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Sunus

Degerli Okuyucu,

Marmara Universitesi Isletme Fakiiltesi tarafindan yayinlanmakta olan Journal of Research in
Business (JRB) adli dergimizin yeni sayisini sunmaktan mutluluk duyuyoruz. 2018 Haziran sa-
yisi itibari ile Marmara Business Review’un misyonunu devralarak uluslararasi hakemli bir dergi
olarak yayin hayatina devam eden JRB nitelikli akademik ¢alismalar1 okurlarimiza ulastirmak
olan temel amacimizdan 6diin vermemekte ve editér kurulunun onayini alip degerlendirme sii-
reglerini bagariyla tamamlayan ¢alismalar: yaymlamaktadir. JRBde yayinlanan makaleler erisime
aciktir. JRB, alt1 ayda bir yayinlanan bir dergi olup, bu yilin ikinci sayisinda {i¢ makale yayinlan-
maktadir.

Saygilarimla,

Editor



Preface

Dear Readers,

We have the pleasure of presenting to you the new issue of our journal “Journal of Reseacrh in
Business (JRB)”, published by the Faculty of Business Administration at Marmara University.
JRB that has taken over the mission of Marmara Business Review and published as an internatio-
nal academic journal by June 2018 will continue its mission to bring qualified academic research
into the business literature, and publish only the manuscripts which is verified by editorial bo-
ards and have passed review procedure succesfully. The articles published in JRB are freely avai-
lable to read online. JRB as a semiannual journal publishes three papers in second issue this year.

Best Regards,

Editor



Vorwort

Sehr geehrte Leserin und sehr geehrter Leser,

Wir freuen uns, Thnen die aktuellste Ausgabe unserer Zeitschrift ,,Journal of Research in Busi-
ness (JRB)“ vorstellen zu diirfen. Seit Juni 2018 hat die JRB die bewahrte Mission von ,, Marmara
Business Report“ abgeldst und erscheint nun als International begutachtete Zeitschrift und ve-
roffentlicht nur die Artikel, die sich vor dem Kommitee der Editoren als qualitative akademische
Arbeit bewahrt haben.

Der Zugriff auf die von JRB veroffentlichten Volltexte ist fiir die JRB-Leser jederzeit moglich. Als
halbjdhrlich erscheinende Zeitschrift hat die JRB dieses Jahr in Threr zweiten Ausgabe drei wert-
volle Artikel veroffentlicht.

Mit besten GriifSen,

Editor
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THE IMPACT OF PSYCHOLOGICAL BIASES ON FOREIGN
DIRECT INVESTMENT (FDI): THE CASE OF TURKISH
INVESTORS IN ETHIOPIA

PSiKOLOJiK YANILGILARIN DOGRUDAN YABANCI YATIRIMLAR
UZERINDEKI ETKIiSi: ETIYOPYA'DAKi TURK YATIRIMCILAR

Abdu Seid ALT
Jale SOZER ORAN™

Abstract

This paper aims to assess whether there is a behavioral bias of Turkish FDI investors in Ethiopia. Besides,
it addresses the influence of firm size, investment duration, target customers and amount of investment
on the behavioral variables. In order to do so, a survey was conducted on a sample of Turkish FDI
investors in Ethiopia which tries to examine their cognitive psychological factors towards their investment
decisions. The survey result was analyzed using factor analysis. The statistical findings confirm that some
psychological anomalies such as representativeness, herding, regret aversion and mental accounting have
been observed on Turkish FDI investors. The regression analysis shows that amount of investment of the
firms significantly and positively affects herding, representativeness, regret aversion and mental accounting
behaviors. Furthermore, duration of investment in Ethiopia affects their representativeness and mental
accounting behavioral biases of investors positively.

Keywords: FDI, Behavioral bias, Turkish investors, Ethiopia, Factor analysis

JEL Classification: G40, F21

Ozet

Bu ¢aligma Etiyopyada dogrudan yatirim yapan Tiirk yatirimcilarin davranigsal yanilgilarinin olup olmadigini
aragtirmak amaciyla yapilmustir. Bunun yansira, sirket bityiikliigi, yatirim siiresi, hedef miisteriler ve yatirim
tutarmin davranisla ilgili degiskenler tizerindeki etkisini de bulmayr hedeflemektedir. Tiirk yatirimcilarin
yatirim kararlarinda etkili olan bilissel psikolojik faktorlerin belirlenebilmesi amaciyla bir anket yapilmus ve
bulgular faktor analizi ile incelenmistir. Arasgtirma sonuglar Tiirk yatirimeilarinin temsililik, siirii davranigs,
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pismanliktan kagma ve zihinsel muhasebeyle ilgili hatalarini ortaya koymustur. Regresyon analizi sirketlerin
yatirim tutarlarinin bu davranig hatalarini istatistiksel olarak anlamli ve pozitif yonde etkiledigini gostermistir.
Yatirimun siiresi de temsililik ve zihinsel muhasebe hatalarini pozitif yonde etkilemektedir.

Anahtar Kelimeler: Dogrudan yabanci yatirim, Davranissal yanilgilar, Tiirk yatirimeilar, Faktor analizi

JEL Siniflandirma: G40, F21

I. Introduction

Contrary to the traditional finance that is based on neoclassical economics which asserts on rational
preferences of individuals, utility maximization of people, profit maximization of firms as well
as independent decisions based on all relevant information, another body of proof has emerged
challenging the above facts and argues the markets are inefficient and investors might not be rational
every time (Ackert & Deaves, 2010). Behavioral finance is a comparatively new but rapidly intensifying
subject that deals with associating behavioral and cognitive psychological theory with conventional
economics and finance to produce clarifications for why people make irrational financial and
economic decisions (Baker & Nofsinger, 2010). Besides, Shiller (2003) emphasized that behavioral
finance turns into vigorous area of research that comprises numerous market inconsistencies which
were overlooked by the theory of market efficiency. After criticizing Fama’s (1998) study, Shiller
inferred that the new economic model should integrate behavioral finance in order to comprehend
the market well.

Hence, cognitive psychology and the limits to arbitrage are the two major constituents of behavioral
finance. Cognition deals with the way people think, understand, and learn a certain situation. In
behavioral finance, cognitive psychology focused on numerous biases that come into being when
people develop beliefs, and on people’s choices, or on how they make decisions, based on their beliefs
(Shleifer & Summers, 1990); (Barberis & Thaler, 2003). Psychologists believe that the human mind
is restricted in its capability to concentrate and deal with all the information they receive. Likewise,
they emphasize that the ultimate form of our decisions made is over and over exceedingly biased
by the indicators obtained by our subconscious. Consequently, investors’ financial decision making
can be influenced by their cognitive and heuristics biases. In addition, Statman (2008) argued that
investors’ cultural background greatly affects their emotional and psychological approach which
guides their investing decisions.

Unlike the traditional finance which contends collective action of traders, causes mispricing
opportunities in the market to cease, limits of arbitrage being the other element of behavioral
finance indicates that when mispricing arises, strategies intended to correct it can be both risky and
costly, in that way it permits the mispricing to persist. There are three main possible problems faced
by arbitragers when there is an absence of a fairly priced close substitute for the mispriced asset.
Arbitragers encountered fundamental risk due to variations in the arrival of unexpected information
that makes them incapable to successfully hedge their position. They might also be confronted by
noise trader risk in which trading by unaware investors can drive the mispricing to surge before
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it adjusts. Finally, implementation costs like commissions, spreads, and market impact costs spent
makes the arbitrage impossible (Ackert & Deaves, 2010; Barberis and Thaler, 2003).

Despite the fact that most of the studies on behavioral finance focused on equity markets, some
studies, though, few highlighted the influence of cognitive psychological biases on foreign direct
investmentin different countries. Economic situations, government policies, human and technological
advantages, favorable environments and others are mentioned as motivation factors of FDI to host
countries. Behavioral anomalies of individual or institutional foreign investors have been given little
attention in long-term decision making process of the cross boarder capital movement. Even though
there are not considerable studies on FDI vis-a-vis behavioral elements, Hosseini (2005) contends
that elements of behavioral economics should be considered as part and parcel of FDI since FDI is
one of the significant discipline in economics. Behavioral economics, that rejects naive economic
model of rational agents merely trying to maximize their utility, is undoubtedly capable of clarifying
the decision of transnational companies making investment decisions when they experience the
multifaceted and indefinite global atmosphere.

According to Eiteman et.al (2013) Swedish School of Economists, which is considered among
the pioneers in the behavioral approach of FDI, fruitfully expounded not only firms’ preliminary
decision to invest overseas but also subsequent decisions to plough their resources somewhere else
again and to alter the overall arrangement of a firm’s worldwide involvement over time. The analysis
of a sample of Swedish multinational companies illustrates that they preferred to invest in countries
which are not that much remote in cognitive terms. Neighboring countries like Finland, Denmark,
Norway, Germany, and the United Kingdom were among the most favored investment destinations
for Swedish investors due to somehow identical cultural, legal, and institutional setting.

Ethiopia’s recent enormous achievement in creating a center of attention in FDI in terms of joining
the top five FDI flows to landlocked developing countries for the first time creates some sort of
curiosity about what attracts those foreign direct investors to Ethiopia. The amount of FDI flow to
Ethiopia dramatically surged following the year 2012. There are several potential factors which make
Ethiopia a preferred investment destination from both developed and developing countries like the
general political, trade and investment agreements with the main investor countries in addition to
impressive economic growth, relative political stability, cheap unskilled labor, market attractions,
investment guarantee, tax exemptions and other incentives (Getinet & Hirut (2006); Atlaw, et.al,
2014; Amanuel (2015)).

Though the above studies emphasized the economic and political factors as the major determinants
for the impressive progress of FDI in the country, it is customary to check whether behavioral factors
of investors affect their FDI decision making. Therefore, this study will try to examine the behavioral
biases of FDI decisions of Turkish investors in Ethiopia. Turkish investors were chosen due to their
engagement in an enormous FDI flow to the country recently and the convenience of collecting
primary data. Moreover, as Statman (2008) mentioned above, the cultural background of investors
affects their investment and business choices. Therefore, the study didn’t include investors from
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other countries since it might affect the result. The study will contribute a lot for decision makers
and academics to focus on behavioral factors since the economic motives merely do not explain fully

why foreign direct investors are attracted to a certain country to invest.

The remaining part of the paper outlined as follows. In the next section, empirical studies related
to behavioral elements of FDI were addressed individually and in group. Then, selected cognitive
biases relevant for the study were discussed. After that, data, methodology and findings of the study
were presented. Finally, conclusions, recommendations and policy implications along with areas for

further study were put forward.

2. Literature review

A number of studies have been conducted regarding the influence of behavioral anomalies on the
decision making of investors in financial markets all over the world in different time spans. However,
little has been covered regarding the impact of behavioral biases on the green field investments
abroad. Therefore, the following part of the paper reviewed important studies made in this regard.
The first few studies point out a group of behavioral factors followed by studies which focused on

specific cognitive elements.

Rosenboima et.al (2008) studied experimentally the impact of behavioral biases on investors’
decisions surveying MBA students with prior management and accounting experiences to evaluate
tax relief and grants in FDI. They found that a rise in the risk of the anticipated cash flow broadens
the nominal grant necessitated by investors with the aim of abandoning tax relief, an outcome
that refutes the expected utility theory. This finding can be clarified by the ‘Regret Effect’ that was
discussed above. Moreover, they documented investors request reimbursement for shifting tax relief
into a grant. Similarly, this finding is against the expected utility theory, since the grant is assured
and is assumed to progress the investors’ satisfaction when a tax advantage is substituted with a
grant. This outcome can be described as the ‘Status Quo Bias” which asserts that people incline to
stay in current circumstances to delay better options. Finally, they documented that decision makers
in firms are affected by the manner the motivations are presented. At times comparable incentive

choices are offered in a slightly distinct fashion, and this might result in different decisions.

Content analysis was employed from interviews conducted with Portuguese managers with
investments abroad by Alves (2008) and documented that herding, anchoring, overconfidence,
mental accounting and other behavior irregularities in companies’ location decisions that instigate a
set of factors of FDI movements and complement the neoclassical paradigm. Furthermore, the study
supports the Heiner model (1983, 1985, 1989) by elucidating whenever decision makers confronted
to greater uncertainty, there is a likelihood of applying behavioral guidelines. The reason why a great
amount of FDI take place more recurrently within developed countries is due to the fundamental

role of uncertainty in the decision making process.
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Araujo (2009) used a database of Swedish manufacturing investments in the world from 1970 to
1998 and contends that under uncertainty, investors are biased by the location decisions made by
other investors and have a tendency to pick out similar targets to locate their investments thereby
confirming herding behavior. In addition, the study documented that previous location decisions
affects succeeding decisions positively, even after controlling for other elements like industry
particular agglomeration externalities. In the same way, the findings of Kuo and Fang (2009) support
that FDI investors location decision is not rational rather it is influenced by the investors mental and
behavioral phenomena as well as the familiarity and experience while they are making decisions to
select their destination.

A conference paper by Levis et.al (2010) investigated herding in foreign direct investment outflows
with data on FDI outflows from the OECD member countries. It verified herding related to world
leaders, regional leaders, portfolio equity investors and regional investments and discovered the
existence of herding behavior in these FDI outflows. Specifically, Companies have a tendency
to track the investment pattern of the world and regional investment leaders. In addition, FDI
investors pick out an investment site with an enormous portfolio equity investment activity after
two years.

A large panel dataset of the FDI inflows and outflows of 30 OECD member countries were used
in a doctoral dissertation of Vasileva (2011) to assess whether there is home country bias and
herding behavior. The study confirmed that there is an inclusive “home country bias” that is
proved through the choice for direct investments in countries with superior physical, institutional
and cultural juxtaposition to the investor country. Moreover, FDI investors lean towards herd
around a superficial world or a regional frontrunner when deciding investments in distant places
and when they are not accustomed with and unable to find something in common with an FDI
partner country.

Hutzschenreuter et.al (2014) employed panel data of large US firms to examine how firms familiarize
their product and geographic diversification as a reaction to foreign competitors delving into their local
market by assuming a behavioral perspective. They found that when the amount of import surges, the
local executives diminishes their product and geographic expansion. Nevertheless, when overseas firms
augment market penetration in the form of FDI instead of imports, the corporate reaction happens to be
arise in product and geographic broadening. The results imply that there is behavioral bias specifically
framing that is one of the components of prospect theory in US executives of large firms.

3. Cognitive Biases

Traditional economic theory infers that human beings make objective decisions based on past
information which enables them predict the future. However, psychological studies have documented
that decision makers have enduring flaws in their competency to bring inferences depending on
past data and for that reason, develop inappropriate judgement relying on their previous experience.
Burton and Shah ( 2013) defined cognitive bias as “a departure in inference or judgment from
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objective analysis that leads to a distortion in perception or understanding” (p:135). In this part,
selected cognitive biases significant for the study i.e. herding, overconfidence, representativeness,
anchoring, availability, loss aversion, regret aversion, mental accounting were presented from
theoretical perspective.

3.1. Herding

The basic principle of traditional finance argues that investors make well-versed and rational
judgement under uncertainty. Nevertheless, this doesn’t always happen due to investors’ behavioral
inconsistencies. One these biases are herding behavior that happens when investors have a tendency
to imitate and follow the decisions of other investors. They make buying and selling decisions
depending on the observation of other market players instead of their own individual information
and assessment (Scharfstein & Stein, 1990). The issue of herd behavior in financial and other markets
has been covered and given enormous attention both theoretically and empirically. Conversely,
little has been studied concerning the inclination of investors on following the crowd in long term
investment decision like FDI. According to the theory of oligopolistic markets, rival firms may
potentially mimic each other and try to grab market shares in international market. Firms in an
industry tend to follow each other’s location decision (Knickerbocker, 1973). Hence, the essential
components of the oligopoly theory can be mingled to create follow the leader’ investment behavior
in foreign destinations (Vasileva, 2011).

3.2. Overconfidence

Loads of evidence shows that decision makers are by and large overconfident. Overconfidence is
commonly closely associated with unwarranted optimism and unlikely wishful thinking which
enable investors to overemphasize their talent and the accurateness of the information they own.
Excess confidence makes people feel good and moves them to do things they might not otherwise
have done and it may lead to decisions that are less than fully rational. Overconfidence is occasionally
characterized as a delusion of control and to overstressing what can be anticipated from undeniably
“better-than-average” competence and performance (Peterson, 2010). Managers or owners of firms
who engage in a variety of investments abroad may behave in an irrational way and their expectations
about the future may lead to overconfidence ignoring pertinent information concerning FDI location
decisions.

3.3. Representativeness

Representativeness is one of the most essential psychological approaches associated with heuristics
and biases. It is a perceptual shortcut where the likelihood of an incident or a state is predicted by
way of evaluating the degree to which incoming information is comparable with a particular recalled
pattern (Tversky & Kahneman, 1974).
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Representativeness alludes to the tendency of people to draw subjective probability decisions
relying on resemblance to stereotypes. Nevertheless, distinguishing the representativeness heuristic
is simpler than describing it. Gilovich (1991) elucidates the characteristics of the heuristic as:
“Representativeness is a tendency to assess the similarity of outcomes, instances and categories on
relatively salient and even superficial features, and then to use these assessments and similarity as a
basis of judgment. People assume like goes with like.”

3.4. Anchoring

Anchoring is a perception bias that occurs when we are trying to make estimation in something about
which we have inadequate information. It encompasses adjustment from some initial point. The
initial point may refer to current data, for instance, the current rate of inflation or economic growth.
Nonetheless, that initial starting point appears to be less familiar to the people who draw that decision.

Kahneman and Tversky (1974) described that when people try to guess a parameter or quantity,
they begin their thought procedure by assuming a value that is sometimes entirely random. They
progressively deviate from the originally presumed figure at the time they process more information
and seek the correct answer. However, there is significant empirical literature which confirms that
people turn out to be very extremely involved in the starting value (the “anchor”) and cannot modify
their last guesses appropriately.

Grinblatt and Keloharju (2001) and Beckmann et.al (2008) identified that a shared language and
cultural background became a significant reference point for FDI decision makers to the process of
investing overseas. A particular historical practice of each investing firm that determine the concept
of mental distance are caused by this cultural and language impact of the two countries.

3.5. Availability

Availability bias takes place when people unreasonably remember the noticeable events, i.e. those
that are very fresh and/or those that they are or were passionately concerned with, particularly events
happened in the recent past. As Schwartz (2010) explained it, people straightforwardly are able to
bring to mind the occurrences and information that have freshly occurred, mainly in the media and
corporate releases, since their broker’s or advisor’s suggestions are new in their memory.

This is because they believe that those events might have a superior possibility of occurrences.
Therefore, their decision making ability will be influenced by that and they make irrational decision
since there is no logical connection between recent happenings and the future ones. Like the decision
making in the financial markets, long-term cross boarder decisions making is affected by current,
sudden and well broadcasted incidents which is misjudged by investors while the reverse event like
familiarity and consistency bring about undervaluation of the importance of events. Hence, this
illusion might cause the owners or managers to change FDI location decisions (Alves, 2008).
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3.6. Prospect theory

One of the groundbreaking contributions in behavioral finance discipline is the prospect theory,
which was contributed by the two psychologists Kahneman and Tversky in 1979. They found
empirically that, under conditions of uncertainty, people underestimate outcomes that are purely
likely in comparison with outcomes that are acquired with certainty. Their finding is contrary to
the expected utility theory which argues that people tend to prefer the option which makes them
satisfied. In short, expected utility deals with the way people should act, whereas prospect theory
pertains to the manner people definitely act. Under the prospect theory loss aversion, regret aversion
and mental accounting are discussed below.

3.6.1. Loss aversion

A more thorough investigation of how people react discloses that they are affected by loss aversion i.e.,
they sense a greater pain from losses than they obtain an advantage from proportionate gains. In other
words, the notion of loss aversion is stand on the foundation that humans assign more significance to
losses than they do to gains. Hence, investors” susceptibility and responsiveness become extraordinary
when they deal with losses and reductions in their investments than they do in gains and increases.

Consistent with prospect theory, an individual evaluates an alternative of losses and gains
corresponding to an appropriate reference point in dollar values connected to loss-averse behavior.
According to behavioral economists and researchers, loss aversion and other investors’ behaviors are
global in nature and all multinational companies’ managers share them since they come from diverse
countries and cultures (Aharoni, 2011).

3.6.2. Regret aversion

People are sensitive when they make decisions that provide them the opportunity to get rid of feeling
emotional pain in the occurrence of a disadvantageous outcome. Closing an account at a loss is
challenging due to regret aversion. Shefrin and Statman (1985) claim that the panic of causing regret
drives an investor to put off losses, though on the opposite side, the desire for self-esteem (delight)
initiates the recognition of gains. An investor senses remorseful when closing a position with a loss
as a result of the unfortunate investment decision that was undertaken, on the other hand satisfies
when achieving a position with a gain since the financial decision bring about a return. As for self-
control, it is debated that although investors habitually are familiar with the mistake they are doing,
they have trouble controlling the feelings to keep losers.

3.6.3. Mental accounting

The other psychological phenomenon is mental accounting, which defines individuals’ behavior of
splitting up incomes and expenses into distinct accounts that are dealt with in a different way (Thaler,
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1985). People employ this disguised method to code and calculate financial results: transactions,
investments, gambles and so on by means of producing diverse “accounts” in their mind for numerous
gains or losses. In addition, they associate together explicit groupings of inflows and outflows.

Conventionally, economists have presumed that funds are fungible (interchangeable); however,
due to the “silo approach” shaped by mental accounting, people do not treat them as substitutable.
Real decisions that people make point out that money is not all the time fungible. Even though
some misrepresentations and otherwise abnormal manners can arise, mental accounting can bring
favorable results in that it might benefit people exercise self-discipline, enhancing the habit of rules
and encourage spending less and saving more money. Similar to investors in financial markets, FDI
investors or managers might behave in way that they treat their different investment elements in their
investment portfolio separately.

4. Data and Methodology

Primary data relevant to the study were collected in the form of survey. Out of around 248 Turkish
firms with and without Ethiopian partners under pre-implementation, implementation and
operation status, a sample of 95 Turkish foreign direct investors which are operating and are fully
owned by Turkish investors were included in the survey. The survey was filled by the owners of
those firms in both English and Turkish version of the questionnaire within three months. Due to
the dispersed location of the investors and companies, it was found convenient to take samples from
companies and investors working in the capital Addis Ababa and the nearby industrial zones. The
questionnaires were distributed through electronic form via social media and email in addition to
face to face contacts.

The survey tried to assess existence of some elements of behavioral biases on Turkish FDI investors in
Ethiopia. Therefore, the survey questions were organized to check whether there is cognitive illusion
in their FDI investment decision making or not.

The questions focused on selected behavioral rules like herding, representativeness, overconfidence,
anchoring and availability biases as well as prospect theory variables like loss aversion, regret aversion
and mental accounting. A 5-point interval scale that is employed to evaluate respondents’ judgement
and attitudes were used to examine the investors’ degree of agreement or disagreement towards the
stated behavioral anomalies. In addition, dependent variables namely type of business, size of the
company, amount of investment and FDI duration were used to assess their association with and
effect on behavioral irregularities.

Factor analysis was chosen to analyze the survey data. It employs mathematical techniques for the
simplification of interconnected events to determine trends in a group of variables. Exploratory
factor analysis (EFA), which is one of the techniques that tries to reveal multifaceted arrangements
by discovering the dataset and testing forecasts, was applied to examine which behavioral variables
go together and the number of factors that instigate the variables (Child, 2006). Factor analysis
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is beneficial and practical since it simplifies a large set of variables into smaller sets and thereby
concentrating on few and significant factors to ease meaningful explanations.

In order to scrutinize the relationship between the dependent variables stated above and the
behavioral factors, Ordinary Least Square (OLS) regression analysis method was used. The data were
analyzed using Eviews 8.0 software package.

5. Analysis and Findings
5.1. Descriptive Statistics

The statistical results of the study based on the sample of 95 Turkish FDI investors are depicted in
table 1. It shows that the about one-third that is 74% of the firms are medium size in terms of amount
of capital and number of employees. Textile, hotels and restaurants and agro processing sectors are
some of the preferred sectors for investments. Concerning the duration of investment, 68% of the
tirms have been operating in Ethiopia from one to five years. 63% the firms allocated till 20 million
USD in the form of capital in their investment in Ethiopia and almost 90% of them targeted both
local and foreign customers in the process of selling products and providing services.

Table I: Responses to General Information about the Firms

Items and responses No. Percentage
Type of Business

Textile 20 21
Hotels and restaurants 20 21
Agriculture and agro-processing 15 16
Construction 10 11
Size of the firm(by number of employees)

Small 10 10.5
Medium 70 73.7
Big 15 15.8
Duration of investment

1-5 years 65 68.4
6-10 years 25 26.3
11-15 years 5 53
16 years and above 0 0
Target customer

Local 5 53
Foreign 5 53
Both 85 89.5
Amount of Investment (in USD)

1-20 million 60 63.2
21-40 million 20 21.1
41 - 60 million 5 53
61 million and above 10 10.5

124



The Impact of Psychological Biases on Foreign Direct Investment (Fdi): The Case of Turkish Investors in Ethiopia

Table 2: Descriptive Statistics for Dependent Variables

Variables N Min. Max. Mean Std. Dev. | Variance |Skew Kurtosis
Size 95

Duration 95 1.00 3.00 2.052 0.5129 0.263 0.087 0.891
Target 95 1.00 3.00 1.368 0.5844 0.342 1.348 0.849
Amount 95 igg 3.00 2.842 0.4906 0.241 -3.119 8.667
Valid N ' 4.00 1.631 0.9898 0.980 1.474 0.942
(listwise) 9

Herding (choice of sector), anchoring and loss aversion responses have significant positive, negative
and negative correlations respectively with size of the investing firms at 5% level. Herding (choice
of sector, amount of investment and buying and selling decisions) variables have positive significant
correlation with duration of investment at 5% level whereas overconfidence has positive but speed of
herding, representativeness and loss aversion have negative significant correlation with duration at
10% level. Finally, overconfidence and loss aversion found to have positive and significant correlation
with amount of investment at 5% level.

Table 3: Descriptive Statistics for Dependent Variables

Selected behavioral variables Mean Std. Deviation
Herding - choice of sector 321 1.701
Herding - amount of investment 2.74 1.649
Herding - buying and selling 2.94 1.543
Herding - speed of herding 2.58 1.437
Overconfidence 3.74 1.548
Anchoring 3.15 1.403
Anchoring 3.73 1.476
Anchoring 4.06 1.033
Representativeness 3.93 1.241
Loss aversion 313 1.390
Loss aversion 240 1.385
Regret aversion 2.84 1.489
Risk aversion 3.14 1.589
Mental accounting 3.45 1.373
Valid N (listwise)

Table 2 and 3 illustrate the overall descriptive statistics of both dependent variables and behavioral
factors respectively. Anchoring and representativeness biases have the highest mean scores followed
by overconfidence, mental accounting and herding (choice of sector) variables. The lowest mean
scores have been registered for loss aversion, herding (speed of herding and amount of investment)
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Table 4: Correlation Analysis Between Firm Information and Behavioral Factors

Variables Size Duration Target Amount
Size 1
Duration -0.243
-0.537 1
Target -0.178 1
0.053 0.098
Amount 0.143 0.046
0.217 -0.111
Gender 0.035 - - -0.048
, , . 0.347 -0.340
Herding - choice of sector 0.290 - . -0.092
i i 0.430 -0.248
Herding - amount of investment -0.046 - - 0.022
0.375 -0.221
Herding - buying and selling -0.064 . -0.097
: . -0.218 0.068 "
Herding - speed of herding 0.027 . 0.405
. 0.245 -0.135
Overconfidence 0.087 -0.199
) - 0.017 0.101
Anchoring -0.300 0.172
. 0.134 -0.141
Anchoring -0.117 0.139
. 0.126 -0.027
Anchoring 0.091 . 0.019
, -0.204 -0.086 N
Representativeness -0.103 . 0.312
. -0.203 0.037
Loss aversion -0.012 0.036
- 0.069 0.098
Loss aversion -0.328 0.175
) 0.127 0.110
Regret aversion -0.127 -0.271
) i -0.192 0.020
Risk aversion 0.117 -0.031
) -0.064 -0.036
Mental accounting 0.121

* Correlation is significant at the 0.05 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Table 5: KMO and Bartlett’s Test Results

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 625
Approx. Chi-Square 690.67
Bartlett’s Test of Sphericity df 36
Sig. 000

5.2. Factor Analysis

A factor analysis relying on 14 behavioral items were made in order to determine essential
measurements of the items, which are supposed to be significant, by the survey respondents. The
Bartlett test of Sphericity (p < 0.000) and the Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy (with a value of 0.625) validates the suitability of the data for exploratory factor analysis
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Table 6: Correlation Analysis Between Firm Information and Behavioral Factors

No | Variable name Communality | Factor | Eigen value Per'c ent of | Cumulative
variance | percent

1 Anchoring 0.938 1 3.787 42.073 42.073
2 Representativeness 0.726 2 2.414 26.825 68.897
3 Herding (choice of sector) 0.860 3 1.095 12.168 81.066
4 Herding (amount of investment) 0.894

5 Regret aversion 0.759

6 Herding (buying and selling decisions) | 0.861

7 Overconfidence 0.866

8 Anchoring 0.605

9 Mental accounting 0.787

Principal component analysis was chosen to decrease the number of factors with an eigenvalue
greater than 1 provided that our intention was to categorize the minimum number of factors that
would constitute the maximum share of variance of the original items. The primary condition in
identifying the number of factors which are appropriate is to select a cumulative percentage of
variance greater than 50%. Hence, in table 6, a cumulative percentage of nearly 81.17% comprising
the first three variables out of 9 original behavioral variables have been identified.

Eigenvalue
(%]

0 2 4 6 8 10
Component Number

Figure |I: The Scree Plot

The scree test (see Figure 1) displays eigenvalues and factors. The number of factors to be considered
is the data points that are above the breakdown point (i.e., point of inflexion). There are a limited
number of factors which are gauged more accurately than the other remaining factors. Therefore,
the above graph based on the eigenvalues shows that the first three prevailing values fall above the
straight line whereas the rest fall below the line.
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Table 7: Rotated Component Matrix based on Varimax with Kaiser Normalization Method

Variable name Factor
1 2 3
Anchoring 0.945
Representativeness 0.900 0.927
Herding (choice of sector) 0.729 0.910
Herding (amount of investment) 0.726 0.846
Regret aversion 0.830
Herding (buying and selling decisions) 0.805
Overconfidence
Anchoring
Mental accounting

The first factor includes anchoring, representativeness and herding (choice of sector and amount of
investment). The second factor consists of loss aversion, herding (buying and selling decisions) and
overconfidence whereas the third factor comprises anchoring and mental accounting.

Having illustrated that the study had demonstrated a stable solution, analysis of the varimax-rotated
factor loading was implemented (see table 7). After disregarding the negative loadings, the final positive
loadings have been shown on factors 1, 2 and 3. Consequently, the study identified three factors, which
constitute the behavioral biases of Turkish FDI investors in Ethiopia while making investment decisions.

5.3. Reliability and Consistency Test

Cronbach’s Alpha Test is employed to check the reliability of internal consistency of measurements
in which the entire items measure identical concept or construct and therefore it is linked with
interconnectedness of the items within the test (Tavakol & Dennick, 2011) . It takes account of a
statistical summary that defines the steadiness of a particular sample of respondents across a number
of questions or variables. It enables us to predict the dependability of participants’ responses to the
respective measurements. Cronbach’s alpha is commonly applied in social and behavioral researches
as a gauge of reliability of a study.

Table 8: Reliability and Internal Consistency Results

Factors and variables | Item-total correlation | avalue
Factor 1

Representativeness 0.017 0.782
Herding(choice of sector) 0.529 0.656
Herding (amount of investment) 0.658 0.610
Factor 2

Regret aversion 0.542 0.653
Herding (buying and selling decisions) 0.651 0.617
Factor 3

Mental accounting 0.324 0.716
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The reliability and consistency test is demonstrated in table 8. As a general rule, values closer to
one imply a greater internal consistency whereas values closer to zero show an inferior internal
consistency. According to the statistical result, the overall Cronbach’s alpha value is 71%, which is
considered acceptable in some studies (McMillan & Schumacher, 2001) (Blunch, 2008) even though
some other studies confirm that it is tolerable to have alpha values above 60%. Therefore, it safe
to infer the reliability and internal consistency of this study is satisfactory and suitable to apply
regression test. Due to inconsistency, from the first and third factors anchoring and from the second
factor overconfidence variables were disregarded from study. Hence, the main behavioral anomalies
of Turkish FDI investors in Ethiopia are representativeness; herding variables (choice of sector,

amount of investment and buying and selling decisions), regret aversion and mental accounting.

Table 9: Regression Test Results

Variables Size Duration Target Amount
Herding choice 0.250" 0.057 -0.096" 0.174™
Herding amount -0.220° 0.123" 0.059 -0.218™
Herding buying 0.034 0.012 -0.1317 -0.026
Representativeness 0.056 0.216° -0.086 0.301"
Regret aversion 0.061 0.044 0.124" 0.352"
Mental accounting 0.037 -0.221" -0.007 0517

* Denote significance at 1% levels
** Denote significance at 5% levels
*** Denote significance at 10% levels

5.4. Regression Analysis

Having examined rotated principal component loadings, scree test, KMO and Bartlett’s test, and
a reliability test based on the survey data which focused on the behavioral biases of Turkish FDI
investors in Ethiopia, in table 9, the regression analysis was demonstrated. The result indicated the
association between Turkish FDI firms™ general information (size, duration, target and amount of
investment) and behavioral variables stated earlier. The table depicts the value of coefficients and
their respective significance level. Though various studies used 1%, 5% and 10% level of significances
together, this study employed 5% level of significance as a cut-off point to forecast or predict the

relation between the variables.

Accordingly, size and amount of investment have positive while target has negative relationship with
herding (choice of investment). It shows that when FDI investors’ firm size and investment amount
increases, the owners tend to follow the herd exceedingly whereas when their target encompasses the
global market, they abandon to follow the herd. Herding (amount of investment) negatively affected

by size i.e. when firms size increases, following the herd (by the amount of investment) weakens.
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Representativeness has a positive and significant link with duration and amount of investment, that
is, when the investing firms stay for a long time in the host country and invest more money; they
have a tendency to forecast the changes in their future investment based on the recent performance
which is one of indicators of representativeness heuristic.

Regret aversion found to have positive and significant association with target of customers and
amount of investment variables. The way investors try to address both local and foreign customers
and greater investment amount results in avoiding selling properties/business ventures that have
decreased in value and readily sells those that have increased in value which is a typical form of loss
aversion behavior. Finally, duration and amount of investment have positive and significant relation
with mental accounting. It implies that when firms stay for long and invest a significant amount of
money, they tend to treat each element/account in their investment portfolio separately that is one
type of mental accounting, which is psychological phenomenon of splitting up incomes and expenses
into distinct accounts that are dealt with in a different way.

6. Conclusion

In this paper an attempt has been made to study the major behavioral biases of Turkish FDI investors
in Ethiopia with regard to their long-term decision making in different sectors of the country’s
economy. Moreover, the relationship between the investors firms’ general information namely size,
duration, target customers and amount of investment and the behavioral anomalies has been analyzed.
A survey was conducted covering a list of questions to assess the existence of behavioral anomalies
on Turkish FDI investors in Ethiopia. The results of factor analysis confirm that psychological
irregularities such as representativeness, herding, regret aversion and mental accounting have been
observed on Turkish FDI in investors while they are making investment decisions in Ethiopia. This
tinding refutes partly the traditional economic view which is based on rational decision making of
investors. In addition, the findings based on the regression analysis, though mixed, supports that
amount of investment of the firm positively affects herding, representativeness, regret aversion and
mental accounting. This implies that when the FDI investors put more money in their investment,
their emotional and psychological abnormality rise and lead them to make irrational economic
decisions. In addition, duration of investors in Ethiopia affects their representativeness and mental
accounting behavioral biases positively. It can be inferred that the longer Turkish FDI investors stay
in Ethiopia, the higher they apply cognitive psychological biases in their economic and financial
decisions.

Therefore, policy analysts, decision makers, and researchers in this area should benefit from such
findings and consider behavioral factors of FDI in addition to economic, political and social factors
and give due consideration in their policy analysis and academic papers. Potential researchers can
study behavioral biases of other FDI investors in Ethiopia and compare with Turkish investors
employing the same or different behavioral variables, which help them get the full picture as to how
investors are attracted to FDI.
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Abstract

Integrated Reporting (IR) is one of the new reporting phenomena that has gained widespread attention over
the last decade because of the growing demand for non-financial forward-looking information. It combines
financial and non-financial information such as governance and social information under one report. Even
though this implementation framework has been published, there is a need to address its effects on share
prices and earnings per share ratio from an analytical perspective. In this paper, we have adopted a panel data
analysis to test the effects of mandatory IR implementation on companies listed in the Johannesburg Stock
Exchange. The connection was established through a panel data analysis on two separate models composed of
financial ratios, between the years of 2007 and 2016 using a dummy variable starting from 2011 to incorporate
the commencement of mandatory IR. We conclude that compulsory Integrated Reporting has a statistically
meaningful relationship with both the share price and earnings per share ratio of companies.
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Ozet

Entegre Raporlama kurumsal diinyada son birka¢ yil icinde finansal olmayan gelecege doniik verilerin
raporlamasi hususunda artan talepten dolay: dikkati ¢eken yeni raporlama olgularindan biridir. Bu raporlama
finansal ve finansal olmayan yonetisim ve sosyal ogeleri tek bir rapor altinda bir araya getirmektedir.
Uygulama ¢ergevesinin yaymlanmis olmasina ragmen hisse senedi fiyatlar1 ve hisse bas1 kazang tizerindeki
etkisi ve uygulanabilirliginin ele alinmasi gerekmekte olup literatiirde heniiz analitik bir galisma mevcut
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degildir. Bu ¢aliymada panel veri analizi ile zorunlu Entegre Raporlamanin, Johannesburg Borsasinda hisse
senetleri islem goren firmalarin tizerindeki etkileri arastirilmistir. Bu iligki, 2007 ve 2016 yillar1 arasindaki
finansal oranlarla olusturulan iki farkli modele panel veri analizi ve 2011 yilindan itibaren golge degisken
kullanilarak uygulanmasiyla elde edilmistir. Elde edilen sonuglar Entegre Raporlama zorunlulugunun hisse
senedi fiyatlar1 ve hisse bag1 kazang ile istatistiksel olarak anlamli bir iliki i¢inde oldugunu gostermektedir.

Anahtar Kelimeler: Entegre raporlama, Hisse senedi degerlemesi, Hisse bas1 kazang, Johannesburg Borsasi

JEL Siniflandirma: G10, G15, G18, M40, M48

I. Introduction

In the last decade, the perception of “value” in the business world has been in an ever-evolving stage.
As a result of this, the market valuation of organizations started to be more composed of intangible
assets in comparison to tangible assets. Along with this shift in the understanding of “value” the
dynamics of the global economy started to change.

The main reason behind the increasing demand for non-financial information and metrics regarding
social and environmental impacts (Stewart, 2015) is the shift in the market capitalization of S&P 500
companies to become more intangible asset-weighted (Eccles, Serafeim, & Krzus, 2011). Accordingly,
the days where the financial performance of an organization is the mere measure of worth has passed
(Burke & Clark, 2016). Figure 1 presents the shift of market valuation components from tangible
assets to intangible assets in a striking manner. As it can be read from Figure 1, Intangible Assets
represented only %17 of the total market valuation of the S&P companies back in 1975 whereas in

2015 it grew to become %84.
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Figure I: Components of S&P 500 Market Value (Ocean Tomo, n.d.)
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Thus, it is safe to say that influence of intangible assets on competitiveness has increased and their
effective management became a crucial component to address for sustainable value creation process
of organizations. In this manner, Eccles and Serafeim (2013) define sustainability as “...in terms of a
company’s strategy and the relationship between this strategy and the society that grants companies
their license to operate”. Consequently, they point out that a sustainable strategy should create value
for both the organization and the society (Eccles & Serafeim, 2013).

Considering these developments, organizations started to voluntarily publish corporate sustainability
reports that communicate non-financial information. However, due to lack of regulation and
guidance, these reports fell short of meeting expectations and merely became supplements to the
annual financial reports (Eccles & Krzus, 2010).

The call to vary Corporate Reporting and disclosure of non-financial information found an answer
when in 2010 International Integrated Reporting Council (IIRC) was founded and introduced the
Integrated Reporting (IR) framework in 2011 (Havlova, 2015). IR became the logical consequence of
the call for non-financial information disclosure and corporate responsibility issues (Marin-Garcia
& Tomas, 2016).

2. Integrated Reporting in South Africa

The corporate governance in South Africa during the early 1990s was at a minimal level. Mainly,
large corporations were family owned and an emphasis on corporate governance was not existent
(Schulschenk, 2012). The establishment of Institute of Directors in Southern Africa (IoDSA) in 1992,
which was commissioned by the King Committee, marks the beginning of Corporate Governance
studies in South Africa since the sole purpose of this institutions was to promote corporate
governance studies to launch the Southern African economy in the global context (Eccles, Serafeim,
& Armbrester, 2012).

The committee has issued its first report King I in 1994, which has outlined that a focus of a company
should shift from maximizing book value to maximizing economic value while considering needs
and expectations of all the stakeholders (Schulschenk, 2012). In 2002, following the World Summit
on Sustainable Development in Johannesburg, the first king code was revised and King Code II was
published (King Comittee, 2002). In addition to the first code, King Code IT has introduced concepts
of risk management and sustainability. This report indicated that companies should not be operating
with the solitary purpose of financial profit but should also consider its economic, environmental
and social outcomes (King Comittee, 2009).

Along with IIRC, which has published the integrated reporting framework, the King Report on
Governance for South Africa became a separate formation that undertook this concept (Marin-
Garcia & Tomas, 2016). The step towards compulsory reporting was taken with the King Code
III in 2010 (IoDSA, 2013). Accordingly, in 2010 Johannesburg Stock Exchange modified its listing
requirements to include the recommendations put forward by the King III report. Consequently, 450
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listed companies were obliged to issue an integrated report for the prospective fiscal years in place of
the annual financial and sustainability reports (Eccles et al., 2011).

3. Literature Review

This paper examines the relationship between IR, share price valuations and earning per share
through financial ratios derived from corporations listed on the South African Johannesburg Stock
Exchange. To be able to test this relationship we have utilized two different econometric panel data
models with IR function being the dummy variable.

IIRC strongly argues that components of IR framework will maximize the effectiveness of capital
distribution in the financial markets by ensuring better quality information disclosure to prospective
investors. Under this context, we predict that both share price valuation and earnings per share ratio
are positively associated with the IR reporting presence of corporations.

One of the important changes that have already begun is the increasing demand and emphasis on
non-financial information. Demand regarding disclosure of non-financial information containing
Environmental, Social, and Governance (ESG) performance from the investors has been growing
(Eccles et al., 2011). However, in the current form of financial reporting, which can be considered as
the main source of decision making for investors, the value of intangible assets like human capital,
brand value, natural resources, R&D and intellectual capital is not present.

Pursuantly, traditional corporate financial reporting structure was challenged as an inefficient and a
non-satisfactory tool following the global economic crisis. The main emphasis was that the current
form of financial reporting only provides information about the past and investors were looking
for prospective outlook as well (Flower, 2015). Heretofore, with John Elkington’s concept of triple
bottom line, emphasis on organization’s impact on social, economic and environmental areas gained
widespread attention during the late 1990s and early 2000s (Dumay, Bernardi, Guthrie, & Demartini,
2016).

Under this context there have been many studies that have analyzed and examined the non-
financial reporting undertaken by corporations (Maas, Schaltegger, & Crutzen, 2016) and it has
been determined that reporting of non-financial capital utilized by corporations such as human and
natural should be reported in a manner which underlines how they are being utilized to support
long-term corporate sustainability (Beck, Dumay, & Frost, 2017). The long-term sustainability of a
company, from a financial point of view, can be expressed as the ability to continuously maximize
wealth for its shareholders.

This idea of full disclosure supports the theory of full efficiency in the decision-making process
of investors. Accordingly, in the ever-changing global markets, only the investors who possess
all of the data during the decision-making process may succeed (Farcas, 2015). Possession of full
data in return, will correct the stock price valuations and ensure the fair distribution of the capital
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(Rikanovic, 2005). It has been determined that there is an empirical relationship between investors
of a stock and the volatility of that stock. Accordingly, long-term institutional investors prefer to
buy stocks of companies which provide frequent, meaningful and transparent disclosures (Bushee &
Christopher, 2000).

The main research agenda of financial economics has always been the estimation of stock prices and
stock price returns. Accordingly, it has been widely accepted that stock price valuation has predictable
components (Kothari & Shanken, 1997; La Porta, 1996). There has been a lot of studies supporting
these results, Ang and Bekaert (2006) have concluded that stock price predictability is more efficient
and short-term rather than long-term.

In a fully efficient capital market, all stock prices should reflect the available information in a full and
objective manner at fair value. Even though there have been a lot of studies that prove the viability of
this theory, there has been an increasing number of studies that aim to prove its invalidity. The main
reason behind these studies is that the price-earnings ratios reflect the future investment decisions
(Basu, 1977). Even though Kendall (1953) has determined in his study that stock prices oscillate over
time, Kendall’s other progenitor studies on efficient markets focused on using past data to estimate
future stock prices (Lewellen, 2004).

The current literature for stock prices indicates a variance between the intrinsic value of a stock and
its market price. This variance acts as an input for the decision-making process of the investors (Ou
& Penman, 1989). Accordingly, analysts rely heavily on the expected rate of growth on revenue while
neglecting the intrinsic value of stocks (Easton, 2004). The current consensus is that there exists a
positive and linear relationship between past earnings and stock prices (Molodovsky, 1955).

The current studies mainly rely on predictive regression models to estimate the stock prices (Gupta
& Modise, 2012). Even though there are certain econometric challenges concerning predictive
regression models (Gregory Mankiw & Shapiro, 1986; Kirby, 1997), the general accord is that they
are effective to be used in future stock price estimation modelings (Campbell, 1999).

As of yet, there has not been any empirical study on the effects of Integrated Reporting on stock
prices and earnings per share ratio. However, Baboukardos and Rimmel’s (2016) study showed a
positive relationship between mandatory IR and market capitalization of companies listed in the
Johannesburg Stock Exchange.

The existing literature includes different studies that examine the relationship between Earnings Per
Share and Stock Price Valuation with different independent variables. However, there has not been
any study that used IR as a dummy variable to measure its effect.
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4. Research and Empirical Study
4.1. Data and Limitations

We have used 10 years of data observations derived from the 30 companies listed in Table 1 below
for the years between 2007 and 2016. We have excluded companies that have not been traded on
the stock exchange for a continuous 10-year period due to bankruptcy, merger or corporate split.
Additionally, we are aware that there might have been effects of the 2008-2009 financial global crises
on the data and this effect should be carefully evaluated and tested separately.

Table I: Industrial Distribution of the Companies used in the Empirical Study

Industry Number of Companies
Industrial Metals & Minerals
Retail

Precious Materials & Minerals
Real Estate

Communication Services

Basic Materials

FMCG

Energy

Holding

Production of Medical Drugs

Consumer Cyclical

Production of Paper & Related Products

Production of Cosmetics

Production of Tobacco-Related Products

Healthcare

= === === =N |

Insurance
Total

W
(=}

Data used in the empirical study is composed of financial information derived from the websites
of the companies listed below for the years between 2007 and 2016. The use of special accounting
periods is common in South Africa and accordingly, the fiscal year of the company may end and start
either in March, June, September or December.

The banking and finance industry has been excluded from this study. Sector-specific financial ratios
should be considered for this particular industry in the prospective studies. The effects of IR on stock
prices and earnings per share of financial institutions should be evaluated with a separate study.
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Table 2: Research Sample

No # Company Name No # Company Name

1 Kumba Iron Ore 16 MTN Group Ltd

2 Oceana Group LTD 17 Nampak Ltd

3 Liberty Holdings LTD 18 Netcare Ltd

4 Sasol Ltd 19 Sappi Ltd

5 The Foschini Group Ltd 20 Telkom SA SOC Ltd

6 Truworths International Ltd 21 Woolworths Holdings Ltd

7 Anglo American Plc 22 Tiger Brands Ltd

8 AngloGold Ashanti Ltd 23 African Rainbow Minerals Ltd
9 Aspen Pharmacare Holdings Ltd 24 BHP Billiton Plc

10 Barloworld Ltd 25 British American Tobacco Plc
11 Exxaro Resources Ltd 26 Imperial Holdings Ltd

12 Gold Fields Ltd 27 Northam Platinum Ltd

13 Impala Platinum Holdings Ltd 28 Clicks Group Ltd

14 Intu Properties Plc 29 Pick n Pay Stores Ltd

15 Massmart Holdings Ltd 30 Distell Group Ltd

Additionally, financial ratios utilized in the study are listed in Table 3. The calculation details of the

ratios can be observed from the table. The data used to calculate these ratios, independent variables

in our model, is derived from the audited financial statements that are disclosed for investors for the

years between 2007 and 2016. The dependent variables for our models are Earnings Per Share and

Stock Price Valuation. These dependent variables are posted in two different models.

Table 3: Financial Ratios used as Independent Variables

No # | Variable Name Symbol | Calculation

1 Earnings Per Share EPS Net Income / Outstanding Shares

2 Net Earnings Margin % NEM | Net Income / Sales Revenue

3 Operating Margin % OPM | Net Operating Income / Sales Revenue

4 Return on Assets % ROA Net Income / Total Assets

5 Return on Equity % ROE | Net Income / Shareholder’s Equity

6 Year over Year Growth YYG (Current Year Revenue - Previous Year Revenue) / Current Year Revenue
7 Current Ration CUR | Current Assets / Current Liabilities

8 Financial Leverage FIL Total Debt / Total Assets

9 Quick Ration QUR (Current Assets — Inventory)/ Current Liabilities
10 | Debt/Equity Ratio DEB Total Debt / Shareholder’s Equity

11 |Receivables Turnover RET Sales Revenue / Average Total Receivables

12 | Inventory Turnover INV Cost of Goods Sold / Average Inventory

13 | Asset Turnover AST Sales Revenue / Average Total Assets

14 | Mandatory Integrated Reporting | EZR

15 | Stock Price HSF
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4.2. Research Hypothesis and Models

The main hypothesis of this study is founded on the positive relationship between mandatory IR
disclosure and firm valuations, which is represented through “Earnings per Share” and “Stock Price
Valuation” variables. In this context hypothesis zero (H ) should be empirically tested and verified.

Main and the null hypothesis of the study are presented below;

H,: Financial Ratios have no effect on Earnings per Share and Stock Price Valuations of Companies.

H : Financial Ratios have an effect on Earnings per Share and Stock Price Valuations of Companies.

In order to test these hypotheses, the research models below are used;

1. Research Model: EPS, =8, + B, NEM, + 3,OPM, + B.ROA, + B ROE +B.YYG, +B,CUR, + B FILL,
+ ﬁSQURit-'— ﬂQDEBit + ﬁlORE,I‘it+ ﬁIIIN‘/it + ﬁIZAS’I‘Zt_F BBEZRX'I + git

2. Research Model: HSFit = B, + B, NEM + B, OPM it+ B ROA + B ROE + B.YYG + B.CUR +
B FILL,+ f,OUR + f,DEB, + f RET + NV, + AT + f,, EZR, + ¢,

Subsequently, some of the financial ratios utilized in this study are calculated using the same

denominator, which may suggest multicollinearity between independent variables and correlation

problems. In the light of these, a factor analysis is adapted to determine multicollinearity between

variables. High multicollinearity variables will be tested to form composite independent variables to
eliminate the correlation problem.

The factor analysis is completed with IBM SPSS 23.0 version. Principal components method and
varimax rotation techniques are adapted to carry out the factor analysis. The main objective of this
technique is to group the independent variables under a limited number of composite variables as
possible.

KMO and Bartlett tests are used to determine sample adequateness of the study and suitability of the
data matrix to the rotation technique before factor analysis is implemented. The related statistics of
these tests are presented below in Table 4.

Table 4: KMO and Bartlett Test Statistics

Kaiser-Meyer-Olkin Measure of Sampling Adequacy ,597
Bartlett’s Test of Sphericity Approx. Chi-Square 1252,567
Df 66
Sig. 0,000

The statistical results suggest that Kaiser Meyer sample adequacy statistics is below 0,5 and that
the sample size is satisfactory. Additionally, it has been observed that the Bartlett test statistics is
statistically meaningful at a %95 confidence level.

140



Does Mandatory Integrated Reporting Affect Stock Prices? An Empirical Study on The Johannesburg Stock Exchange

Consequently, the scree plot graph is used to determine the proper number of factors for the factor

analysis process.

The scree plot graph can be observed in Figure 2.

Scree Plot
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Figure 2: Factor Analysis Scree Plot Graph

Once the graph is examined it can be observed that the Eigenvalue rate decreases after the fifth factor.

Accordingly, it can be stated that a 5-factor disposition would be favorable for the factor analysis.

Before deciding on the number of factors to be used variance rates can be evaluated as well. The

variance rates that can be explained by a number of factors are illustrated below in Table 5.

Table 5: Expounded Variance Rates

Primary Eigenvalue Derived - Weighted = Sum of Rotated Weighted Sum of Squares
Factor Squares

Tot. % Var. Cum % | Tot. % Var. Cum % | Tot. % Var. Cum %
1 3,03 25,248 25,248 3,03 25,248 25,248 1,968 16,396 16,396
2 1,763 14,692 39,939 1,763 14,692 39,939 1,954 16,281 32,677
3 1,571 13,091 53,031 1,571 13,091 53,031 1,891 15,755 48,432
4 1,46 12,163 65,193 1,46 12,163 65,193 1,782 14,847 63,28
5 1,032 8,598 73,791 1,032 8,598 73,791 1,261 10,511 73,791
6 0,934 7,781 81,573
7 0,697 5,806 87,378
8 0,522 4,349 91,727
9 0,361 3,008 94,736
10 0,241 2,006 96,742
11 0,212 1,764 98,506
12 0,179 1,494 100

141



AR. Zafer SAYAR * Metin Can TOPDEMIR

As it can be observed from the Table first and second factors are able to account for %16 of the total
variance. Additionally, third and fourth factors can account for %15, whereas the fifth factor can
account for %10 of the variance. In total five factors can account for %74 of the total variance. The
total being above %70 is a favorable rate for factor analysis.

The five-factor structure and inter independent variable grouping with factor loads can be observed
in Table 6.

Table 6: Rotation Factor Matrix

Component

1 2 3 4 5
ROE 0.781
ROA 0.762
YYG 0.632

Oop 0.936

NM 0.902
QUR 0.918
CUR 0913
DEB 0.886
FILL 0.775

RET
AST 0.595
INV 0.561

Based on factor loads presented below, each factor has a load more than 0,5 and the first factor is
composed of 3 independent variables whereas the rest of the factors are composed of 2 independent

variables. Factors and independent variable couplings are presented in the Table below.

Table 7: Factor Independent Variable Couplings

Factor Independent Variable
ROE
F1 ROA
YYG
F2 op
NM
UR
F3 Q
CUR
DEB
F4
FILL
AST
F5
INV
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The models are updated based on the factor structure explained above are as follows;
EPS, = B, + BFL+ B,F2,+ BF3,+ BF4, + BFS,+ BEZR +e,

HSFit :ﬁO+ﬁIFIit+ﬂZF2it+ﬁ3F3it+ﬁ4F4it+ﬁ5F5it+ﬂ6EZRit+€it

4.2.1. Cross-Sectional Dependency Evaluation

The independent variables are tested for cross-dependency before determination of stationarity of
independent variables through unit root tests. These are important to understand the structure of
the data and the further methods that will be implemented for unit root tests. The existence of cross-
sectional dependency has a great impact on the end results (Breusch & Pagan, 1980; Pesaran, 2004).
Cross-sectional dependency has an impact on unit root tests and panel cointegration tests that will
be realized. Since this study involves 10 years with 300 observations in total, is not eligible for long-
term co-integration relationship and relation of causality analysis. We have adopted the Pesaran CD
test to further evaluate cross-sectional dependency and the existence of stationarity, in order to avoid
non-stationarity in the unit root tests. The Pesaran CD test is appropriate where ¢ is smaller than n
(Pesaran, 2004). The Pesaran CD test statistics are presented in Table 8.

Table 8: Pesaran CD Test Statistics

Variable Pesaran CD Statistic df p

EPS 986.056 435 0.000%
HSF 1442.055 435 0.000*
F1 668.448 435 0.0027*
F2 558.7891 435 0.0043*
F3 347.258 435 0.0021*
F4 857.058 435 0.001*
F5 966.3411 435 0.0026

Based on the results of the Pesaran CD test, all null hypothesis, which states that inter-variable
independency exists, is rejected. In this model, the companies that form the panel have cross-
dependency for all the independent variables. Accordingly, a change in one of the companies that
form the model will affect the same variable in other companies as well.

4.2.2. Unit Root Tests

We have adopted four different unit root tests based on the cross-sectional dependency results of the
Pesaran CD test. The unit root statistics are reported under the Table 9, whereas, the categorized time

graphics of the independent variables are shown in Figure 3.
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Table 9: Unit Root Tests

Variable Levin, Lin & Chut |Im, Pesaran and Shin W-stat | ADF - Fisher Chi-square | PP - Fisher Chi-square
Statistic | p value | Statistic p value Statistic p value Statistic p value
EPS -11.571  ]0.000  [-1.647 0.049 76.858 0.070 64.353 0.327
D(EPS)* |[-10.461 0.000 -4.885 0.000 132.368 0.000 244.269 0.000*
HSF -1.872 0.030 0.878 0.812 62.404 0.390 56.914 0.589
D(HSF)* |-4.744 0.000 -2.321 0.010 93.021 0.004 183.694 0.000*
F1* -8.022 0.000 -3.003 0.001 101.601 0.000 133.477 0.000
F2* -50.849  |0.000  [-7.492 0.000 90.811 0.000 102.379 0.000
F3* -7.373 0.000  |-2.864 0.002 99.159 0.000 138.320 0.000
F4 0.120 0.548 0.370 0.644 61.008 0.439 106.293 0.000*
D(F4)* 0.386 0.005 -1.778 0.037 93.230 0.003 312.565 0.000
F5 -0.494 0.310 1.180 0.881 51.941 0.761 92.100 0.004
D(F5)* -6.344 0.000 -2.832 0.002 103.384 0.000 235.279 0.000

D(X): First Differencing of Variable X. * Represents statistical significance at a %95 confidence level.
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Figure 3: Unit Based Categorized Time Graphs

The null hypothesis for unit root tests is that the series don't have a unit root whereas the alternative

hypothesis is that the series contains at least one unit root, which means non-stationarity. Since all
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the series have cross-dependency it would be safer to evaluate unit root existence with four different
unit root tests. For the unit root test presented in Table 10, if the majority test accepts the non-
existence of unit root in the series, it has been acknowledged that the series does not have a unit root.
In the case of equalization or existence of tests that reject the null hypothesis in the majority, series
are subjected to differencing and unit root tests are re-run.

As it can be observed from Table 9, the variables EPS, HSE, F4, and F5 are not stationary at surface
level. However, after the first differencing they became stationary. Rests of the variables are stationary
as is. The models are updated based on the first differencing of said variables. The updated models
are presented below.

d(EPS), =B, + B,F1,+ B,F2, + B.F3, + B,d(F4), + B.d(F5), +BEZR, +¢,
d(HSF), =, + B,F1,+ B,F2, + B.F3 + Bd(F4), + B.d(F5), + BEZR, +¢,

Lastly, before the model estimation is made, we need to determine whether to use a random-effects
model or a fixed effect model. We have adopted the Hausman test and its statistics to determine the
estimation model to be used. The Hausman test statistic hypothesis is;

H,: Random effects model is more efficient than the fixed effects model,
H : Fixed effects model is more efficient than the random effects model.

Hausman test statistics are presented in Table 10.

Table 10: Hausman Test Statistics

Model Chi-square value d.f p value
1. Model 30.366 6 0.000*
2. Model 4.455 6 0.615

The Hausman statistics showed that for the first model fixed effects model would be more efficient
whereas for the second model random effect model is more efficient. Accordingly, for the first model
H, is rejected although it is accepted for the second model.

4.2.3. Model Estimations

During the model estimations it has been observed that all models have heteroscedasticity problem and
in solution, all estimations were made in white process. The examination of Heteroscedasticity Wald
test is adopted for fixed effects model and Levene Brown & Forstyhe tests for the random effects model.

For the assumption of non-autocorrelation Baltagin Wu LBI test is adopted for fixed effects model and
Lagrange Multiplier test for random effects model. We have not observed any non-autocorrelation
and accordingly made no further resolution.

145



AR. Zafer SAYAR * Metin Can TOPDEMIR

4.2.3.1 First Model Estimation
d(EPS),= B, + BF1,+ BF2,+ BF3,+ BA(FH), + PA(F3),+ BEZR, + e,

The estimation results of the first model with fixed effects model are presented in Table 11.

Table I I: First Model Estimation Results

Variable Coefficient Standard Error t-statistics p value
F1 0.084 0.010 8.179 0.000*
F2 0.009 0.006 1.396 0.163
F3 0.507 0.399 1.272 0.204
F4 0.117 0.089 1.320 0.187
F5 0.000 0.001 0.242 0.808
EZR 1.46 0.730 2.00 0.004*
R-Square 0.24 Adjusted R-Square 0.22

F 15.777 F (p) 0.0000*

Dependent Variable = d(ESP), * Represents statistical significance at %95 confidence level

Based on the F probability value, it can be said that the model is statistically significant. The
independent variables of the model can account for %22 of the changes in the dependent variable.
Once the variables are evaluated one by one it can be concluded that the F1 independent variable,
which is composed of ROA, ROE and YYG ratios, and the EZR (mandatory IR), has statically
significant and positive effect on the dependent variable of EPS. In other words, it can be stated that
mandatory IR has a statistically significant effect on the dependent variable of Earnings Per Share.

4.2.3.2. Second Model Estimation
d(HSF), =, + B,F1,+ B,F2, + B.F3 + B,d(F4), + B.d(F5) + BEZR, +¢,

The estimation results of the second model with random effects model are presented in Table 12.

Table 12: Second Model Estimation Results

Variable Coefficient Standard Error t-statistics p

F1 0.525 0.124 4.236 0.000*
F2 0.013 0.079 0.166 0.867
F3 0.121 4.892 0.024 0.980
F4 1.059 1.074 0.986 0.324
F5 0.001 0.017 0.880 0.379
EZR 3.09 1.696 0.954 0.000*
R-Sqaure 0.34 Adjusted R-Square 0.32

F 6.344 F(p) 0.0000%

Dependent Variable = d(HSF), * Represents statistical significance at %95 confidence level
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Based on the F probability value, it can be said that the model is statistically significant. The
independent variables of the model can account for %32 of the changes in the dependent variable.
Once the variables are evaluated one by one it can be concluded that the F1 independent variable,
which is composed of ROA, ROE and YYG ratios, and the EZR (mandatory IR), has statically
significant and positive effect on the dependent variable of HSF. In other words, it can be stated that
mandatory IR has a statistically significant effect on the dependent variable of Stock Price Valuations.

5. Conclusion

Interest in the disclosure of non-financial information has been steadily growing after the downfall
of the global financial crisis in 2008. The introduction integrated reporting framework introduced
a holistic report, which combines financial and non-financial information, as well as including
forward-looking information of a company. The adaptation of IR requires a corporate-wide change
to create value for all stakeholders to promote corporate sustainability.

In this paper, we have adopted a panel data analysis to test the effects of mandatory IR implementation
on companies listed in the Johannesburg Stock Exchange from a financial point of view. The
connection was established through a panel data analysis on two separate models composed of
financial ratios, between the years of 2007 and 2016 using a dummy variable starting from 2011 to
incorporate the commencement of mandatory IR. This study aims to provide evidence regarding
the connection between IR and financial viability of a company for a continuous period of 10 years.

The results of this study show parallel results with Gupta and Modise’s (2012) work that had statistically
showed meaningful relationships between long-term stock price-dividend and price-earnings ratios.
The results have proved the validity of //, hypothesis. Additionally, findings support the conclusions
derived by Baboukardos and Rimmel (2016). The F1 variable being statistically meaningful for both
models is in line with the findings of (Jitmaneeroj, 2017). Moreover, our results are in parallel with
the existing studies in the literature on stock pricings by Rapach and Wohar (2005) and Campbell
and Schiller (1988).

Lastly, both models show statistical meaningfulness for the use of IR on stock prices and earnings
per share ratios of the companies. The empirical results are important in a time where the validity,
practicality, and effectiveness of IR are being largely criticized. As the sole reason of IR is to promote
corporate sustainability in the long-term, empirical studies need to be repeated as larger data sets
start to form.

As a conclusion, this empirical study provides initial evidence on the effects of mandatory integrated
reporting implementation on stock price valuations and earnings per share. The results support the
argument of IIRC regarding promoting long-term corporate sustainability. Even though the current
format of IR is in an ever-changing status based on stakeholder’s demand for information, the results
illuminate prospective results of this newly established reporting structure.
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Abstract

In this paper, it is aimed to compare traditional p-control charts with fuzzy control charts for making
more accurate decisions and quality control measurements in businesses. For this purpose, by using the
assumption that binomial distribution conforms to the collected data for p-control charts, the data is derived
by simulation technique and analyzes are performed. As a result of the analysis, it is seen that the data in the
traditional p-control charts that are out of the control limits are under control in the fuzzy control charts.
Additionally, the fuzzy control charts have made it possible to make more precise measurements and to
eliminate the firms from unnecessary process improvement costs.

Keywords: Fuzzy control charts, p-charts, Statistical process control
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Ozet

Bu ¢aligmada, kalite konusunda isletmeler i¢in daha hassas kalite kontrol 6l¢timleri yapabilmeleri ve
bununla birlikte isletmelerin daha dogru kararlar alabilmelerini saglamak tizere klasik p-kontrol grafikleri
ile fazi !(fuzzy) kontrol grafiklerinin karsilastiriimasi amaglanmistir. Bu amag dogrultusunda p-kontrol
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grafikleri i¢in toplanan verilerin binom dagilimina uyma varsayimi dikkate alinarak simiilasyon teknigi
ile veriler tiiretilmis ve analizler gergeklestirilmistir. Analizler sonucunda klasik p-kontrol grafiklerinde
kontrol sinirlar1 diginda ¢ikan verilerin fazi kontrol grafiklerinde kontrol altinda oldugu goriilmustir.
Bununla birlikte fazi kontrol grafiklerinin daha hassas ol¢timler yaparak isletmeleri gereksiz siireg
iyilestirme maliyetlerinden kurtarabildigi sonucuna ulagilmustir.

Anahtar Kelimeler: Fazi kontrol grafikleri, p-grafikleri, Istatistiksel siire¢ kontrolii

JEL Classification: C15, L61, M11

I. Giris

Uretimin basladig1 ilk dénemler de mevcut pazarin ¢cok kiigiik olmasi, rakip ve rekabet kavramlarinin
heniiz yerlesmemesi sebebiyle kalite kavrami g6z oniine alinmayan bir unsur halinde iken son
100 yilda yasanan gelismeler ile artik kalite hem tireticiler hem de tiiketiciler i¢in vazgegilmez bir
kavram haline dontismiistiir. Teknolojik gelismeler, artan rakip sayisy, éiriin sunumu igin alternatif
yollarin artmast, bilginin en biiyiik girdi haline gelmesi vb. bir¢ok gelisme bu dontisiime yol agmustir.
Bununla birlikte, isletmelerin rekabet giiclerini artirmalar1 ve pazarda tutunabilmeleri i¢in kalitenin
iyilestirilmesi, vazgecilmez bir olgu haline gelmistir. Rekabet edebilme ve pazarda tutunabilmeyi
basarma konusunda isletmeler i¢in oncelikli hedefler: kalitenin en dogru sekilde tanimlanmasi,
en iyi sekilde ortaya konmasi ve siirekliliginin saglanabilmesi olmustur. Bu hedef dogrultusunda,
hem igletmeler hem de bilim insanlar1 uzun yillardir kimi zaman sektér bazinda kimi zaman genel
cercevede bircok teknik One stirmislerdir. Sunulan tekniklerin bu denli fazla olmasinda artan
rekabet, teknolojik gelismeler vb. olmasinin yani sira hi¢ kusku yok ki kalite degiskenligine sebep
olan faktorlerin belirsizlik icermesi ve bu belirsizliklerin ortadan kaldirilmaya calisilmas: da etkili

olmaktadir.

Herhangi bir teknigi, diger bir kalite kontrol tekniginden iyi veya koétii, yararlt veya yararli degil
seklinde ayirt etmek oldukea giitiir. Ancak kalitedeki degiskenligin 6l¢lilmesinde, ilk olarak 1924
yilinda Shewhart tarafindan 6nerilmis olan kalite kontrol grafikleri, en ¢ok kullanim alanina sahip
tekniklerin baginda gelmektedir. Ozellikle, kusurlu/kusursuz gibi dilsel ifadeleri barindiran nitel
kontrol grafiklerinde, kalite degiskenligini hassas bir gekilde dl¢cebilmek oldukga giigtiir. Bu giiglikle
birlikte, 6zellikle son yillarda belirsizligin dl¢limiinde alternatif bir yaklasim olan ve her gecen giin
kullanim alani genisleyen fazi kiime teorisi kavrami kalite kontrol alaninda da sik kullanilmaya
baslamistir. Fazi kiime teorisi, gozlenen verilerin belirsiz, miiphem ya da insanlarin algilarina gére
oznel olarak degisen veriler oldugunda, siireci yeterli bir sekilde modelleyebilmektedir. Bu yiizden,
bazi aragtirmacilar tarafindan, fazilikten kaynaklanan belirsizligi ortadan kaldirabilmek igin fazi
kontrol grafikleri olusturulmugtur (Faraz & Shapiro, 2010).

literatiirdeki “bulanik” ifadesinin “Fuzzy” kavramini tam karsilamadigini diisiinmesinden dolayr “Fuzzy” kavramu igin
“Fazi” ifadesini kullanmigtir. Bu nedenle galisma da “Fuzzy” kavrami “Fazi” ifadesi kullanilarak ele alinacaktir.
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Kesin veriler kullanilarak kontrol edilen siireglerde, kontrol grafikleri, “Stire¢ kontrol altinda mi?”
sorusuna “Evet/Hayir” seklinde cevap verebilirken, fazi kiime teorisine dayali olarak fazi kontrol
grafikleri, “Siire¢ ne kadar ya da ne derece kontrol altindadir?” sorusuna cevap verebilmektedir.
Ornegin, bir fazi kontrol grafigi ile 6rnege ait siirecin ne derece kontrol altinda oldugunun cevabi
ortaya konabilmektedir. Kontrol limitleri, fazi kiime teorisinden tiiretilmelidir ve istatistiksel kalite
kontroliint uygulayan kimseye en iyi karar1 verebilmesi igin yardimci olmalidir.

Belirsizligin oldukea fazla oldugu kalite kontrol siireglerinde fazi teorisinin kullanilmasi oldukea
6nemli bir kavram haline gelmistir. Bu sebeple, calisma kapsaminda, klasik p-kontrol grafikleri ile fazi
p-kontrol grafiklerinin karsilastirilmas: amaglanmistir. Nitel kontrol grafiginin se¢ilmesindeki amag,
literatiirde p-kontrol grafikleri ile fazi p grafiklerine ait calismalarin oldukga az sayida olmasidir. Bu
amagla, dilsel degiskenlerin belirlenmesi i¢cin Giilbay vd. (2004) tarafindan kullanilan dilsel ifadeler
temel alinmustir. Buna bagli olarak simiilasyon teknigiyle p ve np kontrol grafiklerinin varsayimi olan
binom dagilimina uygun olacak sekilde veriler tiretilmistir.

Calisma amacina yonelik, ilk olarak literatiir taramasi yapilmistir. Ardindan kalite kontrol, istatistiksel
kalite kontrol, nitel kontrol grafikleri ve fazi kontrol grafikleri hakkinda bilgiler verilmistir. Bir sonraki
boliimde, ele alinan veriler araciligiyla hesaplamalar yapilmis ve kontrol grafikleri olusturularak
karsilagtirmalar yapilmistir. Son béliimde ise, elde edilen sonuglar yorumlanmis ve onerilerde
bulunulmustur.

2. Literatiir Taramasi

Wang ve Raz (1990), fazi teorisini temel alan ve her bir dilsel terime bir fazi kiimesi atayan bir yontemi
aciklamiglardir ve daha sonra kontrol limitlerinin belirlenmesi i¢in fazi aritmetigini kullanmiglardur.
Bir kontrol grafigindeki dl¢timleri temsil edebilmek igin, fazi mod, a-seviyeli fazi orta seviye, fazi
ortanca veya fazi ortalama (fuzzy mode, a-level fuzzy midrange, fuzzy median, or fuzzy average) gibi
bazi fazilestirme yontemleri kullanilarak, temsili degerler olarak bilinen temsili fazi 6l¢timleri elde
etmiglerdir.

Kanagawa, Tamaki ve Ohta (1993), dilsel veriler i¢in farkli bir kontrol grafigi énermislerdir. Bu
oOneri yalnizca siirecin ortalamasini kontrol etmek degil, ayn1 zamanda dilsel verilerin ardinda yatan
olasilik dagiliminin kestirimi temeline dayanan siirecin degiskenligini kontrol etmektir. Dahast,
merkez ¢izgisini, birikmis sinyal ortalamalarinin ortalamasi olarak tanimlamislar ve Gram-Charlier
dizisini kullanarak kontrol limitlerini hesaplamislardir. Bu yaklagimin temel zorlugu, bilinmeyen
olasilik dagilim fonksiyonunun kolayca tespit edilememesidir.

Grzegorzewski ve Hryniewicz (2000), miiphem verilerin faziligini korumak icin bu tiir veriler
olustugunda bir fazi hipotezini test etmek amaciyla bir yontem onermislerdir. Bu arastirmacilar,
NISD (Necessity Index of Strict Dominance) endeksine bagli olarak bir kontrol grafiginin nasil
olusturulacagini gostermislerdir.
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Taleb ve Limam (2002), dilsel veriler i¢in kontrol grafiklerinin ingasinda, Raz ve Wang (1990)’1n
caligmasinda Onerilen ortalama tekrar uzunlugu (average run length-ARL) temel alarak, fazi ve
olasilik yaklagimini kiyaslayarak ele almiglardir. Onemli sonuglardan birinin temsil degerini elde
etmek icin kullanilan yontem ve fazilik derecesinin Raz ve Wang tarafindan bulunan sonuglarin
aksine kontrol grafiginin performansini etkiledigini ifade etmislerdir.

Giilbay, Kahraman ve Ruan (2004), nitel 6zellikli veriler i¢in olusturulan kontrol grafiklerinde daha
siki ve daha uygun o seviyesinin belirlenmesini amaglamiglardir. Aragtirmalarinda, 6rnek veri seti
tizerinde ¢oziimler gosterilmis ve dnceki ¢alismalara yakin sonuglar elde edilmistir.

Cheng(2005),birgrupuzmaninayriayrigoriisleriileolusturulansiibjektifkalitedegerlendirmelerinden
elde edilen fazi sonuglara ait bir siireg i¢in fazi kontrol grafigi 6nerisinde bulunmugtur. Raz ve Wang
(1990) tarafindan tiiretilen simiilasyon verilerini kullanarak farkli uzmanlardan alinan goriisleri fazi
sayilara doniigtiirmiis ve olabilirlik teorisi yardimiyla olusturulan fazi kontrol grafiklerine islemistir.
Sonug olarak, ortaya konan fazi kontrol grafiklerinde sadece merkezi dagiliminin degil ortaya ¢ikan
faziligin derecesinin de saptandigini belirtmistir

Giilbay ve Kahraman (2007), a-kesitlerden faydalanarak yapilan fazi gecislerini temel alan fazi
kontrol grafiklerine bazi katkilar saglamiglardir. Bu arastirmacilar ayn: zamanda, herhangi bir
gecis islemi yapmaksizin, fazi uzayindaki dilsel verilere kiyasla, fazilestirmenin kullanimina gerek
kalmadan “Dogrudan Fazi Yaklasimini” (Direct Fuzzy Approach) alternatif bir yaklasim olarak
gelistirmislerdir.

Amirzadeh, Mashinchi ve Porehami (2009), kalite 6l¢timiinde bir drtintin kaliteye uygun olup
olmadigindan ziyade uygunluk derecesinin ele alinmasinin daha dogru oldugunu 6ne siirmiislerdir.
Bu amagla hem klasik hem de fazi alt yapisi ile kontrol grafikleri olusturulmus ve karsilagtirilmigtir.
Olusturulan grafiklerde hem uygunluk derecesinin daha hassas 6l¢timler sagladig: hem de p-kontrol
grafikleri icin hazirlanan fazi kontrol grafiklerinde tip II hatasinin disiik oldugu sonucuna
ulagmiglardir.

Sentiirk ve Erginel (2009), kesin ve net sayisal degerleri tiyelik fonksiyonlar: yardimiyla fazi sayilara
dontstirmiigler ve x-r ve x-s grafikleri olusturmuslardir. Caligma sonucunda fazi x-r ve fazi v-s
grafiklerinde kontrol limitlerinin daha ¢ok esnedigini ve degerlendirme dogrulugunun arttig
sonucunu vurgulamiglardir.

Sorooshian (2013), nitel 6zellikli verilerin 6l¢timiinde fazi kiime teorisinin kullanilmasi tizerine
bir deneme yapmustir. Bu amagla bir isletme de tiretilen teknelerin renkleri ile ilgili kontrol sistemi
olusturmustur. Nitel 6zelliklere gore olusturulan klasik kontrol grafikleri ile fazi kontrol grafikleri
karsilagtirildiginda fazi kontrol grafiklerinin klasik kontrol grafiklerine gore daha kiiclik hacimli
orneklem gruplarinda bile daha dogru tespitlerde bulundugunu belirtmistir.

Aslangiray ve Akyliz (2014), klasik kontrol grafiklerinden u-kontrol grafigi ve fazi kontrol grafikleri
olmak {izere iki ana kategoride grafik olusturmuslardir. Fazi kontrol grafiklerinde, fazi mod, fazi
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orta deger, fazi orta aralik yaklagimlar1 ve Dogrudan Fazi Yaklagimi uygulamislardir. Bir tekstil
firmasindan topladiklar: verileri kullanarak olugturduklar: grafiklerin sonuglarini karsilagtirmiglar
ve u-kontrol grafiklerinde kontrol dis1 nokta sayisinin fazi kontrol grafiklerine gore daha fazla
oldugunu ayrica u-grafiklerindeki “kontrol altinda” ve “kontrol dis1” kararlarina alternatif olarak
“kismen kontrol altinda” ve “kismen kontrol dis1” gibi kararlar verilebildigini belirtmislerdir.

Saravanan ve Alamelumangai (2014) tarafindan yapilan caliymada, simiilasyon teknigi ile nitel
ozelliklere uygun veriler iretilmis ve “kabul edilemez’, “zayif kalite”, “orta kalite”, “iyi kalite”,
“miitkemmel kalite” dilsel degiskenlerine gére belirsizlik hesaplamalar1 yapilmigtir. {lgili veriler
p-kontrol grafigi, birikimli toplam (CUSUM) kontrol grafigi ve standart sapmaya dayali a-kesit
fazi kontrol grafigi ile analizler gerceklestirilmistir. Caligmada, standart sapmaya dayali a-kesit
fazi kontrol grafiginin daha uygulanabilir oldugu sonucuna ulasilmistir. Bununla birlikte, dilsel
degiskenler ile fazi kontrol grafiklerinin uygulanmasinin bazi durumlarda avantajli, bazi durumlarda

ise dezavantaja sahip oldugu belirtilmistir.

Zabihinpour vd. (2015), tiggen fazi rassal degiskenler i¢in yansiz standart sapma tahminiyle fazi
X3 kontrol grafigi olusturmuglardir. Shewhart kontrol grafigi ile caliymada onerilen fazi X-S
kontrol grafigini karsilastirmiglardir. Gida sektoriinde faaliyet gosteren bir isletmeden alinan gézlem
degerlerini kullanmiglar ve karsilastirma yapmiglardir. Sonug olarak, 6nerilen teknigin, 6rnek
biyiikligiine ve degiskenligine bagh olarak, siireclerdeki anormal kaymanin tespit edilmesini % 0,1
ile %30 oraninda iyilestirebilecegini vurgulamislardir.

Hou, Wang ve Feng (2016), bes alt grup seklinde tirettikleri 6rneklemleri ele alarak dort farkls
fazi tyelik hesaplama teknigi kullanarak fazi S kontrol grafikleri i¢in analizler yapmuiglardir.
Amag¢ kapsaminda, gereklilik ve olabilirlik olgiitleri, fazi ¢ikarim kurallar1 belirlenmis ve
iyelik fonksiyonlar: yardimiyla kontrol limitleri hesaplanmigtir. Daha sonra kontrol grafikleri
olugturulmug ve Onerilen teknikler icerisinde tiggen fazi tiyelik fonksiyonlarinin daha giivenilir
sonuglar verdigini ifade etmislerdir.

Panthong ve Pongpullponsak (2016), 0-1 seklinde olusturulan X kontrol grafikleri {izerine
yogunlasmislardir. Calismada, ti¢ boyutlu fazi iiyelik fonksiyonu ile daha az 6neme sahip olan hatalar
bertaraf edilmistir. Caligma amacina yénelik olarak, X kontrol grafikleri, fazi X kontrol grafikleri ve
agirliklandirilmig varyans yontemi ile fazi X kontrol grafikleri olusturmak amaciyla normal olmayan
veriler tiretilmistir. Agirliklandirilmis varyans yontemi ile fazi X kontrol grafiklerinin diger grafiklere
gore ¢ok daha iyi sonuglar verdigi tespit edilmistir.

Elitok ve Oncel (2017) tarafindan yapilan calismada, klasik ¢ kontrol grafigi ve fazi ¢ kontrol
grafigi sonuglari karsilastirilarak tiretim yapan isletmelere dilsel degiskenlerin kullanilabildigi
durumlara uygun kontrol grafigi onerilmistir. Riizgar yon sensori iireten bir isletmeden her biri
100 adet icermek tizere 30 birim elektronik devre kart: alinmigtir. Sonug olarak, isletmelere dilsel
degiskenlerin kullanildigi durumlarda klasik kontrol grafikleri yerine fazi kontrol grafiklerini

kullanmalar1 6nerilmistir.
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Madadi ve Mahmoudzadeh (2017), fazi kontrol grafiklerinin uygulanabilirligi tizerine bir ¢aligma
yapmiglardir. Caliyma kapsaminda, oldukga hassas ve olagandisi olarak kabul edilen anahtar {iretim
at6lyesinde uygulama gerceklestirmislerdir. Yapilan analizler sonucunda fazi kontrol grafiklerinin
uygulanabilirligindeki zorluklardan ve grafiklerin hassasiyetinden bahsedilmistir.

Pachamuthu ve Shanmugasundram (2017), pamuk {retimi yapan bir isletmeden alinan 50 adet
gozlem verisi ile klasik kontrol grafiklerini ve fazi kontrol grafiklerini kargilagtirmiglardir. Uriin
kalitesini dilsel olarak ifade etmisler ve iki farkli fazi yaklasimi ile hesaplamalar yapmislardir. Fazi
kontrol grafiklerinde tiyelik fonksiyonu yaklasimi ve fazi olasilik yaklagimi kullanilmistir. Yapilan
analizler sonucunda, fazi kontrol grafiklerinin klasik kontrol grafiklerine gére daha iyi sonuglar
verdigini belirtmislerdir. Bununla birlikte, {iyelik fonksiyonu yaklasgiminin dilsel degiskenleri tam
olarak karsilayabildigi durumlarda fazi olasiik yaklasimindan daha kullanighh oldugunu ifade
etmislerdir.

Sakthivel, Senthamarai ve Logaraj (2017) tarafindan yapilan ¢alismada, fazi kisa vadeli a-kesit
p-kontrol grafikleri ile klasik p-kontrol grafikleri karsilagtirilmistir. Bu amagla, araba lastigi tireten
bir isletmeden 30 alt gruptan olusan 6rneklemler alinmis ve uygulama yapilmstir. Sonug olarak, kisa
vadeli verilerde fazi kisa vadeli a-kesit p-kontrol grafiklerinin klasik p-kontrol grafiklerine gore daha
hassas ve uygun ¢oztimler verdigi ifade edilmistir.

Shu vd. (2017), 6rneklem hacminin degisken oldugu durumlarda fazi kontrol grafiklerinin
olusturulmasini gostermiglerdir. Ik olarak, fazi 6rnek gruplari toplanmis ve kontrol limitleri
hesaplanmistir. Ardindan, karsilagtirma igin sag ve sol limit indeksleri hesaplanmis ve limitler ile
orneklere uygulanmistir. Ugiincii asama da siireglerin kontrol altinda veya kontrol diginda olma
durumlar: kesikli bir sekilde ortaya ¢ikarilmistir. Son olarak da tiim bu 6neriler optik lenslerin
plirtizstizliigii iizerine uygulanmis ve sonuglar degerlendirilmistir.

Sentiirk (2017) tarafindan yapilan ¢aliymada fazi ¢ kontrol grafikleri kullanilarak gergek bir veri
seti tizerinde uygulanmasi amaglanmistir. Bu amag dogrultusunda, Tiirkiyenin en dnemli ve biiyitk
mutfak armatiir treticisi isletmeden 24 periyodda 60%ar 6rnek almmistir. Caligmada, ¢ kontrol
grafiklerinin fazi mantik ile uygulanmas: sonucunda fazi ¢ kontrol grafiklerinin sadece “kontrol
altinda” ya da “kontrol disinda” olarak degil, “kismen kontrol altinda” ve “kismen kontrol diginda”
seklinde de karar verilebilme avantajina sahip oldugu sonucuna ulagilmistir.

Alakog ve Apaydin (2018), hem tiim stireclere rahat bir sekilde uyarlanabilecek hem de nicel de
olsa nitel de olsa tiim veri tiirlerine uygulanabilecek yeni bir fazi ¢ kontrol grafigi 6nermeyi
amagclamislardir. Calismada, simiilasyon teknigi ile veriler {iretmisler ve ilgili veriler yardimiyla
Shewhart ¢ kontrol grafikleri ve 6nerilen yeni fazi ¢ kontrol grafigi olusturmuslardir. Karsilagtirma
sonucunda, 6nerilen yeni fazi ¢ kontrol grafiginin daha etkili bir performans gosterdigini ve kusurlar:
daha hassas belirleyebildigini ifade etmislerdir.
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3. istatistiksel Kalite Kontrol ve Kontrol Grafikleri

Teorik olarak literatiirde kalite ile ilgili bircok tanim yer almaktadir. Bunun en énemli sebebi kalite
algisinin kisiden kisiye degismesi olarak diisiiniilebilir. Hangi sektérde olursa olsun herhangi bir
tirline ulasmanin ¢ok kolay oldugu ve tercih yapma imkaninin genis olmasi géz oniine alindiginda,
tiiketicilerin kalite algisinin ¢ok boyutlu ve gesitli oldugunu sdylemek miimkiindiir. Dolayisiyla,
isletmeler de bu kadar cesitli olan kalite algisina yonelik olarak farkli ¢aligmalar yapmakta ve
kalite algisindaki degisimleri takip edebilmek igin siirekli incelemelerde bulunmaktadirlar.
Ancak genel hatlar1 ile bakildiginda, kalite kavramin: tiiketiciler ve igletmeler agisindan ayri
ayrt tanimlamak gerekirse; isletmeler acisindan kaliteyi, bir iréin i¢in daha 6nce belirlenen
spesifikasyonlara uygunluk derecesi ve arzu edilen {iriin igerikleri ile ortaya ¢ikan tiriin igerikleri
arasindaki uyum seklinde tanimlamak miimkiindiir. Tiiketiciler agisindan ise kalite, kullanima
uygunluk ve tiiketici tatminini saglama kapasitesine sahiplik olarak ifade edilebilmektedir. Bu
iki farkli agidan degerlendirildiginde giiniimiizde kalite, tiiketici ihtiyaglarini ve beklentilerini
stirekli olarak karsilama ve hatta bu ihtiya¢ ve beklentileri asma olarak tanimlanabilmektedir
(Vonderembse ve White, 1996). Kalite kavraminin ve kalite algisinin bu denli gesitli olmasindan
dolay1 isletmeler hem mevcut kalite politikalarini iyilestirmek hem de bu iyilestirmeleri stirekli
hale getirebilmek i¢in kaliteyi kontrol etmektedirler. Kalite Kontrol kisaca, bir isletmenin daha
once belirlenen kalite hedeflerine ulasmas, kalite isteklerinin saglanmasi igin kullanilan uygulama
yontemleri ve faaliyetlerinin tamam olarak ifade edilebilmektedir ($enol, 2012). Kalite kontrolde
kullanilan istatistiksel siireg kontrolii ise, bir iiriiniin en ekonomik ve gereksinimleri karsilayacak
sekilde tiretilmesini saglamak icin veri toplama, analizini yapma, yorumlama ve ¢oztim yollar:
onermek tizere istatistik prensip ve tekniklerinin, tiretimin tiim asamalarinda kullanilmasi olarak
tanimlanabilir (Colak ve Akdeniz, 2008).

Istatistiksel siire¢ kontrolii igin bir¢ok teknik bulunmaktadir. Bu tekniklerin kullanim yerleri ve
kullanim amaglar: farkli olmasina ragmen en c¢ok tercih edilen istatistiksel siire¢ kontrol teknigi,
kalite kontrol grafikleridir. Kontrol grafikleri genel olarak 6rneklem verilerinden elde edilen iist ve
alt olmak tizere iki adet kontrol limiti ve ortalama degeri gosteren bir merkez ¢izgiden olugsmaktadir.
Toplanan 6rneklerin alt limit ve {ist limit arasinda ve yayilimin merkez ¢izgi etrafinda olup olmadig:
kontrol edilmektedir. Eger yayilim merkez ¢izgi etrafinda degil ve herhangibir 6rnege ait gézlem degeri
kontrol limitlerini asiyorsa, stirecin kontrol disinda oldugu karar: verilmektedir. Kontrol grafiginin
amaci, siirecten elde edilen 6rneklemlere dayanarak siirecin kontrol altinda olup olmadiginin ve
kontrol disinda olmast halinde bu durumun 6zel mi yoksa dogal sebeplerden mi kaynaklandiginin
belirlenmesidir. Bir siire¢ i¢in, tiriinlerin yayilimi ya da genel olarak drnekten drnege degiskenlik
gosteren kalite karakteristiginin olmasi, genel olarak iki sebepten kaynaklanmaktadir. Bunlardan
birincisi, insanin miidahale sansinin olmadig1 nem, sicaklik, basing vb. dogal kaynakli sebepler
olurken, ikinci sebep ise siireci belirli bir yone iterek kontrol disina ¢ikarabilen ve kaynag: tespit
edilebilen 6zel sebepler olarak yer almaktadir. Kontrol grafikleri ile dogal sebeplerden kaynakl
degiskenlikten ziyade, 6zel sebeplerden kaynaklanan degiskenliklerin olmasi durumunda siirece
miidahale etmek amaglanmaktadir.
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Kontrol grafikleri nicel (dl¢iilebilen) ve nitel (6l¢iilemeyen) veri tiplerine gore iki farkli grupta ele
alinabilmektedir. Nicel 6zellikler uzunluk, agirlik, hacim vb. sayisal ifadelerle belirtilebilen 6zellikler
olurken nitel ozellikler ise sayisal ifadelerle belirtilemeyen ve kusurlu-kusursuz olarak ifade
edilebilen 6zelliklerin tamamuidir. Kullanilacak kontrol grafiginin tiirtine, ilk olarak elde edilecek
olan veri tipinin nicel ya da nitel olmasina goére karar verilmektedir. Nicel 6zelliklere sahip bir veri
setinin olmasi halinde, érneklem hacmi sayisina gore X, S veya R grafiklerden biri tercih edilir.
Nitel 6zelliklere sahip bir veri setinde ise ilk olarak kusurlu sayis1 veya kusur orani 6lgiimiine karar
verildikten sonra ¢, u, n veya np grafik tiirlerinden biri ile gerekli kontroller yapilmaktadir.

4. Nitel Kontrol Grafikleri

Nitel kontrol grafikleri, istatistiksel olarak kontrol altinda tutulacak siiregten elde edilen iiriinleri
6lgme isleminin elverigsiz oldugu, kontrol edilen kalite 6zelliklerinin herhangi bir 6l¢ii birimine sahip
olmadig1 ve kusurlu-kusursuz, uygun-uygun degil, iyi-kotii, kabul-red, diizenli-diizensiz vb. seklinde
iki kategorili olarak siniflandirilabildigi durumlarda kullanilir. Bu tiir grafikler, kusurlu sayis1 veya
kusurlu orani temel alinarak ¢, u, p ve np grafikleri olmak tizere dort farkl sekilde siniflandirilabilir.
Bu grafiklerden ¢ kontrol grafigi, siiregten alinan her bir 6rneklemdeki kusur sayisi tizerinden islem
yaparken, u kontrol grafikleri ise, birim basina kusur sayisini dikkate alarak caligmaktadirlar. Hem
c grafigi hem de u grafigi teorik olarak poisson dagilimi gostermektedir. Bunun yani sira ¢ kontrol
grafiginde, siirecten alinan 6rneklem biiyiikliikleri sabit olmasi gerekirken, u kontrol grafiklerinde
orneklem biiytikliikleri degiskende olabilmektedir.

Kusurlu sayisi ve kusurlu orani temelli olan diger nitel kontrol grafikleri ise p ve np kontrol grafikleridir.
Her iki kontrol grafiginde de 6rneklem verilerinin teorik dagilimin binom dagilimina uydugu
varsayllmaktadir. Kusurlu sayis1 kontrol grafigi (np grafigi), kusurlu oraninin hesaplanmasina ihtiyag
duymadan “kusurlu” pargalara ait kontrol grafiklerinin olugturulmasina olanak sagladigi i¢in tercih
edilmektedir. Ancak 6rneklem sayisinin degisken olmasi halinde, np grafiklerinin kullanim1 uygun
olmamaktadir. Yani, np kontrol grafiklerinin kullanilmasi icin belirli araliklarla ¢ekilen 6rneklem
biiytikliiklerinin sabit olmas: gerekmektedir (Isigicok, 2012).

Orneklem biiyiikliigiiniin degisken olmast durumunda, p-kontrol grafiklerinin kullanilmasi
uygundur. Orneklem biiyiikligii degisken oldugunda, p-kontrol grafiklerinin ¢izimi i¢in ti¢ farkly
yaklasim bulunmaktadir: Bunlardan birincisi, her bir 6rnekleme ait bityiikliige gore ayr1 ayr1 kontrol
limitlerinin hesaplanmasina dayanan “degisken araliga sahip-kontrol limitleri” yaklagimudir. Ikinci
yaklasim ise, degisken olan 6rneklem biiyiikliiklerinin ortalamasina dayanan kontrol limitlerinin
olusturuldugu “ortalama ornek biiyiikliigiine dayali kontrol grafikleri” yaklagimidir. Son olarak ise
“standartlastirilmis kontrol grafikleri” yaklagimi ile her bir 6rnege ait oranlar standartlastirilarak
grafige aktarilirken, alt kontrol limiti — 3, iist kontrol limiti +3 ve merkez ¢izgi 0 alinarak standart
kontrol limitleri kullanilmaktadir (Montgomery, 1996). Bu ii¢ yaklasimdan degisken araliga sahip
kontrol limitleri yaklasiminda, kontrol limitleri degisken olurken diger iki yaklasimda kontrol limitleri
sabitlestirilmis bir hale getirilmektedir. Ayrica, standartlagtirilmis kontrol grafikleri yaklasiminda
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kontrol limitlerinin hesaplanmasina iliskin bir esitlik bulunmamaktadir. Bu yaklasimda, alt limit -

3 (30 anlayisindan) ist limit de +3 (30 anlayigindan) olarak alinirken merkez ¢izgi 0 kabul edilir.

Asagida yer alan Esitlik (1) degisken araliga sahip kontrol limitleri yaklagimi i¢in kontrol limitlerinin

hesaplanmasini ve Esitlik (2) ortalama 6rnek biiytikliigline dayali kontrol grafikleri yaklagimi i¢in

kontrol limitlerinin hesaplanmasini gostermektedir.

| o ——

AKL = g — 3 IIM
N Ty

MC=1p (1)

UKL =5 + 3 p(1-p)
"~JI Ty

Esitlikler (1) ve (2) de yer alan P, Il ve standartlastirilmis kontrol grafikleri yaklasiminda 6rneklem

verilerinin yayilimi igin kullanilan Z; istatistiklerinin hesaplanmasina iligkin formiiller de asagida

yer almaktadir.

%D,
P = o 3)
i=1 T
Xigm,
__ &=y 4
== )
pn:' - P
Z, = — (3]
p(1 — p)
*~JI T

Yukarida yer alan esitliklerdeki P Lusurlu oram: ortalrmasini, 0 5rneklem bityiikliiklerinin

P

ortalamasiny, D; tnci srnekleme ait kusurlu sayisini ve © i inci drnekleme ait kusurlu oranini

gostermektedir.

5. Fazi Kontrol Grafikleri

Fazi mantik kisaca, dogal diller tizerinde ortak bir ¢ikarim yapma veya sagduyuyu temsil etme
yontemi olarak tanimlanabilir. Fazi mantik, klasik kiime teorisindeki var-yok, kiimeye ait-ait degil
seklindeki ikili mantiktan ziyade daha a¢ik bir sekilde sinirlandirmaya ve ara degerleri de isleme
dahil etmede elverisli olan bir yaklagimdur. Fazi kiime teorisinde, herhangi bir elemanin bir kiimeye
aidiyeti tiyelik fonksiyonlar: vasitasiyla hesaplanan aidiyet derecelerinin belirlenmesi temellidir.
Kalite alanindaki ¢aligmalarda da bu temel kullanilmaktadir. Fazi mantigin en 6nemli 6zelligi var
yok gibi iki ug deger yerine var ile yok arasindaki ara seviyeleri de drnegin; 0,8 derece var veya 0,2
derece yok seklinde dikkate alabilmesidir (Rowlands ve Wang, 2000).
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Kalite kontrolde, nitel tiirdeki kalite 6zelliklerini kontrol etmek i¢in genellikle p-kontrol grafikleri
kullanilmaktadir. Ancak p-kontrol grafiklerinde ele alinan uygun/uygun degil veya kaliteli/kalitesiz
seklindeki durumlar bazen yeterli siniflandirmalara imkan vermemektedir. Bunun nedeni, bu
tiir durumlar i¢in degisimlerin birden olmamasi ve iiriin kalitesindeki degisimlerin ara degerlere
ugrayabilmesi olarak dstiniilmektedir. Yani kaliteli ve kalitesiz arasindaki degisimin aniden
olmadigi, bunun yerine bu degisimin zamanla gerceklesip kaliteliden kalitesizlige dogru ara
gecis seviyelerinin oldugunu séylemek miimkiindiir. Bu ara seviyeler, tirtiintin spesifikasyonlar:
kargilayamama derecesine gore “miitkemmel”, “iyi’, “orta’, “zayit”, “koti” gibi dilsel terimler ile ifade
edilebilmektedir (Fernandez, 2017). Fazi yaklasimi, veriler dilsel, kategorik, belirsiz ya da kisilerin

oznel yargilarina bagl olduklarinda p, np, ¢ ve u kontrol grafikleri i¢in uygundur.

Fazi mantik ya da fazi yaklasimin en 6nemli farki, belirlenen iiyelik fonksiyonlar: ile ele alinan
oOzelliklerin bu 0zellikler icin olusturulan kiimeye aidiyetlerinin derecelendirilmesidir. Bu
derecelendirmeler bir¢ok farkli sekilde gerceklestirilmektedir. Matematiksel yontemler, istatistiksel
teknikler, olasilik teorisi yaklasim1 vb. yaklasimlar kullanilarak belirlenen iyelik fonksiyonlarinin
yani sira sezgisel olarak belirlenen iiyelik dereceleri de sik bagvurulan bir yontemdir. Bu yontemlerden
sezgiyle tyelik atamasi yontemi basit olarak, insanlarin dogustan veya sonradan edindikleri
tecriibeleri, duygu ve diisiinceleri ile iiyelik fonksiyonlarini atamast islemidir. Dahasi bu yontemde,
dilsel dogruluk degerleri de kullanilabilir (Armutlulu, 2014). Atanassov vd. (2010), fazi kiimelerinde
sezgisel olarak iyelik fonksiyonunun belirlenmesinde, kiimeye aidiyet ve ait olmama seklinde iki
boyutlu olarak uzmanlarin gorislerinin alinip degerlendirme yapilabilecegini belirtmislerdir.

Fazi kalite kontrol grafiklerinin olusturulmasi ile ilgili ¢ok fazla teknikler ileri stiriilmistiir. Bu
tekniklerin icerisinde en ¢ok uygulama alani bulanlar arasinda Wang ve Raz (1990) tarafindan
one siirtilen yaklagimlar yer almaktadir. Wang ve Raz, tiriin kalitesini yansitan dilsel terimlerin
belirlenmesi ve bu terimlere tiyelik fonksiyonlar1 atanmasini benimsemislerdir. Ardindan da
iki farkli yaklasim ile kontrol limitlerinin olusturulmasi {izerine yogunlagmislar ve fazi kontrol
grafiklerinin elde edilmesini saglamislardir. Uriin kalitesi degerlendirilirken {miikemmel, iyi, orta,
zayif, kott} seklinde dilsel terimlerin kullanilmasi durumunda, “0” en iyi kaliteyi ve “1” en kotii
kaliteyi gostermek tizere her bir dilsel terim i¢in asagidaki tiyelik fonksiyonlarini 6ne siirmiislerdir.
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Uyelik fonksiyonlarinin belirlenmesinin ardindan kontrol grafiginin merkez ¢izgisinin hesaplanmasi
kismina gecilmektedir. Bu ¢izginin hesaplanmasina iligkin esitlikler de asagida gosterilmektedir.

oM.
MC = ff, === O

m

E_:l lki_;lri .
M, === i=12... (8)

Merkez cizginin hesaplanmasinda kullanilan i, dilsel terimin fazi kiime igericindeki temsil degerini,
C S | P
, jnci ornek icin dilsel terim i ile vasiflandirilmig drtintin sayisini, ~J, jnci 6rnegin ornek

buytkligini ve M; jse jnci 6rneklem grubundaki temsil degerlerinin ortalamasini ifade etmektedir.

Fazi kontrol grafiklerine ait alt ve tist limitlerin hesaplanmasi i¢in olasilik hesaplamalarina dayali
kontrol limitleri ve iiyelik fonksiyonlaria dayali kontrol limitleri olmak tizere iki yaklagim 6ne
stirmiiglerdir. Bu yaklasimlardan olasilik hesaplamalarina dayali kontrol limitleri asagida verilen
esitlikler yardimiyla hesaplanabilmektedir.

! ‘
1 2
SD; = |'n — > Ky - M) ©
& i=1

Esitlik (9) da yer alan SD;, jnci 6rneklem grubundaki temsil degerleri i¢in standart sapmayi; n, toplam
orneklem bityiikligiinii ve t ise dilsel terim kiimesindeki terimlerin sayisini ifade etmektedir. Toplam
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m adet alt 6rneklem grubunun standart sapmalarinin ortalamasini gosteren MSDnin formiilii de
Esitlik (10) da gosterilmektedir.
m
1
MSD = —Z sD, (10)
m
J=1
Orneklem biiyiikliigii olan n’in 25den biiyiik olmast halinde nicel kontrol grafiklerinden X kontrol
grafiginde ele alinan yaklasimla kontrol limitleri tiiretilebilmektedir. Grafikte yer alacak olan
noktalar temsil degerlerinin 6rneklem ortalamalar1 oldugundan, bu noktalar [0, 1] araliginda yayilim
gostereceklerdir. Dolayisiyla, alt ve iist kontrol limitleri asagida belirtilen Esitlik (11) yardimiyla

hesaplanabilmektedir.
Olasiliga Dayali AKL = Mak{0;(CL — A;M5D)} 0"
Olasiliga Dayali UKL = Min{1;(CL + A;MSD)} (i
——(n-—2
PR 2 () R
. = ¢ = o (12)

em N|'n—1(ﬂ2 )!

Uyelik fonksiyonlarina dayali kontrol limitleri yaklagiminda, genel adindan da anlagilacag iizere,
iyelik fonksiyonlar: kullanilarak kontrol limitlerinin hesaplanmasi esasina gore degerler ortaya
¢tkmaktadir. Bu yaklasimdaki hesaplamalar da asagida Esitlik (13) ile Esitlik (15) arasinda 6zetlenen
islemler ile yapilabilmektedir. Konveks bir fazi kiimesinde *m, fazi kiimeye ait iiyelik fonksivonunun
mod veya yayihm arahigini gostermek iizere *m’in sol tarafi (@) ye s tarafi da *r (a) olacak
sekilde iki parcadan olugsmaktadir. Sol taraftaki parcay: ifade eden Il(“'], temel degisken x’in a
seviyesindeki en kiiciik degerini ve sag taraftaki parcay: ifade eden *r (o , temel degisken X'in a
seviyesindeki en biiylik degerini gostermektedir. Buna gore, ortalama sapmayi ifade eden o agagidaki

gibi elde edilir.

1

§ = 8, + &, olmakiizere; §, = J.[:::;,,,l — x;(a)] da

) =0 (]3:]

g, = f[x,.(a] — x,]da
o=

§ = f[xm — x,(a)] da+ f[x,.(rx) — x,]da= f[x,.(rx] — x,(a)] da (14)

o=
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Esitlik (13) ve (14) de yer alan a degeri temel degisken xin {iyelik degerini gostermektedir. Sonug
olarak, hesaplanan ortalama sapma ve ortalama sapma sayis1 k degeri ile kontrol limitleri asagida
verilen esitlik ile elde edilebilir.

Uvelik AKL = Max{0,(MC - k&)}

L (15)
Uyelik UKL = Max{0,(MC + k&)}

Fazi kontrol grafiklerindeki bir diger yaklasima gore, a-kesitler yardimiyla hesaplamalar
yapilabilmektedir. Her bir 6rnek i¢in ortalama Mj olmak tizere,

Li(a) = M;a (16)
Ri(a) = 1 — [(1 — M;)a] (17)

seklinde a-kesitleri yardimiyla LR fazi sayilar1 hesaplanir. Kontrol limitleri ise,

(f MGt =TMa

L _ L
AKL* = mak{MCt — 3 ||M

\ n
’—

. MCY(1 — MCE
UKLE = min{CI* + 3 ||M; 1

;0

7l
L N
Kontrol Limitleri(a) = < v )
ontrol Limitleri(a) (MCf =1 — [(1 —Ma)a) o
|
MCF(1 — MCF
il

N

[

. MCF(1 — MCR
UKL* = min{MCF + 3 ||u;1
N N

formiilleri yardimiyla hesaplanir. Klasik kontrol grafikleri ile fazi kontrol grafikleri karsilastirildiginda,
kalite karakteristiklerinin sayisi, kontrol siirecinin ardindan alinabilecek kararlar, avantajlar ve
dezavantajlar agisindan farkliliklar asagidaki Tablo 1'de 6zetlenmistir.
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Tablo I: Klasik Kontrol Grafikleri ile Fazi Kontrol Grafiklerinin Karsilastirilmas:

Kriter Klasik Kontrol Grafikleri Fazi Kontrol Grafikleri
Ele Ahrfal? K",lh,t ¢ Ayni anda sadece 1 tane kalite karakteristigi Ayni anda 1'den fazla kalite karakteristigi ele
Karakteristiklerinin I "
ele almabilir. almabilir.
Sayis1
Kontrol Periyodu Veriler uzmanlarin ya da karar vericilerin

Veriler tarihsel periyodlarda toplantr deneyimlerine gore belirlenen periyodlarda toplanir.

Siireg igin Verilen “Siireg kontrol altinda” veya “siireg kontrol ~ Mevcut durumdaki siireg bilgisi ve siireg kontrol

Karar diginda” seklinde karar s6z konusudur. altinda veya degil seklinde karar s6z konusudur.
Avantajlar 1. Tek bir kalite karakteristiginin e L
Uzmanlarin deneyimleri iizerinden siire¢ i¢in
karsilanmasi durumunda oldukga . .
- daha dogru ve tam kontrol standartlari saglar.
basittir. o .
2. Kontrol grafiklerinde fazi gikarim kurallarinin
2. Cok daha yansiz sonuglar . .
tanimlanmast i¢in daha esnektir.
sunmaktadir.
Dezavantajlar 1. Kontrol limitleri esnek degildir.

1. Cikarimlar 6znel deneyim kurallar: izerinden
gerceklesir.
Geleneksel kontrol grafiklerinin sistematik
degisiklikler i¢in tamamlayici kurallari
kullanilamaz.

Orneklem biiyiikliigii kontrol
limitlerinin genisligini etkiler.

3. Usuliine uygun kontrol limitlerinin
belirlenmesi igin tarihsel verilerin
dogrulanmis olmas: gerekir.

Kaynak: Giilbay vd., 2004

6. Veri Seti ve Arastirma Metodolojisi

Caligmada, p-kontrol grafikleri temel alinarak klasik kontrol grafikleri ile fazi kontrol grafiklerinin
karsilagtirilmas1 amaclanmistir. Bu amacin belirlenmesinde, literatiirde daha o6nce yapilan
caligmalarin 6zetlendigi Nasiri ve Darestani (2016) ve Sabegh vd. (2014) tarafindan yapilan farkl
calismalarda, p ve np kontrol grafikleri ile fazi teorisinin birlestirildigi ¢aliyma say1sinin az oldugunun
belirtilmesidir. Nasiri ve Darestani (2016), 1990 ve 2012 yillar1 arasinda kontrol grafiklerinde fazi
teorisinin uygulanmast ile ilgili yapilan toplam 57 adet ¢aliymay1 6zetlemislerdir. Buna gore, ilgili
yillarda yapilan ¢alismalarin sadece %13 iiniin p-kontrol grafikleri ile ilgili oldugunu belirtmislerdir.
Ayni gekilde Sabegh vd. (2014) tarafindan yapilan ¢alismada ise diger ¢aligmadan farkli olarak 1983
ile 2014 yillar1 arasinda kontrol grafiklerinde fazi teorisinin uygulanmast ile ilgili yapilan ¢ok daha
fazla sayida caligma incelenmigstir. Bu ¢alismaya gore de 1983 ile 2014 yillar1 arasinda ilgili konuda
yapilan ¢aligmalarin tiim ¢aligmalarin %12,6’s1n1 olusturmaktadir. Calisma kapsaminda, 2014
sonrasinda yapilan ¢aligmalar incelendiginde de p-kontrol grafikleri ile fazi teorisinin birlestirildigi
caligma sayisinin az oldugu goriilmistir. Tum bu ¢alismalar temelinde, p-kontrol kartlar: tizerine
uygulama yapilmasi amaglanmuistir.

Fazi mantik teorisi kapsaminda sozel ifadelerin matematiksel islemlere dontstiriilebilmesi
nedeniyle kusurlu/kusursuz seklinde ifadelerin yer aldigi p-kontrol grafikleri tercih edilmistir.
Calisma kapsaminda np kontrol grafiklerinin temel varsayimlarindan olan verilerin binom
dagilimina uygun olmasi varsayimi dikkate almmmis ve Giilbay vd. (2004)nin galismalarinda
kullanmis olduklar1 kusurlu oranlari baz alinarak simiilasyon teknigi yardimiyla dort kategorili
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(0,0 kusursuz; 0,25 kusurlu; 0,5 kusurlu; 1,0 kusurlu) toplam 30 6rneklem grubu ve 6062 adet veri
tiretilmistir. Ayrica, simiilasyon teknigi ile veriler tiiretilirken p-kontrol grafiklerinin binom dagilim
gostermesi gerekliligine uygunlugu gibi, degisken 6rneklem buytikliikleri de dikkate alinarak elde
edilmistir. Elde edilen veriler, 6ncelikle degisken 6rneklem biiyiikliiklerinin olmast durumunda ki
klasik p-kontrol grafiklerine ait ti¢ farkli yaklagimla olusturulmustur. Klasik p-kontrol grafiklerinin
olusturulmasinda, veriler kusurlu ve kusursuz seklinde (yani hangi derecede olursa olsun kusurlu
olarak kabul edilmistir) ayrilmus, tiim hesaplamalar bu sekilde yapildiktan sonra p-kontrol grafikleri
olusturulmustur. Ardindan dilsel degiskenler icin fazi kontrol grafikleri Wang ve Raz tarafindan
oOne siriilen sezgisel tiyelik atama yontemi ile kusurlu triinlerin tyelikleri belirlenmis ve kontrol
limitleri 6ne stiriilen iki farkli yontem ile belirlenerek fazi kontrol grafikleri ¢izilmistir. Bunlarla
birlikte ayrica a-kesit yontemi kullanilarak da fazi kontrol grafikleri olusturulmus ve kusur dereceleri
dikkate alinarak toplam ti¢ farkl: fazi kontrol grafigi elde edilmistir. Son olarak da her iki yontemle de

olusturulmus olan kontrol grafikleri karsilastirilmis ve yorumlamalar yapilmistir.

Analizler de kullanilmak iizere olusturulan simiilasyon verileri Tablo 2'de gosterilmistir. Simiilasyon
teknigi uygularken dikkat edilen ilk nokta, p-kontrol grafiklerinin temel varsayimi olan, verilerin
binom dagilimina uygun olmasi gerekliligi dikkate alinmis ve bu varsayima gore veriler tiretilmistir.
Ornekleme gére, kusursuz olanlar Standart (S), tirtin kullanimini etkilemeyen kiigiik kusurlu rnekler
i¢in ikinci kalite (K1), trtin kullanimini etkilemeyen kusurlu driinler i¢in ti¢tincii kalite (K2) ve

tamamen kullanilmaz halde olan kusurlu @irtinler (K3) olmak iizere 4 tip seklinde kodlanmustir.

Tablo 2: Analizlerde Kullanilmak Uzere Tiiretilen Simiilasyon Verileri

Ornek Standart K1 K2 K3 Toplam | Ornek Standart K1 K2 K3 Toplam
1 193 61 16 7 277 16 84 40 16 2 142
2 110 39 7 4 160 17 104 52 7 2 166
3 187 46 21 8 262 18 97 34 11 6 149
4 87 47 13 7 153 19 119 51 22 10 202
5 121 58 14 9 203 20 167 64 43 14 288
6 158 66 13 11 248 21 180 40 11 5 237
7 214 39 31 13 297 22 151 25 3 9 189
8 139 47 49 33 268 23 159 36 14 10 219
9 78 60 15 2 156 24 131 33 23 3 190
10 87 41 15 3 146 25 147 53 35 14 249
11 144 58 16 6 224 26 166 66 14 14 261
12 155 32 6 6 200 27 156 45 23 13 237
13 176 66 21 10 274 28 163 41 17 7 228
14 115 51 14 4 184 29 114 15 9 1 140
15 172 50 10 8 241 30 154 51 38 15 259
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7. Bulgular

Simiilasyon teknigi kullanilarak tiiretilen veriler 1s18inda, elde edilen klasik p-kontrol grafikleri
asagida gosterilmigtir. Orneklem biiyiikliikleri, her bir 6rneklem grubunda farkli oldugundan ii¢
farkli yaklagima gore grafikler olusturulmugtur.

0,6

""S'—‘-‘R‘Pt*‘%—f‘ ——t—a—t—tA A
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Sekil I: Degisken Genislige Sahip Kontrol Limitleri Yaklasimiyla Olusturulan

Klasik p-kontrol Grafigi

Degisken araliga sahip kontrol limitleri yaklagimiyla olusturulan klasik p-kontrol grafigi
incelendiginde, 8 ve 9 no'lu gozlemlerin tamamen iist limitin iizerine ¢iktig1 gortilmektedir. Ayrica,
ozellikle 4 no’lu gozlem basta olmak {izere bazi gozlemlerin de tist kontrol limitlerine yaklastig
ifade edilebilir. Alt kontrol limitlerinin diginda yer alan 12, 22 ve 29 no’lu gézlemler i¢in p-kontrol
grafiklerinde alt limitin altina diisen degerler kusurlu triin kabul etme oraninin da altina diismesi
anlamina geldiginden sorun olarak ele alinmamaktadir.

Sekil 2de, ortalama 6rnek biytkligiine dayali kontrol limitleri yaklasimiyla olusturulan klasik
p-kontrol grafigi goriilmektedir. Grafik incelendiginde, tipki degisken araliga sahip kontrol limitleri
yaklasimiyla olusturulan klasik p-kontrol grafiginde oldugu gibi, 8 ve 9 no’lu gézlemler tamamen tist
limitin Gizerine ¢ikmig, bununla birlikte 6zellikle 4 no'lu gozlem basta olmak tizere bazi gozlemler
st kontrol limitlerine yaklasmistir. Yine degisken araliga sahip kontrol limitleri yaklasimiyla
olusturulan klasik p-kontrol grafiginde oldugu gibi, alt kontrol limitlerinin altina diisen 12, 22 ve
29 no'lu gozlemler i¢in p-kontrol grafiklerinde alt limitin disinda kalan degerler kusurlu iiriin kabul
etme oraninin da altina ditymesi anlamina geldiginden sorun olarak ele alinmamaktadir.
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Sekil 2: Ortalama Ornek Biiyiikligiine Dayali Kontrol Limitleri

Yaklasimiyla Olusturulan Klasik p-kontrol Grafigi

Orneklem biiyiikliigiiniin degisken olmasi durumunda, nitel gozlemler i¢in olugturulan p-kontrol
grafiklerindeki standartlagtirilmis kontrol grafikleri yaklasimiyla olusturulan grafik Sekil 3'de
sunulmugtur. Grafik incelendiginde, 8 no'lu gozlem st kontrol limitini yaklasik 3 kat agmustir.
Bunun yani, sira diger iki yaklasim kullanilarak olusturulan p-kontrol grafiklerinde kontrol altinda
olan 30 no’lu gozlem standartlagtirilmis, kontrol grafikleri yaklagimiyla olusturulan grafikte kontrol
disinda sinyal vermistir. Yine, 6nceki iki yaklasimda kontrol limitleri dahilinde olan 20 no’lu gézlem
de iist kontrol limiti iizerinde konumlanmistir. Onceki iki yaklagima ait p-kontrol grafiginde, kontrol
disinda sinyal veren 9 no'lu gozlem ise standartlastirilmis kontrol grafikleri yaklagiminda, kontrol

limitleri arasinda kalmig ve merkez ¢izginin oldukg¢a yakininda yer almustir.

il A MC ol (K el 7 )

Sekil 3: Standartlastirilmig Kontrol Grafikleri Yaklasimiyla

166



A Study on the Comparision Between Fuzzy Control Charts and Traditional Control Charts

Olusturulan Klasik p-kontrol Grafigi

Fazi kontrol grafiklerinin olusturulmasinda ise ilk yaklagim olan sezgiyle iiyelik atamasinda, dilsel
ifadelere sezgisel yontemle olabilirlik degerleri atanir. Bu olabilirlik degerleri, standart (S), ikinci
kalite (K1), tigtincii kalite (K2) ve kusurlu tiriinler (K3) i¢in sirasiyla, 0; 0,25; 0,50 ve 1 iiyelik degerleri
atanmugtir. Esitlik (6) temel alinarak belirlenen tiyelik fonksiyonlar1 asagidaki gibidir:

) {—x + 1, 0 < x=1
pglx) =
g 0, dd
4x, 0< x < 1/4
1
By (x) —3xty FExs1
0, d.d
2x, 0<x < 1/2
1
Hgo(X) = 42 — 2x, 55x51
0, d.d
S x, 0= x =1
HegalXx) =
0, d.d

Yukarida belirlenen iiyelik fonksiyonlar1 kullanilarak gerceklestirilen atamalar ile 30 Ornege ait,
ortalama, standart sapma, {ist ve alt kontrol limitleri hesaplanmis ve sonuglar Tablo 3'de gosterilmistir.

Tablo 3: Sezgiyle Uyelik Fonksiyonu Yaklasimina Gére Hesaplanan Degerler

Orneklem Mj SDj UKL AKL Orneklem Mj SDj UKL AKL
1 0,134 023 0,177 0,093 16 0,134 0,23 0,194 0,076
2 0,134 023 0,190 0,080 17 0,134 0,23 0,189 0,081
3 0,135 0,23 0,178 0,092 18 0,136 0,24 0,192 0,078
4 0,137 024 0,191 0,078 19 0,137 0,24 0,184 0,086
5 0,137 024 0,184 0,086 20 0,135 0,23 0,176 0,094
6 0,134 023 0,179 0,091 21 0,136 0,23 0,180 0,090
7 0,135 0,23 0,175 0,094 22 0,135 0,23 0,186 0,084
8 0,134 023 0,178 0,092 23 0,134 0,23 0,182 0,088
9 0,136 023 0,191 0,079 24 0,134 0,23 0,186 0,084
10 0,132 0,23 0,193 0,077 25 0,135 0,23 0,179 0,091
11 0,134 023 0,182 0,088 26 0,136 0,23 0,178 0,092
12 0,134 023 0,184 0,086 27 0,136 0,23 0,180 0,090
13 0,134 023 0,177 0,093 28 0,137 0,24 0,181 0,089
14 0,135 0,23 0,186 0,083 29 0,134 0,23 0,194 0,076
15 0,135 0,23 0,180 0,090 30 0,135 0,23 0,178 0,092

167



Hakan YILDIRIM ¢ Hakan AYDOGAN ¢ Sami OZCAN -« Serkan ETI

Olusturulan tabloya gore, fazi kontrol grafigi ise Sekil 4de gosterilmistir. Bu grafige bakarak siirecin
kontrol altinda oldugu séylenebilir.
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Sekil 4: Sezgisel Uyelik Atama Yéntemi ile Olusturulan Fazi Kontrol

Grafigi (Kontrol Limitlerinin Olasiliga Dayali Hesaplanmasi)

Ikinci yaklagim olarak fazi, olasilik yaklagimi ele alinmis ve merkez cizgi 0,135, alt kontrol limiti
0,07 ve iist kontrol limiti 0,20 olarak hesaplanmistir. Bu durumda, fazi kontrol grafigi Sekil 5de
gosterilmistir.
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Sekil 5: Sezgisel Uyelik Atama Yontemi ile Olusturulan Fazi Kontrol Grafigi

(Kontrol Limitlerinin Uyelik Fonksiyonuna Dayal Hesaplanmasi)

Son olarak, olusturulan a-kesit yaklasimina gore kontrol grafikleri i¢in, olusturulmus olan her bir
orneklem grubuna ait a-kesit degerleri hesaplanmis ve asagidaki tabloda sunulmustur.
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Tablo 4: a-Kesit Yontemine Gore Olusturulan Kontrol Grafikleri Igin Hesaplanan Degerler

S K1 K2 K3
a 0 1-a a/4 (4/3 - a)*3/4 a/2 2-0)2 |a 1
0 0 1 0 1 0 1 0 1
0,1 0 0,9 0,025 0,925 0,05 0,95 0,1 1
0,2 0 0,8 0,05 0,85 0,1 0,9 0,2 1
0,3 0 0,7 0,075 0,775 0,15 0,85 0,3 1
0,4 0 0,6 0,1 0,7 0,2 0,8 0,4 1
0,5 0 0,5 0,125 0,625 0,25 0,75 0,5 1
0,6 0 0,4 0,15 0,55 0,3 0,7 0,6 1
0,7 0 0,3 0,175 0,475 0,35 0,65 0,7 1
0,8 0 0,2 0,2 0,4 0,4 0,6 0,8 1
0,9 0 0,1 0,225 0,325 0,45 0,55 0,9 1
1 0 0 0,25 0,25 0,5 0,5 1 1

Tablo 4de sunulan a-kesit degerlerine gore tiim orneklem gruplari icin ayri ayri hesaplamalar

yapilmaktadir. Ornegin, 8. 6rneklem grubuna ait hesaplama sonuglar1 Tablo 5de verilmistir.

Tablo 5: 8 No'lu Orneklem Grubu Igin Hesaplanan a-Kesit Degerleri

M (8) M (8) M (8)
Ma 1-(1-Ma)a Ma 1-(1-Ma)a Ma 1-(1-Ma)a
0,00 1,00 0,02 0,70 0,09 0,40
0,00 0,91 0,03 0,64 0,11 0,28
0,01 0,83 0,05 0,57 0,13 0,13
0,01 0,77 0,07 0,49

Hesaplamalar sonucunda olusan ti¢gensel fazi sayilarina gore, siirecin kontrol altinda oldugu

gortulmistiir. Yukarida ayrintili olarak ele alinan 8 no’lu alt 6rneklem grubuna ait degerlerin her a

kesiti i¢in alt ve tist kontrol limitleri arasinda kaldig1 goriilmektedir.
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Sekil 6: 8 No'lu Alt Orneklem Icin a-Kesitler Yontemi ile
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Olusturulan Fazi Kontrol Grafigi

Fazi kontrol kartlari i¢in ele alinan {i¢ yaklasima gore de klasik p-kontrol grafiklerinden elde edilen
sonuglarin aksine siirecin kontrol altinda oldugu sonucuna ulasilmistir.

8. Sonuc

Ornek hacminin degisken olmasi halinde, nitel kontrol grafiklerinden p-kontrol grafigine ait ii¢
farkls yaklagim ile olusturulan kontrol grafikleri bulgulart ile ayni verilerden elde edilen fazi kontrol
grafiklerine ait sonuglar asagida kisaca 6zetlenmistir:

Degisken araliga sahip kontrol limitleri yaklasimina gore olusturulan klasik p-kontrol grafiginde,
8 ve 9 no'lu gozlemler st kontrol limitlerinin disinda sinyal verirken 4, 12, 22 ve 29 no'lu
gozlemler ise alt kontrol limitlerinin altinda yer almistir.

Ortalama 6rneklem ortalamasi yaklagimui ile olusturulan klasik p-kontrol grafiginde, 8 ve 9 no'lu
gozlemler iist kontrol limitleri diginda yer alirken 12, 22 ve 29 no'lu gozlemler ise alt kontrol
limitlerinin altina diismislerdir.

Standartlagtirilmis kontrol grafikleri yaklagimi ile olusturulan klasik p-kontrol grafiklerinde,
8 ve 30 no'lu gozlemler iist kontrol limitinin Gizerinde sinyal verirken alt kontrol limitlerinin
altinda herhangi bir gozlem bulunmamistir.

Fazi kontrol grafikleri ile olusturulan ti¢ yaklagima gore de kontrol limitlerini asan bir gozleme
rastlanmamugtir.

Klasik p-kontrol grafiklerinde gozlemler dalgali bir grafik ¢izerken fazi kontrol grafiklerinde ise
merkez ¢izgi etrafinda normal dalgalanmalar ortaya ¢ikmigstir.

Yukarida kisaca 6zetlenen farkliliklarin ortaya ¢ikmasindaki temel sebep, fazi kontrol grafiklerinin
dilsel olarak kusurlu/kusursuz gibi ayrimlarda, kusurlu ile kusursuz arasindaki ara seviyeleri de
kullandig: i¢in, ¢ok daha hassas 6l¢timler yapabilmesidir. Calismada ele alinan verilerde, fazi kontrol
grafikleri olusturulurken kusurlu tirtinler 0,25; 0,50 ve 1 derece kusurlu olarak ayrilmis ve buna gére
islemler yapilmistir. Klasik p-kontrol grafiklerinde ise kusurlu dereceleri hesaba katilmamis ve hangi
derecede kusurlu olursa olsun “kusurlu” olarak ele alinmigtir. Bu nedenle de kusurlu orani p-kontrol
grafiklerinde oldukga yiiksek bir degere ulasmis ve siirecin kontrol disinda sinyal vermesine sebep
olmustur.

Elde edilen bulgular géz oniine alindiginda, klasik p-kontrol grafikleri siirecin kontrol disinda
olduguna dair sinyal vermistir. Bu durum da isletmenin derhal siirece miidahale etmesi ve siireci
kontrol altina iten sebepleri ortaya ¢ikarmasi gerekecektir. Siirece etki eden 6zel sebebi bulmak i¢in
isletmenin gerekirse stireci tamamen durdurma karar1 almasi kaginilmaz bir durum haline gelecektir.
Dolaysiyla, isletme i¢in hem zaman hem maliyet kayb: olacag: gibi ayn1 zamanda da uzun vade de
isletme, pazarda var olamama nedeniyle giiven kaybina sebep olabilecektir.
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Fazi kontrol grafikleri ile olusturulan grafikler ise genel olarak daha hassas sonuglar sunabilmektedir.
Ele alinan veriler 15181nda, klasik p-kontrol grafiklerindeki kontrol dis1 durumun aksine fazi kontrol
grafikleri stirecin kontrol altinda oldugu ve herhangi bir miidahaleye gerek olmadigi seklinde bulgular
sunmustur. Isletmeler igin herhangi bir siirecin kontrol diginda olmasi halinde, siirece miidahale
edilmesi hayati bir 6nem tasidig1 gibi, gereksiz yere siirece miidahale edilmesinden kaynaklanan
zaman ve maliyet kaybi yasanmamasi da bir o kadar hayati 6nem arz etmektedir.

Bu ¢aligmada, literatiirde yer alan, 6zellikle Amirzadeh ve arkadaslari(2009), Aslangiray ve Akyiiz
(2014) ve Giilbay vd. (2004) ¢aligmalarindaki sonuglara yakin sonuglar elde edilmistir. Genellikle,
klasik kontrol grafiklerinde “kontrol iginde” olarak goriilen siireglerin fazi kontrol grafikleri ile
“kontrol disinda” olduklar1 sonucuna ulagilmistir. Calisma sonucunda, bu durumun tersi olarak
klasik kontrol grafiklerinde “kontrol diginda” olarak goriilen stireglerin fazi kontrol grafikleri ile
“kontrol i¢inde” geklinde bulgular elde edilmistir. Her iki durum da fazi kontrol grafiklerinin daha
hassas ol¢timler yaptig1 hipotezini desteklemektedir. Bu sonugla birlikte, fazi kontrol grafiklerinin
tipki klasik kontrol grafiklerinde “kontrol i¢inde” olan bir siireci devam ettirerek isletmenin uzun
vadede kalitesizlik maliyetlerinin artmasini engellemesi gibi kontrol grafiklerinde “kontrol disinda”
olan bir siireci iyilestirme yoluna giderek maliyet ve zaman kaybini da engelleyebilecegi sonucuna
ulagilmistir. Klasik kontrol grafiklerinde siirecin kontrol edilmesi esnasinda tolerans sinirlarinin
genisletilmesi ya da daraltilmast ile ¢6ziim hassasiyeti esnetilmekte ya da daraltilmaktadir. Ancak
bu durum, elde edilen sonuglarin yanlis olmasina yol acabilmektedir. Fazi kontrol grafiklerinin ele
alinmasi, bu yanlighig1 ortadan kaldirilabilmesi i¢in 6nemli bir adim olarak diistintlebilir.

Caligmada elde edilen sonuglar kapsaminda, p-kontrol grafiklerine iliskin olarak az sayida
¢alismanin yaninda, gozlem verilerinin binom dagilimima uygun oldugu durumlarda, hem daha
sonraki ¢aligmalara hem de ilgililere yol gosterici olabilecegi diistiniilmektedir. Kalite 6l¢iimiiniin,
titketiciler tarafindan dilsel bir sekilde ifade edildigi gercegi goz oniinde bulunduruldugunda,
belirsizligin arttigini sdylemek miimkiindiir. Bu belirsizligi ortadan kaldirma yolunun ise fazi teorisi
ile miimkiin oldugu ifade edilmistir. Fazi teorisinin kontrol grafiklerine uygulanmasi ile 6zellikle
p-kontrol grafiklerinin kalite kontrolde basvurulabilecek 6nemli tekniklerden oldugu soylenebilir.

Klasik anlayis ile olusturulabilen bir¢ok klasik kontrol grafigi bulunmaktadir. Hem nicel hem de
nitel 6zelliklere gore ayri ayri olusturulabilecek kontrol grafikleri ile yine farkli yaklagimlarla
olusturulabilecek kontrol grafiklerinin kargilagtirilmas: yapilabilir. Sadece karsilastirmalar i¢in degil,
bir siirecin kontrol altinda m1 yoksa kontrol diginda mi seklinde karar verilmesinde, bu iki kontrol
grafikleri birlikte degerlendirilerek daha net ve daha dogru kararlar verilebilir. Ayrica, klasik nicel
kontrol grafikleri ile fazi kontrol grafikleri de karsilastirilabilir.
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