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1 Process Flow Improvement in

Services and Healthcare

1.1 The context: management and improvement of operations in

services and healthcare

An organization’s mastery of the management and improvement of its processes is an

important driver for its performance and competitiveness. The practice and study of

process management and improvement have strong roots in manufacturing. In this

thesis, however, I focus on processes in the service industries and healthcare, in which

one encounters a cluster of problems related to issues such as:

◦ Ensuring acceptable lead times (the time from order to delivery).

◦ Matching capacity (in man-hours or equipment, for instance) to workload.

◦ Minimizing productivity losses due to rework.

I am not referring here to problems which are solved by introducing exogenous reme-

dies, such as replacing a manual process with a (partly) automated one. Rather, I am

talking about dealing with the abovementioned issues by optimizing the process itself.

The reader may think of improvement actions such as:

◦ Increasing capacity for some tasks, reducing capacity at others.

◦ Implementing changes in queue management, such as replacing prioritization

rules or replacing a ‘push’ discipline with a ‘pull’ discipline.

◦ Modifying or standardizing routing through the process.

◦ Reducing rework and iterations in the process.

◦ Replacing batch-wise production with a single-piece flow discipline.

I will refer to this cluster of managerial endeavors as process flow improvement. The

objectives of this thesis are to develop methods and techniques that help practitioners

solving various classes of process flow improvement issues, to provide experts and

consultants with knowledge on process flow management and improvement, and to

support the debate on management and organization theory from the viewpoint of

design sciences.
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This thesis presents results of a research project that I started with my supervisors

at the Institute of Business and Industrial Statistics several years ago. Regarding the

choice of the subject of our research project, we carefully looked at current develop-

ments in the fields in which the institute acts, that is, business process management

and improvement.

In this first chapter, I describe and demarcate the subject of our study, and explore

the scientific traditions in which such a study could be carried out. I also describe the

study’s background, and define its objectives. An outline of the thesis concludes the

chapter.

1.2 The scientific study of process flow improvement

This section offers an exploration of the landscape of scientific endeavors in the study

of process flow improvement. The improvement of processes is the subject of a disci-

pline which goes back to scientific management around 1900 (Wren, 2005). Although

the pioneers of this discipline often had an engineering background and significant

years of shop-floor experience, a subsequent ‘scientization’ in management research

is seen (Van Aken, 2004). This has resulted in a tension in the management sciences

between the pursuit of academic rigor and the practical relevance of the research; see,

for example, Argyris and Schön (1991), Bennis and O’Toole (2005), and discussions in

the fields of operations management (Meredith et al., 1989), and industrial statistics

(Snee and Hoerl, 2010).

The tension is sometimes framed in terms of two distinct ambitions or roles, that of

‘observer’ and that of ‘player’ (Van Aken, 2004). The role of observer features the

researcher in an objective and detached viewpoint with respect to his or her subject

of study. An observer aims to understand and explain the system under study, and

standards for rigor and justification are high. The ambition of observer suits well with

the traditional values and reputation system of the academic community, which tends

to sacrifice practical relevance of research for rigor and completeness. The danger

of this perspective, noted in the literature, is that the research results may become

too trivial, too broad, or too sterile (based on false assumptions about the application

context) to be relevant to practitioners.

Players, to the contrary, are rather bound by the values and reputation system of pro-

fessional performance. They are not detached from the system under study, but part

of it. They have a purpose (objectives that they aim to achieve in the system) and their

actions are not aimed at understanding the system, but eventually at intervening in

the system. Standards for rigor and justification tend to be relaxed, sometimes to the

degree that a discipline is a practice-based craft rather than a science, and often to the

degree that advice is purely based on opinion and personal experience.

This tension seems to be more prominent in the management sciences than in fields
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1.2 The scientific study of process flow improvement

such as medicine, engineering, or computer science (see the abovementioned refer-

ences), and the study of process flow improvement in services and healthcare is no ex-

ception. One encounters, for example, studies that come across as sterile mathematics,

and, at the other extreme, poorly justified heuristics by consultants and management

gurus in the so-called Heathrow-literature. The discussion should not, however, de-

generate into an either/or discussion between these two extremes, and we think that

it is not even a matter of finding a balance in between.

Instead, we think this tension between academic rigor and practical relevance is a

superficial manifestation of a deeper confusion about the objectives and methods of

the management sciences. Rather than taking a stance defending the role of ‘player’

or that of ‘observer’, we think both roles have merits, provided one is sufficiently clear

about one’s objectives and methods.

Taking as a premise that a defining characteristic of science is that it emphasizes the

justification of the claims that it makes, we discern three broad types of scientific en-

deavor, that differ in the type of validity claims they make, and thus, in the proper

sort of justification they entail. These three paradigms are: formal sciences, empirical

sciences, and design sciences (cf. Van Aken, 2004; Roozenburg and Eekels, 1995, etc.).

1.2.1 Formal sciences

Formal sciences, such as logic and mathematics, develop systems of propositions that

are derived from premises, their justification being aimed at logical validity and con-

sistency. The formal sciences are empirically void, that is, they only make claims that

are logically implied by the premises, without claiming validity of the premises them-

selves. The discipline of operations research (OR), dominated by probability theory

and mathematical optimization, mainly works in the paradigm of formal science.

Traditionally, the development of methods for process flow improvement has been

one of the pursuits of OR (Altıok, 1996). Some of OR’s roots are in the use of the sim-

plex algorithm in the military during the end of World War II, and in the modeling

and analysis of manufacturing systems (roughly from the 1950s onwards). Later, in-

creasing emphasis was put on applications in data communication networks; see, for

instance, the book by Kleinrock (1976).

By now OR has become a mature scientific field which offers a substantial set of tech-

niques addressing efficiency issues in both deterministic and stochastic networks, such

as production and service systems. A central role in these techniques is played by

(mathematically oriented) methods for evaluating the performance of the underly-

ing networks, and mechanisms to optimize this performance, such as planning and

scheduling. Research output is typically published in academic outlets, such as Oper-

ations Research, Computers & Operations Research, and OR Spectrum.
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1.2.2 Empirical sciences

Empirical sciences, such as the natural sciences and large parts of economics and the

social sciences, develop models that describe, explain, and possibly predict empirical

phenomena within their field. The typical outcome of this type of research are causal

relationships, often expressed as quantitative laws. Justification is aimed at demon-

strating that a claimed relationship is true by empirical studies (that is, by experimen-

tation and observation). As for the scientific study of process flow improvement, jour-

nals such as Journal of Operations Management and Management Science publish many

empirical studies of the practices of process flow improvement. These studies aim at

trying to establish causal relations between certain influence domains (that is, tech-

niques and heuristics available to practitioners) and successful results in terms of im-

proved process flow performance; see, for example, Linderman et al. (2003), Choo

et al. (2007), and Olivares et al. (2008).

1.2.3 Design sciences

Design sciences, such as engineering and medical science, aim to accumulate knowl-

edge on solving construction and improvement problems. The output consists of pre-

scriptions such as methods, design rules, treatment protocols, and heuristics. The va-

lidity claim made by these results is not logical correctness, nor empirical truth, but

rather: effectiveness in application. The justification of the effectiveness of prescrip-

tions could be based on the results of the formal and empirical sciences; many pre-

scriptions in engineering are based on the laws of physics and mathematics, and many

treatment protocols in medicine are based on biological and chemical knowledge. But

it would be too simplistic to conceive of the design sciences as merely applying the

results of the formal and empirical sciences (Rosenberg, 1982; Van Aken, 2004). For

one, the effectiveness of prescriptions typically cannot be reduced to the validity of a

small number of mathematical or empirical laws, but is typically an issue of such be-

wildering complexity as to defy reductionist attempts to deduce the effectiveness from

the established body of laws of physics, mathematics, biology, or chemistry. Second,

many problematic situations are essentially unique, whereas an appeal to an empirical

law necessarily claims that at least the relevant aspects of a situation can be considered

a replication of the circumstances assumed in it, while the application of mathematical

results often departs from premises taken from a limited number of standard models

(normal, Poisson, i.i.d., etc.) that at best approximate the unique situation.

Justifying a prescription is typically a complex matter, possibly involving a combina-

tion of clinical testing (that is, proving the effectiveness of the prescription by apply-

ing it under controlled conditions in practice, and observing its effect), empirical or

logical grounding (that is, arguing for its effectiveness by evoking established results

from the empirical or formal sciences), and the identification of indications and con-
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traindications for the application of the prescription (and thus, the demarcation of its

application domain).

In process flow improvement, the approach of the design sciences can be traced in

fields such as quality engineering, industrial engineering, and industrial statistics.

These approaches have been well-studied in the academic literature, see, for example,

journals such as Quality Engineering, Interfaces, and International Journal of Operations

& Production Management, and tried and tested first in manufacturing. Later, process

management and workflow modeling have become thriving disciplines in informa-

tion technology (Van der Aalst and Van Hee, 2004). Also the book Factory Physics

(Hopp and Spearman, 2008) takes this approach. In recent years, roughly from 1990s

onwards, we see an exploration of design sciences in service organizations and health-

care, see journals such as Journal of Service Management, and Quality Management in

Health Care, and the book by De Mast et al. (2006).

Roozenburg and Eekels (1995) characterize the empirical sciences as a process whose

main direction is inward: from phenomena in the outside empirical world, into the

mental world, where they leave an image in the form of models and laws. Consistent

with this inward process, the researcher predominantly works in the role of observer,

and the object of study is an explanandum, that is, something to be explained. The

design sciences are characterized as an outward going process. Starting from objec-

tives and strategies, conceived in the mind of the problem solver, the process proceeds

through actions into artefacts, that is, into man-made changes and interventions in the

outside empirical world. The object of study is a mutandum, something that is to be

changed, and the design sciences favor a role as player. The formal sciences concern

an entirely internal (mental) process, namely, the process of pure reasoning itself.

1.3 Methods, techniques, and integrated methodologies for pro-

cess flow improvement

The purpose of scientific studies of process flow improvement is to provide tested and

well-grounded methodological support for practitioners. In this section, we explore

the various forms in which this methodological support is offered to practitioners.

1.3.1 Mathematical modeling and analytical methods

These methods, based on probability theory and calculus, pose a number of premises,

stating stochastic properties of arrival and service processes, from which relevant

properties, such as the sojourn time (or: throughput time) of a job, the waiting time

of a client, and the level of utilization of a resource, are derived by mathematical cal-

culation. The approaches often simplify the problem under study in order to ensure

tractability of the mathematical derivation. Also, the validity of the outcome critically
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depends on the validity of the premises, which must, therefore, be assessed empiri-

cally.

These approaches have yielded a great number of problem solving techniques and

decision tools for standard problems in process flow improvement based on mathe-

matical analysis. For example, in the context of healthcare, Green (2006) explores the

use of queueing models in healthcare to develop effective policies staffing, bed allo-

cation, and to identify opportunities for process improvement; for an introduction to

such approaches, we mention Davies and Davies (1994). The book by Pinedo (2005)

elaborates analytical methods for planning and scheduling in services.

1.3.2 Approaches based on simulation

Discrete event simulation (DES) and system dynamics modeling (SDM) refer to simu-

lation approaches that model and re-enact a (real-life) services or healthcare process.

Both DES and SDM model a system as a collection of states with transitions. These

approaches are often application specific, and help practitioners to evaluate systems

that are hard to analyze by mathematical modeling as the mathematical expressions

become intractable. They are often used for scenario and sensitivity studies. As math-

ematical modeling and analytical methods, also simulation approaches critically de-

pend on the validity of the assumptions incorporated in the simulation model.

See Robinson (2004) for an overview of DES. In healthcare, Jun et al. (1999) survey

applications of DES in, for example, hospitals, outpatient clinics, and pharmacies.

Laughery et al. (1998) discuss DES in service systems. In Lane et al. (2000) system

dynamics modeling is used to study demand patterns and resource deployment in

healthcare.

1.3.3 Observational and experimental approaches

In observational and experimental approaches, performance indicators, such as through-

put times, waiting times, and resource utilization, are not derived from premises by

mathematical analysis, nor are they determined by simulation, but instead, they are

measured in the real process. Observational approaches are favored in methodolo-

gies such as Lean Thinking, Six Sigma, and other approaches originating in fields such

as quality engineering and business process improvement. When dealing with pro-

cess flow issues, solutions from these observational approaches are supported through

data-analysis or circumstantial evidence (generated by standard improvement princi-

ples). Note that these do not necessarily build on causal modeling, but often treat the

effect of an improvement on the performance as a black box.

An overview of the use of Lean Thinking and Six Sigma in services and healthcare is

given by De Mast et al. (2006). For case studies in services we refer to Furterer (2009).

Bisgaard (2009) discusses various case studies from healthcare.
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1.3.4 Approaches based on design rules

Design approaches to process flow improvement offer practitioners generic (re)design

principles to the process flow. These principles are often best practices or heuristic

rules, that support practitioners to develop their own business process (re)design; see,

for example, Hammer and Champy (1993) and Reijers and Mansar (2005).

In the management literature, these generic process (re)design principles are often

included in integrated methodologies for process flow improvement, such as Busi-

ness Process Reengineering (BPR) by Hammer (1990), Business Process Management

(BPM), and Lean Thinking by Womack and Jones (2003). A review of the literature on

these approaches is given in Aguilar-Savén (2004).

1.3.5 Methodologies for process flow improvement

Many of the methods and techniques for process flow improvement, based on mathe-

matical modeling, simulation, observational approaches, or approaches based on de-

sign rules, are packaged into integrated improvement methodologies. Some of these

methodologies are the following.

◦ Lean Thinking (also referred to as Lean Manufacturing; see Womack and Jones,

2003): A pragmatic approach, which evolved from the Toyota Production Sys-

tem. It was popularized in recent years and is now widely applied in manufac-

turing, the service industries, healthcare, and beyond (Womack et al., 1991). It

prescribes a number of standard remedies for improving process flow, such as

rapid changeover, 5S, pull / Kanban instead of push flow, and line balancing

(Hines and Rich, 1997).

◦ Six Sigma (Schroeder et al., 2008): A structured approach for problem solving

and quality improvement, which incorporates principles borrowed from method-

ology for empirical inquiry, such as precise problem definition, operational terms,

and data-based problem diagnosis (see De Mast, 2007, for an overview of these

principles and other facets of Six Sigma).

◦ Business Process Reengineering, or Redesign (Hammer, 1990): The improve-

ment of processes mainly through best practices. In BPR a cross-functional team

should determine which of the process steps really add value and search ways

to achieve improved results on organizational performance (e.g. in terms of op-

erational costs or lead times). Several frameworks for BPR are proposed in liter-

ature, see Reijers and Mansar (2005) and references therein.

◦ The Theory of Constraints (Goldratt, 1990): A philosophy for on-going process

improvement built on two concepts: (1) every system must have at least one

contraint; (2) the constraint represents opportunities for improvement (Rahman,
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1998). The approach is facilitated by five focusing steps for process improve-

ment, see Goldratt (1990). Applications of the Theory of Constraints are found

in Mabin and Balderstone (2003).

1.4 Motivation and objectives

This research project was started as a study of the Institute for Business and Industrial

Statistics of the University of Amsterdam (IBIS UvA) with the purpose to expand the

institute’s expertise on the topic of process flow improvement. The delineation to the

services and healthcare industries was mainly a business strategic choice.

IBIS UvA beliefs in application driven scientific research. The institute has its roots

in the field of industrial statistics. In the last decade it experienced a strong demand

for structured project management approaches that facilitate product and process im-

provement in other industries such as services and healthcare. At the same time, it

experienced that improvement programs started to focus not only on quality of prod-

ucts and services, but also on processing speed, dependability, flexibility, and cost.

Together, these are five generic “performance objectives” known in the literature on

operations management, see e.g. Slack et al. (2009).

These developments triggered the members of IBIS UvA to explore other disciplines

and share their practical experiences. The institute’s belief that a bridge between the

knowledge from their consultancy practices (a player’s point of view) and the mathe-

matical modeling approach dominant in OR (an observer’s point of view) would be of

value to both the university’s academic output and the institute’s consultancy services.

The envisaged objectives of the study were to make contributions in the following five

directions:

◦ Frame of reference for process flow improvement including a modeling language

and an axiology (cf. Chapter 2).

◦ Theoretical understanding: design rules based on probability theory (cf. Chapter

3 and 4).

◦ Validation through simulation: approximations and design heuristics are vali-

dated by means of simulation results (cf. Chapter 4).

◦ Practical methods and techniques to support practitioners and consultants in the

field of process flow improvement (cf. Chapter 2 ,5, and 6).

◦ Case basis: a collection of case studies and applications in process flow improve-

ment in real-life (cf. the example in Chapter 2 and the publications in the profes-

sional literature mentioned below).

The abovementioned ambitions and motivation are reflected in the studies executed

within our research project, that resulted in this thesis. Some of the thesis’s chapters
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follow approaches that belong to the paradigm of the design sciences by offering a lan-

guage for process flow improvement or practical methods for measurement plans that

support practitioners. Other chapters take approaches that belong to the paradigm of

the formal sciences by analyzing standard building blocks of a process flow model.

During the research project, the author acted in the role of observer, but also in the

role of consultant and player. In this thesis, the results of the academic work are pre-

sented. In line with the institute’s belief in application driven scientific research, our

research project has also resulted in nonacademic output. In particular, the insights

gained in the project have been the basis for training material that is used in the insti-

tute’s Lean Six Sigma courses. Furthermore, the consulting work has resulted in six

publications in the professional literature: Kemper et al. (2009); De Mast and Kemper

(2009); De Koning et al. (2010); Kemper et al. (2011); Schoonhoven et al. (2011); Does

et al. (2011). In total, our research led to 11 articles, 2 master theses and 1 working

paper.

Over the last decades process flow improvement in services and healthcare has been

researched more and more extensively. This branch of the management sciences is still

of a rather exploratory and fairly immature nature compared to, for example, similar

bodies of knowledge in manufacturing. Studies are sometimes confusing in terms of

their objectives, methods, ambitions, and scientific status. Among different accounts

one often observes a lack of consistency in terminology and modeling language, and

there is insufficient clarity as to how competing approaches compare to each other.

This thesis has attempted to make a contribution to the unification of the field, pro-

viding an overview of scientific paradigms relevant to the field (this chapter), and a

conceptual framework for applications (Chapter 2), besides a number of more detailed

contributions. We foresee, however, that many important breakthroughs, as well as a

lot of detailed results, are yet to come. We enumerate suggested directions for future

research on process flow improvement:

◦ Encourage the active participation of researchers in the execution and implemen-

tation of process flow improvements in practice, and the involvement of practi-

tioners in academic work on process flow improvement.

◦ Provide grounding for the use and effectiveness of integrated improvement method-

ologies and their methods on the basis of extensive collections of case studies and

empirical reasoning.

◦ Identify and refine models for generic processes; think of typical, generic pro-

cesses in back offices and patient pathways in healthcare.

◦ Expand in-depth mathematical modeling of standard building blocks for these

generic processes, for example on scheduling and queue handling issues.
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1.5 Outline of the thesis

In Chapter 2 we aim to develop a unifying and quantitative conceptual framework for

healthcare processes from the viewpoint of process improvement. The work adapts

standard models from operations management to the specifics of healthcare processes.

We propose concepts for organizational modeling of healthcare processes, breaking

down work into processes, tasks and resources. In addition, we propose an axiolog-

ical model which breaks down general performance goals into process metrics. The

connexion between both types of models is made explicit as a system of metrics for

process flow and resource efficiency.

The conceptual models offer exemplars for practical support in process improvement

efforts, suggesting to project leaders how to make a diagrammatic representation of a

process, which data to gather, and how to analyze and diagnose a process’s flow and

resource utilization.

The proposed methodology links on to process improvement methodologies such as

BPR, Six Sigma, Lean Thinking, the Theory of Constraints, and Total Quality Manage-

ment. In these approaches, opportunities for process improvement are identified from

a diagnosis of the process under study. By providing conceptual models and practi-

cal templates for process diagnosis, the framework relates many disconnected strands

of research and application in process improvement within healthcare to the unifying

pursuit of process improvement.

This chapter offers a frame of reference for the rest of the thesis, in which we use OR

techniques to execute in-depth analysis on generic building blocks of the process flow

model (Chapters 3 and 4), and offer, from the viewpoint of the design sciences, prac-

tical methods to use this framework in real-life processes (Chapters 5 and 6). Besides,

it offers a real-life example in which we used the observational approach to identify

opportunities for process flow improvement. The study in Chapter 2 led to the publi-

cation De Mast et al. (2011).

Chapter 3 explores the improvement of the process flow through the design of opti-

mal appointment schedules which is a particularly relevant topic in the services and

healtcare system focused on in this thesis. One can think of a dentist who, on a daily

basis, schedules several routine checks for his or her clients and some more involved

treatments (typically these treatments take longer, but also exhibit more variability in

treatment’s total service time); or at a court of justice, where clients arrive on the ap-

pointed arrival times at a hearing, but may have to wait if the durations of previous

hearings vary considerably.

When setting up an appointment schedule, one aims at achieving a proper balance be-

tween the interests of the service provider and its customers: if the system is frequently

idle, then it is not functioning in a cost-effective manner for the service provider,

whereas if it is virtually always busy, the customers’ waiting times may become sub-
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stantial. In this chapter, we investigate schemes that align these ‘disutilities’ (risks,

losses), in such a way that they are sequentially (that is, on a per-customer basis) min-

imized. While this approach gives explicit, appealing results for the standard (e.g.

quadratic or linear) loss functions, it actually carries over to a considerably broader

class of loss functions. Importantly, the approach does not impose any conditions on

the service time distribution; it is even allowed that the customers’ service times have

different distributions.

A next question that we address concerns the order of the customers. We develop a

criterion that yields the optimal order in case the service time distributions belong to a

scale family, such as the exponential family. The customers should then be scheduled

in non-decreasing order of their scale parameter.

While the optimal schedule can be computed numerically under quite general cir-

cumstances, in steady-state it can be computed in closed form for a variety of loss

functions. Our findings are illustrated by a number of numerical examples; these also

address how fast the transient schedule converges to the corresponding steady-state

schedule.

In this study, we use an analytic method to study a technique that supports decision

making in appointment scheduling. It led to the paper Kemper et al. (2011).

In Chapter 4 we consider a fork-join system (or: parallel queue), which is a two-queue

network in which any arrival generates jobs at both queues and the jobs synchronize

before they leave the system. Such a system is an important building block in relevant

real-life systems (Van der Aalst et al., 2003), such as the services and healthcare systems

studied in this monograph. The study led to the paper Kemper and Mandjes (2009)

and the publication Kemper and Mandjes (2011).

The focus in this chapter is on an analytical methods to quantify the mean value of the

‘system’s sojourn time’ S: with Si denoting a job’s sojourn time in queue i, S is defined

as max{S1, S2}. Earlier work has revealed that this class of models is notoriously hard

to analyze.

First, in this chapter we focus on the homogeneous case, in which the jobs generated at

both queues stem from the same distribution. We evaluate various bounds developed

in the literature, and observe that under fairly broad circumstances these can be rather

inaccurate. We then present a number of approximations, that are extensively tested

by simulation and turn out to perform remarkably well.

Secondly, we discuss the heterogeneous case, in which the jobs generated at the queues

stem from the same type of distribution with different parameters. We explore the

effect of heterogeneity and present general rules of thumb for the heterogeneous case.

Chapters 5 and 6 discuss process flow issues from the viewpoint of the design sciences.

In these chapters we offer practical methods and techniques that can be positioned in

the frame of reference elaborated in Chapter 2. Note that these methods and tech-

11



Process Flow Improvement

niques equally apply to both services and healthcare. The results are based on real-life

processes that we studied as ‘players’, such as a back office process in financial ser-

vices that handles client requests, a fulfillment process in logistic services that fulfills

the pick and pack service for client orders of various web shops, or a classic nursing

process, in which nurses execute all kind of tasks during their shifts.

Chapter 5 discusses tools, such as the flowchart, the value stream map, and a variety

of ad-hoc variants of such diagrams, that are commonly used in the practice of process

flow improvement (Kemper et al., 2010). We present a clear, precise, and consistent

framework for the use of such flow diagrams in process improvement projects. We

find that traditional diagrams, such as the flowchart, the Value Stream Map, and OR-

type of diagrams, have severe limitations, miss certain elements, or are based on im-

plicit but consequential premises. These limitations restrict the applicability of tradi-

tional diagrams in non-manufacturing areas such as service and healthcare processes.

We show that a rational reconstruction of the use of diagrams in various disciplines

regarding process flow boils down to a generic framework of elements, definitions of

generic process metrics, and three classes of applications, namely the ‘as-is’, ‘could-be’,

and ‘should-be’ analysis.

The goal is not to replace all currently used diagrams, but merely to discuss the role of

diagram usage in process flow modeling. This chapter provides an explicit framework

that is unambiguous and flexible, and has the potential to serve as a guideline for the

practitioner in services and healthcare. Besides, it served as a starting point to develop

an ontology for processes flow improvement as presented in Chapter 2.

In Chapter 6, we consider typical process flow metrics that are displayed in the dia-

grams of Chapter 5 and that relate to resource utilization and throughput time. Lit-

erature mentions, amongst others, the low availability of valid measurements and the

complexity and intangibility of processes as difficulties in performance measurement

in services and healthcare operations. Further, the discussion of performance mea-

surement is often on a conceptual, not operational, level; the operational and practical

matters on how to obtain data for process flow improvement are scarce. The purpose

of this paper is to offer well-defined and operational measurement plans that guide

project leaders when organizing measurement systems for process flow improvement.

In this chapter, we define a measurement plan, and study four measurement study

designs and corresponding methods and techniques, illustrating these with practi-

cal applications and solutions. Finally, the measurement plan is presented as a tool

to organize the measurement systems for process flow improvement in service and

healthcare.

The study results in practical guidelines for each design: which method and technique

to choose, how to organize the measurement system, and how to process the obtained

data. Practical implications: These findings lead to an operational tool for project
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1.5 Outline of the thesis

leaders in the field of process flow improvement and may serve as input to design

teaching material for consultants.

Our study contributes terminology to the methodological development of improve-

ment initiatives in services and healthcare. For practitioners we present the mea-

surement plans as a tool to organize the measurements in process flow improvement

projects. The results of this study are presented in Kemper and De Mast (2011).

The final chapter is followed by a list of references, a summary of the results in Dutch,

a curriculum vitae of the author in Dutch, and an acknowledgment.
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