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ABSTRACT

A CAUSE AND EFFECT DIAGRAM AND FAHP BASED
METHODOLOGY FOR THE SELECTION OF QUALITY
IMPROVEMENT PROJECTS IN HEALTHCARE

AMIR SHAYGAN

Master of Science, Department of Industrial Engineering

Supervisor: Assoc. Prof. Ozlem Miuige Testik

In any healthcare organization, having an appointment system which is impeccable or with
fewer errors that works with the desired speed and quality is of great importance. In order to
achieve such system, prioritization and correction of the under-performance causes are
necessary. In this study, an integrated decision framework based on Cause and Effect
Diagram and Fuzzy Analytic Hierarchical Process (FAHP) methodology for the application
of organizations in project selection is proposed. The developed solution which expert
opinions and domain knowledge are taken into account, may help to compare the alternative
projects and evaluate tradeoffs among the different alternatives. The proposed approach is
then implemented in a famous Turkish university hospital. Since the appointment system of
the hospital performs poorly and causes various problems both for hospital and patients, an
investigation was required. After observing existing system and making several meetings
with the staff in person, administration and patients, problems which were causing the poor
performance were identified. The identified causes and their sub causes were listed with the
help of “Cause and Effect” diagram and then ranked by the application of FAHP method to
decide the order of importance of the causes. Each bone on the cause and effect diagram

serves as a project to be selected based on Six Sigma principles. The fuzzy approach is used



in order to take human cognition and linguistic variables into account which the AHP method
lacks. Fuzzy membership functions, triangular fuzzy numbers and fuzzy arithmetic
operations are used in order to replace the AHP method and “1-9” scale. By using the
obtained fuzzy weights, the causes for the hospital’s subpar performance are prioritized and
solving the cause with the highest weight is recommended as the quickest solution. The same
thing is done for other causes and their sub causes in terms of finding fuzzy weights and
prioritization. Finally the obtained weights and priorities from both AHP and FAHP methods

are analyzed and compared followed by some recommendation for future research.

Key Words: Healthcare Service Quality Improvement, Healthcare services, Project
selection, six sigma, Analytical Hierarchical Processes, Fuzzy Analytical Hierarchical
Processes, DMAIC
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OZET

BULANIK AHP VE KULLANARAK PROJE SECIMi: BIR HASTANE
UYGULAMASI

AMIR SHAYGAN

Yiiksek Lisans, Endiistri Miihendisligi Boliimii

Tez Damsmami: Doc.Dr.Ozlem Miige Testik

Kalite sistemlerinde, problemlerin tanimlanmasi ve siire¢ iyilestirmede proje se¢imi Alti
Sigma prensibi altinda ger¢eklesmektedir. Bu amacla balik kilgig1 diyagrami kullanilarak
projeler tanimlanabilir. Ancak, bu yontem ile projeler arasinda bir siralama ya da ustinlik
belirlenememektedir. Bir ¢ok kriterli karar yontemi olan Analitik Hiyerarsi Siireci,
agirliklandirma algoritmasi tizerinde durarak projelerin Onceliklendirilmesine olanak
tanimaktadir. Onceliklendirmede ikili karsilastirmalar kullanilmakta ve bu karsilastirmalar
uzman goriislerinden yararlanmilarak yapilmaktadir. Uzman goriisleri kisilerin tecriibeleri
ve bireysel goriiselrine gore degisebileceginden kesin olmayan veriler icermektedir.
Matematiksel olarak kesin olmayan durumlarin modellenmesinde kullanilan bulanik mantik,
analitik hiyerarsi yontemi lizerinde uygulanarak subjektif goriislerin matematiksel olarak
ifade edilmesini saglamaktadir. Bu ¢alismada, randevu sisteminde sorunlari olan bir hastane
i¢in ¢0zlim Onerisi bulanik analitik hiyerarsi stireci kullanilarak gelistirilmistir. Soruna neden
olan faktorler hastane yoneticileri tarafindan belirlenmis ve balik kil¢ig1 olusturulmustur.
Herbir kilgiktaki neden, Alt1 Sigma prensibine uygun olarak, ¢6ziilmesi gereken bir proje
olarak ele alinmulstir. Projelerin dnceliklendirilebilmesi igin hastane yoneticisi ve birim
yoneticilerinden goriislerine gore ikili kasilagstirma matirsleri olusturulmus ve bulanik
analitik hiyerarsi siireci uygulanmistir. Bu yontemde uzman goriisleri 1-9 skalasinda

degerlendirilmek yerine bulanik sayilar olarak alinmis ve liyelik fonksiyonlar: kullanilarak

Vi



bulanik aritmetik islemlerle slire¢ devam etmistir. Sonugta elde edilen bulanik agirliklar
yardimiyla randevu sistemindeki aksakligin nedenlerin 6nem sirasi belirlenmis ve agirligi
en yiiksek olan neden sorunun ¢oziimiinde en hizli ¢oziime ulastiracak neden olarak
Onerilmistir. Diger nedenler de benzer sekilde agirliklandirilarak ©nem siralamasi

yapilmustir.

Anahtar Kelimeler: Proje Se¢imi, Neden Sonu¢ Diyagrami, AHP, Bulanik AHP, Saglik

Isletmeciligi

VIII



ACKNOWLEDGEMENTS

Firstly, 1 would like to express my sincere gratitude to my advisor Assoc.Prof.Dr. Ozlem
Mige Testik for the continuous support of my M.Sc. study and related research, for her
patience, motivation, and immense knowledge. Her guidance helped me throughout the
research and writing of this thesis. | attribute the level of my M.Sc. degree to her
encouragement and effort and without her this thesis, too, would not have been completed

or written. One simply could not wish for a better or friendlier supervisor.

I would also like to thank Prof.Dr. Murat Caner Testik, who provided me an opportunity to
join the M.Sc. program at Hacettepe University. Without his precious support it would not
be possible to conduct this research. 1 would also like to thank Erdi Dasdemir and Dr. Giiray

Soydan for their huge help and contribution to the initiation and continuity of this study.

I would like to thank my parents Hedieh and Mehrdad for their endless support throughout
my studies and last but not the least, my lovely girlfriend Maral for supporting me spiritually
and helping me substantially throughout the writing of this thesis with her great patience and

understanding. I couldn’t have done this without her support.



Table of Contents Pages

L I o 1 (O P RPPPPPPPTPPPPPROE iv
A B S T R A T . e e e e e e e e e e e e e e e e e aaaeaens v
()74 23 E OO OO vii
ACKNOWLEDGEMENTS ...ttt ettt st ettt ettt e st st st e et e sbeesheesasesabeeabeebeenbeesmeesaeesneean iX
TABLES ...ttt s a e s e e s rae e s Xii
FIGURES ...ttt ettt ettt ettt ettt et ettt e ettt e e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e eeeeeeaeeeeeeeenenenes xiii
SYMBOLS AND ABBREVIATIONS . .. e e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e as Xiv
1. INTRODUCTION ...oitteitieiteite ettt sttt sttt ettt e sb e s bt s e sttt e bt esb e s st e saee et e ebeesbeesmeesmnesmseenneennes 1
1.1 General Description of the Problem ... 1
1.2 Importance of Healthcare Service QUality ......cocccuveieiiiiiiicccee e e 3

R V1 =3 1 2 (01510 K1) A RRRRTURTRRON 6
2.1, Cause and Effect DIagram ... ittt ettt e st e e st e e st e e e e e e e e nraaeeean 6
2.2, Analytical Hierarchical PrOCESSES .....c.uviiiicuiieeieciiee e ettt e e ectte e e estae e e eetae e e e srae e e esabaeeeeenraeeeens 7
2.2.1. Problem MOAEING.......c.uuiiiieee et e ebee e e e e e e areeas 8
2.2.2. Pairwise COMPATISON ..ciiiiieiiiiiietee ettt e e e ettt e e e e e e s sttt e eeessssssabraeeeeessssssnnnenns 9
2.2.3. Structuring the Hierarchy for Evaluation and Computing.........ccccevvvieeiincieee e, 11
2.2.4. Disadvantages Pertaining to AHP .........c.uvii i 12

. TR U&7V Lo Y= ol TS 13
2.4, FUZZY AHP (FAHP) oottt ettt et e e te e e e aae e e e e aae e e e e aaba e e e enteeeeennbaeeeenrenas 19

3. IMPLEMENTATION L.oiiitiiie ettt st sttt et sae e st s bt e b e neesmeesanesane s 23
3.1. Developed Integrated Cause and Effect Diagram and FAHP Based Methodology.......... 23
3.2. Implementation of Proposed Project Selection Methodology ........cccccevevviieieiciieeecnnen. 24
IR TR 01T o] (o3 VYo I o =Y (=T =4V 25
3.4. Investigation of Existing Appointment SYStEM .......cccceeeiiiiiieeciieee e e 27
3.5. Implementing Cause and Effect Diagrami......ccccueieieiieiiiiiiie et 27
3.6. Implementation of AHP and FAHP Methodology ........ccceecviiiiiiiii i, 34

B, AN ALY SIS ettt ettt e e e e e — b e et e e e e e e e beree e e e e e e e anbaeteeeee e e naraeeeaeas 37
T N o | oY o =1 Y PR SU 37
L o\ o | Y ¥ | Y [P 38

D RESULTS ettt ettt e bt st st et e e bt e e b e s an e s an e e bt bt e b e s neesaeeeane s 40
5.0, AHP RESUIES .ottt sttt et et st st e ne e s ne e s aeeeane s 40
5.2, FAHP RESUIES ...ttt s e s e e s e e 42
5.3, DiSCUSSION Of FESUILS ....utiiuiiiiieitiestteete ettt ettt sttt e be e b e s ae e e eeeneeas 44

6. SUNBURST CHART ...ttt ettt ettt st sttt e bt e sbe e saee st e e bt e b e e neesmeesaneenneen 47
7.  CONCLUSIONS AND FUTURE RESEARCH .......oiiiiiieiiiesieenee ettt s 50



REFERENCGES ... e 52

APPENDIX A: RESULTING WEIGHTS FOR THE CAUSE AND EFFECT AHP METHODOLOGY ............... 60
APPENDIX B: RESULTING COMPARISON MATRICES AND WEIGHTS FOR THE CAUSE AND EFFECT

FAHP METHODOLOGY ....cuiiiiiiiiiiiiiiie ittt s 63
APPENDIX C: FLASHCARDS ...ttt 67
CURRICULUM VITAE ...ttt 74

Xl



TABLES

Table 1- An empirical 3x3 pairwise comparison Matrix StrUCLUIE .........ccceervereereereerierieriereseeens 10
Table 2 -The (1-9) scale used for comparisons iN AHP .........cceviiieieceecceeeeee e 11
Table 3-Reference RI values calculated by Saaty [32].....c.ccceevveveieeceneeeeeeeeere et 12
Table 4-Linguistic expressions for the healthcare service example .........ccocoveeveriecenincececeee 16
Table 5- All the causes, both Major and SUD-CAUSES.........cccveeeriereerieneeeere et sreeenens 32
Table 6- Linguistic scale for importance for the FAHP method ..........cccccoivinineneneiiinencnee 36
Table 7 - Pairwise Comparison Matrix for the 6 Main CauSES .........cceeeeeeerieierereeriere e 37
Table 8-FAHP Pairwise Comparison Matrix for the 6 Main CauSe.........ccccveveevieiieceeneeiere e, 39
Table 9 - Analysis Results of the Major CaUSES.........c.ceeriririrerieieieeeeeese et 40
Table 10 - Analysis Results of the System and Connection Related Problems............cccccoeevvienen. 41
Table 11- Fuzzy extent values fOr Main CAUSES ........cceevevueireeieriesteetesteeeete e eee e e ssesreesesreesnens 42
Table 12-Degrees of possibility fOr Main CAUSES..........coctviriririerieieieeerese e 42
Table 13-Prioritization results for Main CAUSES ..........ecvreriririererieieeeeeese et 43
Table 14-Fuzzy comparison matrix for system and cOnNection CAUSES..........cceervereeeveeriereesrerennens 43
Table 15-Fuzzy extent values for system and CONNECLION CAUSES........cccveverrieeereeriieierieseeeieseeeeens 43
Table 16-Degrees of possibility for System and cONNECtiON CAUSES........ccveeveeeevrerreereerieereeriesieeenens 44
Table 17-Prioritization results for System and CONNECION CAUSES ........ceeververeeereerieeierieeeeieseeeenens 44
Table 18-Recommended solutions for causes of underperformance...........cccooveeeveeveeveseeceseennns 46

Xl



FIGURES

Figure 1- Basic Cause and EffeCt DIagram.......c.ccoveeeiiiieeieiicesie et e et ae e evnens 7
Figure 2-Membership function for the set “Acceptable waiting time” ..........ccceeevvereeerrerenerennenn 14
Figure 3-Membership function for the fuzzy set “Acceptable waiting time” .........ccceceververerennenn 15
Figure 4-Fuzzy triangular nUmMber A= (I, M, U)c.veoieieiceeeceeee et 15
Figure 5-Union, intersection and complement arithmetic functions for fuzzy sets ...........c.ccoe...... 19
Figure 6-Degrees of possibility between £y, and L 22
Figure 7 - Deployed Strategy for the Implementation EffOrts ...........cocceoeviveneneneneiineenceee 25
Figure 8- Deployed Strategy for the FAHP Implementation Efforts ...........cccccevvvveceneeieceeen, 26
Figure 9-Two level cause and effect diagram for the appointment SyStem..........ccccceeveerenerennenne 28
Figure 10-Capacity SUD CAUSES ........cvuiiuieierieetieeste ettt ste st te et e et e s reeaesteeraensesneenes 28
Figure 11-System and CONNECLION SUD CAUSES .......eeveivieeeerieiteeiesie ettt eee s 29
Figure 12- EQUIPMENT SUD CAUSES......ccutrtirteteieieiieierieeteste sttt esesie s b b see s s e e e eseese s see s e 29
Figure 13-Staff SUD CAUSES .......ccuieuieiiitieeeste ettt ettt sttt sttt e e et e s beeaaesbeesaenbesneenes 29
Figure 14- Patients’ Non-attendance SUD CAUSES .........ccceveruerierierieieineeesiesiesie ettt e 30
Figure 15-During appointMEeNt SUD CAUSES .......c..eueuiriiririirieieieieeeiteie ettt 30
Figure 16 - Implementation of Cause and Effect Diagram .........ccccceevevievieiiecece e 31
Figure 17 - An example Flashcard in which pairwise comparisons are asked to the domain experts

.......................................................................................................................................................... 35
Figure 18-Sunburst chart for AHP reSUIS ........cvoiiiririresecreeee e 48
Figure 19-Sunburst chart for the FAHP reSUILS..........coiiieiiieeeeeceeeee e 49

X



SYMBOLS AND ABBREVIATIONS

Symbols

N Intersection operator

L Union operator

B Complement operator

€ Is an element of

é Is not an element of

v For all

> Summation

HA(X) Membership degree of x in the fuzzy set A.

I The lower bound of the triangular fuzzy number
m Mean of the triangular fuzzy number

u Upper bounds of the triangular fuzzy number

Abbreviations

AHP Analytical Hierarchical Process
ANP Analytic Network Process

Cl Consistency Index

CR Consistency Ratio

DEMATEL Decision Making Trial and Evaluation Laboratory
FAHP Fuzzy Analytic Hierarchical Process
FMEA Failure Mode and Effect Analysis
QFD Quiality Function Deployment

RI Random Index

TFN Triangular Fuzzy Number

TOM Total Quality Management

XV



1. INTRODUCTION
Lean and Six Sigma, in the past decade, have been some of the main grounds of development
especially in quality analysis area of expertise [1]. The proliferation in competition for
reliable, cheap, high quality products and service is proving to be irrepressible. Companies,
organizations and factories are in constant exertion in order to boost the quality and work
rate while trying to remain as cost effective as possible [2]. One of the main fields being
affected by the rise of globalization and the recent ever-increasing vying environment is the
system with the goal of decreasing service cycles and costs while bolstering patient
contentment.  Many challenges varying from cost-effectiveness, customer (patient)
satisfaction and access, healthcare service quality to safety are the just some of the factors
hindering an optimal healthcare service [3]. This can be an even bigger challenge for a
populated country such as Turkey with the yearly population growth rate of 1.21 based on
the data provided by “World Bank”. Many tools and methods have been proposed and
discussed in the field of healthcare decision making which some of them are evaluated and
reviewed by [4]. [5] Employed the analytical hierarchical process to evaluate the potential
substitution of human based delivery system by mobile robots. Furthermore [6] used a
combination of analytic network process and DEMATEL technique which facilitates the
conclusion and prioritization of critical Six Sigma project assessment. Method such as the
cause and effect diagram is used by [7] to develop a method for determining the common

sense of detrimental results in an emergency department.

1.1 General Description of the Problem

Due to increased costs and requirements for high quality products and services, many new
solutions for quality improvement have been investigated and implemented in both service
and manufacturing industries. In today’s vying situations, deployment of an effective quality
strategy is one of the key factors for a long-run business success. Montgomery and Woodall
[8] characterize quality as a competitive tool that can provide a significant advantage to the
organization employing its key principles. Project oriented approaches, which are the
popular tools used in quality improvement, have been applied in many new programs

backing continuous improvement, quality management and reengineering since 1980s [9].

Six Sigma methodology used in quality improvement, is a systematic and project oriented
management strategy which comprises total quality management (TQM) philosophy, strong

customer focus, and advanced data analysis tools (Linderman, et al. [10], Kwak and Anbari



[11]). Six Sigma as a project based methodology, often deploys statistical methods and
scientific tools during whole project life cycle; from earlier project defining efforts until to
the project closure. Since Six Sigma approach is very useful in decreasing variability,
eliminating waste and improving processes, it has gained a significant popularity in the
business world [8]. Furthermore, Six Sigma characteristics are used for introducing a new
model for evaluating projects by using mathematical optimization modeling techniques
which is proposed by [12]. Moreover [13] proposes a fish bone diagram, brainstorming and
AHP method in order to eliminate the redoing and consequently reduce the wastes during
production of soap. [14]Also captures the quality aspect of identifying causes for crane
accident by using the fishbone diagram and analyze them quantitatively through analytical
hierarchical process. Details and benefits of Six Sigma philosophy have been investigated in
numerous researches and books in the literature (see for example; Pyzdek and Keller [15],
Coronado and Antony [16], Harry and Schroeder [17], Hoerl [18] [19], Antony [20], and
Montgomery and Woodall [8]).

For many situations in quality improvement, the question is how to implement a successful
Six Sigma project. Selecting a project is a difficult but crucial issue for the effective
implementation of a Six Sigma project. Project selection, referred to a multiple criteria
decision making application, is a complex decision making system. Although different
methodologies and approaches may be useful, less expensive or easy to implement for
different situations, impact of Six Sigma methodology is usually higher than the impacts of
other quality improvement methods. However, even in a Six Sigma oriented project, wrong
project selection will be concluded with undesirable outcomes and an unsuccessful six sigma
implementations. Kumar, et al. [21] Also stated that the main reason why a project fails is
usually “wrong project selection”. This project selection can sometimes represent itself as a

wrong way to approach a problem in a system.

In most cases, project selection requires optimizing more than one objective function
involving maximum efficiency with minimum effort at the shortest time. Therefore, decision
maker may have to use multi-criteria decision making methods to handle the situation.
Various multi-criteria decision making methods such as analytical hierarchy process (AHP),
analytic network process (ANP), failure mode and effect analysis (FMEA), quality function
deployment (QFD) can be used in selecting projects (Kumar et al.,2008; [22] and Oztiirkcan,
2010). More discussions investigating the selection of Six Sigma Projects are available in
the literature (see for example; Fundin and Cronemyr [23], Antony [20], Anbari and Kwak

2



[24], Montgomery [9], Moorman [25], Gijo and Rao [26], and Nonthaleerak and Hendry
[27]). Selection of the correct project is one of the most sensitive element in the deployment
of Six Sigma. Despite the complexity of handling further steps of projects, simple-to-
implement analytical tools are needed to select suitable projects for improvement among the

alternatives.

In this study, an integrated decision framework based on Cause and Effect Diagram and
Fuzzy Analytic Hierarchical Process (FAHP) methodology for the use of organizations in
project selection is proposed. The developed solution where expert opinions and domain
knowledge are taken into account, may help to compare the alternative projects and evaluate
tradeoffs among the different alternatives.

The proposed approach is then implemented in a well-known Turkish university hospital.
Since the appointment system of the hospital performs poorly and causes various problems
both for hospital and patients, an investigation was required. After observing existing system
and making several meetings with staff in person, administration and patients, problems
causing poor performance are identified. These problems and their sub reasons are listed as
reasons causing bad effects on appointment system with the help of Cause and Effect
Diagram and then ranked with the help of FAHP method to decide the order of importance
of the problems. FAHP uses a range of values to express the decision maker’s uncertainty

[28].

1.2 Importance of Healthcare Service Quality

In today’s world many challenges in the healthcare industry such as patient access, safety,
healthcare quality and cost effectiveness are being encountered which with the accelerated
proliferation in healthcare, can have direct influence on countries economy as well as its
norm of living [3]. In healthcare systems, managers and the personnel in service sectors, like
many other businesses, are bearing the pressure of a customer driven performance in which
they need to continuously improve the provided performance [22]. With the constant
realization of service and product similarity by organizations and companies, the importance
of comprehending the essence of service or products and the role of service quality has
become an imminent pillar of success. In a developing and populated country such as Turkey
the concept of healthcare service quality is without a doubt an important one with healthcare

being a very crucial and critical service sector. Therefore, concluding the main problem



causers and obstacles in running a smooth healthcare service system and spotting the main
service quality factors can be beneficial and even critical to both service users and servers.
Problems and errors are defined by [29] as the lack of success in carrying out and action as
desired or the implementation of amiss plan trying to achieve a goal. [17] Improved a method
in order to identify the error sources and discussed the approaches of getting rid of them by
setting sights on improving the design of quality. Furthermore author’s previous work
proposes an AHP and cause and effect methodology in selecting projects for healthcare
service quality improvement by prioritizing the problems which are needed to be solved in
a cost and time effective manner [30]. [31] Discusses that leaving the bottlenecks unattended
in healthcare service would lead to bigger problems such as increase in discontented patients,
rise of capacity complications and bottlenecks, breach in service and the whole system not
being optimal. In order to identify and then prioritize the quality service factors in healthcare,
firstly the problems are identified by brainstorming and expert domain. The obtained
problems and bottlenecks are used to form a cause and effect diagram. Finally analytical
hierarchical process and Fuzzy analytical hierarchical process are used in this study to

prioritize the problem causing bottlenecks.

AHP methodology developed by Saaty [32] [33], is a mathematics and psychology based
decision making system and used to prioritize different alternatives when there are multiple
criteria in the form of a hierarchy or set of joined levels. Rather than obtaining the right
decision, AHP tends to find an optimum one. In order for AHP to be depicted in a more
understandable and comprehensive way, Cause and effect diagram (Ishikawa [34] [35]).
Also called Ishikawa or fishbone diagram- is used. The mentioned tool helps professionals
to decide and classify potential reasons causing poor performance for a specific process. The
diagram also identifies relationships between causes and their undesirable effects which in
this paper shows the obstacles of a smooth service system in the hospital and their sub-

problems.

In spite of its popularity, the AHP is often blamed due to its failure to incorporate the built-
in uncertainty and imprecision related to modelling the decision-maker’s judgements

accurately using numbers [36].

In traditional AHP, human’s acumen is represented by an exact number. However, in many
pragmatic situations, the linguistic evaluation of human cognition and perceptions are vague

and it is not reasonable to be represented using only terms of precise numbers. Hence, with



a more confident approach in giving interval judgments compared to the fixed value
judgments, the decision maker’s acumen can be improved [37]. Fuzzy AHP approach
adequately takes the uncertainty of the human preferences into account. Therefore, this
method is more desirable and helpful in the evaluation of projects or alternatives. [22] Fuzzy
set theory [38] is a mathematical theory designed to model the fuzziness of human cognitive
[39]. In addition, it is designed to model the vagueness or imprecision of human cognitive
processes. The main essence of fuzzy set theory is that based on [40], It possesses the
advantage of mathematical delineation of uncertainty and vagueness by providing tools for
dealing with the inaccuracy intrinsic to many problems [22]. It can propose a more flexible
and robust model which is needed for the decision maker to understand the decision problem.
These meritorious feature of the developed approach would facilitate its use in real-life and

pragmatic situations for making productive decisions [37].

This paper is organized as follows: In Chapter 2, cause and effect diagram and AHP
methodology, Fuzzy logic and Fuzzy analytical hierarchical processes are summarized and
main properties of these tools are discussed, respectively. Integrated methodology and
implementation is explained in details in Chapter 3. Since the proposed methodology is
implemented in the appointment system of a hospital, a brief introduction to the quality
projects in the healthcare industry is made and importance of appointment system is
discussed in the beginning of Section 3.2. The proposed solutions for project selection is
implemented in healthcare industry and illustrated by a real-world application in Sections
3.1 through 3.6. In addition, Analysis of implementations and results are discussed in
Chapters 4 and 5 respectively followed by the depiction of results by the Sunburst diagram

in Chapter 6. Finally, conclusion and future remarks are given in the Chapter 8.



2. METHODOLOGY
In this following chapter, the different parts of the integrated Cause and effect diagram and
AHP and FAHP methodology will be discussed individually in details. What follows is the
explanation of the Cause and Effect Diagram followed by the Analytical Hierarchical
Process. The chapter is continued by Fuzzy Logic and Fuzzy Analytical Hierarchical

Process.

2.1. Cause and Effect Diagram

Cause and effect diagram, also called as Ishikawa or fishbone diagram, helps professionals
to decide and classify potential reasons causing poor performance for a specific process. The
diagram also identifies relationships between causes and their undesirable effects. The tool
became renowned by an important quality guru Kaoru Ishikawa from Tokyo University, in
the 1960s (Ishikawa [34] [35]).

In cases where reasons of a poor performance are not clear, the cause and effect diagram is
a very useful tool to detect and identify potential variables causing this poor performance. It
is defined as one of the seven basic tools used in quality control problem solving processes
[41]. It works as a brain storming method and analyzes different factors and their

relationships for a specific effect or problem.

Montgomery [41] summarized construction of a cause and effect diagram in seven steps.
After defining the problem to be investigated at the beginning step, potential causes of the
problem must be uncovered through brainstorming and other analysis. Then, as a third step,
a center line is drawn and effect box is located at the head of this line. In step four, major
potential cause categories are identified and connected to the center line, respectively. After
major causes are determined, possible sub-causes are defined and classified into the major
categories created in step five. In step six, causes are ranked according to their importance

and finally corrective action is taken in step seven.

The following example given in Figure 1, represents the basic cause and effect diagram. The
diagram shaped as a fishbone; the effects are indicated on the fish head of the main bone and
major causes (Cause 1-4) are shown in the branches connected to the main bone. Each of the
branches represent a cause and may be divided into smaller sub-causes to enhance the detail

level of the diagram. For example, Cause 1 given as a major cause in the diagram, may be



detailed to 1.a, 1.b, and 1.c as its sub causes. Moreover, sub-cause 1.b may comprise more

detailed sub-causes which are given in Figure 1 as cause 1.b.i and 1.b.ii.

Cause 3.a.i
Cause 3.a
Cause 3.a.ii

Cause 1.b.ii

Cause 2.b.iii

Figure 1- Basic Cause and Effect Diagram

The methodology provided in this thesis is an advanced version of the traditional Cause and
Effect Diagram. As Montgomery [41] indicated, the causes shown in diagram need to be
ranked in the final step according to their importance. Ranking the possible causes described
in the branches of fishbone according to their importance is a difficult and very complex
task. However, despite its importance, it mostly depends on the subjective observations or
nonscientific methods in its present use. In this thesis, ranking causes according to their
importance is advanced by integration of AHP methodology to Cause and Effect Diagram

in which each cause is scored by using expert opinions in a scientific way.

2.2. Analytical Hierarchical Processes

AHP methodology developed by Saaty [32] [33], is a mathematics and psychology based
decision making system and used to prioritize different alternatives when there are multiple
criteria in the form of a hierarchy or set of joined levels. Rather than obtaining the right
decision, AHP tends to find the optimum one. Note that, here optimum refers to the best
decision in terms of the decision maker’s goals and the way he/she understands the problem.

The optimum decision may only be found through modeling the problem on an inclusive,
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analytical and realistic groundwork. More technically AHP is an Eigen value approach to
the pair-wise comparison and tends to introduce a way to calibrate a numeric extend for both
quantitative and qualitative performances [42]. Additionally, AHP is a good methodology to
assess problem’s components, represent their relationships with main goal and evaluate
different solution alternatives. AHP is a popular and powerful multi criteria decision making
methods for decision making that has been used for years in service quality assessment [43].

Since AHP methodology has significant advantages in project selection and prioritization
techniques, it may be implemented in various fields. Hierarchical structure of AHP
empowers decision makers to characterize their high level strategic objectives. Additionally,
pairwise comparisons among alternatives enable decision makers to measure both tangible
and intangible factors. AHP combines quantitative and qualitative applications, thus it has
ability to go beyond of financial investigation. Furthermore, it allows a decision maker to
adjust the corresponding significance of projects from different aspects (cost, benefits, risks
etc.) and allocate their resources in an optimum way. Even for harder and more complex
problems, AHP has ability to be combined with other operation research models and tends

to handle multi criteria conveniently [44].

The selected strategy or project is sometimes based on the choices and decisions. The
preferred project should be considered upon being the best and able to periodically and
systematically optimize the decisions as the environmental conditions change in terms of the
financial, operational and human resources aspects. The AHP method can help to increase

benefits of the selected alternative in the project selection phase.

Three important components of the AHP methodology are defined in the following sections.

2.2.1. Problem Modeling

Based on Saaty [45], the initial step in AHP is modeling the problem as a hierarchy. The
decision maker should analyze different aspects of the problem, from the most obvious and
broad ones to the smallest ones. To make the problem more perceptible, these aspects then

need to be connected and form a hierarchy from general to detail.

Since AHP has a hierarchical structure, it provides an increased understanding and better
focus for the practitioners through its benchmark and sub-criteria structure. The process
starts with structuring the hierarchical criteria and eventually leads to allocating weights to
the structured hierarchy and the criteria it contains.



When AHP hierarchy needs to be established with numerous elements, the decision maker
should cluster these elements to avoid extreme difference between them [46], [47] . The input
element in AHP model is the result of the conducted survey of researcher or decision maker.
These criteria will be quantitatively and qualitatively assessed with the hierarchical way with

goals, sub-goals or alternatives [48].

In the implementation part of this research, the main causes of the problems and the
underperformance of hospital are reckoned as the broadest elements in the hierarchy and by
enumerating each of their sub-causes, a gradual and hierarchical move from the most general
to the most detailed problems is obtained. As it will be discussed, in this research, goal part
of AHP serves as the effect element in the cause and effect diagram while the sub-goals are
the causes of the effect. By causes, the projects which are the causes of sub-par performance
of the system to be chosen and solved are triggered. By taking a slightly different approach
comparing to the orthodox AHP methodology, this study does not use the alternative part of
the AHP method as the alternatives are already the causes which need to be prioritized.

Details regarding to the implementation will be described in implementation section.

2.2.2. Pairwise Comparison

Pairwise comparison process is the act of comparing criteria in pairs according to certain
criteria such as importance or value. The term was mentioned for the first time in [49] by
Thurston. Since the method is based on a proportion extent, it does not require any
measurement units for comparisons. The results of the comparisons are eventually recorded
in a positive reciprocal matrix. Note that, reciprocal means dividing a number to one, for
example reciprocal of 5 equals to 1/5. Multiplication of a number and its reciprocal is
resulted with 1 (5x 1/5 = 1).

When implementing the AHP method, the results of pairwise comparisons should be
recorded in a positive reciprocal matrix. Thus, in AHP, reciprocal matrices are refereed as
pairwise comparison matrices [50]. Positive reciprocal matrix, or comparison matrix, is an
[n x n] matrix where for every recorded value ajj, there is a reciprocal a;i equals to 1/ajj (ajj>0)
for every row (i) and column (j) in Ry* [51]. The comparison of importance between
compared pairs is always a positive number and the assigned values in pair-wise comparison
matrix are relative to each other. A reciprocal matrix is a matrix that if it is multiplied with

its inverse, the result would be identity matrix [52]. Note that, the diagonal elements of the



matrix are always equal to 1. An empirical 3x3 pairwise comparison matrix is given as an

example in the following Table 1.

Table 1- An empirical 3x3 pairwise comparison matrix structure

1 2 3

1 1 a ais
2 1/ai, 1 azs
3 1/ a1z 1/ azs 1

In the given comparison matrix, for example, 1, 2 and 3 is compared according to their
importance for a given criteria. For example, 1% is “ai2” as important as 2" one and since
this is a reciprocal matrix, 2" is 1/a1, (as important) of 1. By using this approach, all of the

criteria are pair-wise compared and the matrix is formed.

Using the transitivity rule, it is known that, for example while comparing L, M and N, if L
is twice as important as M and M is twice as important as N, L would be four times as
important as N (2x2=4). Please remember that this rule is only valid if the matrix is
completely consistent as in the given empirical comparison matrix. However, this is
something that hardly ever happens due to the inconsistency in the universe. Note that a
system of linear equations is called as inconsistent if it has no solutions. Otherwise, if the
system has a solution, it is called as consistent. The same principle applies for matrices. As
a conclusion, pairwise comparisons are required to be realized in a way that ensures
consistency index (CI) of the comparison matrix is close to 0 as possible. Details regarding

to CI will be explained in following sections.

Webber et al. [53] stated that the record orders of the comparisons to the matrix must be
considered, because it may affect the successive judgments. One should keep in mind that,
when the criteria which will be prioritized are not in the same scale, pair-wise comparisons
should be used. Since some pairs like cost and risk cannot be compared in the same scale,
pair-wise comparison facilitates decision makers’ job by comparing each two criterion by

their level of importance to the goal in mind.

In some special cases like currency exchange, matrices that are not reciprocal can be used
[54]. The upside to this comparison is due to the fact that numerical acumen is not being
used. Instead, analogous rhetorical acknowledgement and verbal appreciation, which is

much more mundane and relatable to our everyday life, will do just fine.
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2.2.3. Structuring the Hierarchy for Evaluation and Computing

The purpose of decision makers is to show the synergy between different factors for
complicated and disorganized situations. As mentioned in previous section, using the pair-
wise comparison would ease the prioritization of criteria that do not share a common scale.

All in all, one must identify one’s objectives and find the answer why the problem must be
solved. Then, it is necessary to define some ways to achieve the established goals. Then,
regulation and setting of evaluation criteria for each of those ways should be in order. After
structuring the hierarchy and constructing the pair-wise comparison matrix for each level, a
nominal scale is used for the evaluation. This scale, for example, can be discrete and take
values from 1 to 9 [50].

The scale that is used as a comparison tool between criteria is the level of importance of let’s
say A to B can be viewed in Table 2 [55]. The values in the scale have their unique meaning;
for example when number 9 is assigned to the comparison of A and B, it means that A is
absolutely more important than B. This scale is also the scale which is used during the
comparisons in the implementation part of this research. Details for the implementation
efforts will be explained in following sections.

Table 2 -The (1-9) scale used for comparisons in AHP

Level of importance A
according to B

Equally important 1
Weakly more important
Strongly more important

Very strongly more important
Absolutely more important

Comparing value

O | N[O W

As it is described in previous section, the pairwise comparison matrix is constructed
according to the relative importance of one criteria over another one. In order to normalize
these relative weights, each of the values in the matrix are divided by the sum of the values
in the related column (ajj is divided by the sum of the values in j™ column; for i= row, j=
column).

After mentioned calculations are done for each member of the matrix, the normalized (or
standardized) matrix is obtained. Note that, in the normalized matrix, the sum of each column
must be equal to one. Once having the normalized matrix, the average of each row, may be
referred as the Eigen vector, weights vector or priority vector, is calculated. Based on these
averages, the importance of each row can be determined [50].
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As mentioned previously, after obtaining the importance of criteria by using above
calculations, one needs to check the consistency. The consistency of the result should be
checked by first finding the principal Eigenvalue (imax) and then calculating the Consistency
Ratio (CR) using the following steps [56]:

1. First step is multiplying the pair-wise comparison matrix [n x n] (not normalized one)
by the priority vector [n x 1].

2. The second step follows by dividing the elements of resulted matrix by the elements
in respected rows of the priority vector.

3. The average of the elements in the final matrix would give Amax.

4. After obtaining /max, the equation 2.1 should be used to calculate Consistency Index
(CI). Note that (n) represents the size of [n x n] comparison matrix.

CR = ﬂ’MAX —N (2-1)
n-1

5. Eventually the consistency ratio (CR) is resulted by dividing the CI to the random
index (RI), see the equation 2.2.

Cl 2.2
CR = i 22)
The upper bound for pairwise comparison matrix to be considered as compatible is indicated
by Saaty [57]. Saaty [32] calculated the RI values as given in the following Table 3. The
value for CR should not go over 0.1 for matrices larger than 4x4, see the following for the
upper bound values of compatible pairwise comparison matrices. One who need RI values

may use this table as a reference.

Table 3-Reference RI values calculated by Saaty [32]

n 3 4 5 6 7 8 9 10
RI 0.58 | 0.90 1.12 1.24 1.32 1.41 1.45 1.49

2.2.4. Disadvantages Pertaining to AHP

Although the analytical hierarchical process has many benefits such as its capability in
construction of problems possessing various attributes, it should be mentioned that this
method possesses some deficiencies. One of the first weak points which comes to mind is
that the data required for this method needs experience, judgement and knowledge and is
subject to be labeled as idiosyncratic according to each project or situation. Furthermore, the
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implementation of AHP does not concern factors such as risk or uncertainties pertaining to
the investigated performance [58]. Another deficiency concerning the AHP can be related to
its artificial limitations of the use of the 9 point comparison system. This can turn into an
arduous burden for the decision maker as distinguishing and comparing the importance of
alternatives can sometimes prove to be a daunting task. Based on the study done by the
author prior to this research, the AHP method was used to find the causes of
underperformance of Hacettepe University Hospital [59]. In order to mitigate some of the
problems related to the AHP method and improve the decision making done in this research
by encompassing the importance of uncertainty and risks, the Fuzzy AHP method is further
investigated in order to give a more comprehensive and intelligible result. The fuzzy logic

and its applications in the healthcare system are discussed in the coming chapter.

2.3. Fuzzy logic

As mentioned in the previous chapters and based on [36], AHP is often reprimanded due to
its lack of success in infusing the innate uncertainty and imprecision related to the decision-
maker’s intuition in a precise way by using numbers. Fuzzy AHP approach adequately
handles the uncertainty of the human preferences; this method is more desirable and helpful
for evaluation [22].Since fuzziness is a common characteristic of decision-making problems,
the FAHP method was developed in order to address the problem of capturing the notions
which AHP lacks [60].Hence, it allows decision-makers to express approximate or flexible
preferences by using fuzzy numbers where adding fuzziness to the input, implies adding

fuzziness to the judgment [61].

Fuzzy set theory [38] is a mathematical theory designed to model the fuzziness of human
cognitive [39]. The characteristic function of a classical (non-fuzzy) set appoints either 0 or
1 to each particular member of the universal set acknowledging each of them as members or
non-members. As a result of the generalization of the mentioned characteristic function, the
mentioned elements of the universal set fall inside a particularized range. This means that
instead of the absolute 0 and 1 membership assignment, elements can now have membership
grades with the larger values possessing higher grades of the set membership (membership
function) [62]. The membership function pa(x) of a fuzzy set operates over the range of real
numbers, generally scaled to the interval [0, 1]. If the value assigned is one, the element
belongs completely to the set (it has total membership) and if it is zero, it demonstrates the

complete non-membership statue of the element to the set. Finally, if the value lies within
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the interval, the element has a certain degree of membership (it belongs partially to the fuzzy
set) [63]. In other words in fuzzy set theory, each element is membership in fuzzy set up to
a degree [64]. Equation (2.3) shows the membership equation of pa(x) based on crisp set

theory.

1 if xeA (2.3)

“A(X):{o it xeA

As an example, consider the waiting times for a healthcare service by the patients. One might
consider that waiting for less than 10 minutes is “Acceptable”. This consideration can be

shown as “ Acceptable= {x | x <10 }” which is shown as a classical set in Figure 2.

() Acceptable waiting time

1.2

0.8

0.6

0.4

0.2

0 5 10 15 20 25 30 35

Waiting time (minutes)

Figure 2-Membership function for the set “Acceptable waiting time”

Compared to the conventional set theory, Fuzzy set theory is designed to model the
ambiguity or inaccuracy of human cognition. Fuzzy set theory is essentially a generalization
of set theory where the classes lack sharp boundaries [65]. Continuing the healthcare service
example, a waiting time of 11 minutes can also be considered “Acceptable” according to the
fuzzy set methodology with a lesser degree of membership than 10 minutes waiting time.

The 11 minutes waiting time would be have been a “0” in terms of membership degree in
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the classical crisp theory which meant that 11 minutes of waiting time is not “Acceptable at
all”. As it can be seen in Figure 3, 11 minutes of waiting time is considered as a member

with lesser degree of membership (2.4).

A pcceptable (X = 11) =0.85 (24)

u(x) Acceptable Waiting
Time

1.00
085

10 20 30
Waiting Time (Minutes)

Figure 3-Membership function for the fuzzy set “Acceptable waiting time”

The decision-maker is free to select a range of values that reflects his confidence.
Alternatively, he can specify his attitude in general terms as optimistic, pessimistic or
moderate, representing high, low, and middle ranges of values respectively [66].An expert’s
uncertain judgment can be represented by a fuzzy number.

A triangular fuzzy number is a special kind of fuzzy number whose membership function is
defined by three real numbers (I, m, u). This membership function is illustrated in Figure 4

and described mathematically in Equation (2.5) [67].

Halx)

A

- x

! i u

Figure 4-Fuzzy triangular number A= (I, m, u)
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Thus, I, m, and u are the lower, mean and upper bounds of the triangular fuzzy number. The
membership function p (shown in equation 2.5) represents the degree to which any given

element x in the domain X belongs to the fuzzy number A.

(X_I), 1<x<m
(m-—1)
_J(u=x) (2.5)
Ua(X) = w_m’ m<x<u
0 Otherwise

Another important concept in understanding the fuzzy logic is the “Linguistic variable” term
which was introduced by [68]. This term is used when linguistic expressions are used as
values instead of numerical values such as “Acceptable waiting time” in the healthcare
service example as shown in Table 4. Other linguistic expressions for the mentioned example
can be “Moderately Acceptable”, “Slightly Acceptable” and “Unacceptable” each of them
having their own membership functions. Although these terms are rather abstract, one might
interpret them as the Table 4.

Table 4-Linguistic expressions for the healthcare service example

Linguistic Expression Condition

Acceptable Waiting time of under 10 minutes
Moderately Acceptable Waiting time of about 15 minutes
Slightly Acceptable Waiting time of about 20 minutes
Unacceptable Waiting time of over 25 minutes

For instance the membership functions of “Moderately Acceptable” and “Slightly
Acceptable” are shown with Equations (2.6) and (2.7) respectively:

|x-15| .
luModeraterAcceptable (X) = 1 a 5 If 10 <X< 20 (2-6)
0 Otherwise
| x—20] .
1--——— if 15<x<25
/uSIightIyA(neptabIe (X) = - (2-7)
0 Otherwise
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As it can be understood from the functions, waiting time of “19” minutes is partially present

in both membership functions. By using the (x=19) in both functions;

HtoderatelyAcceptable (x=19)=0.2 and /uslightlyAa:eptable(X =19)=0.8 are resulted.

This means that waiting for 19 minutes can be 20% as “Moderately Acceptable” and 80%

as “Slightly Acceptable”.

The main fuzzy operations are defined by [38]. Here a summary of the basic fuzzy operations

is given.

If we assume A= (1, my, u1) and B= (l2, mz, uz) as triangular fuzzy numbers, the basic
arithmetic and functions between the two mentioned numbers can be depicted as follows
(Equation (2.8) through (2.17)):

-Inverse:
Al = (i,i,l) (2.8)
ul I’nl Il
-Addition:
A+B=(, +1l,,m +m,,u, +u,) (2.9)
-Subtraction:
-Multiplication:
AB = (|1|2 ,Mym,, uluz) (211)
-Multiplication by scalar “k™:
vk > 0, kA = (kI , km,, ku,) (2.12)
vk < 0, kA= (ku,, km,, Kl,) (2.13)

-Division:
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u, ) (2.14)

A
_=( ,—
B I,

L om
u2 m2

The intersection of two membership functions (Represented by ‘AND’) such as A and B is
defined by:

pans(x) = min [ua(x), us(X)] (2.15)
The union operation (OR) is represented by:

HauB(x) = max [ja(x), pe(X)] (2.16)

Furthermore the operator showing complement (NOT) is formulated as:

pa (x) =1 = pa(X) (2.17)

Formulas 2.15 to 2.17 are shown depicted in Figure 5 taken from [69].
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Figure 5-Union, intersection and complement arithmetic functions for fuzzy sets [69]

2.4. Fuzzy AHP (FAHP)

As it has been mentioned in this study, despite the fact that the AHP method is developed to
capture the way a person and in most cases an expert thinks, it still cannot grasp the
vagueness existing in the way human think. As a solution or improvement, the extension of
the AHP method which is its combination with the fuzzy sets theory is developed and studied
by different authors such as [44]. Many FAHP methods based on triangular fuzzy numbers
have been proposed [70].

Van Laarhoven and Pedrycs [71] proposed a comparison method which uses fuzzy numbers
with triangular membership function to represent the fuzzy comparison judgement. This
study was later continued as [72] developed the method with trapezoidal membership

function. FAHP uses a range of values to express the decision maker’s uncertainty [28].
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Chang [73] innovates a new method which uses the triangular membership function to form
fuzzy comparison matrices which leads to the extent analysis of the comparison matrix.
Other researches such as [74] which the acquirement of AHP weights and fuzzy weighted
analysis is done by a fuzzy subjective and objective method. Kahraman [75] uses the FAHP
multi attribute comparison of catering companies in Turkey providing the most customer
satisfaction. This was done based on interviewing customers about the deciding attributed
on which they choose these firms. Moreover in this research the means of triangular fuzzy
numbers obtained by opinions of experts and customers are used in comparison matrices.
More healthcare driven use of the fuzzy analytical hierarchical process method is used by
[22] in which the service quality of healthcare system is analyzed and the proposed service
quality framework is evaluated by the aforementioned method. Moreover FAHP and its
derivatives are used by [76]as a method deciding the potential site of a hospital. A FAHP
approach for determining the weight significance of customer needs in the use of quality
function has been proposed by [77] while [78]uses the approach which targets the decisions
which are made by a group when thorough information is absent by the use of triangular
fuzzy analytical hierarchy process and geometric operations and taking it to practice by
applying it to small hydropower investment project selection. Another use of FAHP in
project selection was studied in [79] where the constraints which should be taken into
account in FAHP are the core of concentration in order to reach a reliable system. Sensitivity
analysis for the allotment of nonprofit systems’ performance is the main focus in [80] where
a computational method is proposed in order to aid the decision makers in evaluating the

organizational service quality for both academic and commercial aims.

In what follows, the steps of this used method [81] are shown and explained. By letting the
object set “X” as X = {x,,x,,...,x, } and goal setas U ={u,,u,,...,u,, } and according to
the aforementioned method, analysis is done for each goal which is “g;” resulting in m extent
analysis for each member of the set demonstrated as equation (2.18) (note that l\/lgyi

(v=1,2,...,m) is a triangular fuzzy number.)

M; M2, M i=12..,n (2.18)

9i

The procedure according to Chang’s extent analysis is as Equation (2.19):

. _ . " ] 2.19
S = ijl M éi ® I:z:i_lzj—l M ‘;i ) o
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The value of Zl\/léi is calculated by applying the fuzzy addition rule for a specific matrix
j=1

such that meet the following criterion as shown in equation (2.20):

pSIVERS OB T -

] =

1
k.ﬂ r_”M‘) j
And the value of '=1ZJ=1 i M

is calculated by following the fuzzy addition rule of %

(=1, 2, ..., m) according to Equation (2.21).

ZL%M ) :[Z:‘Ii'iz:‘m‘ ,Zuij (2.21)

And eventually in the last part of the first step the inverse vector of the previous equation is

calculated by Equation (2.22):

[Zn:iM"’j‘]_l: = (2.22)
PR SLED I

In the Second step of the Chang’s extent analysis method the degrees of possibility should
be calculated. Based on this method, M= (I, m1, uy >Mo= (I, mz, u2) is delineated as
Equation (2.23):

V(M, =M,) =sup,., [Min(z,, (), Min(z,, (¥))] (2.23)

Which would lead to the calculation of Y (Mi=M;)=hgt(M, AM,) =, (d) by

Equation (2.24):

1, if  m >m,
0, it 1,>u, (2.24)
l; —u, : Otherwise
(ml _ul)_(mZ_IZ)

In Equation (2.24), ““d” is the ordinate of the highest intersection point D between Ay, and

Uy, (Figure 6). In order to be able to compare M1 and My, both of the values of v (M, > M,)

and V(M , > M,) should be obtained.
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Figure 6-Degrees of possibility between ,UM1 and [73]

In the third step of the method, the degree possibility for a convex fuzzy number in order to
be greater than k convex fuzzy numbers Mi = V(M >M,M, ... M) for (i=1, 2, 3,..., k)
is delineated by:

VIM = M,))and(M = M,)and...and(M = M )] (2.25)

And would lead to Equation (2.26):
minV(M > M,),1=123,...,k (2.26)

By assuming that for j=1, 2,..., n; j#i:
d (A)=minV(S, >S)). (2.27)
The weight vector is obtained by Equation (2.28):
W' =(d'(A).d (A)....d (A)), (2.28)

Where Ai (i=1, 2,..., n ) are elements. In the final step the normalized vectors are obtained
through normalization by Equation (2.29):

W =(d(A).d(A)....d(A))" (2.29)

The result of the normalization for ”W” is a non-fuzzy number.
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3. IMPLEMENTATION

As stated before, cause and effect diagram compiles both the main and sub-causes together.
In project selection, in order to achieve the fastest and the most effective solution for the
problem, the most important reason causing the case should be determined. Although a well
conducted cause and effect diagram will present the major and sub-causes, any superiority
among them will not going to be included Therefore, the cause from which to begin should
be decided. If we were able to conduct a cause and effect diagram including the superiorities,
we would select the most important project related to solution and we would start from this

project(s) to accelerate the result.

3.1. Development of Integrated Cause and Effect Diagram and FAHP Based
Methodology

Dagger et al. [82] defines some criteria for the evaluation of healthcare services and defines
the criterion “Responsiveness” as readiness and eagerness to grant accurate and dependable
services and aids to customers. Moreover Lee and Yom [83] states another criterion as
“Timeliness” which refers to delivering the guaranteed services on schedule as well as the
ability of organizing the medical services such as appointment waiting list and waiting time

and facile changeability of appointments and operation schedules.

A hospital should be responsive to the problems they are facing and willingly come up with
a solution in order to smoothly serve its customers [84]. Another demanding topic in
Healthcare quality and appointment system is the collaborative transmission of information
between hospital staff and customers defined as “empathy” [85]. Based on literature audits
the other criteria determining the quality in healthcare are “tangibles” which consist of
physical equipment and accessibility of the hospital [86], “Reliability” which refers to
delivering the guaranteed service attentively and meticulously (for example diagnose of

disease or veracity of the cost of service), “assurance” and “professionalism” [87].
9

In this study, firstly, on the basis of expert or domain expert opinions, the weights assigned
to each cause is determined using the AHP method, considering that the main causes (main
bones of fish) can be appropriately compared by hospital managers, where for sub-causes
more domain experts should be consulted. AHP is mostly used to compile subjective
opinions of experts, depending on their own experiences or aspects via pairwise comparison

matrices. Once calculating the weights as given in Section 4, the weights of main comparison
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matrix are placed on main bones of the diagram, then the calculated sub-causes’ weights
under each main criteria are placed on associated bones. Therefore, determined main and
sub-causes with their weights are presented on a fishbone diagram at once. Afterwards,
considering completely the main and sub-bones, associated weights are ranked in ascending

order, to determine the highest weight which identifies the most important cause.

Secondly, in order to take a more pellucid approach into account, the fuzzy analytical
hierarchical method is applied on the collected data. The FAHP method is applied to capture
(even small amount) of human cognition in order to potentially give more justifiable and
comprehensive results both in improving the quality of the appointment system in hospital
and being more cost effective in dealing with the problems causing the underperformance of
the hospital. Although having a deep understanding of processes, demography, governments,
providers, payers and organization is needed to enumerate all of the problem causing
bottlenecks, the FAHP gives an intelligible account of the main problems which are
prioritized by experts opinion and the Fuzzy analytical hierarchical method. Lastly the most
problem causing bones and sub-bones of the fishbone diagram are identified in a more

perceivable fashion.
3.2. Implementation of the Proposed Project Selection Methodology

Since the quality of healthcare services is directly related with the health status of humans,
improvements of healthcare processes have gained a significant importance and have
become a major field for researchers [85]. Although Six Sigma projects are originated from
and common in the manufacturing world, interest to their applications have also increased

in service industries such as healthcare management recently [20].

There are many application areas of process improvement in healthcare; such as flow of
patients in hospitals, appointment systems, medication processes, medication quality
improvement, billing processes and maintenance processes [3]. For Six Sigma projects,
appointment systems are one of the major considerations of organizations delivering
healthcare services. Modelling the appointment systems, detecting reasons of poor
performance, identifying possible improvements, and implementing new solutions are the
main research topics related with appointment systems. By common belief, the physician’s
time is more valuable than a patient’s time. Consequently, the appointment systems have

been often designed to minimize physicians’ idle time overlooking patients’ waiting time.
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Long waiting times for treatment in the outpatient (a patient who attends a hospital for
treatment without staying there overnight) department followed by short consultations has
long been a complaint. This is not an acceptable application in today’s consumer oriented
society. Nowadays, customers use waiting time as a decisive factor in choosing a service
provider [88].

3.3. Deployed Strategy

The proposed project selection methodology is implemented at a well-known university
hospital, in Turkey. Here, appointment system as a major problem for hospital administration

is considered. Figure 7 shows the strategy deployed for implementation efforts.

First, the reasons of poor performance were investigated and potential reasons were defined
as alternative Six Sigma Project topics. Then, the developed Cause and Effect and AHP
Integrated Methodology was implemented in poor performing appointment system of

hospital to rank these identified alternatives according to their importance.

Cause And Effect
eProblem Definition Diagram eExpert Opinions

*Observations eEffect *Flashcards
*Meetings *Major Causes *Analysis
eInterviews *Minor Causes ePrioritization

eRelationships
Investigation of Integration of AHP
Existing Process Methodology

Figure 7 - Deployed Strategy for the Implementation Efforts

In the first steps of the implementation efforts, problems of the appointment system causing
poor performance were investigated in details through observations, meeting with
administrative departments, and face to face interview with staff had roles in appointment
process. In the second step, all the identified causes and their relationships, both for major
and minor ones, are described with Cause and Effect Diagram. The next question was
challenging, how to begin a Six Sigma project. Since each cause has its own requirements

and may be defined as a Six Sigma project topic itself, there was a requirement for a scientific
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method which may help to prioritize causes. This prioritization could help to define the
orders of separate Six Sigma projects according to the importance from the University
Hospital administration. AHP which is a methodology that has been used several time in
healthcare and medical decision making field, was selected as a proper tool for prioritization.
During AHP efforts, major and minor causes are evaluated based on the gathered information
from domain experts and hospital administration. Instead of using surveys, an information
flashcard system is developed and used during information collection. Prioritizations for Six
Sigma project topics are obtained after analyzing the collected data through AHP based
calculations. Finally, AHP results and Cause and Effect Diagram are integrated in a new
diagram and reports are presented to the hospital administration.

Following the results of the AHP, the fuzzy approach of the mentioned process is
implemented. As it can be seen from figure 8, almost all of the steps for the deployment of
the implemented efforts are the same with the difference of the fact that the integration is
done by the cause and effect FAHP methodology. The integration part of the methodology
consists of the including the decision vagueness for the data which have been gathered in the
meetings and interviews in order to give a closer sense of understanding in terms of human
cognition. In this step of the implementation, the data collected for the AHP methodology
are translated into the triangular fuzzy scale and then the results which are obtained by the
algorithm discussed in the “FAHP” part are prioritized and analyzed, respectively. In

addition, the results obtained in both methods are compared.

Cause And Effect 4 «Expert Opinions I
(-Problem Definition Diagram eFlashcards

*Observations oEffect eIncluding decision
*Meetings «Major Causes \./ag.u.nes.s
i .
eInterviews eMinor Causes Prioritization

*Relationships *Analysis

N Investigation of _ Integration of FAHP
Existing Process \ Methodology

Figure 8- Deployed Strategy for the FAHP Implementation Efforts

Details regarding to the implementation efforts and results will be described in the following
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3.4. Investigation of Existing Appointment System

First of all, existing appointment system was investigated in order to define the problems
and observe how and why appointment process performs poor. After realizing initial
observations and identifying poor performance, the causes of the poor performance were
investigated trough detailed observations, meetings with hospital administration, and
interviews with hospital staff. The problems of the appointment system were discussed and
revised numerous times by considering suggestions and requests of experts which are

basically hospital administration and staff.

Appointments are given through department secretaries or via call center of the hospital.
Patients can schedule appointments through secretariats, by call or by directly visiting the
relevant departments. Although an online appointment system has just been developed in the
hospital, it was not in use during the time this study was conducted, due to the final

adjustments.

The patients who prefer scheduling their appointments through the call center, are mostly
complaining about accessibility problems. Although accessibility seems as the most obvious
problem, there may be many additional factors that increase the poor performance.
Responsiveness means willingness to help customers and provide prompt service accurately
and consistently [84], is a really critical factor in determining the competency of a health-
care system performance. From responsiveness point of view, the fact that there are hefty
amount of issues surrounding the appointment system and the attainability of appointments
by customers at an accurate and constant rate, is a testament to system underperforming. To
add to that, timeliness is also an issue in this system as the lengthy waiting list and challenges
of changing appointment times or canceling them are just more proof of the system’s
underperformance. These reasons among others can cause great amount of customer
dissatisfaction and unsuccessful medical results. If patients which are unsuccessful in
obtaining an appointment time have other options and are capable financially, they will
consider other options and if financially incapable then wait is their only option which can

have undermining results.
3.5. Implementing Cause and Effect Diagram

After a comprehensive investigation was accomplished with the help of hospital
administration and domain experts, all the potential problems were identified and
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categorized under the following six main suspects: Capacity Problems, System and
Connection Problems, Equipment Problems, Staff problems, Patients’ Non-attendance, and
During Appointment Problems. Moreover, major causes are more detailed with the identified
several sub causes. The main causes and their relationships are presented through the

traditional Cause and Effect Diagram given in Figure 16.

Equipment(Hardware and Software) I = Staff [ Durlng Appomtmeﬂ

IT related Y Secretarles ‘\—La(e arrivals \
\ General equipment Excess \‘\\
Poor software \ insufficiency questioning Unscheduled \.
performance D over time appointments Ne
\ octors-

N\
\ \ Poor Performing
7 : = Appointment
Environmental Hospital System P
related Telephone Insuffu:lent 7
and Internet Staff /
demographic b4 Schedulmg £
factors Patient factors /
Lack of common /+~———Face to face /
o/ —~
platform if
Patients’ Non-attendance ‘ 7N System & Connection‘ Capacity

Figure 9-Two level cause and effect diagram for the appointment system

A two level version of the complete diagram is shown in Figure 9. The sub-causes for each

bone can be seen in detail in Figures 10-15:

Insufficient
\
lnaoc\u'ate time DataCollecting Staff
ion bl
Scheduﬁnga"o“m Pro ezs -
Unmeasurable

Different servicetime . = o o
According to different

Kind of patient

Capacity

Figure 10-Capacity sub-causes
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Figure 11-System and Connection sub-causes
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Figure 13-Staff sub-causes
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Figure 14- Patients’ Non-attendance sub-causes
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Figure 15-During appointment sub-causes

The complete cause and effect diagram as mentioned, is shown is Figure 16 but due to the
limitations of the papers’ space and the lack of clarity due to the shrinkage of the figure, it

was as illustrated cut down to smaller parts and shown in individually.
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Figure 16 - Implementation of Cause and Effect Diagram
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Figure 16 should be interpreted as major causes are representing the potential major Six
Sigma Project alternatives. Each major cause comprises different sub causes that may also
be presented as minor Six Sigma topics. All the causes, both major and sub-causes, are given
in Table 5.

Table 5- All the causes, both major and sub-causes

Code Cause Name
1 Capacity
11 Scheduling
111 Data Collecting
1.1.2 Unmeasurable Service time
1.1.3 Inaccurate Time Allocation
1.14 Different service times for different patients
1.2 Insufficient Staff
2 System and Connection
2.1 Telephone
211 Excess Demand
2.1.2 Lack of Automation
2.1.3 Redundant connections
214 Staff related
2.2 Internet
2.2.1 Lack of user friendly interface
2.2.2 Loading and connection problems
2.2.3 Patients not being identified by system
2.3 Face to Face
2.4 Lack of common platform
3 Equipment
3.1 Poor Software Performance
3.1.1 Slow System
3.1.2 Appointments not being shown or found by the system
3.2 IT Related
3.2.1 Lack of Experts
3.2.2 Lack of solution Procedure
3.3 General Equipment Insufficiency
4 Staff
5 Patient no Shows
6 During Appointment

By having a deeper look to “Capacity Problems” as a major reason, sub-causes such as
“Insufficient Staff” and “Scheduling” can be found. The research can go even further as the

scheduling problems themselves divide into sub-causes such as “Inaccurate Time Allocation,
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Data Collection Problems, Giving different service time according to different kind of

patients, and Unmeasurable service times.

System and connection problems consists of “Internet related Problems, Telephone related
Problems, and lack of common problems, problems occurred during face to face
appointment manner”. Furthermore, Internet related problems themselves include; patients
not being identified by the system, non-user friendly interface and, loading and connection
problems. Telephone related problems also contain excess demand, redundant connections,

personnel related problems, and lack of automation.

Equipment problems are the hardware and software related problems. They have three sub-
problems; IT related problems, poor software performance, and general equipment
insufficiency such as printers not working. IT related problems can be caused by expert
shortage, or insufficient problem solving procedures. Poor performance by software can be
caused by a slow processing system or appointments not being found or shown by the
system. Office supplies shortages and lack of technological supplies and can cause general

equipment insufficiency.

Staff problems can be caused by doctors or secretaries. Personal preferences and nepotism
are the problems caused by doctors whereas being inadequately skilled, having insufficient
info, or being responsible with multiple assignments are some of the problems that

secretaries face.

One of the other problems as mentioned was patients’ non-attendance occurs when a patient
does not attend to his/her appointment. This problem can have different minor reasoning
such as environmental and demographic factors (transport problems, not having a health
insurance), hospital related factors (having no patient reminding system, communication
problems or late available appointments) and patient related factors (high trait anxiety, lack

of knowledge or personal reasons).

The last group of problems are the problems occurring during appointment problems which
are occurred during doctor treatments. Their source can be trailed in late arrivals (Personal
reasons, parking problems), unscheduled appointments, and excess questioning over the

normal allocated time to each patient.
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3.6. Implementation of AHP and FAHP Methodology

Each cause in the diagram given in the Figure 16, both major and their sub-causes, are
considered as Six Sigma project topics by the hospital management. However, the question
was how to prioritize and rank these causes, and where to start Six Sigma efforts. Firstly,
AHP methodology was integrated with the developed Cause and Effect Diagram. Then, the
FAHP method was implemented in order to get the results based on fuzzy sets rather than

crisp sets.

AHP was chosen as a methodology because the problems that are required to be prioritized
in terms of importance do not share a common measuring scale and they have their own sub-
problems. By using more than one expert’s opinion and aggregating them (The suitable
aggregation of opinions is necessary.) These opinions can be prior or conditional
probabilities, or even posterior probabilities [89]. Moreover, consulting more experts would
reduce the chances of biasness that can exist in one opinion. It is necessary to consider
different group of experts from different fields in the same system as well to have the chance
of understanding the issue from different aspects [90]. Several AHP aggregating methods

such as arithmetic mean method can be used [91].

The FAHP method is applied due to its advantage in representing ambiguity and uncertainty.
Furthermore, compared to the AHP procedure, it adds the quality of dealing with some of

the inaccuracy that AHP is prone to.

Based on the defined major and sub-causes, flashcards were prepared in order to facilitate
the process of the questions that were going to be answered by the corresponding staff of
related departments. Each interviewed staff had to compare the different pairs of major
causes according to their importance. They also need to compare sub-category pairs in each
branch of causes. Easy to understand flashcards were shown to them and further explanation

were given to those who had difficulties with cards.

The classical survey method would be a challenging process to teach to survey contributors
in a limited amount of time and the busy environment of the hospital. Thus, a more
interactive and easier to understand method was implemented. In total, 60 pairwise
comparisons are realized thus 60 different Flashcards were prepared, unique Flashcards for
each pairwise comparison. Each flashcard resembles the importance comparison of two

criteria. The more graphical approach compared to the conventional word-driven survey
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system would facilitate the quick understanding of the comparison question by the
interviewee. The following (Figure 17) which is one of these 60 flashcards, is given as an
example. All of the flashcards for the comparison of “Main causes” are shown in appendix

C.

1 Considering the performance of the appointment system, how important is “Capacity” compared to
“System and connection problems”?

Extremety nparan
iy Important
unimpol Equal importance Y

3

Figure 17 - An example Flashcard in which pairwise comparisons are asked to the domain experts

Following this, a group of domain experts consisting of both managerial and administrative
staff were asked to evaluate the importance of the causes in the scale of 1 to 9, which is given
in the Table 6; where 1 is equally important, 9 is extremely important and 1/9 is extremely
unimportant. Each answer and questionnaire was documented. The recorded data were
analyzed by the proposed integrated Cause and Effect Diagram and the AHP method. As it
can be seen in the flashcards, the points are given between 1 and 5 in order to facilitate the
comprehension of comparisons for the interviewees. The gathered data then is converted to
the 1 to 9 scale based on [92].

For the cause and effect diagram FAHP method, the pairwise comparison matrix of the AHP
version should be converted based on fuzzy triangular numbers. This is done by the concept
called linguistic values defined by [93]. The linguistic values are really useful in dealing
with complex and hard to define expression in conventional models. Different levels of
importance which were shown from 1 to 9 in the AHP method are translated into the
triangular fuzzy scale in Table 6. For example, the number “1” in the AHP method which
represents the term “Equal importance” is translated into (1,1,1) in the triangular fuzzy scale

or the term “Extremely Important” represented by “9” in the AHP model is presented as
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(5/2,3,7/2). The linguistic scales for importance as suggested by [75] and [94] are presented
in Table 6. This means that compared to the AHP comparison matrix which the important
level of “System and connection” to “Capacity” which was obtained as “5” (Meaning the
former is moderately more important than the latter), in the FAHP method their relevant
field would be replaced by the “(3/2, 2, 5/2)” value.

Table 6- Linguistic scale for importance for the FAHP method

QHP Linguistic scale for importance | Triangular fuzzy scale Trla}ngular fuzzy
umber reciprocal scale
1 Equally important (1,1,1) (1,1,1)

2 (1/2,3/4,1) (1,4/3,2)

3 Slightly more important (2/3,1,3/2) (2/3,1,3/2)

4 (1,3/2,2) (1/2,2/3,1)

5 Moderately more important (3/2,2,5/2) (2/5,1/2,2/3)
6 (2,5/2,3) (1/3,2/5,1/2)
7 More important (5/,3,712) (2/7,1/3,2/5)
8 (3,7/2,4) (1/4,217,1/3)
9 Extremely more important (7/2,4,9/2) (2/9,1/4,117)
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4. ANALYSIS

In this section, the analysis and the different stages of the constructing the pair-wise
comparison matrices are delineated step by step for both the analytical hierarchical process

and fuzzy analytical hierarchical process for the main causes.
4.1. AHP Analysis

After identifying the relations of different problems based on the answers and replies of
hospital staff at all levels, pairwise comparison matrices were created to find the levels of
importance of different malfunction reasons in the hospital. Different points were given to
show their pairwise importance relations (Extremely more important=9, More important=7,
moderately more important=5, slightly more important=3, equally important=1). The
following pairwise comparison matrix given as an example in table 7 is obtained for the 6
main causes of the fishbone. By using the mean of the collected answers in hospital for each
of the pair-wise comparison, the respected matrix for each cause (Both main causes and their

sub-cause) were constructed.

Table 7 - Pairwise Comparison Matrix for the 6 Main Causes

1 2 3 4 5 6
1 1 0.2 5 5 9 9 1: Capacity
2 5 1 5 5 9 9 2: System and Connection
3 02 | 02 1 5 5 5 | 3:Equipment
4 | 02 [ 02 |02 1 1 1| &St
5 0111 101111 02 1 1 1 5: Patients’ Non-attendance
6: During Appointment
6 0.111 (0.111 | 0.2 1 1 1

For example, based on the median of the answers and replies obtained which was about 0.2
for “Capacity (1)” compared to “System and Connection (2)”. This means that “Capacity
Problems (2)” is moderately less important than “System and Connection Problems (1). On
the contrary, (2) is 5 (=1/0.2) compared to (1), which means that “System and Connection”

is moderately more important than “Capacity”, as it is expected.
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With the same logic all of the pairwise comparison matrices were constructed (both for
general causes and their sub-causes). In total, 14 pairwise comparison matrices are obtained

through calculating the median values of the answers of domain experts.
4.2. FAHP Analysis

Based on the obtained medians of the answers to the flashcards completed by the domain
experts and following the construction of the AHP comparison matrix, the fuzzy hierarchical
comparison matrices are formed using the FAHP linguistic scale for importance. Table 7
represents the comparison matrix for the main causes of the poor performance of the hospital
identified in the previous chapters. Again 14 comparison matrices were created and the
relevant weights are obtained consequently.

For example, based on the median of the answers and replies obtained which was about 0.2
for “Capacity (1)” compared to “System and Connection (2)”. This means that “Capacity
Problems (2)” is moderately less important than “System and Connection Problems (1). That
is why the comparison value in the pairwise comparison matrix for (1) compared to (2) is
represented by (0.40, 0.50, 0.67) which is the reciprocal value for (3/2, 2. 5/2) meaning that
(1) is moderately less important than (2) and consequently system and connection (2) is

moderately more important than capacity (1).

With the same logic all of the pairwise comparison matrices were constructed (both for
general causes and their sub-causes). In total, 14 pairwise comparison matrix is obtained

through calculating the median values of the answers of domain experts.
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Table 8-FAHP Pairwise Comparison Matrix for the 6 Main Cause

1 2 3 4 5 6
1 |100 (100 |[1.00 |040 |050 |067 (150 |200 |250 |[150 |2.00 |250 |350 |4.00 (450 |350 |4.00 |4.50
2 |[150 |200 |[250 |[100 |1.00 |100 |[150 |200 |250 [150 |2.00 |250 |3.50 |4.00 |450 |350 |4.00 |4.50
3 |040 |050 |067 |040 (050 |0.67 [1.00 [1.00 |[1.00 (150 [2.00 |250 |[150 |2.00 |250 |150 |2.00 |250
4 1040 |050 |067 |040 |(050 |067 |040 [0S0 |067 |[1.00 100 |1.00 [1.00 |1.33 |2.00 [1.00 |1.33 |200
5 |022 |025 |029 (022 (025 |029 |040 |050 |0.67 (050 |0.75 |1.00 [1.00 |1.00 |1.00 [1.00 |1.00 |1.00
6 1022 |025 (029 |022 (025 |029 |040 |050 |0.67 (050 |0.75 |1.00 [1.00 |1.00 |1.00 [1.00 |1.00 |1.00
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5. RESULTS

In this section, the focus is the results for the AHP and FAHP approaches separately. With
ease of understanding in mind, both approaches are done for the main causes and “System
and connection” causes. Step by step tables delineate the algorithm which are already

explained in details in previous sections.
5.1. AHP Results

In the next step, normalized comparison matrices and reason’s weights were formed and
calculated respectively after each weight calculation, the consistency index was checked to
find out if the decision making process is consistent by finding the Cl and RI values. All the
calculations are accomplished according to the AHP methodology’s calculations presented

in details in Section 3.3.

After finding the importance weights for the major causes the following Table 9 were
obtained:

Table 9 - Analysis Results of the Major Causes

Causes | Weights | CI 0.0462
1 0.2769 CR=CI/Rl 0.0373
2 0.4508 1: Capacity Problems
3 0.1480 2: System and Connection Problems
4 0.0482 3: Equipment Problems
5 0.0379 4: Staff Problems
5: Patients’ Non-attendance
6 0.0379 6: During Appointment Problems

As it is obvious the most of the problems are caused by System and Connection problems
(about 45 percent) followed by about 27 percent of problems caused by Capacity issues
which these two account for about 72 percent of whole problems. On the third place is
equipment problems with 14 percent of whole problems. The other three problem types
account for a miniscule amount of the whole problems. Note that, means that the obtained
CR for this analytical process (0.0373) shows the consistency of this process. As mentioned
previously, if the CR value is below 0.1 it means that the analysis is consistent.
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Here, only the results of main causes is given due to the page limitations and similarity of
analysis, but the complete results for the remaining matrices (sub causes) are available in
appendix A. Since “System and Connection Problems” is 45 percent and will be projected

first, details for its sub-causes is given in Table 10.

Table 10 - Analysis Results of the System and Connection Related Problems

Causes | Weights | CI 0.0869

1 0.4724 CR=CI/RIl 0.0966

2 0.1969 1: Telephone Related

3 0.0470 2: Internet Related

4 0.2835 3: Face to Face Appointments
4: Lack of Common Platform

In the System and Connection Problems, as expected and observed in the hospital, the
biggest problem was “Telephone Related” (about 47 percent) followed by the “Internet
Related” ones (19 percent). Going one level deeper in the “Telephone Related Problems, the
result is not given, “lack of automation” was the main problem accounting for about 59
percent of all problems whereas for the “Internet related problems”, “not being authorized
by the system” and the “system not being user friendly” were the main reasons tied at the

top with each having about 45 percent of the problems.

The obtained results show that the First priority of hospital for solving its problems and
heading towards a better performing system is to re-think and solve their “System and
Connection Problems”. This can be possible by the implementation of a single platform for
all of the appointment-taking systems. This can lead to the decrease of the problems sourcing
from the lack of communication between the appointments taken by telephone, Internet and
face to face. By applying a single platform for these different systems, the information will
be updated as real-time data which avoids the miscommunication of data between different
appointment-taking systems. Furthermore, as about half of the reasons for causing system
and connection are “Telephone” related, many improvements can be taken in the call-center
sector. The elimination of redundant connections and the improvement of automation system
(making the call-center application more efficient) and better training of personnel can lead
to solving the problem due to excess demand. This can make the telephone appointment-
making system operate more smoothly and efficiently. To add to that, making a more user-

friendly internet platform that is comprehensible and understandable for all range of end-
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users and customers and improving the performance of the website can have major impact

on solving problems which are caused by Internet appointment-making system.
5.2. FAHP Results

Firstly, the main causes are the subject of test in the fuzzy analytical hierarchical approach.
Based on Table 11, the fuzzy synthetic extent values were obtained for the main causes.
Thus, I, m, and u which are the lower, mean and upper bounds of the triangular fuzzy number
for each member of the comparison matrix are calculated based on Equation (2.19) and the

results can be seen in Table 11.

Table 11- Fuzzy extent values for main causes

In the next step the fuzzy number comparing principle is applied based on [81]. As a result,
each element’s weight can be obtained as the minimum value of each row of the following

matrix (shown in Table 12).

Table 12-Degrees of possibility for main causes

0.8459 1 1 1 1 0.8459
1 1 1 1 1 1
0.2839 | 0.1521 1 1 1 0.1521
0 0 0.5207 1 1 0
0 0 0 0.5208 1 0
0 0 0 0.5208 1 0

As it has been depicted in the matrix in Table 12, the minimum value of the first row is
0.8459 which is representing first element’s weight which is the capacity related cause.

Finally, by the use of normalization the normalized weights which are no longer fuzzy

42



numbers can be obtained as shown in the following table which is the percentage of

significance of each involved element in Table 13.

Table 13-Prioritization results for main causes

The same procedure is done for a level deeper in the cause and effect diagram. The analysis
of the second level of the most significant problem causing bone in the fishbone diagram is
the system and connection related causes. The I, m and u values are obtained and based on
comparison of degrees of possibility, the involving elements are prioritized and standardized

respectively.

Table 14-Fuzzy comparison matrix for system and connection causes

1.00 | 1.00 | 1.00 | 1.50 | 2.00 | 2.50 | 3.50 | 4.00 | 450 | 0.50 | 0.75 | 1.00
0.40 | 050 | 0.67 | 1.00 | 1.00 | 1.00 | 1.50 | 2.00 | 2,50 | 3.00 | 1.33 | 2.00

0.22 | 0.25 | 0.29 | 0.40 | 050 | 0.67 | 1.00 | 1.00 | 1.00 | 0.40 | 0.50 | 0.67
3.00 | 1.33 | 200 | 050 | 0.75 | 1.00 | 1.50 | 2.00 | 2.50 | 1.00 | 1.00 | 1.00

In the comparison matrix in Table 14, each of the numbers 1,2,3, and 4 represent each of the
four subsets of system and connection related cause being telephone, internet, face to face
appointments and “lack of a common platform” respectively. The next step is to find the

fuzzy extent value of each of these subsets as shown in Table 15.

Table 15-Fuzzy extent values for system and connection causes
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Following the obtainment of the fuzzy extent values, their degrees of possibility are
compared for each of the understudy causes in the system and connection related causes

subsets represented in table 16.

Table 16-Degrees of possibility for System and connection causes

1 2 3 4
1 - 1 1 1
2 0.1898 - 1 0.8139
3 0 0 - 0
4 0.2744 1 1 -

Finally, the minimum values resulted from the degrees of possibility comparison would lead
to be the weights of each subset. The standard weights show the value of each subset on the

percent basis.

Table 17-Prioritization results for System and connection causes

1 2 3 4
Weight 1 0.1898 0 0.2744
Standard
: 0.6829 0.1296 0 0.1874
Weight

As it can be comprehended from the Table 17, Telephone related causes possess the biggest
bulk of problem causing criteria with substantial figure of about 68 percent. Taking measures
such as managing call overload, improving the call center automation. Eliminating call
center system errors and Training call center staff can be of the first steps taken in order to
palliate hospitals poor performance system. The prioritization for each branch of the cause
and effect diagram is calculated by the introduced FAHP method.

5.3. Discussion of results

The results from both AHP and FAHP methods shows that the biggest chunk of hospital’s
appointment system is caused by the “System and connection” related causes with about
45% and 52% respectively. Based on the fuzzy triangular numbers, it can be seen that the
significance of the main problem is emphasized compared to the AHP version of the results.
The same trend can be seen in the second most important cause of underperformance of the

appointment system, being the “Capacity” related causes with 27% and 42% for AHP and
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FAHP respectively. The exact opposite trend is true for other types of problem causing
elements as the 14% weight allocated to “Equipment” related causing is plummeted to about
4% according to the FAHP method. This can point to the fact that by taking more human
cognition into account, solving the problems associated with equipment can serve little in
terms of being beneficial to the improvement of the appointment system. The other three
branches of the cause and effect diagram which had already insignificant portions of causing
problems in the performance of the appointment system are omitted in terms of being
considered as selection contenders using the FAHP method. These “0’s can be due to the
fact that according to the FAHP method and further taking humanlike judgement into
account, they can serve as being not cost effective and time effective enough or even feasible.
The fact that the results give us a hint in not even considering the other three types of problem
causers as selection candidates shows the advantages of FAHP to AHP in terms of acumen.

These results can even benefit the system in terms of cost and time effectiveness.

First order of business in terms of improving the appointment system can be started by
improving the telecommunication system which consists of such as managing call overload,
improving the call center automation. Eliminating call center system errors and Training call
center staff. Furthermore, while mitigating the deficiencies in the “System and connection
department, measures can be taken in order to integrate the manual and computerized
appointment systems in order to tackle the problem “Lack of a common
interface”. Improving the IT system for internet appointments can be the next step in order
to solve the problems with faced with the internet system which can include developing a
user friendly interface, Improving the read and write access to the system and reducing the
number of unrecognized patients by the system. Based on FAHP results, no actions are
needed to be taken for “Face to face” causes since the resulted weight value is 0% compared
to 4 percent in AHP results. Recommended solutions for causes of underperformance for all

of the studied causes is shown is Table 18.
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Table 18-Recommended solutions for causes of underperformance

AHP Weights Fuzzy Weights
1. Capacity related 0.277 0.4233
1.1. Improving the appointment schedule 0.8333 0.3737
1.1.1. Improving the data collection systems 0.0748 0.0000
1.1.2. Identifying the causes of variation in service times 0.0809 0.0360
1.1.3. Determining a fixed time to be allocated for each patient in the schedule 0.4043 0.1560
1.1.4. Determining variable times to be allocated for different types of patients in the schedule 0.44 0.1817
1.2. Reducing insufficiency of staff 0.1667 0.0495
2. System and accessibility related 0.4508 05233
2.1. Improving the telecommunication system 0.4724 0.3574
2.1.1. Managing call overload 0.2014 0.0786
2.1.2. Improving the call center automation 0.5903 0.1856
2.1.3. Eliminating call center systemerrors 0.118 0.0539
2.1.4. Training call center staff 0.0903 0.0392
2.2. Improving the IT system for internet appointments 0.197 0.0678
2.2.1. Developing a user friendly interface 0.4545 0.0339
2.2.2. Improving the read and write access to the system 0.091 0.0000
2.2.3. Reducing the number of unrecognized patients by the system 0.4545 0.0339
2.3. Eliminating the errors due to manual appointments 0.0471 0.0000
2.4. Integrating the manual and computerized appointment systems 0.2835 0.0981
3. Hardware and software related 0.1481 0.0414
3.1. Improving the software performance 0.4796 0.0226
3.1.1. Increasing the systemspeed 0.25 0.0071
3.1.2. Eliminating the software errors 0.75 0.0154
3.2. Improving the capabilities of IT department 0.4054 0.0167
3.2.1. Reducing software expert shortages 0.25 0.0053
3.2.2. Developing standards for solving problems 0.75 0.0114
3.3 Fulfilling general equipment deficiencies (office and technological supplies) 0.115 0.0021
4. Staff related 0.0483 0.0000
4.1. Reducing inefficiencies caused by doctors 0.9 0.0000
4.1.1. Reducing doctors’ intervention to the appointments 0.875 0.0000
4.1.2. Preventing nepotism 0.125 0.0000
4.2. Reducing inefficiencies caused by secretaries 0.1 0.0000
4.2.1. Improving the recruitment process to hire more skilled secretaries 0.1578 0.0000
4.2.2. Reducing the multiple task assignments 0.1867 0.0000
4.2.3. Developing on the job training programs 0.6555 0.0000
5. Breaking an appointment related 0.0379 0.0000
5.1. Reducing external causes of no-show
5.1.1. Reducing no-show due to transportation problems
5.1.2. Preventing no-show due to health insurance problems
5.2. Reducing hospital related causes of no-show
5.2.1. Reducing misunderstandings related to appointment details
5.2.2. Developing a reminder system for preventing no-show
5.2.3. Improving availability of appointments for the short term
5.3. Reducing effects of patient related no-show
5.3.1. Managing no-show due to personal reasons
5.3.2. Reducing lack of knowledge
5.3.3. Reducing no-show due to anxiety
6. Attending an appointment related 0.0379 0.0000
6.1. Reducing excessive questions asked by patients 0.1053 0.0000
6.2. Managing late arrivals 0.0969 0.0000
6.2.1. Managing late arrivals due to personal reasons 0.8333 0.0000
6.2.2. Reducing hospital related problems 0.1667 0.0000
6.3. Managing unscheduled appointments 0.7978 0.0000
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6. SUNBURST CHART

Sunburst chart is a radial structured variation of a tree-diagram which additionally includes
and associates hierarchical structure with information about quantity. This chart originates
from interactive computer design used in the representation of graphic results of hierarchical

data with the levels of information being its basis.

This study however, uses a modified version of the Sunburst chart. The main intention of
the author for creating a new chart is the need for a chart that is capable of visualizing the
numerical results of the proposed cause and effect diagram and AHP based methodology for
selection of quality improvement projects. The cause and effect AHP sunburst chart is used
in this research to graphically demonstrate the results of the AHP analysis that is applied for
ranking the causes of the underperformance of hospital appointment system. The applied
chart uses the innermost circle (the lowest radius) as the first level of the hierarchy being the

“main causes” here.

As the chart moves away from the center to circles with bigger radiuses, the lower levels of
the hierarchy are shown (sub causes). The standardized outcome weights for the outermost
level of the AHP study is shown in a pie chart which is divided by its sub causes based on
their standard weights itself in order to present a simpler and more comprehensible way of

looking at the outcomes.

As seen in Figure 18, there are three circles in the chart and each circle represents a different
cause level for the poor appointment system performance. The innermost circle, considered
as the first level of the hierarchy, represents the six main causes described previously. The
middle circle represents the second level of sub-causes studied by this research and the
outermost circle represents the lowest level of hierarchy. Since the space for the modified
sunburst chart is limited for this paper, only two levels of causes are shown in the chart. Each
circle is divided into several regions and each region represents a cause. The space that a
cause occupies is based on the AHP results and shows the importance of that cause, i.e. a
larger region means a more important cause. Note that, the summation of the areas that

causes have in a circle must be “1” in total.
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Figure 18-Sunburst chart for AHP results

The sunburst system has been used in order to depict the results of cause and effect fuzzy
analytical hierarchical process as well as seen in figure 19. As only three of the six main
causes obtained a value of more than zero, the resulted sunburst chart consists of three main
colors. Color orange taking the biggest chunk of the chart which is associated with the second
category of main causes which is “System and connection” causes. In the second place, 42
percent of the innermost layer of sunburst has been allocated to “Capacity” causes followed
by roughly 4 percent in the “Equipment” related causes. The deeper level of each cause and

effect bone has been shown by the outer levels of the sunburst chart.
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7. CONCLUSIONS AND FUTURE RESEARCH

Concurrent to the advances of processes and products which are undeniably quintessential
in the modern vying industries, effects of business decisions and allotment of limited
resources in order to establish projects, therefore making the selection of a right project a
decisive aspect of any organization’s prosperity. One can find many ostensible means of
development in a working organization, however, choosing the optimal development way
which is based on prioritization technics, is decision makers’ call to make. This call should
be made by considering various, even disparate at times, perspectives. In fact, one of the
most burdensome parts of project selection is to combine and make sense out of the
multifarious information and data collected from various levels of an organization. Thus, the
prioritization and eventually selection of projects can be based on measurable decision
making and be used in order to select the best possible project in accordance to
organization’s strategy and vision. Project-oriented management approaches and result-
oriented performance metrics such as Six Sigma favor improvements that should be
completed in shorter durations. Consequently, process and product quality improvement
studies in industry are often hypothesized in a hierarchical structure, where a breakdown of
a project with a large scope is common. Furthermore, the use of fuzzy logic can mitigate
some the decision making methods’ shortcomings in terms of capturing the vagueness

existing in the way humans think and decide.

In this study, the needed information for selecting the most affecting solution for hospital’s
sub-par performance are collected from different levels and departments of the mentioned
hospital depicting different approaches represented by different levels of hospital employees.
Moreover, the causes for the underperformance of hospital are represented as the projects to
be selected in a three level hierarchy with the lowest level consisting of the subprojects that
serve the goals of the upper levels within the hierarchy. As a powerful statistical process
control tool, Cause-and-Effect diagram is used for creating the hierarchy of projects. To
select the right projects, initially, AHP weights are integrated to invigorate decision makers’
acumen for prioritizing projects by aggregating information from various levels and
departments within an organization. Furthermore, FAHP is used to take into account interval
judgements rather than fixed judgements in order to better capture the fuzzy nature of
comparisons and give a closer perception according to the human brain. Proposed approach
is then illustrated with a study performed to improve appointment system at a hospital.

Suggestions for practical implementations such as flashcards for pairwise comparisons and
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sunburst charts for visualizing the priorities are given. Eventually, the “System and
communication” related causes for the hospital’s problems in the appointment system is
identified as the biggest problem based on both AHP and FAHP results and therefore
selected as the first problem to tackle in terms of improving the service quality of the studied
hospital. The same procedures are undertaken for deeper levels of the cause and effect
diagram as well, making way for the selection of the next solution steps in terms of

prioritization.

Future studies can be done in terms of determining the consequential effects of eliminating
one of the causes of underperformance (by solving it) on other causes and the way it will
change them by finding the correlation between problem causing causes and their sub-
categories. The design of more effective socio-technical decision making systems based on
the technological improvements in understanding the way human brain works which can be
done by rethinking the industrial engineering in order to move forward. The application of
human cognition and its behavioral and neurophysiological bases on decision making -by
using the latest improvements in technology- in order to design more efficacious systems

can seriously bolster service and product quality in the coming years.

51



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

REFERENCES

W. Walker, "Emerging trends in supply chain architecture,” International Journal of
Prodution Res 43, p. 3517-3528, 2005.

A. Jafari and R. P. Kheradmand, "Familiarization whit the concepts and method of
executing kaizen in service and industrial units,” Report of KAIZEN Training
Workshop in Tage Company, 2003.

Y. Yih, ed. Handbook of healthcare delivery systems, CRC Press, 2010.

M. J. Liberatore and R. L. Nydick, "The analytic hierarchy process in medical and
health care decision making: A literature review," European Journal of Operational
Research 189, p. 194-207, 2008.

M. Rosseti and F. Selandari, "Multi-objective analysis of hospital delivery systems,"
Computers and Industrial Engineering 41(3), pp. 309-333, 2001.

G. Buyukozan and D. Ozturkcan, "An integrated analytic approach for Six Sigma
project selection," Expert Systems with Applications 37, p. 5835-5847, 2010.

A. White, "Cause-and-effect Analysis of Risk Management Files to Assess Patient
Care in the Emergency Department,” Academic Emergency Medicine 11.10, pp.
1035-1041, 2004.

D. C. Montgomery and W. H. Woodall, "An Overview of Six Sigma," International
Statistical Review, vol. 76, no. 3, p. 329-346, 2008.

D. C. Montgomery, "Selecting the Right Improvement Projects,” Quality and
Reliability Engineering International, vol. 20, no. 7, 2004.

K. Linderman, R. G. Schroeder, S. Zaheer and A. S. Choo, "Six Sigma: a goal-
theoretic perspective,” Journal of Operations Management, vol. 21, no. 2, pp. 193-
203, 2003.

Y. H. Kwak and F. T. Anbari, "Benefits, obstacles, and future of six sigma approach,"
Technovation, vol. 26, no. 5, pp. 708-715, 2006.

M. Tkac and S. Lyocsa, "On the evaluation of Six Sigma projects,” Quality and
reliability engineering international 26.1, pp. 115-124, 2010.

A. A. Yazdani and Tavakkoli-Moghaddam, "Integration of the fish bone diagram,
brainstorming, and AHP method for problem solving and decision making—a case
study,” The International Journal of Advanced Manufacturing Technology 63.5-8,
pp. 651-657, 2012.

H. C. Zhao, "analysis of accident safety risk of tower crane based on fishbone diagram
and the Analytic Hierarchy Process," Applied Mechanics and Materials. Vol. 127, pp.
139-143, 2012.

52



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

T. Pyzdek and P. A. Keller, The six sigma handbook, vol. 486, New York: NY:
McGraw-Hill, 2003.

R. B. Coronado and J. Antony, "Critical success factors for the successful
implementation of six sigma projects in organisations,” The Total Quality
Managemnet magazine, vol. 14, no. 2, pp. 92-99, 2002.

M. Harry and R. Schroeder, Six Sigma: The Breakthrough Management Strategy
Revolutionizing the World's Top Corporations, New York: Doubleday, 2000.

R. W. Hoerl, "Six Sigma and the future of the quality profession,” Quality progress,
vol. 31, pp. 35-44, 1998.

R. W. Hoerl, "Six Sigma black belts: what do they need to know?," Journal of Quality
Technology, vol. 33, no. 4, pp. 391-406, 2001.

J. Antony, "Some pros and cons of Six Sigma: an academic perspective.," The Total
Quality Management Magazine, vol. 16, no. 4, pp. 303-306, 2004.

U. D. Kumar, . H. Saranga, J. Ramirez-Marquez and D. Nowicki, "Six Sigma project
selection using data envelopment analysis.,” The Total Quality Management
Magazine, vol. 19, no. 5, pp. 419-441, 2007.

G. Buyukozan, G. Ciftci and S. Guleryuz, "Strategic analysis of healthcare service
quality using fuzzy AHP methodology,” Expert Systems with Applications 38.8, pp.
9407-9424, 2011.

A. Fundin and P. Cronemyr, "Use customer feedback to choose Six Sigma projects.,"
Six Sigma Forum Magazine, pp. 17-21, 2003.

F. T. Anbari and Y. H. Kwak, "Success factors in managing Six Sigma projects.," in
Project management institute research conference, London, 2004.

D. W. Moorman, "On the quest for Six Sigma," The American Journal of Surgery,
vol. 189, no. 3, pp. 253-258, 2005.

E. V. Gijo and T. S. Rao, "Six Sigma implementation—hurdles and more hurdles,"”
Total Quality Management & Business Excellence, vol. 16, no. 6, pp. 721-725, 2005.

P. Nonthaleerak and L. Hendry, "Exploring the Six Sigma phenomenon using
multiple case study evidence," International Journal of Operations & Production
Management, vol. 28, no. 3, pp. 279-303, 2008.

A. Lee, W. Chen and C. Chang, "A fuzzy AHP and BSC approach for evaluating
performance of IT department in the manufacturing industry in Taiwan," Expert
Systems with Applications, p. 96-107, 2008.

P. C. Framing, "The need to improve healthcare using Six Sigma methodologies," GE
Medical Systems. iSixSigma Healthcare Newsletter,v3.01b, 0.0-b246., 2003.

53



[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

O. M. Aydin Testik, A. Shaygan, E. Dasdemir and G. Soydan, "A Methodology
Integrating Cause-and-Effect Diagram and Analytical Hierarchy Process,” Quality
Management in Healthcare(Submitted), 2015.

L. G. Ginny W. Frings, "Who Moved My Sigma . . .Effective Implementation of the
Six Sigma Methodology to Hospitals,” Quality and Reliability Engineering
International 21, p. 311-328, 2005.

T. L. Saaty, "A scaling method for priorities in hierarchical structures.,” Journal of
Mathematical Psychology, vol. 15, pp. 234-281, 1977.

T. L. Saaty, Decision Making with Dependence and Feedback The Analytic Network
Process, Pittsburgh: RWS Publications, 1996.

K. Ishikawa, Introduction to quality control, Tokyo: 3A Corporation, 1990.

K. Ishikawa, Guide to quality control, 2nd, Ed., Asian Productivity Organization,
1991, p. 1982.

H. Deng, "Multicriteria analysis with fuzzy pairwise comparisons. International,”
Journal of Approximate Reasoning 21, p. 215-231, 1999.

F. Chan and N. Kumar, "Global supplier development considering risk factors using
fuzzy extended AHP-based approach,” Omega, 35, p. 417-431, 2007.

L. Zadeh, "Fuzzy sets.," Information and Control 8, p. 338-353, 1965.

Y. F. Lin, R. MacArthur, J. Cohn and Barth-Jones, "Decision making in fuzzy discrete
event systems," Information Sciences 177, p. Information Sciences 177, 2007.

C. V. Negoita, Expert systems and fuzzy systems, Menlo Park, CA:
Benjamin/Cummings., 1985.

D. C. Montgomery, Statistical Quality Control: A Modern Introduction, 7th Edition
International Student Version., John Wiley & Sons Singapore Pte. Ltd., 2013.

O. S. Vaidya and S. Kumar, "Analytic hierarchy process: An overview of
applications,” European Journal of Operational Research, vol. 169, no. 1, p. 1-29,
2006.

D. Liu, R. R. Bishu and L. Najjar, "Using the analytical hierarchy process as a tool
for assessing service quality,” Industrial Engineering & Management Systems, vol.
4, no. 2, p. 129-135, 2005.

O. Duran and J. Aguilo, "Computer-aided machine-tool selection based on a Fuzzy-
AHP approach,” Expert Systems with Applications, vol. 34, no. 3, p. 1787-1794,
2008.

T. L. Saaty, Decision Making for Leaders: The Analytic Hierarchy Process for
Decisions in a Complex World, Pittsburgh, Pennsylvania:: RWS Publications., 1999.

T. L. Saaty, "Response to holder's comments on the analytic hierarchy process,"
Journal of the Operational Research Society, pp. 909-914, 1991.

54



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

A. Ishizaka, "The advantages of clusters in AHP," in The 15th Mini-Euro conference,
MUDSM., 2004.

I. Syamsuddin and J. Hwang, "The Application of AHP Model to Guide Decision
Makers:A Case Study of E-Banking Security,” in Computer Sciences and
Convergence Information Technology, 2009. ICCIT'09. Fourth International
Conference on., 2009.

L. L. Thurstone, "A law of comparative judgment,” Psychological review, vol. 34,
no. 4, p. 273, 1927.

T. L. Saaty, The Analytic Hierarchy Process: Planning, Priority Setting, Resource
Allocation, New York: McGraw-Hill, 1980.

W. Cuiping, Z. Zhimin and H. Zhou, "The Hadamard Product of a Positive Reciprocal
Matrix and Some Results in AHP," Mathl. Comput. Modelling, vol. 28, no. 10, pp.
59-71, 1998.

F. J. Ayres, Schaum's Outline of Theory and Problems of Matrices., New York:
Mcgraw-Hill; First Edition edition , 1962.

S. A. Webber, B. Apostolou and J. M. Hassell, "The sensitivity of the analytic
hierarchy process to alternative scale and cue presentations.,” European Journal of
Operational Research 96(2), p. 351-362, 1996.

N. V. Hovanov, J. W. Kolari and M. V. Sokolov, "Deriving weights from general
pairwise comparison matrices," Mathematical Social Sciences, vol. 55, no. 2, pp. 205-
220, 2008.

F. Zahedi, "The analytic hierarchy process—a survey of the method and its
applications,” Interfaces, vol. 16, no. 4, p. 96-108, 1986.

T. L. Saaty, "Priority setting in complex problems," Engineering Management, IEEE
Transactions on , vol. 30, no. 3, pp. 140-155, 1983.

T. L. Saaty, "How to make a decision: The Analytic Hierarchy Process," European
Journal of Operational Research, vol. 48, no. 1, pp. 9-26, 1990.

R.D. Yusuff and P. K. Yee, "A preliminary study on the potential use of the analytical
hierarchical process (AHP) to predict advanced manufacturing technology (AMT)
implementation,” Robotics and Computer Integrated Manufacturing. 17, pp. 421-
427, 2001.

O. M. Aydin, A. Shaygan and E. Dasdemir, "A Cause and Effect Diagram and AHP
Based Methodology for Selection of Quality Improvement Projects,” in ENBIS-14
,September, Linz,Austria, 2014.

L. T. Mikhailov, "Evaluation of services using a fuzzy analytic hierarchy process.,"
Applied Soft Computing 5, p. 23-33, 2004.

C. Feng, "Fuzzy multicriteria decision making in distribution of factories: an
application of approximate reasoning," Fuzzy Sets and Systems 71, p. 97-205, 1995.

55



[62]
[63]

[64]
[65]

[66]

[67]
[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

G.J.Klir-B.Yuan, Fuzzy sets and fuzzy logics, NJ: Prentice-Hall inc., 1995.

Z. Ayag, "A fuzzy AHP-based simulation approach to concept evaluation in a NPD
environment,” IIE Transactions, 37,, p. 827-842, 2005.

H. Zimmermann, Fuzzy set theory and its applications, Boston, MA: Kluwer, 1985.

P. Laarhoven and W. Pedrycz, "A Fuzzy extension of Saaty’s Priority Theory.," Fuzzy
Sets and Systems 11, p. 229-241, 1983.

C. Jeganathan, Development of Fuzzy Logic Architecture to Access the Development
of Fuzzy Logic Architecture to Access the Sustainability of the Forest Management,
MSc. thesis, Enschede: ITC, 2003.

E. Cox, Fuzzy Logic for Business and Industry, Charles River Media, 1995.

L. A. Zadeh, "The concept of a linguistic variable and its application to approximate
reasoning—I," Information sciences 8.3 , pp. 199-249, 1975.

H. Jiansheng, M. Negnevitsky and D. Thong, "A neural-fuzzy classifier for
recognition of power quality disturbances,” Power Delivery, IEEE Transactions on
17.2, pp. 609-616, 2002.

Y. Erensal, T. Oncan and M. Demircan, "Determining key capabilities in technology
management using fuzzy analytic hierarchy process: a case study of Turkey,"
Information Sciences 176, p. 2755-2770, 2006.

P. Van Laarhoven and W. Pedrycs, "fuzzy extension of Saaty's priority theory","
Fuzzy Sets and Systems 11, pp. 229-241, 1983.

J. Buckley, "Fuzzy hierarchical analysis.," Fuzzy Sets and Systems 17, p. 233-247.,
1985.

D.-Y. Chang, "Applications ofthe extent analysis method on fuzzy AHP," European
Journal of Operational Research 95, p. 649-655., 1996.

C. Kahraman, C. Ulukanand Z. E. Tolga, "A fuzzy weighted evaluation method using
objective and subjective measures.,” in Proceedings ofthe International ICSC
Symposium on Engineering of Intelligent Systems (EIS’98), Vol. 1,, Tenerife, Spain,
1998.

C. Kahraman, U. Cebeci and D. Ruan, "Multi-attribute comparison of catering service
companies using fuzzy AHP: The case of Turkey," Int. J. Production Economics 87,
p. 171-184, 2004.

M. H. Vahidnia, A. A. Alesheikh and A. Alimol, "Hospital site selection using fuzzy
AHP and its derivatives,” Journal of Environmental Management 90, p. 3048-3056,
2009.

C. Kwong and H. Bai, "A fuzzy AHP approach to the determination of importance
weights of customer requirements in quality function deployment,” Journal of
Intelligent Manufacturing 13.5, pp. 367-377, 2002.

56



[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

Dong, Minaggao, S. Li and H. Zhang, "Approaches to group decision making with
incomplete information based on power geometric operators and triangular fuzzy
AHP," Expert Systems with Applications 42.21, pp. 7846-7857, 2015.

M. Enea and T. Piazza, "Project selection by constrained fuzzy AHP," Fuzzy
Optimization and Decision Making 3.1, pp. 39-62, 2004.

W. R. Cheng, C. W. Chang and L. H. Lin, "FAHP sensitivity analysis for
measurement nonprofit organizational performance,” Quality & Quantity 42.3, pp.
283-302, 2008.

D.-Y. Chang, "Extent Analysis and Synthetic Decision,," Optimization Techniques
and Applications, Vol. 1,World Scientific, Singapore, p. 352, 1992.

T. S. Dagger, J. C. Sweeney and L. W. Johnson, "A hierarchical model of health
service quality scale development and investigation of an integrated model,” Journal
of Service Research, vol. 10, no. 2, pp. 123-142, 2007.

M. A. Lee and Y.-H. Yom, "A comparative study of patients’ and nurses’ perceptions
of the quality of nursing services, satisfaction and intent to revisit the hospital: A
questionnaire survey," International Journal of Nursing Studies, vol. 44, no. 4, p.
545-555., 2007.

G. Buyukozan, G. Ciftci and S. Guleryuz, "Strategic analysis of healthcare service
quality using fuzzy AHP methodology," Expert Systems with Applications, vol. 38,
no. 8, p. 9407-9424, 2011.

M. R. Bowers and C. I. Kiefe, "Measuring health-care quality: Comparing and
contrasting the medical and the marketing approaches.,” American Journal of
Medical Quality, vol. 17, no. 4, pp. 136-144, 2002.

E. Babakus and W. G. Mangold, "Adapting the SERVQUAL scale to hospital
services: An Empirical Investigation,” Health Service Research, vol. 26, no. 6, p.
213-233, 1992.

N. Devebakan, "Saglik isletmelerinde teknik ve algilanan kalite," Saglik Bilimleri
Enstitlisii,sosyal bilimler enstitusu degrisi, vol. 8, no. 1, pp. 120-149, 2006.

F. P. Mardiah and M. H. Basri, "The Analysis of Appointment System to Reduce
Outpatient Waiting Time at Indonesia’s Public Hospital.," Human Resource
Management Research, vol. 3, no. 1, pp. 27-33, 2013.

T. L. Saaty and L. G. Vargas, "Diagnosis with Dependent Symptoms: Bayes Theorem
and the Analytic Hierarchy Process," Operations Research,, vol. 46, no. 4, pp. 491-
502, 1998.

R. Ramanathan, "A note on the use of the analytic hierarchy process for
environmental impact assessment,” Journal of Environmental Management, vol. 63,
no. 1, pp. 27-35, 2001.

T. L. Saaty, Fundamentals of Decision Making and Priority Theory with The Analytic
Hierarchy Process, Pittsburg: RWS Publications, 2000.

57



[92] F. M. Hossain, Z. H. Adnan and M. Hasin, "Improvement in Weighting Assignment
Process in Analytic Hierarchy Process by Introducing Suggestion Matrix and Likert
Scale," International Journal of Supply Chain Management 3.4, 2014.

[93] L. Zadeh, "The concept of a linguistic variable and its application to approximate
reasoning,” Information Science 8, pp. 199-249,301-357; 9, 43-80., 1975, 1976.

[94] C. Kahraman, T. Ertay and G. Buyukozan, "A fuzzy optimization model for QFD
planning process using analytic network approach,” European Journal of
Operational Research 171, p. 390-411, 2006.

[95] R. V. Vargas and P. IPMA-B, "Utilizando a programacgdo multicritério (Analytic
Hierarchy Process-AHP) para selecionar e priorizar projetos na gestéo de portfolio,”
in PMI Global Congress, 2010.

[96] M. Bowers and C. Kiefe, "Measuring health care quality: comparing and contrasting
the medical and the marketing approaches,” American Journal of Medical Quality,
vol. 17, no. 4, pp. 136-144, 2002.

[97] A. A. Salo, and R. P. Hamal&inen., "On the measurement of preferences in the
analytic hierarchy process,” Journal of Multi-Criteria Decision Analysis, vol. 6, no.
6, pp. 309-319, 1997.

[98] W. G. Stillwell, D. Von Winterfeldt and R. S. John, "Comparing hierarchical and
nonhierarchical weighting methods for eliciting multiattribute value models,"
Management Science, vol. 33, no. 4, pp. 442-450, 1987.

[99] M. Weber , F. Eisenfiihr and D. Von Winterfeldt, "The effects of splitting attributes
on weights in multiattribute utility measurement.,” Management Science, vol. 34, no.
4, pp. 431-445, 1988.

[100] C. M. Brugha, "Structure of multi-criteria decision-making,” Journal of the
Operational Research Society, vol. 55, no. 11, pp. 1156-1168, 2004.

[101] E. S. Serkani, M. Mardi, E. Najafi, K. Jahanian and A. T. Herat, "Using AHP and
ANP approaches for selecting improvement projects of Iranian Excellence Model in
healthcare sector.”," African Journal of Business Management, vol. 7, no. 23, pp.
2271-2283, 2013.

[102] T. L. Saaty, "How to Make a Decision: The Analytic Hierarchy Process," Interfaces,
vol. 24, no. 6, pp. 19-43, 1994.

[103] M. J. Liberatore and R. L. Nydick, "The analytic hierarchy process in medical and
health care decision making: A literature review.," European Journal of Operational
Research, vol. 189, no. 1, pp. 194-207, 2008.

[104] C.-T. Su and C.-J. Chou, "A systematic methodology for the creation of Six Sigma
projects: A case study of semiconductor foundry,” Expert Systems with Applications,
vol. 34, no. 4, pp. 2693-2703, 2008.

58



[105] S. A. Webber, B. Apostolou and J. M. Hassell, "The sensitivity of the analytic
hierarchy process to alternative scale and cue presentations.,” European Journal of
Operational Research 96(2), p. 351-362, 1996.

[106] T. Saaty, “The Analytic Hierarchy Process”, Pittsburgh, PA: RWS Publications,
1990.

[107] T. L. Saaty, "That is not the analytic hierarchy process: what the AHP is and what it
is not,” Journal of Multi-Criteria Decision Analysis, vol. 6, no. 6, pp. 324-335, 1997.

[108] D. Gupta and B. Denton, "Appointment scheduling in health care: Challenges and
opportunities,” 1lE Transactions, vol. 40, no. 9, p. 800-819, 2008.

[109] Australian Council for Quality in Healthcare, "Better Healthcare: A safety and quality
framework for Victorian health services.," Department of Human Services, Victoria,
2001.

59



APPENDIX A: RESULTING WEIGHTS FOR THE CAUSE AND EFFECT

AHP METHODOLOGY

Comparison of Main Causes
_ 1. Capacity Related Problems

Causes ~ Weights Cl CI/RI 2. System & Connection Related
1 Problems

0.2769 0.0462 0.0373 3. Equipment Related Problems
2 4. Staff Related Problems

0.4508 5. Patient's Non-attendance Related
3 Problems

0.1480 6. During Appointments Problems
4 0.0482
5 0.0379

0.0379
Capacity Problems
Causes  Weights Cl CI/RI 1. Scheduling Problems
1 0.8333 0.0047 0.0052 2. Insufficient Staff
2 0.1666

System & Connection Related Problems

Causes Weights Cl CI/RI

1 0.4724 0.0869 0.0966 1. Telephone Appointments

2 0.1969 2. Internet Appointments

3 0.0470 3. Face-to-Face Appointments
4 0.2835 4. Lack of a Common Platform
Telephone Appointments

Causes Weights Cl CI/RI

1 0.2013 0.1180 0.1311 1. Excess Demand

2 0.5902 2. Lack of Automation

3 0.1180 3. Redundant Connections

4 0.0902 4. Call Center's Personel Related

Problems
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Internet Appointments
Causes Weights Cl CI/RI
1 0.4545 0 0 1. Non 1ser friendly interface
5 0.0909 2. Loading and Connection
Problems
3. Patients are not automatically
3 0.4545 identified by the system (kind of
membership)
Equipment Related Problems
Causes Weights Cl CI/RI
1 0.4795 0.0145 0.0251 1. Poor Software Performance
2 0.4054 2. IT department related Problems
3 0.1149 3. General Equipment Insufficieny
Poor Software Performance
Causes Weights Cl CI/RI
1 0.2500 Not Needed  Not needed 1. Slow running system
2. Some Appointments are not
2 gt displayed by hosptail automation
IT related Problems
Causes Weights  CI CI/RI
1 0.2500 Not Needed  Not needed 1. No responsible experts
2 0.7500 2. No problem solving procedures
Staff Related Problems
Causes Weights Cl CI/RI
1 0.9000 Not Needed  Not needed 1. Physicians
2 0.1000 2. Secretaries and other staff
Physicians
Causes Weights  CI CI/RI
1 0.8750 Not Needed  Not needed 1. Personal Preferences
2 0.1250

2. Nepotism
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Causes Weights ClI CI/RI
1 0.1577 0.0146 0.0251 1. Unskiled staff
2 0.1867 2. Multi-task assignments
3. Insufficient info and training
£ Ofeiaes, to decide
During Appointments Problems
Causes Weights  CI CI/RI
1 0.1053 0.0035 0.0060 1. Excess questioning over time
2 0.0968 2. Late Arrivals
3. Unscheduled arrivals
3 0.7978 (incoming patients without an
appointment)
Late Arrivals
Causes Weights Cl CI/RI
1 0.8333 Not Needed Not Needed 1. Personal Reasons
2. Hosptail related physical
2 0.1666 problems such as parking

problem
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APPENDIX B: RESULTING COMPARISON MATRICES AND WEIGHTS
FOR THE CAUSE AND EFFECT FAHP METHODOLOGY

1.Capacity
1 2
1 1 1 1 1.25 1.75 2.25
2 0.44 0.57 0.8 1 1 1
1 2
Weights 1 0.1325
St weights 0.8829 0.1170
1.1.Scheduling Causes
1 2 3 4
1 1 1 1 0.5 075 ]| 1 |04| 05 |067|029[033]| 04
2 1 1.33 2 1 1 1 10405 |067]| 04 | 05 | 0.67
3 1.5 2 25 15 2 25| 1 1 1 1 1.33 2
4 2.5 3.5 4 15 2 25105 |0.75 1 1 1 1
1 2 3 4
Weights 0 | 0.1983 | 0.8590 1
St weights | 0 | 0.0964 | 0.4175 | 0.4860

2. System & Connection Related Problems

1 2 3 4
1 1 1 1 15 2 25 |35 4 45 | 0.5 | 0.75 1
2 0.4 0.5 0.67 1 1 1 15 2 2.5 3 1.33 2
3 0.22 | 0.25 0.29 0.4 0.5 0.67 1 1 1 04 | 0.5 | 0.67
4 3 1.33 2 0.5 0.75 1 15 2 2.5 1 1 1
1 2 3 4
Weights 1 0.1898 | O 0.2744
St weights | 0.6829 | 0.1296 | O 0.1874
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2.1. Telephone Appointments

1 2 3 4
1 1 1 1 04 0.5 0.67 | 0.5 | 0.75 1 15 2 25
2 15 2 2.5 1 1 1 15 2 25 | 15 2 2.5
3 1 1.33 2 0.4 0.5 067 | 1 1 1 0.5 | 0.75 1
4 04 | 05 0.67 0.4 0.5 067 | 1 | 1.33 2 1 1 1
1 2 3 4
Weights 0.4235 1 0.2904 | 0.2115
St weights | 0.2199 | 0.5193 | 0.1508 | 0.1098
2.2. Internet Appointments
1 2 3
1 1 1 1 1.5 2 2.5 1 1 1
2 0.4 0.5 | 0.67 1 1 1 0.4 0.5 0.67
3 1 1 1 1.5 2 2.5 1 1 1
1 2 3
Weights 1 0 1
St weights 0.5 0 0.5
3. Equipment Related Problems
1 2 3
1 1.00 | 1.00 | 1.00 0.50 0.75 1.00 1.50 2.00 2.50
2 1.00 | 1.33 | 2.00 1.00 1.00 1.00 0.67 1.00 1.50
3 0.40 | 0.50 | 0.67 0.67 1.00 1.50 1.00 1.00 1.00
1 2 3
Weights 1 0.7392 | 0.095
St weights | 0.5451 | 0.403 | 0.0518
3.1. Poor Software Performance
1 2
1 1.00 1.00 1.00 0.50 0.67 1.00
2 1.00 1.50 2.00 1.00 1.00 1.00
1 2
Weights 0.4615 1
St weights 0.3157 0.6842
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3.2. IT related Problems

1 2
1 1.00 1.00 1.00 0.50 0.67 1.00
2 1.00 1.50 2.00 1.00 1.00 1.00
1 2
Weights 0.4615 1
St weights 0.3157 0.6842
4. Staff Related Problems
1 2
1 1.00 1.00 1.00 3.50 4.00 4.50
2 0.22 0.25 0.29 1.00 1.00 1.00
1 2
Weights 1 0
St weights 1 0
4.1. Physicians
1 2
1 1.00 1.00 1.00 2.50 3.00 3.50
2 0.29 0.33 0.40 1.00 1.00 1.00
1 2
Weights 1 0
St weights 1 0
4.2. Secretaries and other staff
1 2 3
1 1.00 | 1.00 | 1.00 0.40 0.50 0.67 0.40 0.50 0.67
2 150 | 2.00 | 2.50 1.00 1.00 1.00 0.50 0.67 1.00
3 150 | 2.00 | 2.50 1.00 1.50 2.00 1.00 1.00 1.00
1 2 3
Weights 0 0.4972 1
St weights 0 0.3321 | 0.6678
6. During Appointments Problems
1 2 3
1 1.00 | 1.00 | 1.00 0.67 1.00 1.50 0.29 0.33 0.40
2 0.67 | 1.00 | 1.50 1.00 1.00 1.00 0.22 0.25 0.57
3 2.50 | 3.00 | 3.50 3.50 4.00 4.50 1.00 1.00 1.00
1 2 3
Weights 0 0 1
St weights 0 0 1
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6.1. Late Arrivals

1 2
1 1.00 1.00 1.00 1.25 1.75 2.25
2 0.44 0.57 0.80 1.00 1.00 1.00
1 2
Weights 1 0.1325
St weights 0.8829 0.1170
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APPENDIX C: FLASHCARDS

Appointment system study cards

? @6 _ ?

These cards have been prepared to compare the importance of problem
causing factors in Hacettepe university hospital towards each other.

Prof. Dr. Ozlem Miige Aydin
Amir Shaygan
Erdi Dagdemir
Prof. Dr. Giiray Soydan
July 2014

Ankara/Turkey

Cards’ logic

» Each card compares two problem causing factors (For
example A and B)

» While comparing, the factor on the left side’s (A)
importance is asked compared to the factor on the right
side (B).

)4

» Example: If we have A factor on the left side and B factor
on the right side the question would be as follow:

» Considering “Appointment systems performance”, how
important is “A” compared to “B"?

Cards’ logic: Points

The answers are chosen form 1 to 5. The

Points Importance Level
meaning of each number can be seen in this
table. =
2 Slightly unimportant
The point table is given as below in each card for 3 |Equally important
the ease of understanding. 4 slightly important
5 Very important

fiabies Senurecs
Gramar
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\ Card prototype
| Effect: Car’s Fuel Usage

Car’s .
’ Points Importance
weight \ j
1 Extremely unimportant
2 Mildly unimportant
Causes 3 Equal importance
= (ar’s weight 4 Extremely important
= Speed 5 Mildly important
Question: Considering car’s fuel usage, how important
is “Car’s weight” compared to “Speed”? Extramely Earen
unimportant st _lmportar
. . . i -~ -
Answer: According to the points assignment system - 5
given in the table. 1 D) "/\-\4
1 Considering the perft of the appoil system, how important is “Capacity” related
causes compared to “System and connection ” related causes?

connection

nroblems

- i CEE——
_— i
unimportant Equal importance *L“w e
pd
ol S
3

2 Considering the perf: of the appoil system, how important is “Capacity” related
causes d to “E " related?

Equipment:

extremely Extromely
Shpont Equal importance -
—
T g O
1 -l
>~
2 a
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, Appointment
| Capacity | l:ll:a shows

—

, Causes during’
| Capacity | the appointment




— =

System and e
connection | Equipment

i\_\i’a\—-

Systemand
| connectien Staff
problems Z

\ira.

System and Appointment
connection no shows
problems

,\i'_.

Extremely Extremely

e
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System and

: Causes during
i connection the appointment

problems
9
\1"3—1..;1
3

Appointment
no shows
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Appointment
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Appointment Causesduring’
| noshows | _ the appointment |
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