and buffers, and where we generally 

followed the ideas of Hopp and Spearman (2004; 2008). In our 
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research, we attempted to go beyond the reductions in obvious 

waste that are often the focus of studies on the application of Lean. 

We justified our focus on variability and buffers based on the 

Theory of Swift and Even Flow (Schmenner and Swink, 1998). As 

such, we focused on what we saw as the core of Lean: the 

reduction of buffers and variability. With this focus, we largely 

ignored other aspects of Lean, but this does not mean that waste 

reduction and other aspects of Lean are not important in 

healthcare. In healthcare, Lean is often applied as an approach for 

achieving continuous quality improvement. In future studies, a 

stronger focus on the role of continuous improvement processes in 

healthcare environments could provide valuable findings.  

A more fundamental limitation, and not unique to this study, 

has to do with the way Lean is described in the current literature. 

The absence of a clearly stated and generally accepted Lean 

definition hinders Lean research. When reviewing studies 

investigating Lean and performance, one is never quite sure that 

Lean is being perceived in a universally applicable way. Whilst 

adjustments based on context are an obvious necessity, the basic 

concept should remain similar. We have tried to mitigate this 

problem by adhering to an established definition and focusing on 

underlying principles (variability and buffers) for which generally 

accepted theory is available. Nevertheless, the fact that Lean still 

relies on a fragmented theory hinders scientific progress. There is 

a danger that discussions become bogged down over questions 

regarding whether Lean is really the topic being addressed. We 

would suggest that future research focuses on those elements of 

Lean that can provide organizations with operational benefits and 
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advance our current knowledge. This should become easier if 

future studies purposefully adopt existing Lean definitions and 

think in terms of similar underlying mechanisms.         

 

6.6 FINAL REMARKS     

In this thesis, the focus has been on Lean in healthcare 

environments. Nevertheless, some of our findings should be 

relevant for scholars interested in Lean in service industries in 

general. The results of Chapter 2 show that a reduction of artificial 

variability results in improved throughput time performance. 

There is no reason to believe that this principle, of reducing 

variability to improve throughput time performance, is not 

applicable in other service contexts.  

In Chapter 3, we identified an excessive focus on waste and this 

may also be the case in other service environments. In the reports 

we read on Lean in other service contexts (e.g. Allway and Corbett, 

2002; Piercy and Rich, 2009), it seemed that the variability and 

buffer relationship was not always considered. Similarly, our 

suggestions on the use of processing time buffers may also be 

applicable in other service environments.  

In general, where Lean is concerned, there is only limited 

attention to buffering issues in service environments. This is 

especially true regarding the roles of variability and buffers, and 

this thesis adopted a novel approach and provides new insights. 

Each of our research projects links with the roles of buffers and 

variability within Lean, and we have provided an empirical basis to 

demonstrate the importance of these issues.      
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Our overarching objective was to further current understanding 

of Lean and to aid practitioners in their daily decisions over Lean 

initiatives. In this context, we hope that both science and practice 

can use our work to give artificial variability the attention it 

warrants, both in Lean research and in practice when working on 

Lean interventions. Despite our focus, it was never our intention to 

downplay the role of waste but we would urge others to try to look 

beyond waste to other aspects of Lean as well. Ultimately, we need 

practice to progress to the more mature stages of Lean 

applications in order to obtain the performance effects that are so 

often desired.  
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Nederlandse Samenvatting 
 

 

De Nederlandse zorg wordt geconfronteerd met stijgende 

behoeften en een toenemend accent op efficiëntie. Eén van de 

manieren waarop zorgorganisaties proberen tot efficiëntere 

processen te komen, is door het toepassen van het Toyota 

Productie Systeem. Dit productiesysteem staat internationaal 

bekend onder de naam Lean. Hoewel er verschillende positieve 

verhalen zijn over de toepassing van Lean principes in 

zorgorganisaties, is de effectiviteit van Lean niet altijd evident. 

Met dit proefschrift beogen we bij te dragen aan de kennis over de 

effectiviteit en toepassing van Lean in de zorgsector . We richten 

ons hier op wat wij noemen ‘Lean interventies’; dit zijn de 

wijzigingen in het werk (of de werkomgeving) die voortkomen uit 

de Lean filosofie.   

Wanneer we de beschikbare literatuur bekijken, zien we dat 

studies die rapporteren over de toepassing van Lean zich vaak 

richten op het reduceren van zogenoemde verspillingen. Vanuit 

een Lean perspectief worden er zeven verspillingen onderscheiden, 

namelijk: onnodige beweging, overproductie, voorraad, defecten, 

overbewerking, onnodig transport en wachten. De reductie van 

deze verspillingen uit zich veelal in zeer praktische oplossingen, 

bijvoorbeeld het opruimen van werkplekken. Hoewel er geen 

algemene theorie of definitie is, zijn de meeste auteurs het erover 

eens dat Lean meer omvat dan verspillingen reduceren. In de 

literatuur wordt er ook verwezen naar het reduceren van 
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variabiliteit en buffers. In dit proefschrift stellen we de reductie 

van variabiliteit en buffers centraal. Het is namelijk de reductie 

van deze aspecten waar we op basis van onder andere de Theory of 

Swift and Even Flow het meeste impact van mogen verwachten.  

Variabiliteit kan worden omschreven als veranderlijkheid of 

spreiding. We kunnen een onderscheid maken tussen natuurlijke 

en kunstmatige variabiliteit. Natuurlijke variabiliteit is altijd 

aanwezig, denk bijvoorbeeld aan de manier waarop ieder persoon 

anders kan reageren op eenzelfde ziekte of behandeling. 

Natuurlijke variabiliteit kunnen we niet (of zeer beperkt) 

beïnvloeden. Kunstmatige variabiliteit daarentegen volgt uit onze 

eigen regels, gewoontes of beslissingen en kunnen we daarom wel 

beïnvloeden. Binnen kunstmatige variabiliteit kunnen we nog een 

extra onderscheid maken, namelijk tussen professionele en flow 

variabiliteit. Professionele variabiliteit refereert aan de verschillen 

die kunnen bestaan tussen medische professionals, bijvoorbeeld 

wanneer arts A bekender is met een procedure dan arts B. Flow 

variabiliteit gaat over de patiëntenstromen, wanneer een arts 

bijvoorbeeld te laat in een operatiekamer verschijnt. Het zijn de 

bronnen van kunstmatige variabiliteit die we met onze Lean 

interventies willen reduceren, omdat deze zich uiten in een 

behoefte aan kostbare buffers.               

De literatuur kent verschillende typen buffers als gevolg van 

variabiliteit, het is gebruikelijk om er drie te onderscheiden, 

namelijk: voorraad, tijd en capaciteit. In dit proefschrift spreken 

we voornamelijk over de tijds- en capaciteitsbuffers. 

Voorraadbuffers uiten zich in goederen, zoals bijvoorbeeld 

bandages. Hoewel deze ontegenzeggelijk belangrijk zijn in een 
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zorgomgeving betreffen zij niet het primaire zorgproces. 

Kunstmatige variabiliteit in het primaire zorgproces, waarin de 

patiënt centraal staat, zal moeten worden opgevangen door een 

tijdsbuffer, een capaciteitsbuffer of een combinatie van beide. Een 

tijdsbuffer uit zich in patiënten die wachten op een behandeling, 

een capaciteitsbuffer uit zich in een capaciteitsbron (bijvoorbeeld 

een verpleegkundige) die wacht op een patiënt om te behandelen. 

Meer recentelijk is er aandacht gekomen voor een additionele 

buffer voor service-omgevingen waar betrokkenen discretionair 

kunnen handelen. Het kunnen beslissen wanneer een taak is 

volbracht maakt dat de uitvoerder zijn bewerkingstijd kan 

verkorten. De verkorting van de bewerkingstijd kan worden gezien 

als een extra buffermogelijkheid; in de literatuur wordt hiernaar 

verwezen als kwaliteitsbuffer. In dit proefschrift wordt aan deze 

specifieke buffer in hoofdstuk vijf uitgebreid aandacht besteed. 

Alle soorten buffers zijn onwenselijk, daarom is de uiteindelijke 

enige remedie het reduceren van de onderliggende variabiliteit.       

In hoofdstuk twee staat de eerste empirische studie centraal. In 

dit onderzoek bekijken we de prestatieveranderingen in een 

medisch laboratorium die voortkomen uit Lean interventies. Deze 

longitudinale studie is een van de eerste die over een lange periode 

van zes jaar kijkt naar de effecten van series van Lean interventies 

op de doorstroomsnelheid van lab-orders. Gebaseerd op de 

doorlooptijdgegevens uit het informatiesysteem van het 

laboratorium, onderscheiden we drie perioden met significante 

verschillen in doorlooptijdprestaties. Om te bepalen of Lean 

interventies de oorzaak vormen voor de verschillen in prestaties 

hebben we semigestructureerde-interviews uitgevoerd met 
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verschillende experts. Omdat we te maken hebben met een lange 

periode van onderzoeksgegevens maken we gebruik van de ‘Event 

History Calendar’, een methode die respondenten helpt bij het 

herinneren van gebeurtenissen uit het verleden. Uit onze analyses 

blijkt dat één interventie, van de honderden die plaats hebben 

gevonden, aantoonbaar verantwoordelijk wordt geacht voor de 

verbetering van de doorlooptijd. De specifieke interventie richtte 

zich op het verbeteren van de doorstroming van het proces door 

het verwijderen van serievorming, een bron van kunstmatige 

variabiliteit. We zien dat een andere grote interventie jaren later 

de geboekte prestatiewinsten grotendeels teniet doet. Het blijkt 

dat de introductie van speciale op doorstroming gerichte 

apparatuur gemengde effecten heeft. De belangrijkste bevindingen 

in de studie zijn dat continue verbeteringen zich niet per definitie 

uiten in een continue verbetering van doorlooptijdprestaties en dat 

interventies gericht op het terugbrengen van variabiliteit de 

meeste invloed hebben. Daarnaast wekken de resultaten vragen op 

over de focus van Lean interventies in een zorgomgeving: wanneer 

er geen meetbare performance effecten zijn, waar gaan dan de 

overige honderden interventies over? 

Hoofdstuk drie gaat dieper in op de resultaten van het tweede 

onderzoek en richt zich op de focus van Lean interventies. De 

beperkte invloed van de vele interventies uit het eerste onderzoek 

maakten ons nieuwsgierig naar de inhoud van deze Lean 

interventies. We weten dat variabiliteit een grote verstoorder is 

voor doorstroming en dat Lean interventies hier aandacht voor 

zouden moeten hebben, maar het is onbekend of dit ook gebeurt. 

We voerden een longitudinaal veldonderzoek uit gecombineerd 
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met een verkennend quasi veldexperiment. Alle vastgelegde Lean 

interventies uit de periode 2009 – 2013 zijn geclassificeerd 

waarbij we onderscheid hebben gemaakt in interventies die zich 

richten op verspillingen, variabiliteit en buffers. De classificatie 

geeft ons een eerste indicatie over de focus van de interventies. In 

semigestructureerde interviews worden onze bevindingen in de 

classificatie bevestigd. De uitkomsten van zowel de classificatie als 

de interviews duiden op een beperkte toepassing van Lean, waar 

we vooral een nadruk zien op het reduceren van verspillingen en 

dan vooral van defecten. Met behulp van het veldexperiment is 

verkend of een gebrek aan kennis over zaken als variabiliteit en 

buffers een verklaring zou kunnen vormen voor de beperkte focus 

in de Lean interventies. In een sessie gericht op de rollen van 

variabiliteit en buffers binnen Lean ontvingen laboratorium 

medewerkers informatie middels presentaties en speelden zij een 

spel. Na een periode van enkele maanden hebben we opnieuw een 

classificatie uitgevoerd van alle interventies. Dan vinden we meer 

interventies gericht op variabiliteit en buffers, en specifiek bij de 

respondenten van het veld experiment. Deze studie draagt bij aan 

de discussie in de literatuur over de complete toepassing van Lean 

in een zorgomgeving. Onze resultaten laten zien dat er slechts 

beperkt aandacht is voor de bepaalde aspecten van Lean. We 

vinden ook aanwijzingen dat een gebrek aan kennis over Lean een 

belangrijke oorzaak kan zijn. We denken dat voor op doorstroming 

gerichte Lean interventies de rollen van variabiliteit en buffers 

meer expliciet moeten worden gemaakt.         

In hoofdstuk vier behandelen we de studie die zich richt op 

patiëntstroomprojecten. De doorstroming wordt verstoord door 
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variabiliteit en variabiliteit leidt tot buffers. Het succesvol 

toepassen van Lean in op doorstroming georiënteerde projecten in 

de zorg, vereist een goede kennis van de relatie tussen variabiliteit, 

buffers en de patiëntenstroom. Tot op heden heeft deze relatie in 

de literatuur nog maar beperkt aandacht gekregen. Zoals we 

eerder hebben omschreven, wordt in een zorgomgeving 

variabiliteit voornamelijk opgevangen door tijds- of 

capaciteitsbuffers. Het gebrek aan voorraadbuffers limiteert de 

buffermogelijkheden en zorgt daarmee voor een spanningsveld 

waar het om de relatie tussen variabiliteit en buffers gaat. Onze 

meervoudige casestudie richt zich op het identificeren van 

variabiliteit en complexiteit in vraagstukken gericht op het 

verbeteren van patiëntdoorstroming. We onderzoeken de relatie 

door middel van drie verschillende patiëntenstromen in 

verschillende afdelingen. De resultaten laten zien dat de interactie 

tussen variabiliteit en buffers minder eenvoudig is dan in de 

literatuur wordt aangenomen. Daarnaast onderstrepen onze 

bevindingen wederom het belang van het reduceren van 

variabiliteit en buffers in Lean interventies die zich willen richten 

op het verbeteren van doorstroming. Elke van de onderzochte 

cases illustreert een eigen unieke complexiteit. We zien 

bijvoorbeeld dat een mammapoli moeite heeft met het behalen van 

een toegangstijd van 24 uur gecombineerd met een uitslag binnen 

één dag. De doelen blijken onhaalbaar door de invloed van 

variabiliteit. In een fysiotherapie case zien we dat wachttijd voor 

patiënten (tijdbuffer) wordt ‘geabsorbeerd’ door de patiënt haar 

eigen herstelperiode. In onze laatste case van de reumatologie zien 

we de gevolgen van het kortstondig verhogen van capaciteit met 
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het doel om de wachttijd voor patiënten te verkorten; dit blijkt op 

de langere termijn voor onvoorziene problemen te zorgen. De 

studie eindigt in een aantal proposities die bijdragen aan de bouw 

van Lean theorie waar specifiek de invloed van variabiliteit en 

buffers centraal staan. 

In het laatste onderzoek richten we ons op de kwaliteitsbuffer. 

In deze conceptuele studie bekijken we de relatie tussen 

variabiliteit en meer algemeen erkende buffers en verkennen wat 

de toevoeging van een kwaliteitsbuffer betekent. We laten zien hoe 

een kwaliteitsbuffer tot uiting zou moeten komen in de praktijk en 

hoe de interactie met andere buffers plaatsvindt. De resultaten van 

het onderzoek laten zien dat het passender is om te spreken van 

een bewerkingstijdsbuffer dan van een kwaliteitsbuffer. De 

bewerkingstijdsbuffer uit zich in het versnellen van een taak of het 

weglaten van handelingen in een taak. Medische professionals 

kunnen bijvoorbeeld besluiten om de taak waar zij aan werken te 

versnellen via een hoger werktempo. Een andere mogelijkheid is 

bepaalde handelingen te verminderen, zoals bijvoorbeeld het 

aantal oefeningen tijdens fysiotherapie. Het toepassen van de 

bewerkingstijdsbuffer kan consequenties hebben voor de 

geleverde kwaliteit, maar dit is niet per definitie het geval. 

Gevolgen voor kwaliteit zijn volledig afhankelijk van de gekozen 

kwaliteitsdefinitie. De bewerkingstijdsbuffer helpt bij het 

verklaren van situaties waarbij we geen wachtende patiënten 

kunnen identificeren, terwijl er ook geen sprake lijkt te zijn van 

overcapaciteit. Onze conceptuele studie is het eerste onderzoek dat 

de rol van de recentelijk in de literatuur genoemde kwaliteitsbuffer 

verkent en uitdiept.     
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Gebaseerd op de uitkomsten in dit proefschrift kunnen we 

enkele aanbevelingen doen voor toekomstige onderzoeken die zich 

willen richten op de toepassing van Lean in een zorgomgeving. In 

de eerste plaats zouden wij willen pleiten voor een sterkere nadruk 

op de rol van variabiliteit en buffers binnen Lean. Het perspectief 

in dit proefschrift helpt bij het bekijken van 

doorstromingsgeoriënteerde problematiek en hier verklaren 

variabiliteit en buffers meer dan enkel verspillingen. Een andere 

invalshoek voor nieuwe studies zou zich kunnen uiten in een focus 

op de rol van kwaliteit in een Lean organisatie. Waar we in dit 

proefschrift ons voornamelijk hebben gericht op variabiliteit en 

buffers in relatie tot doorstromingsprestaties, speelt kwaliteit als 

prestatie van het zorgproces ook een grote rol. Wat zijn de 

gevolgen voor kwaliteit in een zorgomgeving die focust op het 

toepassen van Lean? Tenslotte willen wij pleiten voor meer studies 

die zich richten op de longitudinale prestatie-effecten van Lean: 

welke voordelen brengt het toepassen van Lean principes op de 

lange termijn? Bevestigen deze de beperkte prestatieverbeteringen 

qua doorstroming die door ons zijn verkend en verklaard, of 

bestaan er organisaties die een aantoonbare continue verbetering 

weten te bewerkstelligen? 

Uiteindelijk willen we met dit proefschrift bijdragen aan de 

huidige kennis van Lean in de Nederlandse zorgcontext. Op basis 

van onze onderzoeken en ervaringen kunnen we opmerken dat er 

enthousiast en gedreven aan het ‘Lean maken’ van de zorg wordt 

gewerkt. Veel organisaties kennen Lean interventies die worden 

uitgevoerd door een zeer bevlogen groep mensen. We signaleren 

wel een risico op een beperkte focus, waar alleen verspillingen echt 
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onder de aandacht zijn. Voor het realiseren van de gewenste 

voordelen en prestatie invloeden op de langere termijn is het voor 

zorgprofessionals belangrijk om in de toekomst de blik nog verder 

te verbreden en het reduceren van variabiliteit en buffers als 

onderdeel van Lean te adopteren.     
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DANKWOORD 
 

 

Hoewel ik graag zou pretenderen dat het ontstaan van dit 

proefschrift volledig mijn eigen werk is zou ik daarmee een grote 

groep mensen veel te kort doen. Graag maak ik gebruik van deze 

ruimte om de personen en instanties te bedanken die hebben 

bijgedragen aan, of voorwaarden hebben geschept voor, het tot 

stand komen van deze these. Waarbij ik niet onvermeld wil laten 

dat ik niet probeer een uitputtende lijst van namen te genereren, 

voor allen die ik ga vergeten: bedankt, ik ben u zeer erkentelijk. 

Tijdens het schrijven van mijn master-thesis voor HRM kwam 

ik er door de plezierige samenwerking met Jennifer Jordan achter 

dat onderzoek zo gek niet was. Na het afstuderen bood Jennifer 

mij de mogelijkheid om meer onderzoekservaring op te doen. 

Daarnaast was zij de persoon die mij wees op het Lean in de zorg 

project, zij dacht dat het onderwerp mij wel zou kunnen passen. 

Nu enkele jaren later geef ik haar graag gelijk.  

Wanneer je begint met een promotietraject dat, zoals later 

bleek, eigenlijk geen overlap had met enige kennis die ik bezat, ben 

je afhankelijk van de mensen om je heen. In de eerste fase heb ik 

dankzij de ondersteuning van promotor Jannes Slomp het concept 

Lean enigszins eigen weten te maken. Met dank aan promotor Kees 

Ahaus wist ik mij verder in te werken in vraagstukken relevant 

voor een zorgomgeving. Zowel met Jannes als Kees is het plezierig 

samenwerken en feedback op stukken was eigenlijk altijd snel 

gerealiseerd. Met het vertrek van Jannes naar de Hogeschool 
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Arnhem Nijmegen, kwam er verandering in de verdeling binnen 

het team. Binnen de universiteit had ik nog steeds de 

ondersteuning van promotor Kees Ahaus, maar nu werd ook co-

promotor Martin Land bij het project betrokken. Het mag 

duidelijk zijn dat een proefschrift schrijven iets is dat je niet alleen 

doet, ik heb hierbij veel ondersteuning ontvangen van mijn 

promotoren. Maar ik wil speciaal Martin bedanken voor de 

dagelijkse begeleiding, Martin maakt altijd een moment vrij en 

geen verzoek is hem teveel. Ik ken weinig mensen met zoveel drive 

en hart voor het werk dat zij uitvoeren. Naast een interesse in 

onderzoek delen we een belangstelling voor auto’s, iets waar we 

ook uren over hebben zitten praten. Hierbij een gratis lezerstip, 

een in Indonesië gerestaureerde Land Cruiser is niet direct de 

beste keus, ook al ziet deze er op het oog leuk uit. De 

onderbrekingen waren zeer welkom en maakten het werk een stuk 

leuker, ik heb er een vriend bij. 

Hoewel ik zonder promotieteam nooit een proefschrift had 

kunnen afronden, had ik deze zonder de stichting Lean in de Zorg 

en financier Achmea nooit kunnen beginnen. Bij deze wil ik graag 

financier SAG bedanken voor de financiële ondersteuning en het 

bestuur van LIDZ voor het vertrouwen en toegang tot de kennis 

binnen het netwerk. In dit verband wil ik graag specifiek Marc 

Rouppe van der Voort bedanken voor zijn input, zeker in de 

eerdere fases van dit proefschrift. 

Deze uiteindelijke these is gebaseerd op verschillende, 

voornamelijk, empirische studies. Maar empirisch onderzoek 

vereist ook de medewerking vanuit de praktijk. Graag wil ik de 

medewerkers van het St. Elisabeth Ziekenhuis in Tilburg en het 
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Martini Ziekenhuis in Groningen hartelijk danken voor hun 

medewerking en gastvrijheid. Speciaal noem ik Peter Kabel, Anton 

Buiting, Marco Janssens, Henry Richardson, Suzanne Kars, 

Geanne Sterenberg, Peter Smit en Sjoerd van der Zee.   

Wanneer aan mensen gevraagd wordt wat zij het meeste missen 

aan hun werk dan is vaak het antwoord het contact met de 

collega’s. In mijn geval zal dit niet anders zijn. Ik heb ontzettend 

veel aardige mensen leren kennen in de afgelopen jaren en het 

contact met de mede promovendi is altijd goed geweest. Ik heb 

ontzettend veel plezier gehad tijdens het bezoeken van 

conferenties en de momenten van reflectie tijdens pauzes of het 

gewone bijkletsen tussendoor.  

Over de jaren heb ik kamers gedeeld met verschillende personen 

die ik graag even benoem. Jan Braaksma, is er een onderwerp 

waar hij geen uren over kan praten? Monique van der Laan, is er 

iemand met een grotere woordenschat schuttingtaal? Aline 

Seepma, kun je na twee uur slaap echt altijd zo frisjes zijn? Maar 

ook een woord van dank aan al mijn collega’s die bereid zijn 

geweest om af en toe naar mijn geouwehoer te luisteren, in 

willekeurige volgorde: Justin, Simon, Paul, Hendryk, Arjan, Bart, 

Bart, Bram, Chengyong, Jasper, Jose, Boyana, Kirstin, Kristian, 

Anne, Marjolein, Minou, Dennis, Nick B, Ype, Nick Z, Robbert 

Jan, Roel, Gerlach, Ward, Tom, Konstantinos en allen die ik 

vergeten ben. Bedankt allen, ik had het zonder jullie niet veel beter 

kunnen doen. Graag wil ik Nick van B en Ype speciaal bedanken 

voor alle momenten waarop we ongegeneerd konden praten over 

alle pracht apparaten die bijdragen aan onze mooie CO2 deken. 

Daarnaast een apart woord van dank voor Nick Z, iemand die ik 



503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling503402-L-bw-Roemeling

176 
 
 

binnen een week als vriend zag omdat we beiden slechte films zo 

goed kunnen waarderen. 

Naast mijn werk heeft mijn familie altijd een belangrijke rol 

gespeeld. Ik bedank mijn oom en tante en hun drie zoons voor hun 

hartelijkheid en hun komische avonturen. Mijn opa’s en oma’s 

voor hun interesse en belangstelling in mij (en alle chocolade etc. 

die ik er over de jaren versleten heb…). Ook beleef ik ontzettend 

veel plezier aan de verjaardagen en andere sociale bijeenkomsten 

waar ik al mijn zwagers semi-lam zie worden, mijn schoonpa vuur 

opstookt met een bubbelbadblazer, mijn schoonzussen altijd wel 

iets hebben (gal? blinde darm?, naar beneden sodemieteren met 

de parachute…) en mijn schoonmoeder er elk moment van de dag 

voor te porren is om een kop koffie te drinken. 

Natuurlijk is er mijn broer(tje) waar ik ontzettend trots op ben, 

waar ik met veel plezier tot diep in de nacht spelletjes mee speel en 

die over niet altijd te lange tijd een fantastische arts zal zijn. 

Vanzelfsprekend bedank ik mijn lieve ouders, zij hebben mij 

gebracht waar ik nu ben en staan altijd en onvoorwaardelijk voor 

mij klaar. Nu is er nog maar één persoon die ik benoemen wil in 

mijn proefschrift, mijn vrouw Maaike. Zij zorgt ervoor dat ik alles 

van mij af kan zetten en dat ik dit project tot een goed einde heb 

gebracht. 
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APPENDICES 

 

 

APPENDIX A 
Interview questions, translated from the Dutch questions used in 
the interviews. 

General 
Questions 

1a.  How many years’ experience do you have in 
using Lean methods? 

1b.  Did you attend courses or training sessions? If 
yes, which and could you briefly elaborate on 
their content? 

1c.   How would you describe your knowledge of 
Lean? 

1d.  Compared to other laboratory employees in a 
similar function, how would you describe 
yourself: as a beginner, an advanced user or an 
expert on Lean methods? 

2.  Could you briefly describe what Lean means 
according to you? 

3.  In your view, what kind of throughput time 
effects would Lean have on working in the lab? 

4.  Could you provide a practical example of a 
throughput time effect of Lean in the lab? 

5.  If we consider the past six years, could you list 
the top three events / changes that, according to 
you, have influenced throughput times in the 
laboratory? A changed process is an example of 
such an event. Events with either positive or 
negative effects on throughput time are 
welcome. 

Questions 
related to 

event I 

6. Using the graph, I would like you to try and 
explain the changes in average throughput 
times. As you can see, throughput times 
decrease sharply at the beginning of 2008. 
Which event(s) do you think caused this? 

7. Why does this event (these events) lead to 
improvement, i.e. what was not there before but 
was present afterwards? 

8. When we study the graph, we see that both 
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positive and negative samples are influenced to 
different degrees. Do you have an explanation 
for this difference? 

9.  Do you have any further comments on this first 
change? 

Questions 
related to 
event  II 

We will now continue with the second major 
change in average throughput times which we 
would also like to explore. As you can see, 
throughput times increased sharply at the 
beginning of 2010. This is especially true for 
positive samples, negative samples seem relatively 
unaffected. 
 10. Which event(s) do you think caused this? 
11. Why does this event (these events) lead to 

improvement, i.e. what was not there before but 
was present afterwards? 

12. When we study the graph, we see that both 
positive and negative samples are influenced to 
different degrees. Do you have an explanation 
for this difference?  

13. Do you have any further comments on this 
second change? 

 14. Are there any questions I should have asked 
earlier, or something you would like to add? 
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APPENDIX B  
Interview: 

Reason  Question 
Establishing interviewees 
experience with Lean ideas, 
and the laboratory. 

What is your job in this 
laboratory? 
How long have you been working 
in the laboratory? 
Did you receive Lean training, if 
so which? 
How many years of Lean 
experience do you have? 

Understanding of the 
common idea on Lean, and its 
main aspects. 

Could you describe what you 
understand by Lean 
management? 

Understanding of knowledge 
on indicators that should 
prove Lean successful.   

Could you indicate when you 
would consider a Lean 
improvement to be successful? 

Understanding of the 
visibility of Lean results over 
time. 

Based on your knowledge, what 
effect has Lean had on the 
laboratory over the years? 

Providing interviewees with 
an opportunity to add 
information. 

Would you like to add 
information or do you feel a 
specific question should have 
been asked? 

 

APPENDIX C 
Questions have been translated from the original questions in 
Dutch. 
General questions 
 

What is your function within the hospital? 
 
Can you describe the work activities 
performed in your department? 

Questions related to 
variability  
 

In general, how does variability influence 
your daily activities? 
 
To what extent does variability influence 
the quality of care given by a 
<profession>? 
 
To what extent does this variability 
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influence the time spent on a patient by a 
<profession>? 
 
To what extent does this variability 
influence the flow of patients? 
 
To what extent is this variability 
predictable for a <profession>? 
 
How do you cope with this variability for a 
<profession>? 
 
Is there anything that you have 
experienced which we have not discussed 
related to this variability?  

Questions related to 
time buffer 

In general, how do you experience the time 
buffer in your department? 
 
Which sources are the basis for the need of 
a time buffer? 
 
To what extent does a patient have to wait? 
 
To what extent does the time buffer 
influence the quality of care given by a 
<profession>? 
 
To what extent does the time buffer 
influence the flow of patients? 
 
How could the time buffer be reduced for 
the <profession>? 

Questions related to 
capacity buffer 

In general, how do you experience the 
capacity buffer for the shared resource? 
(question for physiotherapists) 
 
Which sources are the basis for the need of 
a capacity buffer? 
 
To what extent does the capacity buffer 
influence the quality of care given by 
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<profession>? 
 
To what extent does the capacity buffer 
influence the flow of patients? 
 
How could the capacity buffer be reduced 
for the <profession>? 

Closing questions Are there sources of variability that you 
have experienced which we have not yet 
discussed?  
 
Are there any important questions 
regarding Lean Applications that we have 
missed? 
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