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Sayin Okurlar,

Bu yil, Istatistik ve Uygulamali Bilimler Dergisinin 10. sayisint yayimlamanin mutlulugunu yasiyoruz.
Bu 0zel sayi, yalmizca gegmisteki bagarilarimizi degil, ayni zamanda bilime olan katkilarimizi daha da ileriye
tasima kararliligimizi da yansitmaktadir.

Bu sayimizdaki makaleler, istatistiksel yontemlerin uygulamal1 bilimlerle kesisim noktalarmi kapsaml
bir sekilde ele almaktadir. Tiirkiye ve Sanghay Isbirligi Orgiitii hisse senedi piyasalar1 arasindaki iliskinin
incelendigi esbiitiinlesme analizinden, miithendislik 6grencilerinin basarilarini etkileyen faktorlerin yapisal esitlik
modellemesiyle belirlenmesine kadar genis bir yelpazede derinlemesine arastirmalar sunulmaktadir. Ayrica,
degisken seciminde yeni yaklagimlar, makine 6grenmesi algoritmalariyla konut fiyat tahmini ve yenilenebilir
enerji kaynaklarmin hizmet sektoriinde kullanimina y6nelik caligmalar da bu sayiya deger katmaktadir.

Bu sayy, disiplinler arasi arastirmalari tesvik eden ve bilim diinyasina yeni bakis agilar1 kazandiran bir
platform olarak dergimizin amacini bir kez daha vurgulamaktadir. Bu saymnin hazirlanmasinda emegi gecen
yazarlarimiza, hakemlerimize ve editor ekibimize tesekkiirlerimizi sunar, burada yer alan ¢alismalarin bilim
diinyasina degerli katkilar saglayacagina inaniyoruz.

Dergimizin 10. sayisimi siz degerli okuyucularimizla bulusturmanin gururunu yasarken, daha nice
sayilarla bilime katki saglamay1 hedefliyoruz.

Keyifli okumalar dilerim.

Saygilarimizla,

Istatistik ve Uygulamali Bilimler Dergisi Editorii

Dr. Abdulkadir Keskin
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PREFACE

Dear Readers,

This year, we are delighted to publish the 10th issue of the Journal of Statistics and Applied Sciences. This
special issue not only reflects our past achievements but also underscores our commitment to advancing academic
contributions to science.

The articles in this issue comprehensively explore the intersections of statistical methods with applied
sciences. From cointegration analysis examining the relationship between Tiirkiye and the Shanghai Cooperation
Organization stock markets to structural equation modeling identifying factors affecting the success of
engineering students, this edition covers a broad spectrum of in-depth research. Additionally, studies addressing
new approaches in variable selection, housing price prediction using machine learning algorithms, and the
utilization of renewable energy resources in the service sector add significant value to this publication.

This issue reaffirms our mission to promote interdisciplinary research and offer fresh perspectives to the
scientific community. We extend our gratitude to the authors, reviewers, and editorial team whose efforts have
made this issue possible. We believe that the studies included here will provide valuable contributions to the
scientific world.

As we celebrate the release of our 10th issue, we look forward to continuing our journey of contributing
to the advancement of science with many more publications.

We hope you enjoy reading this issue.

Sincerely,

Editor of the Journal of Statistics and Applied Sciences

Dr. Abdulkadir Keskin
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Abstract: This study investigates the presence of long-run cointegration relationships between the Turkish Stock
Market and the stock markets of the Shanghai Cooperation Organisation (SCO) member countries. In a period of
stagnation in the EU membership negotiations, Tiirkiye's shift towards Eastern markets is noteworthy. Using a
dataset covering the period from January 2014 to December 2023, this research applies various econometric analysis
techniques such as Augmented Dickey-Fuller test, Johansen Cointegration Test and Granger Causality Test to
examine the dynamic relationships between these markets. The findings from these analyses indicate that there is
a significant long-run cointegration relationship between Borsa Istanbul and Moscow and Shanghai Stock
Exchanges. This highlights the opportunities for strategic investment and portfolio diversification in these regions.
Keywords: Cointegration, Causality, Shanghai Cooperation Organisation, International Equity Indices

1. Introduction

The collapse of the USSR and the transformation of the USA into the sole superpower in the world
pushed Russia and China to be on the same side and act together. As a result of this unity, firstly, border
problems were solved, the Shanghai Five was founded, and then the Shanghai Cooperation
Organisation (SCO) was founded.

The five countries of the region - China, Russia, Kazakhstan, Kyrgyzstan and Tajikistan - came together
to resolve border issues, held talks on economic, military, cultural and energy issues, and reached
common consensus decisions [1].

The name of the Shanghai Five was changed with the invitation of Uzbekistan to the meeting held in
Shanghai on 15 June 2001. With the joint declaration of the participating countries, it was announced
that the Shanghai Cooperation Organisation (S5CO) was established with the inclusion of Uzbekistan as
a member of the organisation. The main objective of the SCO is to solve the problems of terrorism,
separatist movements and extremism that threaten international and regional peace and security [2].
In the current process, the total number of members of the organisation has increased to 9 with the
membership of India and Pakistan in 2017 and Iran in 2023. While Afghanistan, Mongolia and Bulgaria
are observer countries in the organization, 14 countries, including Tiirkiye, have participated in the
organization as dialogue partners [3].

With its expansion, the SCO has come to dominate almost 75 per cent of the Eurasian space. Considering
the population of the member states, the SCO has approximately 45% of the world population. These
two aspects are very important for the organization to have effective power in the international
community [4].

Since joining the organization in 2012 as a dialogue partner, Tiirkiye's negotiations to become a member
of the organization have become an agenda item today. At a time when the EU membership process has
come to a standstill, Tiirkiye is expanding its cooperation with the SCO in different fields, especially in
the economic field. Tiirkiye has put the development of relations with Asia, which is the focal point of

Citation: S. Huseynova and M. Charkasov, “Long-run relationship between Turkey and Shanghai Cooperation Organization Stock Markets: Cointegration analysis,” Journal of Statistics and
Applied Sciences, no 10, pp 1-9 Dec. 2024. doi:10.52693/jsas.1472756
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the new century, at the forefront of its foreign policy agenda due to the shift of capital from the West to
the East after the economic crises in the West, and has turned its attention to the East and sought
cooperation with the SCO, which it sees as an effective organisation in the region.

In this context, it is of great importance to examine the relations between Tiirkiye and the financial
markets of the member countries of this organisation. Considering the lack of studies in this field in the
literature, it is important to examine the long-run relationships between the markets of different
countries in order to fill this gap. Investigating the co-movement or dependence between multiple stock
markets in different countries is usually based on cointegration and causality analyses. Overall, this
research is designed to contribute significantly to the existing literature on international stock market
relations by focusing on a relatively less researched area - the linkages between the Turkish Stock
Exchange and the stock exchanges of the SCO countries. Through its comprehensive analysis and
practical implications, the study aims to be a valuable resource for both academic researchers and
practitioners in the field of international finance and investment.

The study consists of four main headings. In the literature review section, a summary of important
studies that are similar to the subject is given. In the next section, the data and methodology to be used
are mentioned. Finally, the findings are evaluated and the results are discussed.

2. Literature Review

There are various studies that have been published in the academic literature that investigate the
interaction between stock markets by employing different methodologies. Korkmaz and Ismail (2008)
used the Johansen cointegration test to examine the cointegration relationship between the Istanbul
Stock Exchange and the stock exchanges of 12 developed and 22 developing nations. The analytical
results indicate that the Turkish stock market is cointegrated with the stock markets of 7 developed
countries and 5 developing countries. After identifying the cointegrated stock markets, portfolios were
constructed according to different scenarios using the Markowitz mean-variance model. These findings
suggest that a better understanding by Turkish portfolio managers of the extent to which developed
and emerging stock markets are integrated would be effective in asset allocation and risk minimization
[5]. Mukherjee and Bose (2008) examine whether the Indian equity market moves in tandem with other
markets in Asia and the United States and whether foreign investors continue to be interested in this
market. According to the results of this study using cointegration and causality tests, US indices do not
affect the integration of Asian markets, but Japan plays an important role in the integration of Asian
markets. In addition, returns on the Indian market significantly impact the returns on major Asian
markets [6].

Ibicioglu and Kapusuzoglu (2011) conducted a study using 1922 daily data from January 2002 to January
2010. The study aimed to analyze the relationship between the Istanbul Stock Exchange (ISE) and the
stock exchanges of Mediterranean countries (France, Italy, Spain, Greece, Malta, and Croatia) that are
part of the European Union. The Johansen cointegration test, Granger causality analysis, variance
decomposition, and impulse-response analyses confirm the existence of a long-run relationship among
the stock markets of the examined countries. Specifically, the French Stock Exchange is identified as a
driving force that influences other stock exchanges. However, no stock exchange is found to have a
causal relationship with ISE [7].

Assidenou (2011) tested the coherence of major stock markets in OECD, Pacific, and East Asian
countries by analyzing the daily closing values of market indices from September 2 to August 31, 2009.
As aresult of the study, he found that Asian major indices are co-integrated and demonstrated that even
while certain regional stock markets are not accessible to global investors, they are nonetheless
influenced by fluctuations in global markets [8].

Bulut and Ozdemir (2012) analysed the relationship between Istanbul Stock Exchange and Dow Jones
Industrial using weekly closing prices from 05.01.2001 to 30.12.2010. The causality relationship between
the series; Granger method and cointegration analyses were performed using Johansen and Vector Error
Correction models. The results of the research indicate that DJI is the three-lag Granger cause of ISE.
Based on the findings of the cointegration analysis, it can be concluded that the series exhibit a long-



term relationship and are considered to be cointegrated. The error correcting term works in the short
run and has a significant effect on the ISE for three periods [9].

Benli (2014) analysed the long-run relationship between the Turkish stock market and the stock markets
of developing countries. Emerging markets was categorised according to Morgan Stanley Capital
International (MSCI). The long-run relationship between Tiirkiye and these countries was analyzed
with the Johansen cointegration method. An examination of the enduring connection between Tiirkiye
and these markets was conducted using the Johansen cointegration test, covering the time span from
December 30, 1994, to September 30, 2013. The results indicate a significant long-run relationship
between the stock markets of Tiirkiye and Colombia, as well as Tiirkiye and Mexico. However, there is
no noteworthy relationship between Tiirkiye and other emerging market markets. Therefore, there is a
opportunity to achieve portfolio diversification and arbitrage by investing in these markets, as they are
not closely related to Tiirkiye in the long term [10].

Gozbasi (2015) examined the relationship between the Istanbul Stock Exchange (ISE) and the stock
markets of seven emerging economies, namely Argentina, Brazil, Mexico, India, Malaysia, Hungary,
and Egypt. For this purpose, cointegration and causality analyses were conducted using weekly data
for the period 1995 - 2008. The findings indicate a sustained relationship between the ISE and the stock
markets of Brazil, India, and Egypt in the long term. Additionally, there is a short-term interaction
between the ISE and the stock markets of these three nations, as well as the stock markets of Mexico and
Hungary. Accordingly, the ISE is still a stock exchange that is independent from some emerging market
stock markets and can offer international diversification opportunities to investors [11].

Unal and Icigen (2020) investigate the co-integration relationships among the stock indices of the MIST
countries (Mexico, Indonesia, South Korea, and Turkey) during the 2000-2016 period using Johansen's
co-integration and Vector Error Correction Model (VECM) causality analyses. Their findings reveal a
long-term equilibrium relationship among these economies' stock markets. Additionally, they highlight
a one-way causality from Indonesia to South Korea and from Turkey to Mexico. These results indicate
that the integration level among MIST economies limits portfolio diversification and arbitrage
opportunities for investors in the long run. However, the dynamic nature of short-term causality
relationships emphasizes the influence of varying timeframes on market interactions, suggesting a need
for further exploration of these dynamics in future research [12].

Huseynova and Ganbarli (2024) analysed the trade and economic processes between the stock index
indicators of the US, Japan and China based on data from 1995 to 2022. A multivariate regression model
was created in the study, and its adequacy was assessed using the F-Fisher test and Student's t test. The
stability of the parameters of the regression model was checked using the CUSUM test. As a result,
econometrically sound proposals have been developed that allow dynamic analyses to effectively
regulate economic processes, integration, international trade and foreign investment operations
between the three countries. Subsequently, a VECM model was constructed to depict the long-term
equilibrium relationship between the analyzed indicators. During the modelling, all essential statistical
procedures were implemented to ascertain and appraise the model's parameters, as well as to verify its
sufficiency and the precision of both short-term and long-term forecast values utilizing Eviews 8 tools.
The findings demonstrate the significance of government monitoring using the vector error correction
model approach for both the states examined in this study and for every country. This monitoring is
crucial for ensuring efficient regulation of foreign commerce and for active participation in regional and
global integration processes [13].

3. Data and Methodology

This study encompasses the examination of 521 weeks of index values spanning from January 2014 to
December 2023. Such a long observation period is chosen to enhance the reliability and applicability of
the findings. The data for this research is sourced from investing.com, a widely used platform for
financial data. Since all index values are expressed in the local currency of the respective country, all
index values are converted into US dollars to harmonise all index values in a common currency. Within
the scope of the study, all analyses will be performed via Eviews 13 software [14].



In the methodology section of this scientific article, a three-stage approach will be employed to analyze
the data. Initially, the study will utilize the Augmented Dickey-Fuller test, to investigate the stationarity
of the variables under consideration. The Augmented Dickey-Fuller test was developed by Said and
Dickey (1984) and is a widely used test in time series analysis [15]. In this study, we follow the methods
proposed by Gujarati and Porter (2009) for the application of the test [16]. This method is critical as it
helps in determining whether the variables exhibit a time-dependent trend or are stable over time,
which is essential for ensuring the validity of further statistical analysis.

Following the stationarity analysis, the research will proceed to the second stage, where the Johansen
Cointegration Test will be applied. This test, developed by Johansen (1988), is a powerful method for
analyzing long-run equilibrium relationships [17]. Cointegration analysis is crucial for determining if
variables exhibit a shared long-term movement, indicating a common stochastic tendency.

Finally, the third stage of the methodological framework involves the application of the Granger
Causality Test [18]. This test is used to detect the direction of relationships between variables. It helps
in identifying whether one variable can be used to predict another, thus providing insights into potential
causal relationships. Unlike traditional causal analysis, the Granger Causality Test does not imply a
cause-effect relationship in the strict sense but rather indicates predictability from one time series to
another.

Within the scope of the study, the indices in Table 1 are used to represent stock market indices. And
Figure 1 shows the graphs of the price levels of the country indices to be included in the research for

the last 10 years.
Table 1. Stock Market Indices Used in the Study
Country Stock Market Index Code
China Shanghai Stock Exchange Shanghai Composite SHCOMP
India National Stock Exchange of India Nifty 50 NSEI
Kazakhstan Kazakhstan Stock Exchange KASE Index KASE
Pakistan Karachi Stock Exchange KSE-100 Index KSE
Russia Moscow Stock Exchange MOEX Russia IMOEX
Tiirkiye Borsa Istanbul BIST 100 XU100
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Figure 1. Graphs of Indices at the Level



Firstly, logarithmic series were created by taking the natural logarithms of the weekly closing prices of
the stock market values expressed in US dollars and analyses were made over the logarithmic series.
Table 2 displays the descriptive statistics for the logarithmic index series.

Table 2. Descriptive Statistics at Log Level

Series LIMOEX LKASE LKSE LNSEI LSHCOMP LXU100

Mean 3.584682 1.746857 5.631319 5.079089 6.137844 5.413889
Std. Dev. 0.198601 0.299346 0.292852 0.244732 0.154414 0.293710
Skewness 0.035603 -1.057209 -0.363772 0.175417 0.142087 -0.027498
Kurtosis 2.931438 3.687109 2.609556 1.924960 3.847025 1.771496
Jarque-Bera 0.212116 107.3018 14.80003 27.76050 17.32773 32.82836
Probability 0.899373 0.000000 0.000611 0.000001 0.000173 0.000000

The probability values of the J-B test statistics of the variables in the table give an idea about the normal
distribution of the series. LIMOEX series is normally distributed, while other series are not.
Table 3. Correlation Coefficients among Series

LIMOEX LKASE LKSE LNSEI LSHCOMP LXU100
LIMOEX 1
LKASE 0.6169 1
LKSE -0.0974 -0.4400 1
LNSEI 0.4015 0.7502 -0.5375 1
LSHCOMP  -0.0352 -0.0338 0.1914 0.2780 1
LXU100 -0.4390 -0.2333 0.2998 -0.3859 -0.0759 1

Table 3 highlights that among the pairs analyzed, the stock markets of India and Kazakhstan exhibit the
highest degree of correlation, standing at a significant 75.02%. This strong positive correlation indicates
a close relationship between the two markets, suggesting that they often move in tandem.

On the other hand, the correlation table also reveals a markedly different relationship between the
Pakistani and Indian stock markets. Here, the correlation is not only lower but distinctly negative,
recorded at -53.75%. This negative correlation indicates that these two markets often move in opposite
directions.

Mostly stationarity at level values is an exception. The results of analyses on non-stationary series may
lead to misleading forecasts. For this reason, stationarity is very important and the series must be
stationary before the analysis is performed [19].

Using the ADF test, the stationarity of the modeling variables was examined. The testing results indicate
that both the original series and their first differences demonstrate stationarity. These results are
presented in Table 4:

Table 4. ADF Test Results

ADF (Level)

ADF (1st Difference)

Stock Market Indexes HO: Series has a unit root HO: The first difference of the series has a unit root.
Intercept Trend and Intercept Intercept Trend and Intercept

LIMOEX -2.7177 -3.6103 -12.8888 -12.8789

LKASE -0.8649 -2.0432 -14.3277 -14.3751

LKSE -1.2348 -2.3457 -19.2398 -19.2410

LNSEI -1.1774 -2.8472 -21.4096 -21.3890

LSHCOMP -2.9803 -2.8737 -20.8832 -20.9111

LXU100 -1.8348 -2.2581 -25.3654 -25.3613

Test Critical Values

%1 -3.4427 -3.9758 -3.4427 -3.9758

%5 -2.8669 -3.4185 -2.8669 -3.4185

%10 -2.5696 -3.1317 -2.5696 -3.1317

It is observed that all the index series applied ADF test contain unit root at level I(0) both in the model
with constant term and in the model with constant term and trend, in other words, they are non-
stationary. Non-stationary series become stationary when their first order differences are taken. Since



the stationarity level of the data is I(1), Johansen cointegration analysis can be performed between these
data.

In order to provide comprehensive information for the research, it is important to conduct an analysis
of the reaction of impulse functions. Impulse response functions, as proposed by Sims (1980), are widely
utilized to analyze the dynamic responses of systems to shocks [20]. In this study, the methods
recommended by Liitkepohl (2005) have been employed [21]. These functions provide the median
estimate, along with a 90% confidence range, of the endogenous variable for each positive shock of one
standard deviation of the exogenous variable. They also reflect the amount of time it takes to return to
the equilibrium path. The confidence intervals were derived using the bootstrapping method with 100
replications, as outlined in. Figure 2 presents the test results for a period of 10 years.
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Figure 2. Results of Impulse Response Function

Figure 2 clearly demonstrates that the variables' response to deviations from the main stochastic trend
varies. When responding to shocks, the endogenous variable moves partially towards equilibrium.

In order to examine the impact of external factors on an internal factor in the coming decade, the
econometric technique of decomposition of forecast error variances was employed. This method
assesses the extent to which changes in a specific variable contribute to its own forecast error variance,
as well as the variance of other variables. Upon analyzing the control findings of the relevant tests, it is
evident that the yearly forecast LXU100, shocks, and LSHCOMP exhibit the most substantial
inconsistencies. The error rates for these inconsistencies are 99.88% over a two-year period and 93.14%
over a ten-year period, respectively. Yearly forecast LXU100, the largest errors fall on the shocks and
LKSE, in the amounts of 99.78% over a two-year horizon and 93.91% over a ten-year horizon; yearly
forecast LXU100, the largest errors fall on the shocks and LKASE, in the amounts of 99.93% over a two-
year horizon and 91.72% over a ten-year horizon; yearly forecast LXU100, the largest errors fall on the
shocks and LIMOEYX, in the amounts of 99.81% over a two-year horizon and 95.88% over a ten-year



horizon; yearly forecast LXU100, the largest errors fall on the shocks and LNSEI, in the amounts of 99.87
% over a two-year horizon and 88.87% over a ten-year horizon.
Table 7. Results of the Granger Causality Test

Null Hypothesis F-Statistic Prob.
DLIMOEX - DLXU100 1.30811 0.2712
DLXU100 - DLIMOEX 0.08349 0.9199
DLKASE - DLXU100 1.81712 0.1635
DLXU100 - DLKASE 2.01294 0.1346
DLKSE - DLXU100 0.89036 0.4111
DLXU100 - DLKSE 5.67884 0.0036*
DLNSEI - DLXU100 0.57593 0.5625
DLXU100 - DLNSEI 1.63526 0.1959
DLSHCOMP -> DLXU100 0.92311 0.3979
DLXU100 > DLSHCOMP 2.12942 0.1200

*indicates the significance at %1

In the Granger causality test, first order differences of logarithmic series were taken. The outputs of the
causality test can be found in Table 7. In these tests, which are considered as bivariate model, the null
hypothesis is "There is no Granger causality from the independent variable to the dependent variable.".
Based on the data in the table, it can be concluded that the null hypothesis between the Borsa Istanbul
and other markets, excluding the Karachi Stock Exchange, is rejected. It can be observed that there is a
unidirectional causality relationship from Borsa Istanbul to Karachi Stock Exchange.

3.1. Cointegration Analysis

In this phase of the research, we will report the findings of the Johansen Cointegration Test regarding
the presence of a long-term relationship among Borsa Istanbul and the stock exchanges of Shanghai
Cooperation Organization member countries.

Before proceeding with this test, it should be determined with how many week lags the interaction
between the series emerges. The optimal lag lengths were determined using VAR analysis. The optimal
lag lengths obtained according to the Akaike, Schwarz and Hannan-Quinn information criteria are

presented in Table 5.
Table 5. Optimal Lag Lengths of the Series
Lag Length AIC SC HQ

LXU100 - LIMOEX 2 -6.603596* -6.520940* -6.571198*
LXU100 - LKASE 2 -7.368301* -7.285644 -7.335902*
LXU100 - LKSE 2 -7.476937* -7.394280* -7.444538*
LXU100 - LNSEI 2 -7.775153* -7.692497 -7.742754
LXU100 - LSHCOMP 2 -7.448794* -7.366138 -7.416396*

* denotes lag order chosen by the relevant criterion

Among the lag lengths, the one that is most validated by the information criteria is selected. According
to the results obtained, the two-week lag length is determined as the most appropriate between the
XU100 index and all other indices.

The table below presents the results of the cointegration test including the specified lag lengths.

Table 6. Results of the Johansen Cointegration Test

Indices Hypotheses Trace Stat. ‘C:lt:;al P-value I]Zf;:; Stat. s}:lt:;al P-value
LXU100 - =0 20.50751 15.49471 0.0081 18.47027 14.26460 0.0102
LIMOEX r<l 2.037240 3.841465 0.1535 2.037240 3.841465 0.1535
LXU100 - =0 5.699265 15.49471 0.7307 5.144069 14.26460 0.7235
LKASE r<1 0.555196 3.841465 0.4562 0.555196 3.841465 0.4562
LXU100 - =0 9.013486 15.49471 0.3641 6.000739 14.26460 0.6131
LKSE r<l 3.012746 3.841465 0.0826 3.012746 3.841465 0.0826
LXU100 - =0 6.533325 15.49471 0.6324 4.796692 14.26460 0.7673
LNSEI r<l 1.736633 3.841465 0.1876 1.736633 3.841465 0.1876
r=0 16.56916 15.49471 0.0343 11.13770 14.26460 0.1475




LXU100 -
LSHCOMP

In the literature, it is accepted that there is a cointegration relationship when the critical value

r<1 5.431467 3.841465 0.0198 5.431467 3.841465 0.0198

probabilities of any of the Trace and Maximum Eigenvalue statistics is below 0.05. The results indicate
a significant cointegration relationship between the Borsa Istanbul and Moscow Stock Exchange, as
confirmed by both the Trace test statistic and the Max-Eigen value test statistic. A significant
cointegration relationship was found between Borsa Istanbul and Shanghai Stock Exchange only
according to the Trace test statistics.

4. Conclusions

The primary aim of this research is to examine whether cointegration relationships exist between the
Turkish Stock Exchange and the major stock exchanges operating in the member countries of the
Shanghai Cooperation Organization (SCO). This study is particularly important given the increasing
economic bilateral relations among emerging markets and the growing importance of the SCO in global
economic dynamics. By examining these cointegration relationships, the study aims to uncover any
long-run equilibrium linkages that may exist between these disparate but economically important
markets.

The results of the Johansen Cointegration Test confirm the existence of long-term equilibrium
relationships between BIST and the Moscow and Shanghai stock exchanges. The Granger Causality Test
results indicate a unidirectional causality relationship between Borsa Istanbul and the Karachi Stock
Exchange, suggesting that changes in BIST can predict changes in the Karachi market.

There was no statistically significant long-term relationship observed between the Borsa Istanbul and
stock markets in other countries at a 5% probability level. This situation can be considered as a
favourable situation for international investors. In particular, international portfolio diversification is
possible due to the lack of a long-term relationship among stock exchanges.

These results align with previous studies, such as Benli (2014) and Gozbas: (2015), which emphasized
the diversification opportunities presented by the weak integration of the Turkish stock market with
other emerging markets. In this context, the findings contribute to the growing body of literature on
international finance by highlighting the potential of Turkey’s financial market as an independent
component in global investment strategies.

More research should be conducted on Tiirkiye's financial relationships with other SCO member
countries to identify potential long-term cointegration relationships. Policies should be developed to
enhance economic cooperation between Tiirkiye and SCO countries, promoting financial market
integration and improving the investment climate. Future studies should use broader datasets and
diverse analytical methods to increase the reliability of the findings, with a detailed examination of
mutual relationships with other SCO member stock markets.
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Abstract: Advancing the field of multi-criteria decision making (MCDM), this study proposes the Spearman Rank
Correlation-based Expanded CRITIC Method (SRCBECM) as a novel and objective method for computing criteria
weight coefficients. Leveraging the intricate revised CRITIC method, SRCBECM aims to enrich and contribute the
MCDM landscape. Drawing upon criterion values extracted from Freedom in the world (FIW) index assessments
for 19 G20 member nations, the study showcases the sensitivity of SRCBECM in objectively deriving criteria
weights for diverse contexts. Further bolstering its credibility and reliability, comparative analyses reveal
MIEXCF's alignment with established methodologies such as ENTROPY, CRITIC, SD, SVP, LOPCOW, and
MEREC. Notably, the simulation analysis underscores SRCBECM's exceptional and stability in discerning criteria
weights and its remarkable stability across diverse scenarios. In conclusion, SRCBECM emerges as a robust and
objective criterion weighting technique, poised to make significant contributions to the burgeoning field of the
broader MCDM corpus.

Keywords: MCDM, CRITIC, rho, SRCBECM

1. Introduction

Multi-criteria decision-making (MCDM) is a widely utilized methodology in intricate decision-making
processes and mathematical modeling, often encompassing various factors. MCDM aims to assess and
prioritize alternatives based on the preferences and priorities of decision-makers. To achieve this, it is
crucial to establish the weights of the criteria, which reflect the decision-makers' preferences [1].

The field of MCDM provides a diverse range of techniques, including ENTROPY, CRITIC, SD, SVP,
MEREC, and LOPCOW, for the computation of criterion weights. These methods leverage two
fundamental characteristics of objective criterion weights: 1) the extent of performance contrast among
decision alternatives for each criterion, reflecting the range between maximum and minimum values,
and the distinctiveness or conflict among criteria. By comprehending and utilizing these inherent data
characteristics, decision-makers can obtain valuable insights to steer their decision-making process [2].
Consequently, in the literature on MCDM criterion weighting, the logic of criterion weighting may
vary in methods that consider the relationships between criteria (CRITIC, DEMATEL, MEREC).

One of the most notable features of the CRITIC method is that it is fundamentally based on the Pearson
correlation coefficient between criteria [2]. The Pearson correlation coefficient is a parametric method,
and it can only measure the correlation value between variables that exhibit a normal distribution.
Therefore, the correlation values between variables that do not exhibit a normal distribution may not
yield accurate results with this method [3]. In contrast, the relationships between variables that do not
exhibit a normal distribution can be measured using the non-parametric Spearman Rank Correlation
(rho) coefficient [4]. Moreover, the rho coefficient can also be used to calculate relationships between

Citation: F. F. Altintas, "A New Approach for the Measurement of Criterion Weights in the Scope of Multi-Criteria Decision Making: Spearman Rank Correlation-based
Expanded CRITIC Method (SRCBECM)," Journal of Statistics and Applied Sciences, no. 10, pp. 10-34 Dec. 2024. doi.org/10.52693/jsas.1495843
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variables that exhibit a normal distribution [5]. Hence, it can be considered that the rho correlation
coefficient is more advantageous compared to the Pearson correlation coefficient. The primary
motivation of this study is to propose the use of the rho correlation coefficient instead of the Pearson
correlation coefficient for determining the relationships between criteria when calculating the weight
values of criteria within the CRITIC method, regardless of whether the criteria values exhibit a normal
distribution. This approach ensures a more accurate calculation of the relationships between criteria.
The second motivation of this study is to expand the criteria weighting calculation logic of the CRITIC
method. The logic of CRITIC method relies on the differentiation or antagonism among criteria. This is
because in the CRITIC method, the weight of a criterion increases with the growth of negative
relationships among other criteria (along with a decrease in positive relationships) [2]. In contrast, the
DEMATEL method considers not only the antagonism among criteria but also takes into account the
similarity among them based on the logic of the method [6]. If a criterion influences other criteria both
negatively and positively, and is influenced by other criteria, its weight increases in the DEMATEL
method [7]. Therefore, in the DEMATEL method, the separation and similarity among criteria are
considered on equal terms when calculating the weight of a criterion. Accordingly, the DEMATEL
method possesses a more inclusive characteristic in terms of criterion weighting logic compared to the
CRITIC method. Therefore, to make the CRITIC method more comprehensive (by considering both the
contrasts and similarities between criteria), it is necessary to implement its calculation logic similar to
the DEMATEL method. In this context, in the research, a method called Spearman Rank
Correlation-based Expanded CRITIC Method (SRCBECM) is proposed, which forms equations that
explain relationships among criteria more meaningfully, provide more separation and similarity
among criteria, and thus, more effectively determine the characteristic features of criteria compared to
the CRITIC method. The SRCBECM method aims to measure the weight coefficients of criteria
objectively.

The data set of the study consists of the values of 12 criteria for the Freedom in the world (FIW) of 19
countries in the G20 group. In this sense, the methods of calculating criterion weights in the scope of
MCDM, rho and CRITIC techniques are explained in the method section of the study. The
implementation plan of the proposed method is shown in Figure 1.

4. STEP

Figure 1. Implementation Plan of Proposed Method

2. Materials and Methods
2.1. Methods for calculating criterion weights in the scope of MCDM

Navigating the intricacies of decision-making often hinges on identifying the optimal choice amidst a
tapestry of alternatives. However, each option may exhibit varying degrees of effectiveness across diverse
criteria. This underscores the criticality of pinpointing the relative importance of these criteria to
accurately compare the performance of potential solutions and ultimately arrive at the most suitable one
[8]. Traditionally, this significance is quantified through the assignment of weight coefficients within the

framework of MCDM problems [2].
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The burgeoning field of Multi-Criteria Decision Making (MCDM) boasts a rich tapestry of objective
weighting methods. These include CRITIC (Criteria Importance Through Inter-Criteria Correlation),
ENTROPY, CILOS (Criterion Impact Loss Optimization System), IDOCRIW (Integrated Determination of
Objective Criteria Weights), SVP (Statistical Variance Procedure), SD (Standard Deviation), MEREC
(Method Based on Removal Effects of Criteria)) LOPCOW (Logarithmic Percentage Change-driven
Objective Weighting), and SECA (Simultaneous Evaluation of Criteria and Alternatives) [2].

The CRITIC method taps into the inherent information within a system by privileging criteria that exhibit
greater disorder or distinctiveness compared to others, marking their heightened importance. This
approach values the interconnectedness of criteria by meticulously examining their correlations to expose
any inconsistencies. These contradictions, meticulously quantified using the standard deviation, inform
the determination of criterion weight coefficients. The CRITIC method unfolds by first constructing a
decision matrix and then normalizing its values. By analyzing the correlations between these normalized
values, the method quantifies the relative weight of each criterion [9-12].

The ENTROPY method adds a valuable tool to the decision-making field. Building on the constructed
decision matrix, this method leverages the standardized values and the calculated ENTROPY measure of
each criterion to derive their corresponding ENTROPY-based weights [8-13].

The CILOS method prioritizes criteria based on their ability to influence the performance of other criteria
relative to their ideal maximum and minimum values. In essence, criteria that cause the least deviation in
others receive higher weight coefficients. This approach follows a structured process, beginning with the
calculation of the decision matrix, normalization, and square matrix formation. Subsequently, a system of
linear equations is solved to uncover the weight coefficients for each criterion [14-15].

The IDOCRIW method bridges the gap between the ENTROPY and CILOS approaches, forging a hybrid
path to criterion weight determination. This innovative method delves into the relative impact of a
missing index, initially leveraging the decision matrix and both ENTROPY and CILOS methodologies to
calculate individual weight coefficients. Subsequently, it seamlessly integrates the ENTROPY and CILOS
weights, culminating in the final IDOCRIW weights [14].

The SVP method, a champion of objectivity in weighting criteria, stands tall amidst subjective biases. This
method calculates criterion weights with an unwavering impartiality, eliminating the influence of expert
opinions or subjective interpretations. SVP dives deep into the variance metrics associated with each
criterion, treating them as the sole compass for determining their significance. Following the calculation of
individual criterion variances, the method simply divides each value by the total variance across all
criteria, yielding their respective weights. In essence, SVP empowers data-driven decision-making,
transforming variance into a quantifiable measure of criterion importance [16-18].

The SD method shines a light on the inherent variability of criteria by leveraging their deviation from the
average. This straightforward approach first normalizes the values within the decision matrix, ensuring a
level playing field. Then, it delves into the standard deviations of each criterion, using these measures as a
compass to navigate their relative importance. In essence, SD empowers data-driven decision-making by
translating variability into quantifiable weights [19-20].

Like other weighting methods, MEREC lays the groundwork by constructing the decision matrix and its
normalized counterpart. Then, it ventures into the realm of performance, calculating the overall
effectiveness of each decision alternative through a natural logarithm-powered framework. Building on
this foundation, MEREC re-evaluates the performance of each alternative, factoring in the influence of
each remaining criterion. This iterative process, driven by natural logarithms, ultimately culminates in the
calculation of criterion weight coefficients. These weights reflect the "removal effect" of each criterion,
essentially the sum of their absolute influence on the performance of other alternatives. In essence,
MEREC recognizes that as a criterion's impact on decision alternatives grows, so too does its weight
coefficient [21-22].

The LOPCOW method harnesses the power of multidimensional data, weaving together information from
various sources to craft a tapestry of optimal criterion weights. This approach seeks to level the playing
field between the most and least influential criteria, while acknowledging the intricate web of connections
that bind them. The journey begins with meticulously constructing the decision matrix, followed by a
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rigorous normalization process that ensures all voices are heard equally. To overcome the disparities
arising from data magnitudes, LOPCOW deploys a potent metric: the average square value expressed as a
percentage of the criterion's standard deviation. This measure serves as a compass, guiding us towards the
final weight coefficients and ultimately, a balanced and insightful weighting scheme [23].
The SECA method takes a holistic approach, simultaneously unveiling the true potential of decision
alternatives and weighing the importance of criteria that shape their performance. This innovative method
begins by leveling the playing field through decision matrix standardization. Then, it delves into the realm
of disagreement, employing the standard deviation as its tool to quantify discrepancies. These insights,
along with standardization values, form the bedrock for determining criterion weights. Finally, SECA
leverages the power of multi-objective linear programming, optimizing a model to arrive at the optimal
set of weights [24].
The decision matrix in the DEMATEL method is created by obtaining the opinions of experts, and thus,
the method is recognized as one of the subjective criterion weighting methods. This is because it involves
determining the impact values of variables on each other through the input of experts or their opinions [2].
The relationship structure of variables, including their contributions to the relational structure, influence,
relational density, and relational quality (as influencers or influenced), can be determined through the
DEMATEL MCDM method [25-26]. Therefore, in the DEMATEL method, variables that possess the
quality of being an "influencer" within the relationship structure are considered as causes, while variables
that have the quality of being "influenced" are considered as outcomes in said relational structure [23]. The
DEMATEL method has demonstrated successful applications in various technical and social problems. In
addition to identifying the relationship structure between variables, the DEMATEL method allows for the
calculation of the significance values of variables [10]. In the DEMATEL method, for the preparation of the
decision matrix, the impact values of variables on each other can be determined subjectively by obtaining
the opinion of an expert or the opinions of multiple experts [2]. Apart from this, In the DEMATEL method,
the weight of a criterion increases as its impact on other criteria, either positively or negatively, and its
susceptibility to the influence of other criteria become more significant. Additionally, one of the most
crucial features of the DEMATEL method is that in determining the weights of criteria, the interactive
structure among criteria considers both positive and negative influences equally. This is because the
weights of criteria can be calculated by taking the square root of the sum of the squares of the total of
positive and negative impact values and the square of the difference between positive and negative impact
values [27].
2.2. Spearman Rank Correlation Coefficient
The Spearman Rank Correlation Coefficient (rho) is a non-parametric correlation coefficient and is
referred to as an alternative to the Pearson correlation coefficient. In this sense, the rho correlation
coefficient is utilized to measure the linear relationship between two variables that do not exhibit a
normal distribution feature [28-29]. Additionally, when variables possess the normal distribution
feature, the relationship between the two variables can also be assessed using the rho coefficient. A
coefficient value of -1 indicates a perfect negative relationship, whereas a value of +1 signifies a perfect
positive relationship. If the coefficient value is 0, it implies no relationship between the two variables.
The rho coefficient also possesses a symmetrical property; therefore, the relationship coefficient
remains the same even if the roles of the variables change between dependent and independent
variables. To measure the rho relationship coefficient between two variables, the following steps are
followed [30-39].
Step 1: Calculation of the total values of row entries in the contingency table (t")
Let t represent the sum of each row. Therefore, the sum of the row values in the contingency table is
shown in Equation 1.
O )

12
Step 2: Calculate the sum of the column values in the contingency table (u')

Let u represent the sum of each column. Therefore, the sum of the column values in the contingency
table is shown in Equation 2.

M
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Step 3: Calculation of the rho (734,)
nd—n—-6Yd*—6(t'+u)
Trho =
Vn3 —n —12t'VVn3 —n — 120
When the correlation coefficient literature is examined, it is possible to come across many studies that
measure the relationships between two variables with the rho coefficient. Studies related to the current

rho correlation coefficient are shown in Table 1.

3)

Table 1. rho literature

Author(s) Method(s) Theme

[40] tho Relationship between atmospheric stability and cloud tops temperature of
Himawari-8 IR satellite images
Relationship between communication skills and emotional intelligence

[41] rho
among nurses
Relationships between various cyber threats and their patterns with
[42] rho P y p
respect to duration, IP address, target systems/ports
[43] rho Relationship between hemoglobin and lactate dehydrogenase
[44] rho Relationship between Dysphonia and voice fatigue
[45] ho Relationship between aortopulmonary collaterals and common
non-invasive clinical variables
Relationship between bilateral dFIWcit and maximal sprint speed judo
[46] rho P % peed j
test, maximal aerobic speed Judo test and special judo fitness test
[47] tho Relationship between performance of magnetic resonance imaging and
histopathology
(48] tho Relationship between abundance of short-chain fatty acids (SCFAs) and
lipopolysaccharide
[49] ho Relationship between neutrophil-to-lymphocyte ratio and

alzheimer-related biomarkers in cerebrospinal fluid

2.3. CRITIC method

The CRITIC (Criteria importance through inter criteria correlation) method is a technique that objectively
measures the weight coefficients or importance levels of criteria based on the data of decision alternatives
regarding the criteria [19]. The foundation of the method is based on the intensity of the dichotomy within
the structure of the decision-making problem [2]. Furthermore, this method provides an analytical
approach to revealing all the information inherent within the criteria [50]. The most significant feature that
sets the CRITIC method apart from other weight coefficient calculation techniques is that it calculates the
weight coefficients of criteria not based on subjective results provided by expert opinions, but by taking
into account standard deviation and correlation analysis of the criteria [2]. In this context, the application
steps of the method are explained below [50].

A;: Decision alternative i

C;: ] — th evaluation criterion

x;j: The value of alternative i according to evaluation criterion j.
xjmak
x;""": The minimum value of decision alternatives according to criterion j.

: The maximum value of decision alternatives according to criterion j.

7;: The value received by alternative i according to evaluation criterion j.
pjx: Relationship coefficients between any j criterion and k criterion

o0;: Standard deviation value of criterion j (j = 1,2,..,n)

w;: Weight of evaluation criterion (j = 1,2,...,n).

Step 1: Acquisition of the Decision Matrix (X)
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X = A:Z x:21 x:zz x?n (4)
Am Xm1 Xm2 Xmn

2. Step: Normalization Process of the Decision Matrix.
For Benefit-Oriented Criteria

xl'j - x}nln .
Tij=m...........]=1,2,....,n (5)
For Cost-Oriented Criteria

xjmaks _ xij '
T'L'jZW".........]=1,2,....,Tl (6)
3. Step: Creation of the Relationship Coefficient Matrix (pjy)

mr;—7).(ry — 7%

p]'k _ 21_1( ij _]) ( ik k) j,k — 1’2’ o n (7)

JE Oy =2 O~ T2
4. Step: Measurement of C; Values

IP iy —T)?
% = " ®

n
C,-=aj.2(1—pj), j=12,..,n 9
k=1
5. Step: Measurement of Criterion Weights (Importance Degrees) (w;)
¢j
w; = 10
J Z;cl=1ci ( )

When the MCDM literature is examined, it is observed that many researchers have benefited from the
CRITIC method in calculating the weights of criteria according to decision alternatives. The current
research related to the CRITIC method is explained Table 2.

Table 2. CRITIC literature

Author(s) Method(s) Theme

Evalation of zero-carbon measures for sustainable

[51] CRITIC based MARCOS transportation in smart cities

[52] CRITIC based TOPSIS Optimum Site Selection for Solar PV Farm

[53] CRITIC based TOPSIS Analytically Identify the Air Pollutant's

[54] CRITIC based GRA investment portfolio selection

[55] CRITIC based TOPSIS Solving the material handling equipment selection problem
[56] Fuzzy CRITIC based TOPSIS Smartphone addiction assessment

[57] CRITIC based EDAS Geometric aggregation operator

[58] CRITIC based TOPSIS Stakeholder assessment in construction projects

[59] CRITIC based MultiMOORA Warehouse manager selection

[60] CRITIC-SD based GRA and TOPSIS Assessing the energy security of European Union countries

2.4. Proposed method: Spearman Rank Correlation Coefficient-based expanded CRITIC method
(SRCBECM)

The Pearson correlation coefficient is a parametric measure, so it can be used to measure the
relationships between criteria under the assumption of normal distribution of the data. However, when
the relationship between criteria in a dataset that does not follow the normal distribution is measured
with the Pearson correlation coefficient, the relationship between the criteria may not reflect reality [4].
In contrast, the rho coefficient is a non-parametric measure, so the normal distribution assumption is
not required for measuring the relationship between criteria [35]. In addition, the rho coefficient can be
used to obtain real results in detecting nonlinear relationships between variables [61]. In this context,
the rho coefficient is considered to be more advantageous than the Pearson correlation coefficient for
calculating the weights of criteria due to its aforementioned properties [62]. Therefore, the
relationships between criteria can be calculated with the rho coefficient in the CRITIC method.
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In the ENTROPY method, as the uncertainty level of a criterion increases relative to other criteria, the
weight coefficient of the criterion decreases. Consequently, the criterion with the highest degree of
uncertainty attains a more pronounced significance compared to other criteria [2]. In the MEREC
method, the weight of a specific criterion increases when the absolute difference between the averages
of criteria concerning decision alternatives, either by excluding or considering the criterion, becomes
smaller [21]. As a result, the criterion with the highest weight exerts the greatest influence on decision
alternatives. In the SD method, the weight of a criterion is maximized when its standard deviation is
the highest [19]. Similarly, in the SVP method, the weight of a criterion is maximized when its variance
is the highest [20]. In the LOPCOW method, the mean square value of each criterion is calculated as a
percentage of the standard deviations, effectively addressing the discrepancy (gap) arising from the
dimensionality of the data. Consequently, a decrease in the standard deviation of a criterion diminishes
the gap attributed to the data size for that criterion, resulting in an increase in the weight assigned to
the criterion [23]. Therefore, in these methods, the weight calculation logic is based on the degree of
separation (contrast) of the criteria from each other; the more a criterion is separated or contrasted, the
higher its weight value.

As is well known, the increase in the weight coefficient of a criterion in the CRITIC method depends on
the intensity of its contrast with other criteria. Therefore, if the contrast intensity of a criterion with
other criteria increases, the weight value of the criterion also increases [2]. This is because, according to
Equation 9 in the CRITIC method, the importance and weight of a criterion is highest if its negative
relationship with other criteria is the greatest and its positive relationship is the least [19]. Therefore, if
a criterion is the most distinct from other criteria, the weight of that criterion is greater. In conclusion,
the method's logic takes into account the degree of separation of the criteria from each other.

In addition to Equation 9, the CRITIC method also takes into account the standard deviation values of
the criteria. In the CRITIC method, the standard deviation only provides information on how far the
average value of any criterion's data set is from the mean or how different the criterion's data are from
each other. Therefore, when the standard deviation values of any criterion are calculated, the standard
deviation values of other criteria are not taken into account. Thus, the standard deviation value in
Equation 8 does not support the separation (contrast) logic of the CRITIC method. This is because the
standard deviation value shown in Equation 8 shows how far each criterion deviates from the mean
based on its own data. In this case, the separation (contrast) between criteria that constitute the logic of
the CRITIC method is supported excluded standard deviation only by the process in Equation 9
(ZZ:l(l - pj))-

To increase the contrast of a criterion with another criterion in the CRITIC method, the standard
deviation shown in Equation 9 (g;. ﬁzl(l -p j)) can be replaced with the absolute difference between
the arithmetic mean of the normalization values of any criterion and the arithmetic mean value of all
criteria (MDV), which shows how much the mean value of the criterion deviates from the arithmetic
mean values of all criteria. This will strengthen the degree of separation (contrast) between criteria by
multiplying the calculated deviation value (MDV) with the Equation 9 (MDV;. 2‘1’(1:1(1 -p j)).

In the DEMATEL method, the criterion weighting logic is more comprehensive than in the CRITIC
method. This is because in the DEMATEL method, the weight coefficient of a criterion increases as it
affects other criteria both positively and negatively, and is affected by other criteria. Accordingly, in the
DEMATEL method, the weight coefficient of a criterion is reflected by the square root of the sum of the
squares of the values of the criterion affecting and being affected by other criteria, and the sum of the
squares of the difference between the values of the criterion affecting and being affected by other
criteria [25]. This situation is illustrated in Equation 11, which shows the criterion weights in the final
step of the DEMATEL method [23-24].

In the DEMATEL method, the criterion weighting logic is more comprehensive than in the CRITIC
method. This is because in the DEMATEL method, the weight coefficient of a criterion increases as it
affects other criteria both positively and negatively, and is affected by other criteria. Accordingly, in the
DEMATEL method, the weight coefficient of a criterion is reflected by the square root of the sum of the
squares of the values of the criterion affecting and being affected by other criteria, and the sum of the
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squares of the difference between the values of the criterion affecting and being affected by other
criteria [25]. This situation is illustrated in Equation 11, which shows the criterion weights in the final
step of the DEMATEL method [25-26].

w = Weight of criteria.

d = Total influence value of a criterion on other criteria.

r = Total influenced value of a criterion by other criteria.

w=(d+7r)?+d-71) (11)
The similarities and contrasts between criteria shown in Equation 11 are explained in Table 3.

Table 3. The similarities and contrasts of a criterion with other criteria according to the DEMATEL method

d r Conditions d+r d—r
d>0 r>0 d>r Similarity Similarity
d>0 r>0 d<r Similarity Similarity
d<o0 r<0 |d| > || Contrast Contrast
d<o0 r<0 ld| < |r| Contrast Contrast
d>0 r<o0 d>|r| Similarity Similarity
d>0 r<0 d<|r| Contrast Contrast
d<o0 r>0 d| <r Similarity Similarity
d<o0 r>0 |d| >r Contrast Contrast

According to the eight scenarios explained in Table 13, the similarities and contrasts of a criterion with
other criteria in terms of influencing and being influenced by them within the DEMATEL method are
demonstrated. When Table 3 is examined, it is evident that the positive or negative nature of a
criterion's relationships (influence and being influenced) with other criteria reflects the criterion's
similarity or contrast with those criteria. Therefore, in the DEMATEL method, the importance of
criterion weight is evaluated not only by the criterion's separation from other criteria (the negative
impact of criteria on each other and negative being affected by each other), but also by its similarity (the
positive impact of criteria on each other and positive being affected by each other). As a result, in the
DEMATEL method, the weight of a criterion is considered equally in terms of the criterion's negative
impact on other criteria and being affected by other criteria, as well as the criterion's positive impact on
other criteria and being affected by other criteria. Therefore, the DEMATEL method is based on a more
comprehensive criterion weighting logic than the CRITIC method. In light of all this information, the
CRITIC method can be improved by taking into account the advantages of the rho correlation
coefficient over the Pearson correlation coefficient (rho is non-parametric and gives better results than
Pearson correlation for non-linear relationships) and the advantageous comprehensiveness feature of
the DEMATEL method over the CRITIC method.

Taking into consideration the aforementioned points, in the context of the proposed method
(SRCBECM), the application steps are outlined as follows: in the first step, decision is formulated using
Equation 4, and in the second step, normalized decision matrix is constructed with Equation 5. The
third step of the method involves calculating the divergence (MDV;) through Equation 14, based on
Equations 12 and 13 and similarity (MSV;) values for each criterion through Equation 14.

Third Step: Determination of divergence (MDV;) and similarity (MSV;) values for each criterion
relative to the mean values.

Case 1: Calculation of the mean value for each normalized criterion(V})

_ i1 T
- 24t (12)

Case 2: Calculation of the mean value of the normalized criteria relative to the overall mean value (VV)

Vi
n
Ly
vV = J‘T“ (13)
Case 3: Measure the deviation value of each criterion from the mean value (MDV})

For each criterion, the divergence value:
MDV; = |V; = VV| (14)

17



Case 4: Measure the inverse of the deviation value of each criterion from the mean value (MSV;)

For each criterion, the similarity value:

Similarly, within the context of the expansion of the logical foundation of the CRITIC method, the
situation of similarity among criteria can be determined by comparing the value of 1 with the MDV;
value. This is because as the MDV; value decreases (increases), the similarity among criteria will
increase (decrease).

Fourth Step: Calculation of rho correlation coefficient values among criteria
In the fourth step of the method, the rho relationship matrix among criteria is constructed using
Equations 1, 2, and 3. Statistical programs such as SPSS can be utilized for the calculation of these
correlation coefficient values.
Fifth Step: Determination of divergence (CDV;) and similarity (CSV;) values for criteria according to
rho correlation analysis.
Case 1: Divergence of criteria according to rho correlation analysis (CDV;)
In the 4th step of the CRITIC method, the increase in the difference between the Pearson correlation
values of criteria, excluding the 1 value in Equation 9, results in an increase in the weight coefficients of
criteria for negative relationships (divergence). Therefore, the divergence degree of criteria according
to rho correlation analysis can be calculated using Equation 16 in the 4th step of the CRITIC method,
utilizing Equation 9 excluding standard deviation.

m

cDV; = 2(1 Crho),  i=12,.mj =12 ..,n (16)
i=1

Case 2: Identification of the inverse of the divergence value according to rho correlation analysis

(similarity) (CSV})

Taking into account Equation 16, the degree of similarity among criteria can be calculated as shown in

Equation 16, which involves summing the rho coefficients between criteria with a value of 1.

m
Ccsv; = 2(1 +rho), i=12.mj=12..,n 17)
i=1

Sixth Step: Calculation of Divergence (SE;) and Similarity Values (SI;) for Criteria

Case 1: Calculation of divergence values for criteria (SE;)

The value (SE;) for each criterion is calculated by dividing the product of the deviation from the mean
value for criteria MDV; and the divergence value according to rho correlation analysis CDV; by the total

divergence values of criteria.

g — _ MDY;.CDY, a8)
7 X%, MDV;,.CDV;

Case 2: Calculation of similarity values for criteria (SI;)

The similarity values for each criterion are explained by the summation of the product of the inverse of

the deviation from the mean value for each criterion (MSV;) and the similarity according to rho

correlation analysis (CSV;) as described in Equation 19, which represents the total similarity values for

criteria.

5 - MSV;. CSV; 19
/ 1 MSV;.CSV;

Seventh Step: Calculation of criterion weights (w;)

Case 1: Taking into account the equal-weight divergence and similarity situations of criteria (EW))

Considering the divergence and similarity situations of criteria with equal weight, the values of criteria

(EW;) are determined, as explained in Equation 20.

SE; + SI;
EW; = — (20)
Case 2: Calculation of criterion weights
i/ (21)
wW; = —
"L
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In light of the above, the SRCBECM method has some advantages compared to other methods. Firstly,
one of the advantages of the SRCBECM method is its insensitivity to 0 and negative values. In contrast,
in the ENTROPY and MEREC methods, when there are 0 or negative values in the decision matrix,
calculations can become undefined as these methods allow for logarithmic transformation.
Consequently, negative values in the decision matrix can be transformed using Z-score. However, the
presence of a 0 value in the decision matrix poses a challenge to the calculation of criterion weights in
these methods. Secondly, the foundation of the method is based on the rho correlation coefficient
among criteria. Especially in the CRITIC method, the relationships between criteria are measured with
the Pearson correlation coefficient, which has a parametric structure. Therefore, the Pearson correlation
coefficient may not yield accurate results, especially among criterion data that do not exhibit a normal
distribution. In contrast, in the SRCBECM method, the relationships among criteria, without the
assumption of a normal distribution, are measured using the non-parametric rho correlation
coefficient. Thirdly, another advantage is that the SRCBECM method considers both divergence
(opposition) and similarity conditions among criteria on equal terms, similar to the DEMATEL method.
In contrast, in methods such as ENTROPY, CRITIC, SD, SVP, MEREC, and LOPCOW, the logic of the
weights of criteria focuses solely on the divergence (opposition) of criteria from each other. Therefore,
the weighting logic of the SRCBECM method is more comprehensive than other methods. Finally, due
to the broad focus of the SRCBECM method, the weights of criteria in SRCBECM have more
characteristic features compared to other methods. Thus, the characteristic features of criteria with
prominent characteristics result in more differences in the weight coefficients of criteria between them
and other criteria compared to other methods.

The SRCBECM method offers a more balanced weighting by considering both similarities and
differences among criteria, providing a more comprehensive analysis compared to methods that
typically focus solely on differences. Its insensitivity to zero and negative values, along with its lack of
a normal distribution assumption, makes the method applicable to a wide range of datasets.
Consequently, SRCBECM yields reliable results, particularly in scenarios involving heterogeneous and
complex datasets. Furthermore, by considering both similarities and differences among criteria,
SRCBECM provides decision-makers with more balanced and accurate weights. This contributes to
more accurate outcomes in decision-making processes and makes the method applicable across various
sectors, including financial decisions, project management, resource allocation, product design, project
selection, environmental impact assessment, and sustainable project selection. In practice, the method
aids in making more meaningful and consistent decisions, especially in cases involving complex
inter-criteria relationships, particularly in big data analysis. It can be particularly beneficial in
decision-making processes such as corporate strategy formulation, investment evaluations, and public
policy development. Moreover, SRCBECM can simplify complex decision-making processes for
individuals or organizations. For instance, when making a multi-criteria investment decision, the
method's criterion weighting approach helps achieve clearer and more reliable results. In daily life,
SRCBECM enables individuals or organizations working with data to conduct more sound and
comprehensive analyses. This facilitates more effective decision-making in workplace performance
evaluations, risk analyses, and multi-criteria choices encountered in everyday life. Thanks to its flexible
structure that can adapt to different data types and criterion structures, SRCBECM can be applied to
various decision-making mechanisms in daily life. This flexibility makes the method more practical
and user-friendly.

2.5. Data set and analysis of the study

The research dataset consists of the criteria from the Freedom in the world (FIW) by Freedom House
for the year 2022, focusing on 19 countries within the G20 group. The reason for selecting this dataset is
to evaluate the discriminatory effectiveness of the model criteria proposed among countries,
considering the significant variations in values within this specific dataset. To enhance clarity in the
research, Table 4 provides explanations for the abbreviations associated with this dataset.

19



Table 4. Data Set

FIW Criteria

Criteria Abbreviations

Electoral Process

Rule of Law

Political Pluralism and Participation
Functioning of Government
Freedom of Expression and Belief
Associational and Organizational Rights

Personal Autonomy and Individual Rights

FIW1
FIW2
FIW3
FIW4
FIW5
FIW6
FIW?7

3. Results (The case study)

3.1. Computational analyses
In the research, the first step of the SRCBECM method involves creating the decision matrix using
Equation 4. In the second step of the method, since all criteria are benefit-oriented, the decision matrix

values were normalized using Equation 5. In this regard, the decision matrix and the normalized
decision matrix values are presented in Table 5.

Table 5. Decision and normalized matrix

Decision Matrix

Country FIW1 FIW2 FIW3 FIW4 FIW5 FIWe6 FIW?7
Argentina 11 16 8 15 11 10 14
Australia 12 15 11 15 12 15 15
Brazil 10 13 7 13 9 8 12
Canada 12 16 12 15 12 15 16
China 0 0 1 1 2 2 6
France 12 15 11 14 10 13 14
Germany 12 15 12 14 12 14 15
India 12 12 9 7 8 9
Indonesia 11 13 6 9 6 5 8
Italy 12 14 10 15 12 13 14
Japan 12 16 12 15 12 15 14
Mexico 9 13 5 12 7 5 9
Saudi Arabia 11 13 9 14 11 12 13
Russia 0 3 2 2 2 2 5
South Africa 12 13 8 15 12 9 10
South Korea 11 13 9 14 11 12 13
Turkey 5 8 3 5 3 3 5
United Kingdom 12 16 11 14 12 13 15
United States 10 14 9 14 11 11 14
Min. 0 0 1 1 2 2 5
Max. 12 16 12 15 12 15 16
Normalized Decision Matrix
Country FIW1 FIW2 FIW3 FIW4 FIW5 FIWe6 FIW?7
Argentina 0,917 1,000 0,636 1,000 0,900 0,615 0,818
Australia 1,000 0,938 0,909 1,000 1,000 1,000 0,909
Brazil 0,833 0,813 0,545 0,857 0,700 0,462 0,636
Canada 1,000 1,000 1,000 1,000 1,000 1,000 1,000
China 0,000 0,000 0,000 0,000 0,000 0,000 0,091
France 1,000 0,938 0,909 0,929 0,800 0,846 0,818
Germany 1,000 0,938 1,000 0,929 1,000 0,923 0,909
India 1,000 0,750 0,727 0,571 0,500 0,462 0,364
Indonesia 0,917 0,813 0,455 0,571 0,400 0,231 0,273
Italy 1,000 0,875 0,818 1,000 1,000 0,846 0,818
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Japan 1,000 1,000 1,000 1,000 1,000 1,000 0,818
Mexico 0,750 0,813 0,364 0,786 0,500 0,231 0,364
Saudi Arabia 0,917 0,813 0,727 0,929 0,900 0,769 0,727
Russia 0,000 0,188 0,091 0,071 0,000 0,000 0,000
South Africa 1,000 0,813 0,636 1,000 1,000 0,538 0,455
South Korea 0,917 0,813 0,727 0,929 0,900 0,769 0,727
Turkey 0,417 0,500 0,182 0,286 0,100 0,077 0,000
United Kingdom 1,000 1,000 0,909 0,929 1,000 0,846 0,909
United States 0,833 0,875 0,727 0,929 0,900 0,692 0,818
Mean 0,816 0,783 0,651 0,774 0,716 0,595 0,603
Mean of Mean 0,705

In the third step of the SRCBECM method, Equation 12 was used to determine the values of V; for the
criteria, Equation 13 for VV, Equation 14 for MDV;, and Equation 15 for MSV;. For illustrative purposes,
the values of V;, VV, MDV;, and MSV; for FIW1 relative to the mean values are calculated below, and
the MDV; and MSV; values for the other criteria are presented in Table 6.

Case 1: Calculation of the mean value for each normalized criterion (Vgy1)
0,917+1+40,8833+1+0+1+1+4+14+0,917+1+1+4+0,7504+0,917+0+4+14+0,917+0,417+1+0,833 _ 0 816
- ’

19
Case 2: Calculation of the mean value of the normalized criteria relative to the overall mean value (VV)
_0816+0,783 + 0,651 + 0,774 + 0,716 + 0,595 + 0,603

7
Case 3: Measure the deviation value of each criterion from the mean value (MDVgy1)

For each criterion, the divergence value:

MDVgy4 = 10,816 — 0,705] = 0,111

Case 4: Measure the inverse of the deviation value of each criterion from the mean value (MSVg;y1)
For each criterion, the similarity value

Verw: =

4%

= 0,705

MSVenw, = m = 9,026
Table 6. Separation (Deviation (MDV;)) and Similarity (MSV;) Values of Criteria
Criteria FIW1 FIW2 FIW3 FIW4 FIW5 FIW6 FIW7
MDV; 0,111 0,078 0,054 0,069 0,011 0,110 0,102
MSV; 9,026 12,838 18,422 14,402 92,683 9,103 9,792

In the fourth step of the method, the rho correlation coefficients between the criteria are first
calculated using Equations 1, 2, and 3, and the correlation matrix is created. The calculated rho
correlation values between the criteria are shown in Table 7.

Table 7. rho correlation matrix

Criteria FIW1 FIW2 FIW3 FIW4 FIW5 FIW6 FIW?7
FIW1 1,000 0,952 0,883 0,912 0,872 0,801 0,780
FIW2 0,952 1,000 -0,227 -0,244 -0,235 -0,183 -0,137
FIW3 0,883 -0,227 1,000 -0,389 -0,421 -0,388 -0,337
FIW4 0,912 -0,244 -0,389 1,000 -0,306 -0,215 -0,199
FIW5 0,872 -0,235 -0,421 -0,306 1,000 -0,296 -0,279
FIW6 0,801 -0,183 -0,388 -0,215 -0,296 1,000 -0,360
FIW7 0,780 -0,137 -0,337 -0,199 -0,279 -0,360 1,000
Mean 0,886 0,132 0,017 0,080 0,048 0,051 0,067

In the fifth step of the method, the separation (CDV;) values according to rho correlation analysis

were calculated using Equation 16, and the similarity (CSV;) values were calculated using Equation 17

for the criteria. The corresponding (CDV;) and (CSV;) values are presented in Table 8.
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Table 8. The separation (CDV;) and similarity (CSV;) values of the criteria based on the rho

(cov;) FIW1 FIW2 FIW3 FIlw4 FIW5 FIW6 FIW7
FIw1 0,000 0,048 0,117 0,088 0,128 0,199 0,220
FIW2 0,048 0,000 1,227 1,244 1,235 1,183 1,137
FIW3 0,117 1,227 0,000 1,389 1,421 1,388 1,337
FIW4 0,088 1,244 1,389 0,000 1,306 1,215 1,199
FIWS5 0,128 1,235 1,421 1,306 0,000 1,296 1,279
FIW6 0,199 1,183 1,388 1,215 1,296 0,000 1,360
FIW?7 0,220 1,137 1,337 1,199 1,279 1,360 0,000

Sum (cDV;) 0,800 6,075 6,878 6,441 6,665 6,641 6,533

(csv)) FIw1 FIW2 FIW3 FIw4 FIW5 FIW6 FIW7
FIw1 2,000 1,952 1,883 1,912 1,872 1,801 1,780
FIW2 1,952 2,000 0,773 0,756 0,765 0,817 0,863
FIW3 1,883 0,773 2,000 0,611 0,579 0,612 0,663
FIW4 1,912 0,756 0,611 2,000 0,694 0,785 0,801
FIW5 1,872 0,765 0,579 0,694 2,000 0,704 0,721
FIW6 1,801 0,817 0,612 0,785 0,704 2,000 0,640
FIw?7 1,780 0,863 0,663 0,801 0,721 0,640 2,000

sum (CSV;) 13,200 7,925 7,122 7,559 7,335 7,359 7,467

For illustrative purposes, the discrimination CDV; and similarity CSV; values for FIW1 were
calculated based on the rho correlation values. The calculated values for CDV; and CSV; for FIW1, as
well as the corresponding situations for other criteria based on rho correlation coefficient values, are
presented in Table 8.

Case 1: Divergence of criteria according to rho correlation analysis (CDViyy1)

CDVepw, = 0+ 0,048 + 0,117 + 0,088 + 0,128 + 0,199 + 0,220 = 0,800

Case 2: Identification of the inverse of the divergence value according to rho correlation analysis
(similarity) (CSVewy)

CSVerw1 =2+1,9524+ 1,883 + 1,912 4+ 1,872 + 1,801 + 1,780 = 13,200

In the 6th step of the method, the separation values (SE;) and similarity values SI; for the criteria
are calculated using Equations 17 and 18, respectively. The calculated values for SE; and SI;are

presented in Table 9.
Table 9. The separation (SE j) and similarity (SI;) values of the criteria
Criteria FIW1 FIW2 FIW3 FIW4 FIW5 FIW6 FIW7 Sum
(MDV;.CDV)) 0,089 0,055 0,031 0,038 0,005 0,073 0,070 0,361
(SEj) 0,246 0,153 0,086 0,106 0,015 0,202 0,194
Criteria FIW1 FIW2 FIW3 FIW4 FIW5 FIWe FIW7 Sum
(MSV;.CSV)) 34,121 48,601 70,032 54,808 352,760 34,189 37,014 631,525
(SIp) 0,054 0,077 0,111 0,087 0,559 0,054 0,059

As an illustrative example, the discrimination values (SE;) and similarity values (SI;) for FIW1 have
been calculated below.
Case 1: Calculation of divergence values for criteria (SErpy1)

0,111.0,800
SEFIWl = 0’37 = 0,246
Case 2: Calculation of similarity values for criteria(SIgy1)
9,026.13,200
Slpy, = 631525 = 0,054

In the final step of the method, the weights of the criteria (w;) are calculated by evaluating the
discrimination (SE;) and similarity (SI;) conditions of the criteria with equal importance, as
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expressed in Equations 19 and 20. The resulting weight values (w;) for the criteria are presented in
Table 10.

Table 10. Criteria weights

Criteria EW, w Rank
FIW1 0,150 0,197 2
FIwW2 0,066 0,087 4
FIW3 0,071 0,093 3
FIwW4 0,062 0,082 7
FIW5 0,282 0,372 1
FIW6 0,063 0,084 6
FIwW7 0,064 0,085 5
Sum 0,759

Upon examining Table 10, the ranking of criteria weight values is as follows: FIW5, FIW1, FIW3, FIW2,
FIW7, FIW6, and FIW4. Furthermore, for illustrative purposes, the weight values of the FIW1 criterion
have been calculated and are presented below.

Case 1: Taking into account the equal-weight divergence and similarity situations of criteria (EWgpy1)

0,246 + 0,054
EWgy = — = 0,150
Case 2: Calculation of weight (Wgpy1)
0,150
Wriw1 = m = 0,197

3.2. Sensitivity analyses
In the scope of this investigation, we performed an evaluation of the SRCBECM approach to scrutinize
its methodological sensitivity. Sensitivity analysis, as applied in the context of MCDM, involves the
utilization of diverse criteria weighting methods on the same dataset, enabling a comparison of
resulting values and rankings. To ascertain the method's sensitivity in calculating weight coefficients, it
is expected that the rankings of criteria weights determined using the chosen method for sensitivity
analysis will deviate from the weight coefficient rankings obtained through alternative methods [63].
Following this methodology, we employed established objective weighting techniques to compute
and organize the weighting coefficients linked to the components of the FIW. These techniques, widely
utilized in scholarly literature, encompass ENTROPY, CRITIC, SD, SVP, MEREC, and LOPCOW. The
corresponding numerical outcomes are meticulously presented in Table 11.

Table 11. Findings derived from different methodologies for computing objective weighting coefficients

Criteria CRITIC Ranking SD Ranking svp Ranking
FIW1 0,024 7 0,145 3 0,132 4
FIW2 0,153 6 0,131 6 0,170 3
FIW3 0,197 4 0,153 2 0,103 7
FIW4 0,193 5 0,142 5 0,183 1
FIW5 0,221 1 0,145 4 0,115 6
FIW6 0,212 2 0,167 1 0,180 2
FIW7 0,199 3 0,118 7 0,117 5

Criteria LOPCOW Ranking MEREC Ranking ENTROPY Ranking
FIW1 0,156 2 0,110 6 0,157 5
FIW2 0,167 1 0,126 4 0,131 6
FIW3 0,140 4 0,097 7 0,178 2
FIW4 0,151 3 0,121 5 0,167 3
FIW5 0,135 5 0,175 3 0,159 4
FIW6 0,123 7 0,177 2 0,209 1
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FIW7 0,128 6 0,193 1 0,089 7

An analysis of Table 11 indicates notable disparities in the rankings of FIW weight values when
employing the SRCBECM method compared to rankings obtained through other methods for
determining FIW criterion weights. This outcome implies that the proposed method exhibits sensitivity

to the inherent relationships among the criteria.
3.3. Comparative analyses

The comparative analysis explores both the congruities and divergences between the proposed method
and other techniques for calculating objective weight coefficients. The proposed method is expected to
possess credibility, reliability, and consistency in alignment with other methodologies, while
concurrently exhibiting a positive and significant correlation with various weight coefficient methods
[20]. To substantiate this, Figures 1 and 2 provide a visual examination of the weight coefficients

determined using the weight measurement methods outlined in Table 12.
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Figure 1. Positions of the ENTROPY, CRITIC, SD, SVP, LOPCOW, and MEREC methods
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Figure 2. Positions of the SRCBECM method
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Figure 3. Positions of the Methods 1

When Figure 3 is examined, it is determined that the characteristic properties of FIW1 and FIWS5 criteria
are reflected more in the SRCBECM method than in other methods. In particular, these criteria are
observed to reflect both the separation and similarity of criteria, which constitute the logic of the
proposed method, simultaneously. This shows that it explains better which criteria are more important
than other methods. In addition, according to Figure 3, it is determined that the differences between the
positions of the criterion values of the SRCBECM method are different from other methods. Thus, it is
evaluated that the SRCBECM method does not have a positive correlation with other methods.
Although it is stated in the MCDM literature that the high level of positive relationship between any
objective weighting method and other methods indicates that the credible and reliable level of the
proposed method is high, it is the desired result that the SRCBECM method has a low positive and
negative correlation with other methods, since the criterion weighting logic in the method (SRCBECM)
takes into account both separation and similarity levels (both contrast conditions), unlike other
methods. Therefore, in this case, the low positive and negative correlation of the SRCBECM method
with other methods shows that the proposed method is credible and reliable. The rho correlation
coefficient values between the methods are explained in Table 13, since the data of the methods do not
show normal distribution.

Table 13. rho correlation values of the SRCBECM method with other methods

Criteria CRITIC SD SVP LOPCOW MEREC ENTROPY

SRCBECM -0,047 0,089 -0,434 -0,071 0,211 0,044

When Table 13 is examined, it is observed that none of the relationships between the SRCBECM
method and other objective criterion weighting methods are significant. Based on these quantitative
results, it is concluded that the SRCBECM method is different from other methods because the criterion
weights are calculated based on both separation and similarity levels (both contrast conditions), and
accordingly, the proposed method is reliable and credible.

3.4. Simulation Analyses

To assess the robustness of the proposed method, a simulation analysis is undertaken, involving
various scenarios created by assigning different values to decision matrices. As the number of scenarios
increases, the proposed method is expected to diverge from other methodologies, showcasing its
stability. In the subsequent step, the average variance of criterion weights determined by the proposed
method across the scenarios should exceed that of one or more alternative objective weighting methods.
This signifies the superior discriminative capability of the proposed method in distinguishing between
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criterion weights. Finally, it validates the consistency of criterion weight variances across methods

within the scenarios [20].

To evaluate the coherence of the SRCBECM method with alternative objective weighting methods, a
simulation analysis was executed. The simulation involved the generation of 20 distinct scenarios,
categorized into 2 groups, each characterized by a unique set of decision matrix values. For each
scenario, correlation coefficients between the SDBHA method and other methodologies were
computed. The results of the simulation analysis are presented in Tables 14 and 15, and visualized in

Figures 4 and 5.

Table 14. rho correlation coefficients of the SDBHA method with other

scenarios-A  (First Category)

methodologies across the range of

Group Scenarios ENTROPY CRITIC SD SVP LOPCOW MEREC
1. Scenario 0,048 -0,065 0,095 -0,450 -0,065 0,250
First group 2. Scenario 0,043 -0,055 0,100 -0,400 -0,080 0,270
3. Scenario 0,045 -0,070 0,090 -0,460 -0,075 0,200
Group Scenarios ENTROPY CRITIC SD SVP LOPCOW MEREC
4. Scenario 0,044 -0,066 0,075 -0,500* -0,065 0,240
5. Scenario 0,040 -0,060 0,080 -0,480 -0,085 0,190
6. Scenario 0,042 -0,070 0,065 -0,490 -0,090 0,210
Second group 7. Scenario 0,037 -0,075 0,070 -0,510* -0,080 0,195
8. Scenario 0,039 -0,065 0,060 -0,520* -0,085 0,200
9. Scenario 0,033 -0,080 0,070 -0,500* -0,075 0,180
10. Scenario 0,028 -0,077 0,050 -0,480 -0,090 0,185
Mean 0,040 -0,068 0,076 - 0,479 -0,079 0,212
p*<.05
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Figure 4. Positions of the Methods 2-A (First Category)

Table 15. rho correlation coefficients of the SDBHA method with other methodologies across the range of scenarios-B

(Second Category)

Group Scenarios ENTROPY CRITIC SD SVP LOPCOW MEREC
1. Scenario 0,055 -0,078 0,122 -0,5 -0,074 0,324
First group 2. Scenario 0,059 -0,082 0,132 -0,55 -0,098 0,327
3. Scenario 0,056 -0,08 0,124 -0,495 -0,087 0,312

Group Scenarios ENTROPY CRITIC SD SVP LOPCOW MEREC
Second group 4. Scenario 0,058 -0,077 0,114 -0,455 -0,085 0,308
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5. Scenario 0,055 -0,075 0,109 -0,475 -0,077 0,301

6. Scenario 0,048 -0,073 0,102 -0,484 -0,089 0,294
7. Scenario 0,041 -0,067 0,09 -0,501 -0,082 0,299
8. Scenario 0,033 -0,062 0,07 -0,495 -0,078 0,267
9. Scenario 0,031 -0,069 0,06 -0,425 -0,071 0,259
10. Scenario 0,003 -0,066 0,06 -0,412 -0,066 0,239
Mean 0,0440 -0,0730 0,0983 -0,4792 -0,0807 0,293
p*<.05
0.4
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Figure 5. Positions of the Methods 2-B (Second Category)

A simultaneous examination of Tables 14 and 15, and Figures 4 and 5 reveals that the 10 scenarios,
categorized into 2 groups, can be further divided into two subgroups. The initial group comprises the
first three scenarios, while the subsequent group includes the last seven. When Tables 14 and 15, and
Figures 4 and 5 are analyzed together, it is evident that the positive correlation values of the SRCBECM
method with the ENTROPY, SD, and MEREC methods decrease as the number of scenarios increases,
whereas the correlation values with the CRITIC, SVP, and LOPCOW methods increase negatively. In
summary, the SRCBECM method exhibits greater divergence from the other methods as the number of
scenarios grows. Consequently, it can be inferred that the distinctive characteristics of the SRCBECM
method become more pronounced with an increasing number of scenarios. Additionally, Figures 6 and
7 illustrate the spatial distribution of the relationships between the SRCBECM method and other
methodologies within the specified groups across both categories (First Category and Second
Category).

Dimension 2
Dimension 2

Dimension 1

Figure 6. Depicts the discriminant analysis illustrating the rho correlation between the SRCBECM method and
alternative methodologies across various scenarios-A (First Category)
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Figure 7. Depicts the discriminant analysis illustrating the rho correlation between the SRCBECM method and
alternative methodologies across various scenarios-B (Second Category)

When Figure 6 and Figire 7 are examined, in scope of first and second categories it is observed that the
distribution of the relationships of the SRCBECM method with other objective criterion weighting
methods in the 7 scenarios in the 2nd group is more dispersed than the distribution of the relationships
of the SRCBECM method with other objective criterion weighting methods in the 3 scenarios in the 1st
group. Therefore, it is observed that the rho correlation values of the SRCBECM method with other
objective criterion weighting methods change as the number of scenarios increases.

The separation power of any objective criterion weighting method to its own criteria depends on the
high variance value of the method [20]. Throughout the simulation analysis, variance values for the
methods were computed across diverse scenarios for two categories, and the corresponding values are
summarized in Tables 16 and 17.

Table 16. Variance in method outcomes across different scenarios-A (First category)

Scenario SRCBECM CRITIC SD SVP LOPCOW MEREC ENTROPY
1. Sce. 0,0125 0,0052 0,0002 0,0011 0,0003 0,0014 0,0014
2. Sce. 0,0125 0,0048 0,0001 0,0014 0,0004 0,0019 0,0017
3. Sce. 0,0138 0,0046 0,0003 0,0013 0,0003 0,0027 0,0013
4. Sce. 0,0091 0,0025 0,0003 0,0015 0,0006 0,0011 0,0019
5. Sce. 0,0145 0,0033 0,0003 0,0009 0,0005 0,0018 0,0021
6. Sce. 0,0084 0,0018 0,0002 0,0015 0,0007 0,0028 0,0015
7. Sce. 0,0132 0,0032 0,0004 0,0014 0,0004 0,0026 0,0013
8. Sce. 0,0117 0,0024 0,0005 0,0015 0,0008 0,0029 0,0012
9. Sce. 0,0113 0,0063 0,0003 0,0013 0,0006 0,0022 0,0012
10. Sce. 0,0124 0,0070 0,0002 0,0012 0,0003 0,0016 0,0016
Mean 0,0119 0,0041 0,0003 0,0013 0,0005 0,0021 0,0015

Table 17. Variance in method outcomes across different scenarios-B (Second category)

Scenario SRCBECM CRITIC SD SVP LOPCOW MEREC ENTROPY
1. Sce. 0,0128 0,0058 0,0003 0,0022 0,0007 0,0024 0,0028
2. Sce. 0,013 0,0051 0,0002 0,0019 0,0006 0,0021 0,0025
3. Sce. 0,0141 0,0049 0,0004 0,0015 0,0005 0,0039 0,0021
4. Sce. 0,0101 0,0028 0,0004 0,0012 0,0007 0,0017 0,0021
5. Sce. 0,0156 0,0036 0,0005 0,001 0,0007 0,0026 0,0023
6. Sce. 0,0099 0,0021 0,0003 0,0018 0,0009 0,0031 0,0017
7. Sce. 0,0149 0,0041 0,0004 0,0016 0,0006 0,0032 0,0019
8. Sce. 0,0131 0,0028 0,0007 0,0017 0,0011 0,0035 0,0016
9. Sce. 0,0128 0,0071 0,0004 0,0017 0,0009 0,0029 0,0015
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10. Sce. 0,0131 0,0082 0,0003 0,0014 0,0006 0,0023 0,0018

Mean 0,01294 0,00465 0,00039 0,0016 0,00073 0,00277 0,00203

Based on the data presented in Tables 16 and 17 for both categories, it is evident that the SRCBECM
method consistently exhibits higher average variance values across scenarios compared to the other
methods. Consequently, it can be inferred that the SRCBECM method demonstrates a superior ability
to discriminate criterion weights, as evidenced by its higher average variance value relative to the other
methods.

To meticulously examine the homogeneity of variances within the criterion weights integral to the
SDBHA method, an ADM (Analysis of Means for Variances, incorporating the Levene modification)
was meticulously executed across a diverse array of scenarios. This analytical approach proffers a
cogent visual representation of variance uniformity. The graphical manifestation is composed of three
cardinal elements: the global average ADM, which serves as the pivotal axis, bordered by the upper
and lower decision limits (UDL and LDL). In the event that the standard deviation of an individual
cluster transcends these decision boundaries, it intimates a salient deviation from the global average
ADM, thereby portending the existence of variance heterogeneity. Antithetically, if the standard
deviations of all clusters are ensconced within the confines of the LDL and UDL, this buttresses the
notion of variance homogeneity [20]. A clear visual explanation of the ADM analysis is provided in
Figures 8 and 9, encompassing both categories (the first category and the second category).
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Observations from Figures 8 and 9 reveal that for both categories (the first category and the second
category), the ADM values for each scenario fall within a range bounded by the UDL and LDL values.
This positioning suggests uniformity in the variance of the weights determined for each scenario. This
finding is corroborated by the Levene Test, with the essential statistics summarized in Tables 18 and 19
for each category.

Table 18. Levene test-A (First Category)

Levene Statistic dfl df2 P
0,240 2 10 0,130
p**<.05
Table 19. Levene test-B (Second Category)
Levene Statistic dfl df2 P
0,298 2 10 0,163

p**<.05

Statistical evidence from Tables 18 and 19 indicates that the p-values for both categories exceed the
commonly accepted significance threshold of 0.05. This finding signifies that the variances observed in
criterion weights across different scenarios exhibit a remarkable degree of homogeneity. In essence, the
simulation analysis produces results that affirm the inherent robustness and consistent stability of the
SDBHA method.

4. Conclusion

Navigating intricate problems often necessitates a MCDM approach, where different, and often
conflicting, factors come into play. Weighing these criteria fairly is paramount, as their relative
importance significantly influences the outcome. Recognizing this, researchers have devised various
methods for calculating weight coefficients, enriching the MCDM landscape. This study introduces
Spearman Rank Correlation-based Expanded CRITIC (SRCBECM) technique.

In the study, the weight coefficients of the FIW criteria were first measured according to the SRCBECM
method and the criterion weights were ranked as FIW5, FIW1, FIW3, FIW2, FIW7, FIW6, and FIW4. In
the second stage of the study, the weights of the criteria were also calculated using the CRITIC,
ENTROPY, SD, SVP, MEREC, and LOPCOW methods as part of the sensitivity analysis and the criteria
were ranked. According to the findings, the FIW ranking determined within the scope of the
SRCBECM method was completely different from the FIW criterion rankings within the scope of other
objective weighting methods. Based on this result, the SRCBECM method was considered to be
sensitive.

In the third stage, a comparative analysis was conducted between the results obtained by the
SRCBECM method and the results within the scope of other objective weighting methods. When the
findings were examined, it was determined that the characteristics of the criteria identified by the
SRCBECM method were more pronounced than the other methods. In addition, the rho correlation
coefficient was calculated between the FIW weights within the scope of the SRCBECM method and the
FIW weights calculated by other objective criterion weighting methods. According to the findings, no
significant positive correlations were observed between the FIW weights obtained by the SRCBECM
method and the FIW weights calculated by other objective weighting methods. Although, in the
literature, positive and significant relationships with other objective weighting methods are sought for
the proposed criterion weighting method to be reliable and credible, it is thought that the SRCBECM
method is reliable and credible in that it considers both separation and similarity conditions, which is
different from other methods.

Fourthly, two categories were created with different values assigned to the FIW values of countries,
providing 10 scenarios (data sets) for each category: 3 scenarios in the first group and 7 in the second
group. Correlations between the SRCBECM method and other objective criterion weighting methods
were evaluated based on these scenarios. The findings revealed that as the number of scenarios
increased, the SRCBECM method diverged from the other methods. Additionally, the average variance
values of the methods were calculated according to these scenarios. The results indicate that the
SRCBECM method has a higher separation power than other methods, as its average variance values
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exceed those of the other methods. Furthermore, the homogeneity test of the SRCBECM method (ADM)
was applied across the 10 scenarios in both categories. According to the findings, it is concluded that
the SRCBECM method exhibits homogeneous variances, thus demonstrating robustness and stability.
The SRCBECM method offers several practical and theoretical benefits based on its unique features. In
practical terms, its insensitivity to 0 and negative values enhances its reliability in real-world
applications where such values may arise. This avoids the calculation issues seen in methods like
ENTROPY or MEREC, resulting in smoother and more reliable computations. Furthermore, the
method's flexibility in not assuming a normal distribution of data makes it applicable to a wider range
of datasets, particularly in cases where non-parametric relationships are predominant. This allows for
better performance across diverse data without the need for complex transformations. Another
practical advantage is that the SRCBECM method balances the consideration of both divergence and
similarity among criteria, leading to a more holistic assessment. This results in more accurate and
meaningful weight assignments in decision-making processes. Additionally, the method emphasizes
the characteristic differences between criteria, which helps in distinguishing the most important factors
in complex decision-making environments.

5. Discussion

From a theoretical perspective, the SRCBECM method provides a robust alternative to parametric
correlation measures by utilizing the rho correlation coefficient. This is especially advantageous when
the assumption of normal distribution is not met, making the method more adaptable to a variety of
data types. Its comprehensive approach to weighting logic, which includes both divergence and
similarity among criteria, makes it more nuanced and reflective of complex relationships between
variables compared to methods like ENTROPY and CRITIC, which focus solely on divergence. Finally,
the SRCBECM method's ability to generate more distinctive weights based on the characteristic
differences between criteria enhances its discriminative power, offering a more precise and granular
insight into the decision-making process.

This method is considered an important tool for decision-makers in overcoming various challenges
encountered in the criterion weighting process. In real-world scenarios, the presence of zero or
negative values during the evaluation of criteria is a common issue, which can lead to invalid
calculations in some methods. However, the SRCBECM method is insensitive to zero and negative
values, helping to overcome such difficulties. Additionally, since this method does not require the
assumption of a normal distribution, it offers a wide range of applicability across different datasets,
reducing the complexity of the data. This provides decision-makers with a flexible and reliable solution
for the various situations they may face. Furthermore, by evaluating both the similarities and
differences among criteria in a balanced manner, it enables the determination of more accurate and
meaningful weights. Therefore, the SRCBECM method can contribute to more effective outcomes in
complex decision-making processes.

It is considered that the criterion weighting logic of the ENTROPY, SD, SVP, LOPCOW, and MEREC
methods, which are other objective weighting methods, can be expanded and improved by considering
the similarity logic of criteria in addition to the opposition logic, as in the DEMATEL method, in future
research. It is considered that the criterion weighting logic of the ENTROPY, SD, SVP, LOPCOW, and
MEREC methods, which are other objective weighting methods, can be expanded and improved by
considering the similarity logic of criteria in addition to the opposition logic, as in the DEMATEL
method, in future research.
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Oz: Miihendislik programlarimin, giiniimiiz kiiresel isgiicii piyasasmin taleplerini karsilayacak mezunlar
yetistirmedeki zorluklar1 géz oOniine alindiginda, bu arastirma, 6grenci basarisini etkileyen kritik faktorleri
incelemistir. Calisma, Bursa Teknik Universitesi'nden 500 miihendislik Ogrencisinin katilimiyla anket verilerini
toplamis ve Yapisal Esitlik Modellemesi (YEM) kullanarak analiz etmistir. Deneyimsel 6grenme, akademik 6z-
yeterlik, kiiltiirel zeka ve algilanan istihdam edilebilirligin, 6grenci basarisi {izerindeki etkisi incelenmistir.
Sonuglar, bu dort faktériin tiimiiniin 6grenci basarisiyla pozitif bir sekilde iliskili oldugunu gostermistir.
Deneyimsel 6grenmenin, diger ii¢ faktor {izerinde 6zellikle gii¢lii bir etkisi oldugu bulunmustur. Bu bulgular,
miihendislik programlarinin 6grencilere deneyimsel 6grenme firsatlar1 sunmasinin, 6z-yeterliklerini ve kiiltiirel
zekalarini gelistirmenin ve istihdam edilebilirliklerini artirmanin 6nemini vurgulamaktadir. Bu faktorleri egitim
miifredatlarina entegre etmek, mezunlarin kiiresel isgiicii piyasasinda rekabet edebilirligini artirabilir.

Anahtar kelimeler: Miihendislik egitimi, yapisal esitlik modellemesi, 6z-yeterlik, kiiltiirel zeka, istihdam edilebilirlik,
deneyimsel 6grenme

Determination of Critical Factors Affecting The
Success of Engineering Students by Structural
Equation Modeling

Abstract: Given the challenges engineering programs face in producing graduates who meet the demands of
today's global workforce, this research investigated the critical factors influencing student success. The study
utilized a survey methodology, collecting data from 500 engineering students at Bursa Technical University, and
employed Structural Equation Modeling (SEM) for analysis. The impact of experiential learning, academic self-
efficacy, cultural intelligence, and perceived employability on student success was examined. The results indicated
that all four factors are positively associated with student success, with experiential learning demonstrating a
particularly strong influence on the other three factors. These findings highlight the importance of engineering
programs providing students with experiential learning opportunities to enhance their self-efficacy, cultural
intelligence, and ultimately, their employability. Integrating these factors into educational curricula can better
prepare graduates to compete in the global workforce.

Keywords: Engineering education, structural equation modeling, self-efficacy, cultural intelligence, employability,
experiential learning.

1. Giris

Miihendislik egitimi, kiiresel isgiicii piyasasinin artan taleplerine yanit verebilecek yetkin ve donaniml
mezunlar yetistirmeyi hedefler [1]. Ancak, bu hedefe ulasmada gesitli zorluklarla karsilagilmaktadir. Ozellikle,
mithendislik 6grencilerinin akademik ve profesyonel basarilarini etkileyen kritik faktorlerin belirlenmesi,
egitim programlarinin daha etkili hale getirilmesi agisindan biiyiik 6nem tasir. Bu baglamda, deneyimsel
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O0grenme, akademik 6z-yeterlik, kiiltiirel zeka ve algilanan istihdam edilebilirlik gibi faktorlerin 6grenci basarisi
tizerindeki etkilerini anlamak, miihendislik egitiminde yenilikci yaklasimlar gelistirilmesine yardimci olabilir.
Genel olarak, miihendislik egitimi sadece teknik bilgi ve becerilere odaklanirken, giiniimiiz is diinyasinin
gereksinimleri dogrultusunda o6grencilere kiiltiirel zeka, iletisim yetenekleri, liderlik becerileri gibi meta-
yeterliklerin de kazandirilmasi 6nem kazanmaktadir[1]. Deneyimsel &grenme firsatlarimin artirilmasi,
ogrencilerin 0z-yeterlik ve kiiltiirel zekalarmin gelistirilmesi, ve is bulma becerilerinin gliclendirilmesi,
mezunlarin kiiresel isgiicli piyasasinda rekabet edebilirligini artirmada kritik rol oynayacaktir. Arastirmanin
temel odak noktalart1 deneyimsel 0grenme, akademik Oz-yeterlik, Kkiiltiirel zeka ve algilanan istihdam
edilebilirlik gibi miithendislik 6grencilerinin basar1 diizeylerini etkileyen 6nemli unsurlarin belirlenmesidir [3].
Bu faktorlerin se¢imi, giincel literatiir taramas1 ve uzman goriigleri dogrultusunda yapilmistir. Belirlenen
faktorlerin miithendislik egitimindeki akademik kalite kiiltiiriine nasil katki sagladig1 incelenmis ve 6grencilerin
egitim deneyimlerinin kalitesini artirmada bu faktorlerin rolii degerlendirilmistir [4]. Giiniimiiz yiiksekogretim
kurumlarinin, 6grencileri teknik bilgilerin yam sira genel becerilerle donatma ihtiyac: vurgulanmis ve egitim
programlarinin ve dgretim yontemlerinin yeniden diizenlenmesi igin stratejiler onerilmistir [5]. Bu ¢alismada
mithendislik 6grencilerinin basarilarini etkileyen kritik faktorleri Yapisal Esitlik Modellemesi (YEM) kullanarak
incelenmistir [2]. Yapisal Esitlik Modellemesi (YEM) ve Kismi En Kiigiik Kareler (PLS) teknikleri kullanilarak
Onerilen yapisal modelin gecerliligi test edilebilmektedir [6]. YEM'in tercih edilme nedeni, karmasik
degiskenler arasindaki iligkileri biitiinciil olarak analiz etme kabiliyetidir. Ayrica g¢alismada modelin
miithendislik egitiminde basariy1 artirmak i¢in nasil kullanilabilecegine dair oneriler de sunulmustur.

2. Literatiir Taramasi

Akademik basari, dgrencilerin gelecekteki profesyonel yasamlarinda etkinlik gosterebilmeleri icin temel bir
onciil olarak degerlendirilmektedir. Bu baglamda, literatiirde basar: kriterleri iizerine yiiriitiilen arastirmalar,
ogrencilere kariyer meta-yetenekleri veya Kritik Basar1 Faktorleri (KBF) kazandirmanin ehemmiyetini
vurgulamaktadir. Cok sayida arastirmaci, egitim deneyimlerinin, 6grencilerin profesyonel alanda basariya
ulagsabilmeleri i¢in gerekli olan kariyer meta-yeteneklerinin edinilmesinde kritik bir islev {istlendigini ileri
surmektedir [7], [8], [9].

Bununla birlikte, gerceklestirilen kapsamli literatiir taramasi, akademik camiada 6grenci basarisini tanimlama
ve 6lgme konusunda bir fikir birliginin bulunmadigini ortaya koymaktadir. Bu ¢ergevede, mevcut ¢alismanin
temel amaci, miihendislik Ogrencileri igin kariyer meta-yeteneklerinin belirlenmesi hususundaki bu
epistemolojik belirsizligi ele almak ve bu alanda biitiinciil bir kavrayis gelistirmektir [10]. Asagida ¢alismada
kullarilan faktorlerin tanimlari yer almaktadir:

e Deneyimsel Ogrenme: Ogrencilerin teorik bilgileri pratik deneyimlerle birlestirerek 6grenmelerini
saglayan bir 6grenme yontemidir. Archida & Vigil, 6grencilerin is diinyasindaki gereksinimlere uygun
olarak yetismelerini saglamak amactyla Deneyimsel Ogrenmenin &nemini vurgular [33]. Calisma,
ogrencilerin saha deneyimleri ve stajlarin kariyer gelisimlerine nasil katki sagladigini incelemistir. Oz-
Yeterlik: Bireyin belirli bir gorevi basarma konusundaki inang diizeyidir. Ibrahim, 6grencilerin Oz-
Yeterlik diizeylerinin kariyer basarisi iizerindeki etkisini aragtirmistir [34]. Ogrencilerin 6z-yeterlik
algilarinin, kariyer hedeflerine ulasmada ve zorluklarla basa ¢ikmada ne kadar etkili oldugunu analiz
etmistir.

o Kiiltiirel Zeka: Farkl kiiltiirlerle etkilesimde bulunma ve bu etkilesimleri yonetme yetenegidir.

e Kendi Algilanan Istihdam Edilebilirlik: Bireyin kendi is bulunabilirlik diizeyine dair algisidir.

Bu kavramlar arasindaki iligkiler, miihendislik 6grencilerinin kariyer basarilarini belirlemede kritik rol
oynayan faktorleri anlamamiza katki saglamak amaciyla detayl bir sekilde degerlendirilmistir.

Arastirma kapsaminda, ilgili literatiirde belirtilen basar1 faktorleri ve kritik basar1 faktorleri sistematik bir
sekilde incelenmis ve analiz edilmistir. Bu analiz, her bir ¢alismanin metodolojik yaklasimini, drneklem
karakteristiklerini ve temel bulgularini iceren kapsamli bir degerlendirmeyi icermektedir. Bu sayede,
miihendislik egitiminde 6grenci basarisin etkileyen faktorlerin ¢ok boyutlu bir perspektiften ele alinmasi ve
bu faktorler arasindaki karmasik iligkilerin Yapisal Esitlik Modellemesi (YEM) gibi ileri analitik teknikler
kullanilarak incelenmesi hedeflenmektedir.
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2.1. Egitim Deneyimleri ve Kariyer Basaris1

Coetzee ve Harry'nin calismasi, egitim deneyimlerinin 6grencilere kariyer basarisi i¢in temel bir zemin
saglamasi gerektigini vurgular [11]. Bu arastirma, egitim kalitesinin onemini genel olarak ele alirken, belirli
basari faktorleri tizerinde derinlesmemektedir. Ancak, ¢alisma mithendislik egitiminin kalitesinin, 6grencilerin
gelecekteki kariyer basarilariyla dogrudan iliskili oldugunu one siirmektedir.

Coetzee ve Schreuder tarafindan yapilan aragtirma ise, 6grenci bagarisinin belirlenmesinde 6gretim kalitesi ve
O0grenci memnuniyetinin 6nemini ele alir [12]. Bu ¢alisma, iyi bir egitim deneyiminin kritik basar1 faktorleri
arasinda oldugunu belirtirken, 6zellikle miihendislik egitiminde 6gretim kalitesinin 6grenci memnuniyeti
tizerindeki etkisini vurgular. Aragtirmacilar, yiiksek kaliteli 6gretimin, 6grencilerin motivasyonunu artirdigini
ve dolayisiyla akademik performanslarmi iyilestirdigini savunmaktadir.

Brown ve arkadaglarinin galismasi, yiiksek 6gretim kurumlarinin performans gostergeleri olarak kullandig:
6grenci deneyimi ve mezun c¢iktilar1 arasindaki iligkinin sorgulanmasi gerektigini savunuyor [7]. Bu aragtirma,
Avustralya Hiikiimeti tarafindan toplanan veriler kullanilarak, yiiksek 6gretim kalitesi ile mezunlarin is bulma
olasilig1 arasindaki iliskiyi arastiriyor. Calismada, Ogrenci Deneyimi Anketi (CEQ) dlgeginin alt Slgekleri olan
1yi Ogretim (GTS), Mezun Becerileri (GSS) ve Mezun Nitelikleri (GQS) inceleniyor. Arastirmacilar, GTS'nin
mezunlarin genel ders memnuniyetini tahmin ettigini ancak GSS ve GQS'nin birlesik bir sekilde mezunlarin is
bulma olasiliklarina ihmal edilebilir diizeyde etki ettigini kesfediyorlar. Bu bulgular, yiiksek Ogretim
liderlerinin ige yerlestirme becerileri ile is bulma arasindaki iliski hakkindaki soylemi dikkatlice incelemelerini
one cikariyor[13].

2.2. Bireysel Yetenekler ve Kisisel Hedefler

Papadopoulos ve Armatas'in arastirmasi, 0grenci basarisinin Olgiimiinde bireysel yeteneklerin ve kisisel
hedeflerin kritik rol oynadigini belirtir [14]. Bu calisma, 6grencinin kendi hedeflerine ulasmasina yardimci
olacak faktorler {izerinde durur. Arastirmacilar, mithendislik 6grencilerinin kisisel hedeflerini belirlemelerinin
ve bu hedeflere ulagmak igin gerekli yetenekleri gelistirmelerinin énemini vurgular. Calisma, 6grencilerin
kendi giiclii ve zayif yonlerini anlamalarinin, kariyer planlamasi ve bagarisi agisindan kritik oldugunu
savunmaktadir.

Miller, Fassett ve Palmer'in arastirmasi, yiiksek d6grenimdeki 6grenci katilimini tahmin etmede basar1 hedef
yonelimlerinin roliinii arastirmaktadir. Calisma, bireysel basari hedef yonelimlerinin, 6grencinin yiiksek
ogrenimdeki katilim davranislarini tahmin etmede 6nemli bir rol oynadigim gostermektedir. Calisma ayrica,
6grenci katilimini artirmak icin yiiksek 6grenimdeki ogretim iiyelerinin ve idari kadronun &grenci hedef
yonelimlerine dikkat etmesi gerektigini savunmaktadir. Bu arastirma, yiiksek 6grenimde 6grenci katilimi ile
ilgili 6nemli bir konuyu ele almaktadir ve yiiksek 6grenimdeki 6grencilerin basar1 hedeflerine ulasmalar1 ve
hedeflerini belirlemeleri icin gerekli kaynaklar saglayarak akademik gelisimlerini iyilestirmek igin pratik
Oneriler sunmaktadir [15].

2.3. Is Bulma ve iste Kalma Yetenekleri

Literatiirde, is bulma ve iste kalma yetenekleri ile ilgili gesitli konseptler ve teoriler ele alinmigtir. Ornegin,
Campos'un ¢alismasi, 0grencilerin smif icinde edindikleri bilgi, beceri ve kariyerle ilgili meta-yetenekleri is
piyasasindaki durumlara nasil aktarabilecegini degerlendirmistir[7]. Bu arastirma, miithendislik 6grencilerinin
teorik bilgilerini pratik uygulamalara doniistiirme yeteneklerinin 6nemini vurgular.

Clark'in calismasi, Ingiltere ve Avustralya'daki yiiksekdgretim kurumlarmin, &grencilerin sinuf icinde
edindikleri yetenekleri is yasamina nasil transfer edebileceklerini ele almistir [16]. Bu arastirma, miithendislik
egitiminde kazanilan becerilerin is diinyasinda nasil uygulanabilecegine dair 6nemli i¢goriiler sunmaktadir.
Yiiksekogretimde akademik beceri gelistirme ve is bulma becerileri arasindaki iligski iizerine yapilan
arastirmalar, Ogrencilerin is hayatina hazirlanmasinda iiniversitelerin roliine odaklanmaktadir. Menz'in
calismasi[17], 0grencilerin elestirel diisiinme, problem ¢ozme ve etkili iletisim gibi akademik becerilerini
gelistirerek isverenlerin beklentilerini karsilamalarina yardimci olmak i¢in miifredata zorunlu beceri gelistirme
modiilleri ve 6grenme giinliikleri eklenmesini onermektedir . Bu arastirma, akademik becerilerin is bulma
becerileriyle dogrudan baglantili oldugunu ve {iniversitelerin bu becerileri gelistirmede aktif rol oynamalari
gerektigini vurgular.
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2.4. Deneyimsel Ogrenme ve Kariyer Geligimi

Deneyimsel 6grenme, miithendislik 6grencilerinin kariyer gelisiminde dnemli bir rol oynamaktadir. Amant'm
calismasi, deneyimsel 6grenmenin 6grenci basarisi iizerindeki etkilerini inceler ve &grencilerin farkli bakis
pratik deneyimler yoluyla nasil daha etkili 6grendiklerini ve bu deneyimlerin kariyer bagarisina nasil katkida
bulundugunu gostermektedir.

Andrew ve Garciain aragtirmasi, deneyimsel 6grenmenin 6grencilerin kariyer gelisimi {izerindeki etkilerini
degerlendirir ve dgrencilerin isyeri deneyimlerinin kariyer hazirliklarindaki roliinii arastirir[19]. Bu ¢alisma,
miithendislik 6grencilerinin staj ve is deneyimlerinin, onlarin gelecekteki kariyer basarilarini nasil etkiledigini
ortaya koymaktadir.

Arslan'in ¢alismasi, deneyimsel 6grenmenin Ogrencilerin kisisel gelisimi {izerindeki etkilerini inceler ve
ogrencilerin deneyimledikleri olaylardan nasil &grendiklerini ele alir [20]. Bu arastirma, miihendislik
ogrencilerinin pratik deneyimler yoluyla nasil kisisel ve profesyonel olarak gelistiklerini gostermektedir.
Bass'in ¢aligmasi, deneyimsel 6grenmenin liderlik becerileri tizerindeki etkilerini analiz eder ve 6grencilerin
liderlik deneyimleriyle kazandiklar1 bilgileri degerlendirir [21]. Bu arastirma, miihendislik 6grencilerinin
liderlik becerilerini gelistirmelerinin kariyer basaris: agisindan énemini vurgular.

Booth'un ¢alismasi, deneyimsel 6grenmenin dgrencilerin elestirel diisiinme yetenekleri {izerindeki etkilerini
inceler ve 0grencilerin deneyimlerinden nasil elestirel diisiindiiklerini arastirir[22]. Bu ¢alisma, miihendislik
ogrencilerinin analitik ve problem ¢dzme becerilerini gelistirmelerinin kariyer basarisi igin kritik oldugunu
gostermektedir.

Segarra ve Gentry'nin calismasi, deneyimsel 6grenmenin akademik kariyer gelisimi {izerindeki etkilerini
incelemekte ve bireylerin kendi profesyonel gelisimlerini yonetmelerinin 6nemini vurgulamaktadir [23]. Bu
arastirma, Amerikan Hiicre Biyolojisi Derneginin (ASCB) Kariyer Gegislerini Gergeklestirme (ACT)
Programinin deneyimsel 6grenme bilesenini ele almaktadir. Calisma, doktora sonrasi arastirmacilarin ve yeni
Ogretim {iyelerinin, oOzellikle STEM alanlarinda yetersiz temsil edilen gruplardan gelenlerin, akademik
pozisyonlara gegis ve kadro alma siireclerinde ihtiya¢ duyduklar: becerileri gelistirmelerine yardimci olmak
i¢in bireysellestirilmis profesyonel gelisim deneyimlerinin (practicum) tasarlanmasinin ve uygulanmasinin
faydalarmi ortaya koymaktadir.

2.5. Oz Yeterlilik ve Akademik Basar

Oz yeterlilik, bireyin bir hedefe ulasma konusundaki kisisel inancini ifade eder. Bandura'min tanimina gore[24],
0z yeterlilik bir davranisi basariyla gerceklestirebilecegine dair bir inanctir ve bu inang, davranis se¢imini
etkiler. Bandura ise 0z yeterliligi, bir kisinin bir hedefe ulasmak icin gerekli olan eylemleri diizenleme ve
gerceklestirme yetenegi olarak tanimlamistir.

Adediwura, 6z yeterliliginin bir bireyin 6grenme ve performansla basa ¢ikma kapasitesi {izerinde 6nemli bir
Olcli oldugunu rapor etmistir [25]. Avustralya'daki birinci siuf tiniversite Ogrencileri arasinda yapilan
calismalar, 0z yeterliliginin devamlilik, retansiyon, 0grenci memnuniyeti ve akademik performansin bir
gostergesi olarak kabul edildigini gostermistir. Bu nedenle 6grenci 6z yeterliliginin eksikliginin 6grenci
memnuniyetini, 0grenmeye devam etmeme ve akademik basariyr olumsuz etkileyebilecegi sonucuna
varilmistir.

Honicke ve arkdaslari ¢calismalarinda[26], Bandura'nin 6z-yeterlik ve akademik basar: arasindaki karsilikl iligki
teorisini incelemektedir. Arastirma, bu iligkiyi etkileyen faktorleri ve 6zellikle baslangi¢ performansi ile gorev
zorlugunun zaman igindeki etkilerini arastirmaktadir. Calisma, 261 f{iniversite Ogrencisi iizerinde
gerceklestirilmis ve su temel bulgular ortaya koymustur:

Basaridan oz-yeterlige dogru anlamli pozitif yollar bulunmustur, ancak 6z-yeterlikten performansa dogru
anlaml bir iliski gézlenmemistir. Bu durum, karsilikli etkilesim hipotezini tam olarak desteklememektedir.
Tekrarli 6lgiimler ANOVA analizi, baglangictaki gorev performansinin, gorev zorlugu ve zaman igindeki bagari
arasindaki etkilesim {izerinde diizenleyici bir etkisi oldugunu gostermistir. Bulgular, 6zellikle baslangicta
diisiik performans gosteren 6grenciler icin, akademik performansi kademeli ustalik yoluyla artirmanin énemini
vurgulamaktadir. Bu yaklasim, 6grenilen beceriler i¢in 6z-yeterligi gelistirmede etkili olabilir. Bu calisma,
akademik basari ve 6z-yeterlik arasindaki iliskinin karmasikligini ortaya koymakta ve egitimcilere, 6grencilerin
performansini ve 6z-yeterliklerini gelistirmek igin stratejiler sunmaktadir.
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2.6. Kiiltiirel Yetkinlik ve Kiiresel Rekabet Giicii

Gelecekteki mezunlar1 daha iyi hazirlamak amaciyla 6gretim ve 6grenme siireclerine entegre edilecek temel
nitelikleri belirlemeye yonelik literatiirde cesitli teoriler ve terimler bulunmaktadir. Hunter, kiiresel yetkinligin
diger kiiltiirlerle etkilesimi tesvik eden 6nemli bir kavram oldugunu belirtmistir [27]. Downey, miihendislik
egitiminde 6grenmeye kiiresel yetkinlik eklemenin 6nemini ele almistir[28].

Vitto, kiiltiirel yetkinligin artik sadece giizel bir beceri olmadigini, aym zamanda ekonomik bir zorunluluk
haline geldigini belirtmistir. Jesiek, "cross-cultural competence" terimini kullanarak, gelecekteki mithendislerin
etkili bir sekilde farkl {ilkeler ve kiiltiirler arasinda hareket etmeleri gerektigine dair farkindalik olusturmanin
Onemine vurgu yapmistir[29].

Sternberg, "cross-culturally Intelligence" terimini kullanarak, cevreye etkili bir sekilde uyum saglama
yetenegini ifade etmistir. Bu caligmalar, 6grencilerin sadece teknik becerilerini degil, aym zamanda kiiltiirel ve
global yetkinlikleri de gelistirmelerinin énemine dikkat ¢cekmektedir[30].

Huang arastirmasindal[31], kiiltiirleraras: 6grenmenin ergenlerin kiiresel yetkinligi tizerindeki etkisini ve okul
ayrimcilik ikliminin moderator roliinii incelemektedir. 26 ekonomiden 7,012 okulu temsil eden 211,554
ogrencilik bir 6rneklem kullanilarak gerceklestirilen analizler, kiiltiirlerarasi: 6grenmenin dikkat gekici bir ters
U-seklinde etkiye sahip oldugunu ortaya koymaktadir. Bulgular, &grencilerin kiiltiirleraras1 0grenme
faaliyetlerine katilimi arttikga, kiiresel yetkinliklerinin baslangicta arttigini, ancak kritik bir doniim noktasina
ulastiktan sonra azaldigmi gostermektedir. Ayrica, ¢alisma Kkiiltiirlerarast dgrenmenin egrisel etkisinin
okullardaki mevcut ayrimcilik iklimiyle énemli dlgiide diizenlendigini ortaya koymaktadir; egrisel patern,
ayrimcilik seviyeleri diisiik oldugunda (-1SD) daha belirgin, yiiksek okul ayrimcilik iklimi kogullarinda (+1SD)
ise nispeten daha diiz hale gelmektedir. Bu bulgular, kiiltiirleraras: 6grenme girisimlerinin ve okul ikliminin
ergenlerin kiiresel yetkinligini gelistirmede kritik faktorler olduguna isaret etmektedir.

2.7. istihdam Edilebilirlik ve Kariyer Basarist

Glinlimtiizde bireylerin istihdam edilebilirlikleri, Hillard ve Pollard tarafindan ortaya konan dort temel unsur
etrafinda sekillenmektedir[8]. Bu unsurlar; varliklar (bilgi, beceri ve tutumlar), gorevlendirme (kariyer yonetim
becerileri, is arama becerileri ve adaptasyon), sunum (isttihdam edilebilirlik varliklarini pazara erisilebilir bir
sekilde sunabilme yetenegi) ve kisisel durumlar ile dis isgticii piyasasi olarak belirlenmistir.

Bireyin sadece sahip oldugu bilgi ve becerilere odaklanmanin yeterli olmadig1; ayni zamanda bu bilgi ve
becerileri etkili bir sekilde yonetebilme, is bulabilme ve degisen kosullara uyum saglayabilme yeteneginin de
kritik 6neme sahip oldugu vurgulanmaktadir.

Rothwell ise istihdam edilebilirligi {i¢ bilesenli bir modelle agiklamaktadir. Bu model, ulusal isgiicii diizeyinde
istihdam edilebilirlik, insan kaynaklar1 yonetimi ve is ve kariyer psikolojisi igindeki istihdam edilebilirlik ve
bireylerin resmi egitim i¢indeki istihdam edilebilirligi icermektedir. Bu anlamda, bir bireyin isgliciine
katiliminin, ulusal beceri politikalar1 ve endiistri diizeyindeki istihdam ihtiyaclariyla iligkilendirilebilecegi
vurgulanmaktadir[32].

Literatiir taramasi ile miithendislik dgrencilerinin kariyer basarilarin etkileyen 6nemli faktorler incelemis olup
Deneyimsel Ogrenme, Oz-Yeterlik, Kiiltiirel Zeka ve Is Bulunabilirlik Algisi gibi unsurlarin 6grencilerin kariyer
gelisiminde kritik roller oynadig1 goriilmiistiir.

3. Materyal ve Metot

Bu calisma, mithendislik 6grencilerinin basarilarin etkileyen kritik faktorlerin yapisal esitlik modellemesi
(YEM) ile belirlenmesini amaglamaktadir. Arastirma, "Hangi kritik faktorler miithendislik 6grencilerinin
basarilarmi etkiler?" ve "Kurulan modelin dogrulugu ve gecerliligi nasil belirlenebilir?" sorularina cevap
aramaktadir. Bu sorular1 yanitlamak amaciyla, Sekil 1'de detayl olarak gosterilen bir arastirma modeli ve bu
modele ait alt degiskenler tanimlanmistir. Model, 6grenci basarisini etkileyen faktorler arasindaki iliskileri
analiz etmeyi hedeflemektedir. Kisacasi, bu ¢alisma, miithendislik 6grencilerinin akademik basarilarim
etkileyen faktorleri belirlemeyi ve bu faktorler arasindaki iliskileri YEM ile dogrulamay: amacglamaktadir.
Calismada test edilen hipotezlerasagida sunulmustur:

H1: Akademik 6z yeterlik (AQY) ile kiiltiirel zeka (KZ) arasinda pozitif bir iliski vardir.

H2: Akademik 6z yeterlik (AOY) ile kendi algilanan istihdam edilebilirlik (KAIE) arasinda pozitif bir iligki
vardir.
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H3: Kiiltiirel zeka (KZ) ile kendi algilanan istihdam edilebilirlik (KAIE) arasinda pozitif bir iliski vardir.

H4: Deneyimsel 6grenme (DO) ile akademik 6z yeterlik (AQY) arasinda pozitif bir iliski vardir.

H5: Deneyimsel 6grenme (DO) ile kiiltiirel zeka (KZ) arasinda pozitif bir iligki vardir.

Hé6: Deneyimsel 6grenme (DO) ile kendi algilanan istihdam edilebilirlik (KAIE) arasinda pozitif bir iligki vardir.

Deneyimsel
Ogrenme

(DO)

Kendi Algilan
Istihdam
Edilebilirlik
(KAIE)

Akademik Kalite Akademik OZ
Kiiltiirt Yeterlik

Kiiltiirel Zeka

(KZ)

Sekil 1. Arastirma modeli ve bu modele ait alt degiskenler

Veri Toplama: Veriler, Bursa Teknik Universitesi 6grencilerine uygulanan anketler araciligiyla toplanmistir.
Cesitli 6grenci gruplarimi temsil edecek sekilde 6zenle secilen 500 katilimcidan olusan 6rneklem, akademik 6z
yeterlik, kiiltiirel zeka, deneyimsel 6grenme ve kendi algilanan istihdam edilebilirlik gibi degiskenleri 6lgen
anketi yanitlamistir.

SmartPLS ile Veri Analizi: Veriler, SmartPLS programi kullanilarak analiz edilmis ve yapisal model
degerlendirilmistir. Biiyiik 6rneklem biiyiikliigii (n=500) ve 6zenle sec¢ilmis drneklem, istatistiksel tahminlerin
dogrulugunu artirarak hipotezlerin giivenilir bir sekilde test edilmesini saglamaktadir.

Tablo 1. Hipotez testinin sonuglarini

Hipotez Yol K(aﬁt)s ayist T Degeri R? I& Sonug¢
H1 0.368 5.24 0.390 0.018 Kabul
H2 0.272 3.91 0.303 0.073 Kabul
H3 0.145 2.57 0.303 0.066 Kabul
H4 0.430 6.78 0.185 0.181 Kabul
H5 0.370 5.56 0.390 0.227 Kabul
Heé 0.259 412 0.303 0.324 Kabul

Calisma sonuglari, hipotezlerin dogrulandigini gostermektedir. Akademik 6z yeterlik, kiiltiirel zeka ve
deneyimsel 6grenme gibi faktorlerin akademik performans algisi tizerinde pozitif ve anlaml bir etkisi oldugu
bulunmustur. Bu ¢alisma, akademik basariy: etkileyen faktorlerin anlasilmasina katki saglamaktadir. Ozellikle
ogrencilerin akademik 6z yeterliklerinin artirilmasi, kiiltiirel zeka ve deneyimsel 6grenme yeteneklerinin
desteklenmesi, genel akademik performanslarin iyilestirmede énemli rol oynamaktadir. Anket, literatiirdeki
bilgilere dayanarak, 6grencileri rekabetgi is piyasasina hazirlamada énemli faktorler olarak tanimlanan yapilara
odaklanmaktadir. Bu faktorler Tablo 2'de detayli olarak tartisiimaktadir.
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Tablo 2. Anket bilgileri

Olusturmak (gizil degiskenler) Oge/Gosterge (gozlemlenen degiskenler)
AOY 1 Kendim igin belirledigim ¢ogu hedefi bagarabiliyorum.
AOY 2 Zor gorevleri basaracagimdan eminim.
Akademik 6z- - y o e
terlik AOY 3 Aklima koydugum herhangi bir ¢cabada bagarili olabilirim.
ete .
y AOY 4 Hedeflerimi bagarmak i¢in azimle ¢aligabilirim.
AQY 5 Yeni gorevleri iyi yapabilirim.
K7 1 Kariyerim bagkalarmin kiiltiirel normlarin1 anlamama yardimct
oldu.
Cok Kkiiltiirlii  etkilesimlerde kullandigim kiiltiirel bilginin
Kz2
ltiirel Zel farkindayim.
Kiiltirel Zeka KZ3 Diger kiiltiirlerin sanat ve zanaatlarini biliyorum.
KZ 4 Farkl kiiltiirlerden insanlarla etkilesimden keyif aliyorum.
K75 Cok Kkiltiirliit bir durumda gerektiginde sozsiiz iletisim
davraniglarimi degistiririm.
DO1 Bu kurs, 6grenme hedefleri baglaminda etkili bir deneyim sunar.
Deneyimsel DO 2 1iac;erik VG:: O0grenme cl;eneyi.mi.kériyerirlnle 1'1<1tgill<i.dir. . A
Ogrenme DO 3 u  Ogrenme eneyimini  gelecekteki  is 1rsatlariyla
bagdastirryorum.
DO 4 Bu ders bana yeni bilgiler olusturma firsat1 sagladz.
Kendi Algilanan KAIE 1 Ise kolayca cekici olmak igin gerekli niteliklere sahibim.
Istihdam .
Edilebilirlik KAIE 2 Mezuniyetimden sonra is bulacagima giiveniyorum.
AKK1 BTU, miihendislik alaninda 6nde gelen bir iiniversitedir.
Akademik Kalite AKK 2 Ei({i;@m kad?;lyla, B"ll“lf.JkTu;.lfiyer.dZ tamnmfl§ bir i'miversi’fd;; .
Kiiltiirii AKK 3 BTUniin - miikemmelli tizeyinde performans sergiledigine
inantyorum.
AKK 4 BTU'daki egitim deneyiminden memnunum.

Deneyimsel Ogrenme, Akademik Oz Yeterlilik, Kendi Algilanan Istihdam Edilebilirlik ve Kiiltiirel Zeka gibi
belirlenen kritik basar1 faktorleri arasindaki iligkilerin 6grencilerin egitim kalitesi algilar1 {izerindeki etkisini
Ol¢mek icin bir anket/soru formu gelistirilmistir. Anket iki boliimden olusmaktadir: Birinci boliim demografik
ozellikleri (yas, cinsiyet, boliim, akademik statii vb.) igerirken, ikinci boliimde 6grencilerden Akademik Oz
Yeterlilik, Kiiltiirel Zeka, Deneyimsel Ogrenme, Kendi Algilanan Istihdam Edilebilirlik ve Akademik Kalite gibi
bes gizil degiskeni temsil eden egitim deneyimlerine yonelik algilarini 5 puanhk Likert tipi oOlgekte
degerlendirmeleri istenmistir.

Bu c¢alisma, nicel bir arastirma yaklasimi kullanarak gergeklestirilmistir. Veriler, Yar1 Parametrik En Kiigiik
Kareler Teknigi ile Yapisal Esitlik Modeli (PLS-SEM) kullanilarak yapilandirilmis bir anket araciligiyla
toplanmis ve modelin dogrulanmas: i¢in SmartPLS 3.0 yazilimmna aktarilmistir. Yazilim, saglanan endojen
latent degiskenlerin agiklanan varyansini maksimize eden bir algoritma kullanarak, latent degiskenler
arasindaki iligkileri (i¢ model katsayilar1) ve bunlarin ilgili gostergelerle olan iliskisini (dis model katsayilar1)
tahmin etmektedir. Onerilen model, nedenselligin yapidan olgciitlere dogru yonlendirildigi yansitici bir
modeldir.

4. Analiz Ve Bulgular

Bu calisma, SmartPLS3 yazilimi kullanilarak iki ana kisimda gergeklestirilmistir.

Calisma, yapisal esitlik modelinin gozlenen ve gozlemlenmeyen degiskenler arasindaki iligkileri tanimlayan
Ol¢lim modeli analizi ile baglamaktadir. Bu asamada, arastirma degiskenlerinin Sl¢iimiiniin tartisilmasi ve
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gostergelerin gecerliligi ve giivenilirligine odaklanilmistir. Olciim modeli analizi, calismanin temelini olusturan
degiskenlerin dogru bir sekilde 6l¢iildiigiinden emin olmay1 amaglamaktadir.

Ikinci kisim ise yapisal model analizidir. Bu asama, bagimsiz ve bagimh degiskenler arasindaki iligskinin
dogasini ortaya koyar ve bu iliskileri aciklayan bir i¢sel model olusturur. Her bir bagimsiz degiskenin bagimli
degiskenler iizerindeki etkisini ve agiklama giliciinii aragtirir. Yapisal model analizi, calisma hipotezlerinin
sonugclarin ve iliskilerin yoniinii (pozitif veya negatif) belirler.

Calismanin  sonuglari, toplanan verilerin Ol¢iim modeli kriterlerini  karsilayip karsilamadiginin
degerlendirilmesinin ardindan yapisal modelin sonuglariyla birlikte sunulmustur. Bu analizler, ¢calismanin
amacina ve belirlenen hedeflere ulasma siirecini tamamlamis ve aragtirma sorularina yanit vermistir. Sonug
olarak, SmartPLS3 programu kullamilarak yapilan bu iki agamali analiz siireci, arastirmanimn teorik temelini
gliclendirmis ve hedeflenen sonuglari etkili bir sekilde sunmustur.

ASE 2 ASE 3 ASE 2 ASES ASE 1

Sekil 2. SmartPLS 3.0'dan ¢ikti sonuglari

4.1. Ol¢iim Modeli analizi (Measurement Model)

Yakinsak Gegerlilik (Convergent Validity): Bir 6l¢egin farkli dl¢iimleri arasindaki iliskiyi degerlendirir. Ayni
kavrami Olgen farkli Olciimlerin birbirleriyle tutarli olup olmadigini gosterir. Yani, lgek altindaki farkli
Olctimler arasinda yiiksek bir korelasyon olmasi beklenir. Bu, 6lcegin giivenilirligini ve gecerliligini gosterir
[35,36].

Ayirt Edici Gegerlilik (Discriminant Validity): Bir 6lgegin farkli kavramlar: 6lgme yetenegini degerlendirir.
Farkli kavramlari temsil eden Glgekler arasinda diisiik bir korelasyon olmasi gerektigini vurgular. Yani,
Olctimler arasinda diisiik korelasyonlar, farkli kavramlar 6l¢tiigiini dogrular [36].

Bu iki ana bilesen, 6l¢iim modelinin gecerliligini ve giivenilirligini saglamak icin temel olarak kullanilir.
4.1.1.0l¢eklerin yakinsak gegerlilik analizi (Convergent validity)

Yakinsak gecerlilik analizi, bir kavrami 6l¢gmek igin kullanilan maddelerin birbiriyle ne derece tutarl oldugunu
degerlendirir. Bu analiz, genellikle Hair Jr, Hult, Ringle ve Sarstedt (2016) tarafindan belirtilen ti¢ kriter
araciligiyla gerceklestirilir:

I¢ Tutarlilik (Faktér Doygunluklar): Bir faktor altinda yer alan dlgek maddelerinin birbirleriyle ne kadar
tutarl oldugunu ifade eder. Bu kriter, maddeler arasindaki korelasyonlarin degerlendirilmesi yoluyla belirlenir.
Olgegin Giivenilirligi (Bilesik Giivenilirlik - CR): Olcek altindaki tiim maddelerin bir araya gelerek dlciilen
kavrami ne kadar dogru ve giivenilir bir sekilde yansittigini ifade eder. Bilesik giivenilirlik, Slgegin i
tutarliligini degerlendirmek igin kullanilir ve genellikle Cronbach'in alfa katsayis: gibi istatistiksel yontemlerle
hesaplanur.
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Cikarilan Ortalama Varyans (AVE): Bir faktor altindaki maddelerin toplam varyansmnin ne kadarmi
acikladigini ifade eder. AVE, bir faktor altindaki maddelerin birbirleriyle ne kadar tutarli oldugunu
degerlendiren bir kriterdir. Genellikle, AVE degeri 0.50'nin {izerinde olmalidir, bu da maddelerin birbiriyle
tutarl oldugunu gosterir.

Bu ¢ kriter, 6lgek altindaki maddelerin birbiriyle tutarli olup olmadigini degerlendirmek i¢in kullanilir ve
6l¢iim modelinin gegerliligini saglamak igin énemlidir.

Tablo 3. Yakinsak Gegerlilik Kriterlerinin A¢iklamasi.

Standartlar Onaylanan degerler

Hair Jr ve digerleri'ye gore tiim sorularin faktor ytiikii
0,50'den biiyiik olmalidir[38].

Hair Jr ve digerleri'ye gore genel gostergeler
arasindaki i¢ tutarliligi yansitabilmek igin bilesik
glivenilirlik (CR) degerlerinin 0,70'ten biiyiik olmasi
gerekir[38].

Hair Jr ve digerleri'ye, agiklanan varyans (AVE)
degerlerinin, tiim faktdr sorularmin Ol¢iimdeki
basarisint yansitmast i¢in 0,50'den biiyiik olmast
gerekir[38].

I¢ Tutarlilik- Faktér Doygunluklar

Olgegin giivenilirligi- Bilesik Giivenilirlik (RC)

Cikarilan Ortalama Varyans (AVE)

i¢ Tutarlilik - Doygunluk Faktorii Yiiklemesi: Arastirma modelinin i¢ tutarliligi, sorularin (maddelerin) tiim
boyutlara iliskin doygunluklarinin test edilmesiyle tahmin edilmektedir. Calisma modelinin yakinsak
gecerliligini dogrulamak icin modelin gegerliligi, ¢calisma modeli 6gelerinin doygunluklar: (Faktor yiikleme)
ol¢iilerek degerlendirilir; burada Tablo 4'deki sonuglar, calisma modelinin doygunluk degerlerini gosterir.

Tablo 4. Her Boyut icin Soru Doygunluklarmin Sonuglari

Quter loadings — Matrix
AKK AOY KZ DO KAIE

AKK 1 0.851
AKK 2 0.833
AKK 3 0.913
AKK 4 0.831
AQY 2 0.816
AOY 3 0.780
AOY 4 0.775
AQY 5 0.807

Kz 1 0.727

KZ?2 0.768

KZ3 0.784

KZ 4 0.759

KZ5 0.749

DO1 0.767

DO 2 0.804

DO3 0.849

DO 4 0.810
KAIE 2 0.911
KAIE 1 0.911
KAIE 1 0.791

Bilesik Giivenilirlik Olgegi (CR): Bilesik giivenilirlik, faktor yiiklerinin toplamina gore gizli degisken faktor
yliklerinin toplami art1 hata varyansin 6lger ve Hair Jr ve arkadaslarina gore [38]6nerilen deger 0,7 veya daha
yiiksek olmalidir. Bilesik Giivenilirlik (CR) 6lgeginin giivenilirlik sonuglari Tablo 5'te gosterilebilir.
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Tablo 5. CR 6lceginin giivenilirlik sonuglari

Cronbach’s Composite reliability Composite reliability Average variance
alpha (rho_a) (rho_c) extracted (AVE)
AKK 0.880 0.884 0.918 0.736
AQY 0.854 0.856 0.895 0.631
KZ 0.814 0.814 0.871 0.574
DO 0.822 0.823 0.882 0.653
KAIE 0.795 0.795 0.907 0.830

CR kompozit giivenilirlik 6l¢timii sonuglar1 yukaridaki Tablo 5'te oldugu gibi tiim degerlerin 0,70'ten biiyiik
oldugunu gostermektedir. Hair ve digerleri 'ya gore [38], calisma faktorleri yiiksek kabul edilmektedir.
Cikarilan Ortalama Varyans (AVE): Agiklanan Ortalama Varyans (AVE) 6lgiisii, yapisal model diizeyinde
yakinsak gecerliligi kanitlamak icin kullanilan en popiiler onlemlerden biridir. Bu 6l¢ii, faktorle iligkili
gostergeler icin kare yiiklerin genel ortalamasi, yani kare yiiklerin toplammin gdsterge (soru) sayisma
boliinmesiyle tanimlanir. Bireysel gostergelerle ayni mantig1 kullanarak, 0,50 veya daha yiiksek bir AVE degeri,
faktoriin gostergelerindeki varyansin ortalama yarisindan fazlasini agikladigini gosterir. Buna karsilik, 0,50'den
diisiik bir AVE degeri, ortalamada hala varyansin oldugunu gosterir.

Average Variance Extracted (AVE)
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Sekil 3. AVE sonuglari

Cikarilan Ortalama Varyansin sonuglari, Sekil 3'te gosterildigi gibi, tiim degerlerin 6nerilen standard: agtigim
gostermektedir. Yani ortalama agiklanan varyans kriterinin karsilandigy, yani faktoriin sorular: arasinda uyum
oldugu anlamina gelmektedir.

4.1.2. Ayirt Edici Gegerlilik (Discriminant Validity)

Ayirt edici gegerlilik kriteri, kullanilan degiskenlerin miikerrer olmamasin saglamak amaciyla degiskenlerin
birbirinden farklilik derecesini, yani her degiskenin kendisini temsil ettigini ve diger degiskenleri temsil
etmedigini ifade eder. Fornell ve Larcker [37] kriteri kullanilmis ve ¢alisma aracinin ayirt edici gegerliliginin
olabilmesi i¢in, ¢alisma degiskenlerinin her biri igin Fornell-Larcker kriterinin geri kalan degiskenlerle
kargilagtirilabilecek en biiyiik kriter olmasi gerekmektedir. Yani degiskenin kendisini diger degiskenlerden
daha fazla temsil ettigi ve dolayisiyla calisma degiskenleri arasinda ortiisme olmadig1 anlamina gelir. Tablo 6
ortiismenin olmadigini ve dolayisiyla ¢calismanin ayirt edici gegerliligi kriterini gostermektedir.

Tablo 6. Ayirt edici gecerlilik sonuglar:

AKK AOY Kz DO KAIE
AKK 0.858
AOY 0.290 0.794
KZ 0.401 0.528 0.758
DO 0.456 0.430 0.528 0.808
KAIE 0.495 0.459 0.425 0.452 0.911
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Yukaridakilere dayanarak, sonuglar hem Yakinsak gecerliligi hem de Ayiric gegerliligi olan Olgiim Modelinin
analizi yoluyla degiskenleri 6l¢mek igin kullanilan sorularin gegerliligini gostermektedir. Igsel model olan
Yapisal Modelin analiz edilmesiyle devam edilebilir.

4.2.Yapisal Model Analizi

Standart modelin yakinsak ve ayirt edici gegerlilik dlgiitlerinin sonuglar1 kabul edildikten sonra, bir sonraki
adim yapisal modelin sonuglarinin degerlendirilmesi ile ilgilidir. Bu agsama, modelin tahmin yeteneklerini ve
calisma degiskenleri arasindaki iliskileri incelemeyi igerir. Yapisal modelin degerlendirilmesi icin kullanilmasi
gereken temel kriterler sunlardir:

Yorumlama Katsayis1 (R?): Bagimli degiskenlerdeki degiskenligin ne kadarmmi bagimsiz degiskenlerin
acgikladigi Slger. Yiiksek bir R degeri, modelin verileri iyi agikladigin gosterir [18].

Etki Boyutu (f?): Bagimsiz degiskenlerin bagiml degiskenler {izerindeki etkisini 6lger. Bu, iligkinin giiciinii ve
6nemini belirlemeye yardimci olur [19].

Hipotez Testi: Modeldeki iliskilerin istatistiksel olarak anlamli olup olmadigini belirler. Bu hipotezlerin kabul
edilip edilmedigini gosterir.

Bu kriterler, yapisal modelin basarisini ve iliskilerin giiciinii degerlendirmek i¢in kullanilir.

Tablo 7. Yapisal modeli degerlendirme kriterleri

Standartlar Tanim

Cohen'e gore [40] , R >yorumlama faktoriiniin degeri asagidaki gibidir:
e R2<0,02 ise herhangi bir aciklama faktorii yoktur

Acikl Faktorii
B tord e 0,02<=R2<0,12 ise kiigiik
e 0,12 <=R2<0,25 ise orta
o 0,25 <=R%<l1 ise biiyiik
Hair ve arkadaglari’na gore[38] , f2etki boyutunun degeri asagidaki gibidir:
e  {2%<0,02 ise herhangi bir etki boyutu yoktur.
o A,
Etki Boyutu f? © eSO e Kiiciik
e 0,12 <=£2<0,25 ise orta
e 0,25<=f2<1 ise biiyiik
. Yol katsayisi biiyiiklitk, uyum agisindan tahmin edilmelidir ve normalde kullanila deger
Bootstrapping asagidaki gibidir:
kullanarak yol $38 & )

e  10% anlamlilik diizeyinde 1,65'e esittir.
. 5% anlamlilik diizeyinde 1,96'e esittir.
o Hair ve arkadaslari’na gore[38] , 1% anlamlilik diizeyinde 2,59'e esittir.

katsayisini kontrol
etme

Aciklama Katsayis1 (R?): Yorumlama katsayisi, yapisal bir modeli degerlendirmek icin en yaygin ol¢iidiir ve
R? degeri olarak bilinir. Bu katsay1, modelin tahmin giiciiniin bir Ol¢iisiinii temsil eder ve yapisal modelin
gercek ve tahmin degerleri arasindaki kare korelasyonu olarak hesaplanir.

Tablo 8. Yorumlama katsayis1 sonuglari

R? R? adjusted
AKK 0.245 0.243
AQY 0.185 0.183
KZ 0.390 0.387
KAIE 0.303 0.299

Yiiksek ve orta bir R? degeri, modelin verileri iyi acikladigini gosterir.
Etki Boyutu (f?): Etki biiyiikliigii degerleri her bir bagimsiz degiskenin bagimli degiskeni agiklama yetenegini
agiklamaktadr.

Tablo 9. Etki biiyiikliigii sonuglari

f-square-Matrix

AKK AQY KZ DO KAIE
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AKK

AQY 0.181 0.073
KZ 0.018
DO 0.227 0.182 0.066

KAIE 0.324

Tablodaki degerler bagimsiz degiskenlerin bagimli degiskenler {izerindeki etkisinin giiciinii ve boyutunu
gostermektedir.

Hipotez Testi: Bu asama, arastirmanin ana sorularia ve hipotezlerine cevap verme yetenegini belirlemeye
yoneliktir. Hem yorumlama faktoriiniin hem de etki biiyiikligiiniin degerleri dogrulandiktan sonra
hipotezlerin sonuglar: test edilmistir. Tablo 10°da yapisal model, calismanin hipotezlerinin sonuglarini

gostermektedir.
Tablo 10. Hipotez sonuglar1

Path coefficients

AOY->KZ 0.368
AOY->KAIE 0.272
KZ->KAIE 0.145
DO->AOY 0.430
DO->KZ 0.370
DO->KAIE 0.259

Bursa Teknik Universitesi 6grencileri iizerinde yapilan yapisal model analizi sonuglarina gére, AOY (Akademik
Oz Yeterlik) boyutu ile KZ (Kiiltiirel Zeka) boyutu arasinda pozitif ve anlamh bir iliski oldugu bulunmustur (p
< 0.05). Bu iligkiyi ifade eden korelasyon degeri 0.368'dir. Bu, AOY boyutunun artmastyla KZ boyutunun %37
arttig1 anlamina gelir. T degerine baktigimizda, bu degerin 1.96'dan biiyiik olmasi, iliskinin 6nemli oldugunu
gosterir ve bu da birinci hipotezin kabul edildigini gosterir. Ote yandan, etki boyutu (£2) incelendiginde, AOY
bagimsiz bir faktor olarak KZ iizerindeki etkisinin degeri 0.181'dir. Bu deger, Hair ve digerlerinin tavsiyesine
gore orta bir etki boyutunu temsil eder. Bu sonuglar, AOY'nin 6grencilerin kiiltiirel zeka diizeylerini artirma
potansiyeline sahip oldugunu gostermektedir. Ancak etkisinin sinirlt oldugunu belirtmek 6nemlidir.

5. Sonuglar ve Oneriler

Giincel egilimler, gelecegin mezunlarinin akademik hazirliklarini gelistirmek igin kritik basar: faktorleri olarak
adlandirilan temel kariyer becerilerinin miifredata ve iiniversite deneyimine entegre edilmesi gerektigini
gostermektedir. Bu aragtirmanin temel amaci, insan davranislarini, algilarini ve egilimlerini etkileyen karmasik
parametreleri incelemek igin ikinci nesil cok degiskenli istatistiksel analiz yontemlerini kullanmaktir. Buradaki
motivasyon, yliksekogretimde kaliteyi 6znel bilesenlerine gore degerlendirebilmektir.

Bu c¢alismada, 6grencilerin deneyimsel 6grenme, akademik 6z-yeterlik, kiiltiirel zeka, 6z-algilanan istihdam
edilebilirlik ve akademik kalite algilar1 arasindaki nedensel iligkileri incelenmistir. Ayrica miihendislik
mezunlarinin akademik basarisin etkileyen kritik faktorleri belirlemek ve bu faktorleri birbirine baglayan ¢ok
degiskenli bir modeli dogrulamak amaglanmustir.

e Onerilen kritik faktorlerin akademik kalite kiiltiirii iizerinde belirgin bir etkisi oldugu gézlemlenmistir.

e Deneyimsel 6grenmenin, 6grencilerin 6z-algilanan istihdam edilebilirlikleri {izerinde en giiclii etkiye
sahip oldugu bulunmustur. Bu durum, deneyimsel 6grenmenin kritik diisiinmeyi gelistirme,
uygulamaya dayali teoriler olusturma ve ¢ok Kkiiltlirlii anlayis1 iyilestirme yetenegiyle
iligkilendirilebilir.

e Deneyimsel 6grenme ile kiiltiirel zeka arasinda istatistiksel olarak anlamli bir iliski oldugu tespit
edilmistir. Benzer sekilde, akademik 06z-yeterlik ile kiiltiirel zekd arasinda da anlamli bir iligki
bulunmustur. Bu sonuglar, deneyimsel 6grenmenin 6grenci motivasyonunu artirma ve akademik
hazirlig gelistirme potansiyeline sahip oldugunu desteklemektedir.

e Deneyimsel 6grenme (DO) ile akademik 6z-yeterlik (AOY) arasinda istatistiksel olarak anlamli bir iligki
bulunamamustir. Bu, deneyimsel 6grenmenin akademik 6z-yeterliligi dogrudan etkilemedigi, ancak
her ikisinin de kiiltiirel zekay1 (KZ) tahmin etmede giiclii gostergeler oldugunu gostermektedir.
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Bu arastirma, egitim programlarinin belirlenen kritik faktorleri (deneyimsel 6grenme, akademik 6z-yeterlik,
kiiltiirel zeka) icermesinin 6nemini vurgulamakta ve 6grencilerin basarisini artirmak icin bu faktorlerin entegre
edilmesini 6nermektedir. Bu sekilde, 6grencilerin daha motive olmalar1 ve akademik olarak daha hazirlikh
olmalar1 saglanabilir.
Kiiltiirel zeka (KZ) bulgulari, bir kisinin kiiltiirel olarak gesitli ortamlarda etkili olabilme yetenegiyle ilgili bir
yetenek oldugunu gostermektedir. Bu nedenle, genellikle kiiltiirel olarak etkilesimli durumlardan etkilenen
akademik ortamlardaki 6z-yeterlilikle dogrudan iliskilidir. Ayrica, KZ'nin diger zeka tiirlerini tamamlayan ¢ok
boyutlu bir yap1 olarak kabul edilmesi, genel zeka ile de iligkili olabilecegini diisiindiirmektedir [37].
Bu calisma da ayrica gozlenen ve gizli degiskenleri bir araya getiren bir modelin deneysel olarak
dogrulanmasini saglayarak, yiiksekogretim kurumlarinin 6grencilerinin hazirhi§ini artirmak igin deneyimsel
Ogrenim firsatlarini entegre etmelerinin 6nemini gostermektedir.
Oneriler arasinda, miihendislik egitim programlarinin grencilerin Oz-Yeterlik deneyimlerini desteklemesi ve
saha deneyimlerini kariyer becerileri olarak gelistirmelerine olanak tanimasi bulunmaktadir. Ayrica,
iiniversitelerin kariyer damismanligi ve Oz-yeterlik gelistirme programlart sunarak Ogrencilerin kariyer
hedeflerine giivenle ilerlemelerini saglamalar1 6nerilmektedir.

e  Yiiksekogretim kurumlari, 6grencilerin deneyimsel 6grenme firsatlarina erisimini artirmalidir.

e Miifredat, kiiltiirel zekay1 ve akademik 0z-yeterliligi gelistirecek sekilde tasarlanmalidir.

e Ogrencilerin motivasyonunu ve akademik hazirhigini artirmak igin destekleyici bir 6grenme ortami

yaratilmalidir.

e Bu faktorlerin etkisini daha detayl anlamak icin daha fazla arastirma yapilmalidur.
Sinurhiliklar:

e Calisma, belirli bir tiniversitedeki mithendislik 6grencileriyle sinirhdir.

e Bulgularin diger disiplinler ve kiiltiirler i¢in genellenebilirligi sinirl olabilir.

e Ogz-bildirime dayali veriler kullanilmistir, bu da yanliliga neden olabilir.
Gelecek Aragtirmalar:

e Farkli disiplinler ve kiiltiirlerdeki 6grencilerle daha fazla arastirma yapilmalidir.

e Bu faktorlerin uzun vadeli etkilerini incelemek icin boylamsal ¢alismalar yapilmalidir.

e Deneyimsel 6grenme, akademik oOz-yeterlik ve Kkiiltiirel zekay: gelistirmek igin etkili stratejiler

arastirilmalidir.

Bu calisma, miihendislik 6grencilerinin akademik basarisini etkileyen faktorler hakkinda degerli bilgiler
sunmaktadir. Bulgular, egitimciler ve politika yapicilar igin 6grenci basarisini artirmak igin kullanilabilecek
pratik bilgiler saglayabilir.

Yazar Katkilari: Kavramsallastirma, H.S. ve D.D.; metodoloji, D.D.; yazilim, H.S. ve D.D.; dogrulama, H.S$.; bi¢imsel
analiz, H.$.; sorusturma, H.$.; kaynaklar, D.D.; veri iyilestirme, A.A.; yazi- orijinal taslak hazirlama, A.A., H.S. ve D.D;
yazma- gozden gegirme ve diizenleme, H.S. ve D.D.; gorsellestirme, H.S. ve D.D., Tiim yazarlar makalenin yayimnlanan
versiyonunu okudu ve kabul etti.
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Abstract: Kelley developed a robust measure of asymmetry based on quantiles. His proposal was an absolute index
which, when divided by the median, results in its relative expression. If the additive complement is standardized
with the semi-percentile range, the percentile coefficient of skewness (PCS) is obtained. Additionally, Kelley
provided its standard error in case of normal distribution. However, no statistical software currently computes
these measures. The aim of this methodological article is to determine their sampling distribution and facilitate
their use. Three random samples of 10,000 data points were generated from three symmetric distributions:
semicircular (platykurtic), normal (mesokurtic), and logistic (leptokurtic). By bootstrapping, the sampling
distribution was obtained for absolute and relative indices, as well as the PCS. The sampling distributions of the
absolute index and the PCS conformed to normality, while that of the relative index was leptokurtic with an
excessive bootstrap standard error. Furthermore, a script was developed for the R program, adjusted based on these
findings, to obtain point and interval estimates of these indices. The script was applied to a random sample as an
example. It is concluded that dividing the absolute index by the semi-percentage range is a better standardization
option than dividing by the median.

Keywords: skewness; quantiles; bootstrap confidence interval; asymptotic standard error; normality.

1. Introduction

In 1923, the American psychologist Truman Lee Kelley (1884-1961) proposed a robust measure of
skewness based on quantiles, which he had initially proposed in 1921 as a measure of dispersion [1].
The 1923 formulation was an absolute index that, when divided by the median, results in its relative
expression, which is not bounded between -1 and 1 [2]. Moreover, his original measure of skewness is
interpreted in the opposite way compared to the classical coefficients of Pearson [3-4], Bowley [5], Yule
[6], and Fisher [7], so it went somewhat unnoticed, except among researchers in the field of psychology
[8]. However, if the additive complement of the absolute index is standardized by dividing it by the
semi-percentile range, the percentile coefficient of skewness is obtained, which is bounded between -1
and 1. Additionally, Kelley [2] provided the standard error of the absolute index for a normal
distribution, which can be adapted to its two standardized expressions, whether divided by the absolute
value of the median or by the semi-percentile range.

It has not been encountered so far, no statistical program computes this measure. The objective of this
methodological article is to determine the sampling distribution of the absolute index and the two
relative modalities proposed, as well as to facilitate the use of these indices by means of a script
developed for the R program, which has been developed by the mathematical community and is freely
available [9]. This script allows for the point and interval estimation, providing the information required
to choose between the asymptotic or bootstrap confidence interval and, in the latter case, to decide
among three estimation methods: normal, percentile, and bias-corrected and accelerated percentile. For
this purpose, the assumptions of randomness and normality of the sample are tested. The sample is
represented by a histogram with overlaid density and normal curves. In addition, the symmetry,
skewness, and normality of the bootstrap sampling distribution are checked.
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2. Kelley’s absolute index of skewness
Kelley's absolute index of skewness is the signed distance from the mean percentile range to the median.
It is calculated by subtracting from the median (minuend) the mean percentile range (subtrahend) and
can be denoted as AIS. See Equation 1, where gy(x) represents the p-order sample quantile. It is
interpreted oppositely to the traditional measures of skewness [3-7], as well as more contemporary
measures by Bickel [9], Altinay [10], Singh, Gewali, and Khatiwada [11], and Eberl and Klar [12].
Negative values indicate that the right side of the distribution is longer than the left side or the presence
of a long tail on the right, taking the median as the axis of symmetry. Conversely, positive values reveal
that the left side of the distribution is longer than the right or the presence of a long tail on the left.
X = {x;}}oq = {x1, %5, ., x,} € X
ATS(x) = d (%.1 (x) ';(10.90 (x) o5 () ) = o5 (%) — q01(X) ‘2‘10.90()() (1)

The calculation of sample quantiles can be done by rules 6, 7, 8, or 9 in the R program [14]. The
SPSS program calculates quantiles using rule 6, which is the most used method [15]. This rule expresses
the order p of the quantile x¢) as the average or expected value of the i-th order statistic in a sample of
size n drawn from a standard continuous uniform distribution U[0, 1]. This approach is used as a non-
informative prior distribution when estimating a probability in Bayesian inference [16]. Rule 7, which
is the default in the R program, expresses the order p of the quantile x¢) as the mode of the i-th order
statistic in a sample of size n [17]. Rule 8 is especially recommended when the distribution of the variable
is unknown [18-19], as suggested by the simulation study of Hyndman and Fan [20] and the exploratory
data analysis of Tukey [21]. This rule expresses the order p of the quantile x() as the median of the i-th
order statistic in a sample of size n drawn from a standard continuous uniform distribution. For normal
distributions, rule 9 [22] is recommended. In this rule, the quantile order is expressed asp=(i-a) / (n +
1-a-b), where a=0b=3/8, n is the sample size, and i denotes the unknown order of the quantile among
the n sample data, so i = 0.375 + p x (n + 0.25). If i is an integer, after sorting the sample in ascending
order, the data in that order is the quantile. If 7 is a number with decimals, the quantile is obtained by

linear interpolation (Equation 2).
X = {x}ieg = X1, X, o, X} € X
X(1) < X2) < < X (i) <= X(n)

Rule6 a=b=0 i=pn+1)
i—a Rule7 a=b=1 i=1+pn-1)
P +1—a—b Rule8 a=b=1/3 i=1/3+pn+1/3) (2)
Rule9 a=b=3/8 i=0.375+pn+0.25)
(0 = {x(i) i =i =il
e = xqip + G = LD (xqigen — xqap) @=Ll + G = L1iD

In addition, Kelley [1-2] provided a formula for the standard error (se) or standard deviation in the
sampling distribution of the AIS, assuming a normal distribution. See Equation 3, where PR(x) is the
sample percentile range, gp(x) represents the sample quantile of order p, and n denotes the sample size.
The constant 0.599143 is a scaling factor derived from theoretical calculations that model the dispersion
of the inter-percentile range, divided by the square root of the sample size, in random samples from a
standard normal distribution. This factor ensures that the calculated standard error aligns with the
asymptotic behavior of percentiles in random samples of varying sizes drawn from a standard normal
distribution [1].
x = {x 3, = {xy, %2, ..., %} S X~ N(0,1)
PR(x) Go9(X) = qo1(X)

. 3)
AIS = 0.599143 x = 0.599143 x
selATS (o] NG NG

For a random sample drawn from a normal distribution, or a large sample drawn from a variable with
finite mean and variance, this formula for the standard error enables the asymptotic estimation of the
confidence interval at a confidence level of (1 - &) x 100. See Equation 4, where LL represents the low
limit and UL denotes the upper limit of the confidence interval.
P(LL < AIS < UL) = P(AIS(X) € [LLLULD =1—«a
LL = ATS(x) — z, o % se[ATS(x)] (4)
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UL = AIS(x) + 7,_a % se[AIS(x)]

7, 0= &7 (1- %) ;1 (1 - g) = $-1(0.975) ~ 1.96

In turn, for any type of distribution or a random variable with an unknown distribution, the confidence
interval can be calculated using bootstrap with the extraction of 1000 or more samples, applying the
bias-corrected and accelerated percentile, percentile, or normal method, unless the bootstrap standard
error is too large. The bootstrap standard error should preferably be less than one-fourth of the sample
interval. A value greater than half of the sample range indicates a very large error [23]. Additionally,
for the method to be accurate, a random sample that is representative of the population and preferably
not less than 30 data points is required. If the bootstrap sampling distribution of the skewness statistic
follows a normal distribution, the normal method can be used, though the other two methods are not
necessarily inadequate. If the distribution is symmetric (tested by the D'Agostino test [24], or another
statistical test) with small skewness and acceleration (lbias| < 0.05 and lal < 0.025, respectively), the
percentile method can be applied, with the bias-corrected and accelerated method not being
inappropriate. Otherwise, the bias-corrected and accelerated percentile method is the best choice [25-
26]. When more than one method is applicable, the one that provides the confidence interval with the
smallest width can be chosen, as efficiency is a desirable property.

3. Kelley’s relative index of skewness

The so-called Kelley's relative index of skewness is obtained by dividing the absolute index by the
median. This results in a quotient with the difference between the median and the mean percentile range
in the numerator and the median in the denominator (Equation 5). Thus, it is standardized in a manner
analogous to relative ranges. However, like these measures of variability, the denominator does not
convert the quotient into a ratio with a range from -1 to 1, but instead allows it to vary from -e to e [27].
This index can be denoted as RIS.

) — qo.1(X) + go.0(X)
2

o5 (X 90130 +40s(x) ()

o5 (x) - 2% qo5()

If the sampling distribution of the RIS were a normal distribution and the median were considered a
constant instead of a random variable, the standard error of the AIS would be multiplied by the inverse
of the absolute value of this constant, resulting in the standard error of the relative index (Equation 6).

RIS(x) =

Consequently, an asymptotic confidence interval could be defined, as shown in Equation 4.
AISx] 1 T 0599143 PR(x) ‘
100 ~ TaasGo1 N ==X ) ©

To maintain the interpretative logic of the skewness coefficients established by Pearson [3-4] and settled
by Bowley [5] and Yule [6], the order of the minuend and subtrahend in AIS can be reversed (Equation
7). The index value remains the same, with only the sign changing. A positive sign in the additive
opposite of AIS indicates positive or right-tailed skewness, while a negative sign indicates negative or
left-tailed skewness. This reversal can also be applied to the additive opposite of RIS, changing only the
sign (Equation 8). Additionally, the value of the asymptotic standard error remains unchanged in either
index (Equations 9 and 10). These additive opposites can be denoted by AISr and RISr, where r
represents the revised or reversed character of the index.

se[RTS(x)] = se [

1— AIS(x) = qo.1(%) ; Go.o(%) — Gos(x) = Go1(x) + %.9(;) —2 X qos5(x) = AIS, (%) %)
Go.1(X) + go.0(X)
_ — 2 ~ o5(X) _ qo.1(X) + qo.o(X) 4 (8)
1-RIS() = Go5(x) 2% qes(® 1= RIS, ()
se[1 — AIS(x)] = se[AIS(x)] = 0.599143 x Plj/(zx) = se[AlS, (x)] 9)
se[1 — RIS(x)] = se[RIS(x)] = 0.599143 x PRG) _ se[RIS, (X)] (10)

Vn

52



In the latter case, if instead of standardizing using the median, it is divided by the semi-percentile range,
as in Altinay's measure of skewness [11], it results in the percentile coefficient of skewness as the relative
skewness index. This index is a ratio and is bounded between -1 and 1 (Equation 11).

20209290509 g 60 g0 + o) — 2 X o5 ()

RIS, (x) = M - q0o(X) — qo.1(X)

= PCS(x) (11)

If the sampling distribution of the percentile coefficient of skewness were normal and the percentile
range were considered a constant instead of a random variable, the standard error would be simplified
to the expression shown in Equation 12, which would allow the definition of an asymptotic confidence
interval as shown in Equation 4.
1 - AIS(x) 1 0.599143 x PR(x)/vn  1.19828

se = se[AIS(x)] = =
( PR(x) ) PR(x) PR(x)/2 vn

It should be noted that the percentile coefficient of skewness does not have a clear attribution of
authorship. In 1975, Hinkley [28] used this coefficient to assess symmetry after applying the Box-Cox
power transformation to sample data drawn from non-normal distributions, marking the first published
use of this measure of skewness. In the field of economics [29-30] and other disciplines [31-32], it is
attributed to Kelly, often without proper citation, likely causing confusion with the psychologist
Truman Lee Kelley [33-34].
The percentile coefficient of skewness (PCS) deals with one of the infinite possibilities of Bowley's [5]
generalization of the quartile coefficient of skewness given by Groeneveld and Meeden [35]. It is similar
to the quartile coefficient of skewness except that it uses the 10th (go.1) and 90th (qo.s) percentiles instead
of the 1st (go25) and 3rd (go7s) quartiles in the numerator and uses the percentile range (PR) instead of
the interquartile range (IQR) in the denominator. Thus, PCS is a way of standardizing the additive
opposite of Kelley's AIS.
Using quantiles, AIS is a robust measure of skewness and can be applied to any type of distribution.
The percentile coefficient of skewness is considered a better choice than the quartile coefficient of
skewness by Bowley [5] and Yule [6] for platykurtic or thin-tailed distributions, such as the uniform,
triangular, or semicircular distribution [29, 36].

(12)

4. Materials and Methods

For the first objective of the study, which was to determine the sampling distribution of the three
measures of skewness: AISr, RISr, and PCS, three random samples of 10,000 data points were generated
using the inverse transform method [37]. Three continuous, symmetric distributions with finite
moments were chosen to facilitate compliance with the central limit theorem [17], each with different
kurtosis. The Wigner’s standard semicircular distribution SC(r = 1) was selected as the platykurtic
distribution. This was generated from a beta distribution by applying the transformation: Y =2rX - r =
2X - 1, where the variable Y follows a semicircular distribution with unit radius (r = 1) and the variable
X follows a Beta distribution with shape parameters: o = 2/3 and 3 = 3/2 [38]. The standard normal
distribution with location parameter 0 and scale 1, N(0, 1). was taken as the mesokurtic distribution. The
chosen leptokurtic distribution was the standard logistic distribution with location parameter 0 and
scale 1, Logist(0, 1).

From each of these three source samples of 10,000 data points, 1,000 samples of 10,000 data points were
drawn with replacement. In each of these bootstrap samples, Kelley’s absolute and relative indices, as
well as the percentile coefficient of skewness, were calculated. Thus, three bootstrap sampling
distributions were obtained for each of the three measures of skewness.

For each of these nine bootstrap sampling distributions, the presence of outliers was checked using
Grubbs' test [39], symmetry by D'Agostino's test [24], mesokurtosis by Anscombe-Glynn test [40], and
normality by the Anderson-Darling [41], Shapiro-Francia [42-43], and D'Agostino-Belanger-D'Agostino
[44] tests. The difference between asymptotic and bootstrap standard errors was evaluated using the
one-sample chi-square test [45].

To facilitate the use of these measures of asymmetry, a script was developed for the R program, allowing
for both point and interval estimation. The script adjusts the results based on the sampling distributions
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of the three indexes studied. Both asymptotic and bootstrap confidence intervals are computed,
enabling the testing of the normality of the random sample of the quantitative variable X to determine
which interval to use. Three methods are included to obtain the bootstrap confidence intervals: normal,
percentile, and bias-corrected and accelerated percentile. Thus, the symmetry (D'Agostino test [24]),
mesokurtosis (Anscombe-Glynn test [40]), and normality (Shapiro-Francia [42-43] and D'Agostino-
Belanger-D'Agostino [44] tests) of the bootstrap sampling distribution are tested, and the bias and
acceleration (a) are reported to select the appropriate method. As an example, the script was applied to
a randomly generated sample of 60 data points. To make the example more meaningful, the sample
data were generated to correspond to the proportional (monthly) return of stock prices in a volatile
stock market, using a Cauchy distribution with a location parameter (xo) of 0.05, representing the
population median, and a scale parameter (y) of 0.38, constituting the population semi-interquartile
range [46-47].

5. Results

5.1. Sampling distribution of AISr, RISt and PCS

The random samples of 10,000 data points (source samples) are plotted as histograms (50 bins of
uniform width) with the curve of the theoretical or generating density function overlaid. Figure 1 shows
the sample randomly drawn from the standard Wigner semicircular distribution (unit radius). Figure 2
displays the sample randomly drawn from the standard normal distribution, and Figure 3 shows the
sample randomly drawn from the standard logistic distribution. From these three source samples, 1,000
samples of 10,000 data points each were drawn with replacement. In each of these samples, Kelley’s
absolute and relative reversed indices, as well as the percentile coefficient of skewness, were calculated,
thus obtaining the bootstrap sampling distribution of these measures of skewness.
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Figure 1. Histogram with the overlaid standard semicircular distribution curve. Source: prepared by the author.
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Figure 3. Histogram with the overlaid standard logistic curve. Source: prepared by the author.

At the 5% significance level, the bootstrap sampling distributions of AISr showed no outliers by Grubb's
test in the three samples generated from 10,000 data points from three symmetric distributions with
different kurtosis. Their profiles were symmetric by the D'Agostino test and mesokurtic by the
Anscombe-Glynn test. They were fitted to a normal distribution by the Anderson-Darling, Shapiro-
Francia, and D'Agostino-Pearson tests. Thus, the asymptotic and bootstrap standard errors were very
similar, with absolute differences less than or equal to 0.0010, resulting in a non-significant difference
in the bootstrap sampling distribution derived from the logistic distribution (Tables 1-3). Bootstrap
standard errors were small, ranging from 0.007 to 0.026. In the normal Q-Q plots, an alignment of the
points around the center line at 45 degrees can be seen, and in the histogram, the bell-shaped profile of
the normal distribution can be observed, whether the bootstrap sampling distribution is derived from
semicircular, normal, or logistically distributed data (Figures 4-6).

The same results of good fit to normality were also observed in the bootstrap sampling distribution of
PCS, with absolute differences between bootstrap and asymptotic standard errors less than or equal to
0.0015, resulting in a non-significant difference in the bootstrap sampling distribution derived from the
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sample generated from the logistic distribution. Bootstrap standard errors were small, ranging from
0.011 to 0.012. See Tables 1-3 and Figures 7-9.

However, the bootstrap sampling distributions of RISr deviated from normality, presenting outliers,
skewness (positive with data from the semicircular and logistic distributions and negative with data
from the normal distribution), and marked leptokurtosis (Tables 1-3). The profile of the normal Q-Q
plot shows central flattening with a concave curvature at the left end and convex at the right end, which
is typical of a strongly leptokurtic distribution. This non-normal, pointed profile can be observed in the
histogram, whether the bootstrap sampling distribution is obtained from semicircular, normal, or
logistically distributed data (Figures 10-11). Bootstrap standard errors were very large. The largest
occurred with the mesokurtic distribution (bse = 38.998), followed by the leptokurtic (bse = 13.294) and
platykurtic (bse = 4.897) distributions. Consequently, these estimates are not reliable.

Table 1. Tests of randomness, symmetry and meso-kurtosis for the bootstrap sampling distribution of three
measures of skewness.

Type of Statistic of Grubbs’ test D’Agostino’s test Anscombe-Glynn test

distribution =~ skewness g u  p-value \b1 z p-value b2 zZ p-value
Semi- AISr 3.307 0989 0.457 -0.060  -0.774 0.439 2.884  -0.687  0.492
circle RISr 29.773 0.112 <0.001 26.136 44.543 <0.001 788.660 23.624 <0.001
PCS 3302 0990 0467 -0.058 -0.748  0.454 2.887  -0.669  0.504

Normal AlSr 2984 0991 0.999 0.035  0.456 0.649 2900 -0.571  0.568
RISr 29.376 0.135 <0.001 -25.454 -44.260 <0.001 747.730 23.566 <0.001

PCS 3.027 0991 0999 0.0247 0.321 0.749 2905 -0.538 0.591

Logistic AlISr 3.596 0987 0.155 -0.040  -0.519 0.604 3.014 0.203 0.839

RISr 18.725 0.649 <0.001  6.065 28904 <0.001 168.091 21.445 <0.001

PCS 3.490, 0988 0.233 -0.032 -0417 0.677 2.999 0.106 0.915
1 Note. Statistic: AISr = Reversed Absolute Index of Skewness, RISr = Reversed Relative Index of Skewness, and
PCS = Percentile Coefficient of Skewness. Grubbs’ test for one outlier: g = Grubbs’ test statistic, # = normalized test
statistic, and p-value = one-tailed p-value (alternative hypothesis: lowest or highest value is an outlier).
D'Agostino skewness test: Vb1 = measure of skewness based on the standardized third central moment, z = test
statistic, and p-value = two-tailed p-value (alternative hypothesis: data have a skewness towards left or right tail).
Anscombe-Glynn kurtosis test: b2 = measure of kurtosis based on the standardized fourth central moment. z = test
statistic, and p-value = two-tailed p-value (alternative hypothesis: the value of kurtosis [(32] is not equal to 3).
Probability values less than 0.05, indicating the statistical test's significance, are highlighted in bold. Source:
prepared by the author.

Table 2. Tests of normality for the bootstrap sampling distribution of three measures of skewness.

Type of Statistic of Anderson-Darling Shapiro-Francia D’Agostino et al.

distribution skewness AD p-value w p-value k2 p-value

Semi- AlSr 0.172 0.930 0.999 0.830 1.072 0.585
circle RISr 285.900 <0.001 0.088 <0.001 2542.163 <0.001

PCS 0.167 0.938 0.999 0.863 1.007 0.604

Normal AlSr 0.312 0.551 0.999 0.631 0.533 0.766
RISr 267.320 <0.001 0.110 <0.001 2514.260 <0.001

PCS 0.319 0.534 0.999 0.675 0.392 0.822

Logistic AlSr 0.288 0.617 0.998 0.434 0.311 0.856
RISr 215.960 <0.001 0.284 <0.001 1295.340 <0.001

PCS 0.2873 0.620 0.998 0.475 0.185 0.912

I Note. Statistic: AISr = Reversed Absolute Index of Skewness, RISt = Reversed Relative Index of Skewness, and
PCS = Percentile Coefficient of Skewness Anderson-Darling normality test: AD = test statistic, and p-value
(alternative hypothesis: sample was not drawn from a normal distribution). Shapiro-Francia normality test: w =
test statistic, and p-value (the same alternative hypothesis). D’ Agostino-Berlanger-D’ Agostino Normality test: k? =
test statistic, and p-value (the same alternative hypothesis). Probability values less than 0.05, indicating the
statistical test's significance, are highlighted in bold. Source: prepared by the author.
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Table 3. Point estimation of skewness measures and bootstrap confidence interval, bias and comparison between
bootstrap and asymptotic standard errors.

Distribution Statistic value Method LL UL bias a bse ase diff  p-value
Semi- AISr  0.004 norm -0.010 0.018 0.00002 0.00043 0.007 0.008 -0.0010 <0.001
circle RISr -0507 BCa -2.029 4.113 -0.0603 -0.00014 4.897 1.031 3.8669  <0.001

PCS 0006 norm -0.015 0.026 0.00003 0.00044 0.011 0.012 -0.0015 <0.001
Normal AISr  0.003 norm -0.023 0.029 -0.0004 0.00163 0.013 0.015 -0.0018 <0.001

RISr  -0255 BCa -3.759 12332 -0.7699 -0.00212 38.998 1.374 37.6246 <0.001
PCS 0002 norm -0.018 0.023 -0.0003 0.00162 0.011 0.012 -0.0015 <0.001
Logistic AIS  -0.004 norm -0.055 0.045 0.0011 0.00007 0.026 0.026 -0.0003 0.613

RIS 0169 BCa -5167 21436 -0.1044 -0.00004 13.294 1.190 12.1045 <0.001

PCS -0.002 norm -0.025 0.021 0.0005 0.00009 0.012 0.012 -0.0002  0.461
1 Note. Statistic: AISr = Reversed Absolute Index of Skewness, RISr = Reversed Relative Index of Skewness, and
PCS = Percentile Coefficient of Skewness. Method: norm = normal from library(boot) and BCa = bias-corrected
and accelerated bootstrap from library ‘bcajack’. LL = low limit and UL = upper limit of the 95% bootstrap
confidence interval, bias = difference between the bootstrap estimate (mean in the bootstrap sampling distribution
of the statistic) and the original sample estimate, bse = bootstrap standard error, ase = asymptotic standard error,
diff = difference between errors: bse - ase, p-value = one-tailed p-value for chi-square test of a single variance
(alternative hypothesis: bootstrap variance is lower (left tail) or higher (right tail) than the asymptotic variance
expected from the normal approximation). Probability values less than 0.05, indicating the statistical test's
significance, are highlighted in bold. Source: prepared by the author.
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Figure 4. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution of AISr from the
10,000-data sample drawn from a semicircle distribution. Source: prepared by the author.
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Figure 5. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution of RISt from the
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10,000-data sample drawn from a semicircle distribution. Source: prepared by the author.
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Figure 6. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution of PCS from the

10,000-data sample drawn from a semicircle distribution. Source: prepared by the author.
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Figure 7. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution of AISr from the

10,000-data sample drawn from a normal distribution. Source: prepared by the author.
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Figure 8. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution of RISt from the
10,000-data sample drawn from a normal distribution. Source: prepared by the author.
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Figure 9. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution of PCS from the
10,000-data sample drawn from a normal distribution. Source: prepared by the author.
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Figure 10. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution of AISr from the
10,000-data sample drawn from a logistic distribution. Source: prepared by the author.
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Figure 11. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution of RIS from the
10,000-data sample drawn from a logistic distribution. Source: prepared by the author.
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Figure 12. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution of PCS from the
10,000-data sample drawn from a logistic distribution. Source: prepared by the author.
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5.2. Script for point and interval estimation of AISr and PCS
5.2.1. Content and structure of the script

The randomness of the sample is a fundamental assumption for statistical inference [48], so the script
starts by testing this assumption using the Wald-Wolfowitz runs test. Running the test in the R program
requires downloading the 'randtests' library [49].

For this and the other inferential tests in the script, the significance level is set at 0.05, which is the most
conventional value [50]. However, it can be modified considering the sample size [51]. It can be raised
to 0.1 with small samples (20 to 29) or lowered to 0.01 with large samples (1000 or more). It can also be
changed based on a theoretical approach [52] or to control for family-wise error rate [53].

The a posteriori statistical power (®) is calculated by bootstrapping. From the original sample, 1000
samples are generated, and for each of these 1000 samples, the exact probability of the two-tailed test
(p-value = 'exact') is calculated. However, one can switch to the asymptotic probability in the case of a
large sample, where no (the number of data points smaller than the median or criterion) and 71 (the
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number of data points larger than the median) are each greater than or equal to 20 (p-value = normal').
The number of probabilities less than the significance level, divided by the number of simulations,
yields the statistical power or the probability of rejecting the null hypothesis when it is false [26]. See
Equation 13, where I is the indicator function, B represents the number of simulations, and a denotes
the significance level.

¢ _ Z?: 1(ptw0—sgled_exat < a) (13)
The script continues by testing for normality. In case of a good fit, the use of the asymptotic error and
confidence interval for AISr and PCS can be chosen. This distributional assumption is tested through
four tests with different inferential foundations [54], and additionally, the statistical power is computed.
Executing these tests in R requires loading the ‘'moments' [55] and mortest' [56] libraries.

The normality check starts with the D'Agostino-Berlanger-D'Agostino K2 test [44] based on the sum of
squares of the standardized values of skewness [24] and kurtosis [40], whose statistic converges in
distribution to a chi-square distribution with two degrees of freedom. With this test, a posteriori
statistical power is calculated with the complementary cumulative distribution function of a non-central
chi-square distribution.

The second normality test is the Lilliefors test [57], which assesses the maximum linear distance between
the empirical and theoretical cumulative distribution functions. The third test is the Anderson-Darling
test [41], which measures the standardized quadratic distance between these functions. The fourth and
final test is the Shapiro-Francia test [42-43], based on the shared variance between empirical and
theoretical quantiles. With these three tests, a posteriori statistical power is obtained through
bootstrapping. They were chosen for their recommended power and adequacy [58-61].

The assessment of normality through inferential tests is complemented by graphical representation
using a histogram with overlaid density and normal curves. The uniform amplitude and number of bins
are determined using the Freedman-Diaconis optimization rule (breaks = "fd"), which imposes no
distributional assumption. However, this can be switched to the Scott’s rule (breaks = "scott") if the data

fit well to a normal distribution [62]. The density for the overlaid curve is computed using the
Epanechnikov’s kernel function [63], known for its parabolic shape that minimizes integrated mean
square error most effectively [64]. The bandwidth is computed using the Sheather-Jones procedure [65],
which minimizes asymptotic integrated mean square error and is considered one of the most suitable
methods for this purpose [66-67].

It should be noted that when running the script using the R program downloaded on your computer,
the plot can be saved as a high-definition JPEG file. Simply expand the R graphics device window
(ACTIVE), where in its toolbar under Files, you will find the 'Save As' function that offers this option
[68].

After these checks, the script proceeds to the point and interval estimation of the additive complement
of AIS and PCS. The additive complement of the IAS was chosen for two reasons: firstly, to maintain
interpretative consistency with the classic index established by Pearson [3-4] — positive values indicate
right-tailed skewness, and negative values indicate left-tailed skewness. Secondly, because PCS
represents the standardized form of the additive complement of AIS once it is divided by the semi-
percentile range. Quantiles were calculated using R's rule 8 [18-19]. RISr is omitted from the script due
to its excessive bootstrap standard error. However, its calculation with R applied to a sample of 60 data
points is shown at the end of this Results section (sub-section 5.3).

The confidence level is set at 95%, corresponding to the 5% significance level chosen for the inferential
tests. For the bootstrap confidence intervals, 1000 random samples were created by sampling with
replacement from the original sample, and the statistics AISr and PCS were calculated for each of these
1000 samples [26]. Thus, bootstrap sampling distributions were generated for these two statistics. The
symmetry of the bootstrap sampling distribution was assessed using the D'Agostino test [24], kurtosis
was tested using the Anscombe-Glynn test [40], and normality was evaluated using the Shapiro-Francia
test [42-43]. Additionally, bootstrap bias, bootstrap standard error (bse), jackknife acceleration (a), and
the density histogram and Q-Q normal plot of the bootstrap sampling distributions were obtained [23].
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Bootstrap confidence intervals are calculated using three methods: normal (norm), percentile (perc), and
bias-corrected and accelerated percentile (BCa). The choice of method depends on the characteristics of
the bootstrap sampling distribution. The normal method is preferred when the distribution is
approximately normal. If there is no normality, bias (10l > 0.05) and asymmetry (lal > 0.025 and
significance D’ Agostino’s skewness test [24]), then the BCa method is the best choice [25]. Alternatively,
when there is no normality, but acceleration and bias are minimal, the percentile method remains
suitable. To implement these methods, downloading the 'boot' library is necessary [69].

Finally, the bootstrap probability of retaining the null hypothesis of symmetry, assessed using AISr and
PCS, was calculated. This is obtained by counting how many values are less than or equal (left tail) and
how many values are greater than or equal (right tail) to the parameter (null hypothesis of symmetry)
among the 1000 data from the statistic's bootstrap sampling distribution of AISr or PCS. The smallest
probability is chosen and multiplied by 2. If it is less than or equal to the significance level (a), the null
hypothesis of symmetry holds in a two-tailed test, otherwise it is rejected [70].

A random sample of at least 20 data points [71] and preferably at least 30 data points [72] from a
quantitative variable X is recommended for using this script. The script is divided into three
independent parts to make it lighter to execute. What can be changed in the script to match the user's
data is marked in blue, such as the sample or vector of scores.

5.2.2. The script with its three parts

# First part of the script: randomness and normality of the sample or vector of scores x.

x <- ¢(0.532, -0.248, 1.342, -0.096, -0.022, 0.105, -4.243, -0.084, -2.281, 2.821, -0.002, 2.623, -0.559, -1.586,
0.177, -0.074, 0.421, 0.101, 0.683, -0.005, -0.087, -0.499, -0.754, 0.043, -0.664, -0.445, -2.677, -1.197, 0.537,
0.239, 0.006, -0.070, -0.506, -0.234, 0.079, 5.489, -0.310, 0.357, 0.641, 0.388, 0.233, 1.431, 1.417, 0.919, 0.247,
0.227, 0.392, 3.590, 0.470, -0.132, 0.105, 2.120, -0.228, 0.203, -1.910, 0.338, 0.211, -0.322, -0.080, 0.963)

cat("Testing the randomness of the sample x using the Wald-Wolfowitz runs test", "\n")
library(randtests)

runse <- runs.test(x, alternative = "two.sided", threshold = median(x), pvalue = 'exact’)

runsa <- runs.test(x, alternative = "two.sided", threshold = median(x), pvalue = 'normal')

alpha <- 0.05

ww_power <- function(x, alpha, B =1000) {n <- length(x)

p_values <- numeric(B)

for (i in 1:B) {bootstrap_sample <- sample(x, replace = TRUE)

result <- runs.test(x, alternative = "two.sided", threshold = median(x), pvalue = 'exact')

p_values][i] <- result$p.value}

power <- mean(p_values < alpha)

return(power)}

set.seed(123)

power <- ww_power(X, alpha)

cat("Wald-Wolfowitz runs test. Criterion: median”, "\n")

cat("Number of runs: r =", runse$runs, "\n")

cat('n.0 = #(xi < mdn(x)) =", runse$parameter['nl"],"y", m_1 = #(xi > mdn(x)) =",
runse$parameter['n2"], "\n")

cat(n=n_0+n_1=", runsefparameter['n"], "\n")

cat("Two-tailed exact probability value: p =", round(runse$p.value, 3), "\n")

cat('Mean: M(RIn_0, n_1) =", runse$mu, "y", " Standard deviation: DE(RIn_0, n_1) =",
round(sqrt(runse$var), 3), "\n")

cat("Standardized number of runs: z_r =", round(runse$statistic, 3), "\n")

cat("Two-tailed asymptotic probability value: p =", round(runsa$p.value, 3), "\n")

cat("Statistical power for the Wald-Wolfowitz runs test using bootstrap simulation: ¢ =", power, "\n")
cat("Testing for normality using four tests with different rationales:", "\n")

library(moments)
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agostino <- agostino.test(x, alternative = "two.sided")

ag <- anscombe.test(x, alternative = "two.sided")

K2 <- (agostino$statistic["z"]"2 + ag$statistic["z"]"2)

p <- pchisq(K2, df = 2, lower.tail = FALSE)

power_K2 <- 1 - pchisq(qchisq(alpha, df = 2, lower.tail = FALSE), df = 2, ncp = K2, lower.tail = TRUE,
log.p = FALSE)

cat("Test for normality using the D'Agostino-Berlanger-D'Agostino test.”, "\n")

cat("Test statistic: k"2(x) =", round(K2, 3), "\n")

cat("Asymptotic probability value in a two-tailed test: p_value =", round(p, 3), "\n")

if (p <alpha) {cat(sprintf("The null hypothesis of normality is rejected at a significance level of %.2f using
K squared test.", alpha), "\n")

} else {cat(sprintf("The null hypothesis of normality is maintained at a significance level of %.2f using K
squared test.", alpha), "\n")}

cat("The right-tailed statistical power for the alternative hypothesis of non-normality for the K squared
test: ¢ =", round(power_K2, 4), "\n")

library(nortest)

lillie.test(x)

result_lillie <- lillie.test(x)

if (result_lillie$p.value < alpha) {cat(sprintf("The null hypothesis of normality is rejected at a significance
level of %.2f using Lilliefors test.", alpha), "\n")

} else {cat(sprintf("The null hypothesis of normality is maintained at a significance level of %.2f using
Lilliefors test.", alpha), "\n")}

lillie_power <- function(x, alpha, B = 1000) {n <- length(x)

p_values <- numeric(B)

for (iin 1:B) {bootstrap_sample <- sample(x, replace = TRUE)

result <- lillie.test(bootstrap_sample)

p_values[i] <- result$p.value}

power <- mean(p_values < alpha)

return(power)}

set.seed(123)

power <- lillie_power(x, alpha)

cat("Statistical power for the Lilliefors normality test using bootstrap simulation: ¢ =", power, "\n")

ad.test(x)

result_ad <- ad.test(x)

if (result_ad$p.value < alpha) {cat(sprintf("The null hypothesis of normality is rejected at a significance
level of %.2f using Anderson-Darling test.", alpha), "\n")

} else {cat(sprintf("The null hypothesis of normality is maintained at a significance level of %.2f using
Anderson-Darling test.", alpha), "\n")}

ad_power <- function(x, alpha, B = 1000) {n <- length(x)

p_values <- numeric(B)

for (iin 1:B) {bootstrap_sample <- sample(x, replace = TRUE)

result <- ad.test(bootstrap_sample)

p_values][i] <- result$p.value}

power <- mean(p_values < alpha)

return(power)}

set.seed(123)

power <- ad_power(x, alpha)

cat("Statistical power for the Anderson-Darling normality test using bootstrap simulation: ¢ =", power,

n\nn)

63



sf.test(x)

result_sf <- sf.test(x)

if (result_sf$p.value < alpha) {cat(sprintf("The null hypothesis of normality is rejected at a significance
level of %.2f using Shapiro-Francia test.", alpha), "\n")

} else {cat(sprintf("The null hypothesis of normality is maintained at a significance level of %.2f using
Shapiro-Francia test.", alpha), "\n")}

sf_power <- function(x, alpha, B = 1000) {n <- length(x)

p_values <- numeric(B)

for (i in 1:B) {bootstrap_sample <- sample(x, replace = TRUE)

result <- sf.test(bootstrap_sample)

p_values]i] <- result$p.value}

power <- mean(p_values < alpha)

return(power)}

set.seed(123)

power <- sf_power(x, alpha)

cat("Statistical power for the Shapiro-Francia normality test using bootstrap simulation: ¢ =", power,

n\nn)

# Histogram with overlaid density and normal curves

# breaks = "scott" in case of normality or breaks = "sturges" in the case of symmetry

hist(x, breaks = "fd", col = "darkolivegreen2", border = "black", freq = FALSE, main = "Histogram with
overlaid normal and density curves", xlab =" X values", ylab = "Density", ylim = ¢(0, 0.8), cex.main = 1.5,
cex.Jab = 1.5, cex.axis =1.2)

lines(density(x, kernel = "epanechnikov", bw ="sj"), col = "darkblue", Iwd = 4)

x_values <- seq(mean(x) - 4 * sd(x), mean(x) + 4 * sd(x), length = 1000)

y_values <- dnorm(x_values, mean = mean(x), sd = sd(x))

lines(x_values, y_values, col = "red", Iwd = 4)

# Second part of the script: AISr

x <- ¢(0.532, -0.248, 1.342, -0.096, -0.022, 0.105, -4.243, -0.084, -2.281, 2.821, -0.002, 2.623, -0.559, -1.586,
0.177, -0.074, 0.421, 0.101, 0.683, -0.005, -0.087, -0.499, -0.754, 0.043, -0.664, -0.445, -2.677, -1.197, 0.537,
0.239, 0.006, -0.070, -0.506, -0.234, 0.079, 5.489, -0.310, 0.357, 0.641, 0.388, 0.233, 1.431, 1.417, 0.919, 0.247,
0.227, 0.392, 3.590, 0.470, -0.132, 0.105, 2.120, -0.228, 0.203, -1.910, 0.338, 0.211, -0.322, -0.080, 0.963)

library(boot)

library(moments)

library(nortest)

alpha <- 0.05

cat("Point estimate of the additive opposite of Kelley's absolute skewness index", "\n")
n <- length(x)

q0.1 <- quantile(x, 0.10, type = 8)

q0.5 <- quantile(x, 0.50, type = 8)

q0.9 <- quantile(x, 0.90, type = 8)

AlSr=(q0.1+q0.9)/2-q0.5

cat("Sample size: n =", n,"\n")

cat("Quantile of order 0.1 by the rule 8: q_0.1(x) =",round(q0.1, 3),"\n")

cat("Quantile of order 0.5 by the rule 8: q_0.5(x) =",round(q0.5, 3),"\n")

cat("Quantile of order 0.1 by the rule 8: q_0.9(x) =",round(q0.9, 3),"\n")

cat("Additive opposite of Kelley's absolute asymmetry index: AISr =",round(AlSr, 3),"\n")
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cat("Asymptotic confidence interval of the additive opposite of Kelley's absolute skewness index", "\n")
ase <- 0.599143 * (quantile(x, 0.9, type = 8) - quantile(x, 0.10, type = 8)) / sqrt(length(x))

LL = AISr - gnorm(1-alpha/2) * ase

UL = AISr + qnorm(1-alpha/2) * ase

cat("Asymptotic standard error of AISr: ase(AlSr) =", round(ase, 3), "\n")

cat("Asymptotic confidence interval”, (1 - alpha) * 100, "% for AISr: 95% CI (", round(LL, 3),",", round(UL,
3),")\n")

# Acceleration (jackknife)

AISr_jack <- numeric(n)

for (iin 1:n) {x_jack <- x[-i]

AlSr_jack][i] <- quantile((quantile(x_jack, 0.10, type = 8) + quantile(x_jack, 0.90, type = 8))/2 - x_jack, 0.50,
type = 8)}

acel <- sum((mean(AISr_jack) - AISr_jack)"3) / (6 * sum((mean(AISr_jack) - AISr_jack)"2)"(3/2))
cat("Aceleracion (jackknife): a =", round(acel, 6), "\n")

set.seed(123)

b <- boot(data = x, function(x, i) {(quantile(x[i], 0.10, type = 8) + quantile(x[i], 0.90, type = 8))/2 -
quantile(x[i], 0.50, type = 8)}, R=1000)

boot_est <- mean(b$t)

cat("Bootstrap estimation: m(b$t) =", round(boot_est, 3), "\n")

agostino_boot <- agostino.test(b$t, alternative = "two.sided")

ag_boot <- anscombe.test(b$t, alternative = "two.sided")

print(agostino_boot)

print(ag_boot)

cat("D'Agostino-Berlanger-D'Agostino normality test”, "\n")

K2 <- (agostino_boot$statistic["z"]*2 + ag_boot$statistic["z"]"2)

p <- pchisq(K2, df = 2, lower.tail = FALSE)

cat("K"2 =", round(K2, 3), "\n")

cat("p_value =", round(p, 3), "\n")

sf.test(b$t)

b

plot(b)

boot.ci(b, conf = 0.95, type = ¢("bca", "perc", "norm"))

p_boot_left <- mean(b$t < 0)

p_boot_right <- mean(b$t > 0)

p_boot <- min(p_boot_left, p_boot_right)

cat("One-tailed bootstrap probability value for the null hypothesis of symmetry: p =", round(p_boot, 3),
"\n")

if (p_boot < alpha) {cat(sprintf("The null hypothesis of normality is rejected at a significance level of %.2f
using bootstrap probability.", alpha), "\n")

} else {cat(sprintf("The null hypothesis of normality is maintained at a significance level of %.2f using
bootstrap probability.", alpha), "\n")}

# Third part of the script: PCS

x <- ¢(0.532, -0.248, 1.342, -0.096, -0.022, 0.105, -4.243, -0.084, -2.281, 2.821, -0.002, 2.623, -0.559, -1.586,
0.177, -0.074, 0.421, 0.101, 0.683, -0.005, -0.087, -0.499, -0.754, 0.043, -0.664, -0.445, -2.677, -1.197, 0.537,
0.239, 0.006, -0.070, -0.506, -0.234, 0.079, 5.489, -0.310, 0.357, 0.641, 0.388, 0.233, 1.431, 1.417, 0.919, 0.247,
0.227, 0.392, 3.590, 0.470, -0.132, 0.105, 2.120, -0.228, 0.203, -1.910, 0.338, 0.211, -0.322, -0.080, 0.963)

library(bcaboot)
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library(boot)
library(moments)
library(nortest)

cat("Point estimate of the percentile coefficient of skewness", "\n")

PCS <- (quantile(x, 0.10, type = 8) + quantile(x, 0.90, type = 8) - 2* quantile(x, 0.50, type = 8)) / (quantile(x,
0.90, type = 8) - quantile(x, 0.10, type = 8))

cat("Percentage coefficient of skewness: PCS(x) =", PCS,"\n")

cat("Asymptotic confidence interval of percentile coefficient of skewness", "\n")

ase <- 1.198286 / sqrt(length(x))

alpha <- 0.05

LL <- PCS - qnorm(1 - alpha / 2) * ase

UL <- PCS + gnorm(1- alpha / 2) * ase

cat("Asymptotic standard error of PCS: ase(PCS) =", round(ase, 3), "\n")

cat("Asymptotic confidence interval", (1 - alpha) * 100, "% for PCS: 95% CI (", round(LL, 3),",", round (UL,
3),")\n")

cat("Bootstrap confidence interval of the percentile coefficient of skewness", "\n")

# Aceleracion (jackknife)

n <- length(x)

PCS_jack <- numeric(n)

for (i in 1:n) {x_jack <- x[-]

PCS_jack[i] <- (quantile(x_jack, 0.10, type = 8) + quantile(x_jack, 0.90, type = 8) - 2 * quantile(x_jack, 0.50,
type = 8)) / (quantile(x_jack, 0.90, type = 8) - quantile(x_jack, 0.10, type = 8))}

acel <- sum((mean(PCS_jack) - PCS_jack)"3) / (6 * sum((mean(PCS_jack) - PCS_jack)"2)"(3/2))
cat("Acceleration (jackknife): a =", round(acel, 9), "\n")

library(boot)

set.seed(123)

b<-boot(data=x, function(x, i) {(quantile(x[i], 0.10, type = 8) + quantile(x[i], 0.90, type = 8) - 2*quantile(x[i],
0.50, type = 8))/(quantile(x[i], 0.90, type = 8) - quantile(x[i],0.10, type = 8))}, R=1000)

boot_est <- mean(b$t)

cat("Bootstrap estimation: m(b$t) =", round(boot_est, 3), "\n")

agostino_boot <- agostino.test(b$t, alternative = "two.sided")

ag_boot <- anscombe.test(b$t, alternative = "two.sided")

print(agostino_boot)

print(ag_boot)

cat("D'Agostino-Berlanger-D'Agostino normality test”, "\n")

K2 <- (agostino_boot$statistic["z"]*2 + ag_boot$statistic["z"]"2)

p <- pchisq(K2, df =2, lower.tail = FALSE)

cat("K”*2 =", round(K2, 3), "\n")

cat("p_value =", round(p, 3), "\n")

sf.test(b$t)

b

plot(b)

boot.ci(b, conf = 0.95, type=c("bca", "perc", "norm"))

p_boot_left <- mean(b$t < 0)

p_boot_right <- mean(b$t > 0)

p_boot <- min(p_boot_left, p_boot_right)

cat("One-tailed bootstrap probability value for the null hypothesis of symmetry: p =", round(p_boot, 3),
"\n")
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if (p_boot < alpha) {cat(sprintf("The null hypothesis of normality is rejected at a significance level of %.2f
using bootstrap probability.", alpha), "\n")

} else {cat(sprintf("The null hypothesis of normality is maintained at a significance level of %.2f using
bootstrap probability.", alpha), "\n")}

5.2.3. The output of the script applied to the vector of scores x

The 60 sample data points, shown in blue in the script, were simulated from a Cauchy distribution
with parameters: xo = 0.05 (location parameter corresponding to the median) and y = 0.38 (scale
parameter corresponding to the semi-interquartile range) [73]. To give the data a concrete context within
the field of social sciences, they are considered to correspond to stock price return data in volatile
markets. For this type of data, the Cauchy distribution probability model has been found to exhibit good
predictive ability [46-47]. The data were rounded to three decimal places. Next, the script for random
sample generation is presented, which is stable due to having a fixed seed [74].

set.seed(123)
x <- rcauchy(60, location = 0.05, scale = 0.38)
print(round(x, 3))

Considering a significance level of 5%, the sample of variable X, composed of 60 data, is random by the
Wald-Wolfowitz runs test (r = 27, no = 30, n1 = 30, z(r) = -1.042, two-tailed exact probability value: p =
0.298, ¢ = 0). It deviates from normality by the D'Agostino-Berlanger-D'Agostino (k%(x) = 17.457, p <
0.001, ¢ =0.9705), Lilliefors (d = 0.194, p <0.001, ¢ = 1), Anderson-Darling (AD = 3.4071, p <0.001, p =1),
and Shapiro-Francia (w = 0.838, p < 0.001, ¢ = 1) tests. In the histogram with the overlaid density and
normal curves (Figure 13), a leptokurtic profile is seen, rather symmetrical and with a peak in the center
of the distribution. It is thinned in the shoulder zone, but thickened in the tail zone.
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Figure 13. Histogram of X values with overlaid density and normal curves. Source: prepared by the author from
the script in sub-section 5.2.2, executed with the R program.

The reversed absolute index of skewness (AISr) reaches a value of 0.106, close to 0 (Table 4). When the
asymptotic confidence interval is calculated at the 95% level, 0 is within the interval (95% CI (-0.267,
0.479); ase = 0.190), indicating expected symmetry. However, since the sample of X values does not
conform to a normal distribution and is assumed to follow a Cauchy distribution, which lacks finite
moments, such an interval is inappropriate and should not be reported. Instead, bootstrap estimation
should be used, with a small standard error (bse = 0.430), making it reliable.

The bootstrap confidence intervals for the three methods include zero, with the most efficient, having
the smallest width, obtained through the percentile method. Its width measures 1.606, compared to
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1.664 for the BCa method and 1.685 for the normal method (Table 5). At a 5% significance level, the
bootstrap sampling distribution (b$t) exhibits symmetry according to the D'Agostino test and
mesokurtosis according to the Anscombe-Glynn test, while conforming to normality according to the
D'Agostino-Berlanger-D'Agostino test (Table 6). The histogram displays a bell-shaped profile, and the
normal quantile-quantile plot shows good alignment of the data at 45 degrees, except for slight
deviations at the extreme points (Figure 14). The Shapiro-Francia test confirms normality at a 1%
significance level (Table 6), and the skewness and kurtosis values (Table 4) exceed 0.05. Therefore, the
BCa confidence interval is deemed the most appropriate (Table 5). Consistent with the bootstrap
confidence interval, the null hypothesis of normality is upheld at a 5% significance level using bootstrap
probability (Table 5).

Table 4. Point estimation, bootstrap estimation, bootstrap bias, bootstrap standard error, and jackknife
acceleration.

Statistic point_est boot_est boot_bias boot_se jack_a
AlSr 0.106 0.158 0.052 0.430 -0.053
PCS 0.086 0.115 0.029 0.295 -0.055
RISr 1.174 4.470 3.296 71.923 -0.038

I Note. Statistic: AISr = Reversed Absolute Index of Skewness, CPS = Percentile Coefficient of Skewness, and RISr
= Reversed Relative Index of Skewness, point_est = statistic value or point estimation in the original sample (to),
boot_est = mean(b$t) = bootstrap estimation or mean of the statistic in the 1000 bootstrap samples, boot_bias =
boot_est - to = bootstrap = bootstrap bias estimation or difference between the bootstrap estimate and point
estimation in the original sample, boot_se = sd(b$t) = bootstrap standard error or standard deviation of the
statistic in the 1000 bootstrap samples, jack_a = jackknife acceleration or measure of the rate of change in the
standard deviation (o[to]) of the estimate (fo = f(x)) as the data changes. Source: prepared by the author from the
script in sub-section 5.2.2, executed with the R program.

Table 5. Bootstrap confidence interval for the three statistics and bootstrap probability for null hypothesis of
symmetry.

Statistic of Bootstrap confidence interval at 95% Bootstrap
skewness norm perc BCa p_value
AlSr (-0.789, 0.896) (-0.629, 0.977) (-0.742, 0.922) 0.356
PCS (-0.521, 0.634) (-0.468, 0.612) (-0.531, 0.556) 0.356
RISr (-143.09, 138.84) (-115.42, 158.42) (-219.02, 51.65) 0.336

1 Note. Statistic: AISr = Reversed Absolute Index of Skewness, CPS = Percentile Coefficient of Skewness, and RISr
= Reversed Relative Index of Skewness. Confidence intervals using the normal (norm), percentile (perc), and bias-
corrected and accelerated percentile (BCa) methods. Calculations based on 1000 extractions with replacement
from the original sample. Probability values less than 0.05, indicating the statistical test's significance, are
highlighted in bold. Source: prepared by the author from the script in sub-section 5.2.2, executed with R.

Table 6. Skewness and normality in the bootstrap sampling distribution of the three statistics of skewness.

Statistic D’Agostino: Anscombe-Glynn: DBD Shapiro-Francia
of skewness test kurtosis test test Royston
skewness b1 z p b2 z p k2 p w p
AlSr 0.108  1.400 0.162 2.846 -0976 0329 2912 0233  0.99 0.010
PCS -0.233 2989 0.003  2.240 -8.221 <0.001 76.522 <0.001  0.982 <0.001
RISr 1.282  13.135 <0.001 44534 18.365 <0.001 509.83 <0.001 0.441 <0.001

1 Note. Statistic: AISr = Reversed Absolute Index of Skewness, CPS = Percentile Coefficient of Skewness, and RISr
= Reversed Relative Index of Skewness, D’ Agostino skewness test: Vb1 = measure of skewness based on the third
standardized central moment, z = test statistic or standardized value of \b1, p = probability value in a two-tailed
test. Anscombe-Glynn kurtosis test: b2 = measure of kurtosis based on the fourth standardized central moment, z =
test statistic or standardized value of bz, p = probability value in a two-tailed test, D’ Agostino-Berlanger-
D’Agostino DBD normality test: k? = test statistic, p = probability value, Shapiro-Francia normality test using
Royston’s procedure: w = test statistic based on the square of the correlation between theoretical and empirical
quantiles and p = probability value. Probability values less than 0.05, indicating the statistical test's significance,
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are highlighted in bold. Source: prepared by the author from the script in sub-section 5.2.2, executed with the R
program.
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Figure 14. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution for AISr derived
from the 60-data sample of variable X. Source: prepared by the author from the script in sub-section 5.2.2,
executed with the R program.

The percentile coefficient of skewness reached a value of 0.086, close to 0 (Table 4). The asymptotic
confidence interval includes 0 (95% CI: (-0.217, 0.389), ase = 0.155). However, given the non-normal
distribution assumed to follow a Cauchy distribution, this interval is not appropriate. All three
bootstrap confidence intervals include 0 and are reliable, with small standard errors (bse = 0.295) and
bias (0.029 < 0.05). The interval with the smallest width is obtained by the percentile method (w = 1.080),
followed closely by the BCa method (w = 1.087), and finally the normal method (w = 1.155) (Table 5).
The bootstrap sampling distribution of the statistic shows negative skewness and platykurtosis (Table
6), resulting in a histogram with thickened shoulders and shortened tails, and an elongated S-shape in
the normal quantile-quantile plot (Figure 15). Given the bootstrap sampling distribution's deviation
from normality due to negative skewness and high kurtosis (lal = 0.055 > 0.025), the BCa method is
considered the most appropriate (Table 5). Consistent with the bootstrap confidence interval, the null
hypothesis of normality is upheld at a significance level of 0.05 using bootstrap probability (Table 5).
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Figure 15. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution for PCS derived
from the 60-data sample of variable X. Source: prepared by the author from the script in sub-section 5.2.2,
executed with the R program.
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5.3. Calculation of RISr in the sample of 60 data points using R

In the script, the option to compute the bootstrap confidence interval using the BCa method with the
'beajack’ library [72] was included due to potential memory limitations or timeouts when using the 'boot’
library. The acceleration value is derived from computations with the 'bcajack’ library, but the display
of the resulting bootstrap confidence interval using the BCa method is disabled: # print(bcajack_results).
To activate it, uncomment boot.ci(b, conf = 0.95, type = c("bca", "perc”, "norm")) by adding the symbol #
in front and remove it from print(bcajack_results). This package requires significantly fewer
computational resources compared to the 'boot' library for computing the bootstrap confidence interval

using the BCa method.

x <- ¢(0.532, -0.248, 1.342, -0.096, -0.022, 0.105, -4.243, -0.084, -2.281, 2.821, -0.002, 2.623, -0.559, -1.586,
0.177, -0.074, 0.421, 0.101, 0.683, -0.005, -0.087, -0.499, -0.754, 0.043, -0.664, -0.445, -2.677, -1.197, 0.537,
0.239, 0.006, -0.070, -0.506, -0.234, 0.079, 5.489, -0.310, 0.357, 0.641, 0.388, 0.233, 1.431, 1.417, 0.919, 0.247,
0.227, 0.392, 3.590, 0.470, -0.132, 0.105, 2.120, -0.228, 0.203, -1.910, 0.338, 0.211, -0.322, -0.080, 0.963)

library(bcaboot)
library(boot)
library(moments)
library(nortest)

cat("Point estimate of the additive opposite of Kelley's relative index of skewness", "\n")
RISr <- (quantile(x, 0.10, type = 8) + quantile(x, 0.90, type = 8)) / (2 * quantile(x, 0.50, type = 8)) - 1
cat("Opposite additive Kelley's relative index of skewness: RISr(x) =",round(RISr, 3),"\n")

cat("Bootstrap confidence interval of the additive opposite of Kelley's relative index of skewness", "\n")
# Acceleration (jackknife)

set.seed(123)

bcajack_results <- beajack(x, B = 1000, function(x, i) {(quantile(x[i], 0.10, type = 8) + quantile(x[i], 0.90,
type = 8)) / (2* quantile(x[i], 0.50, type = 8)) - 1}, alpha = 0.025, verbose = TRUE)

acel <- bcajack_results$stats[1, "a"]

cat("Acceleration (jackknife): a =", round(acel, 6), "\n")

set.seed(123)

b <- boot(data=x, function(x, i) {(quantile(x[i], 0.10, type = 8)+quantile(x[i], 0.90, type = 8))/(2*
quantile(x[i], 0.50, type = 8)) - 1}, R=1000)

boot_est <- mean(b$t)

cat("Bootstrap estimation: m(b$t) =", round(boot_est, 3), "\n")

agostino_boot <- agostino.test(b$t, alternative = "two.sided")

ag_boot <- anscombe.test(b$t, alternative = "two.sided")

print(agostino_boot)

print(ag_boot)

cat("D'Agostino-Berlanger-D'Agostino normality test", "\n")

K2 <- (agostino_boot$statistic["z"]*2 + ag_boot$statistic["z"]"2)

p <- pchisq(K2, df =2, lower.tail = FALSE)

cat("K"2 =", round(K2, 3), "\n")

cat("p_value =", round(p, 3), "\n")

sf.test(b$t)

b

plot(b)

boot.ci(b, conf = 0.95, type = c("bca", "perc”, "norm"))

# print(bcajack_results) # Remove the '#' symbol if the 'boot' library cannot calculate the BCa confidence
interval
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p_boot_izq <- mean(b$t < 0)

p_boot_der <- mean(b$t > 0)

p_boot <- min(p_boot_izq, p_boot_der)

cat("One-tailed bootstrap probability value for the null hypothesis of symmetry: p =", round(p_boot, 3),
"\n")

alpha <- 0.05

if (p_boot < alpha) {cat(sprintf("The null hypothesis of normality is rejected at a significance level of %.2f
using Bootstrap probability.", alpha), "\n")

} else {cat(sprintf("The null hypothesis of normality is maintained at a significance level of %.2f using
bootstrap probability.", alpha), "\n")}

Kelley's reversed relative index of skewness (RISr) reaches a value of 3.296 (Table 4). The bootstrap
sampling distribution of the RISr statistic (b$t) exhibits positive skewness and strong leptokurtosis,
indicating departure from normality (Table 6). The histogram displays a pointed profile with thinned
shoulders and elongated tails. The normal quantile-quantile plot flattens in the central area and deviates
on both sides, forming a concave curvature to the left and a convex curvature to the right, describing a
broad-shouldered shape (Figure 16). Moreover, it shows considerable bias and an acceleration greater
than 0.025 (Table 4), making the BCa method the most appropriate for the bootstrap confidence interval,
which includes 0 at a 95% level (Table 5). The interval width is notably large (w = 270.67), similar to
intervals obtained with the other two methods: 273.84 with the percentile method and 281.93 with the
normal method (Table 5), due to a very large bootstrap standard error (bse =71.923) (Table 4), rendering
it unreliable. Consistent with the bootstrap confidence interval, the null hypothesis of normality is
upheld at a 5% significance level using bootstrap probability (Table 5), although this statistic should
ultimately be disregarded due to its lack of reliability.
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Figure 16. Histogram and normal quantile-quantile plot of the bootstrap sampling distribution for RISr derived
from the 60-data sample of variable X. Source: prepared by the author from the script in this sub-section 5.3,
executed with the R program.

6. Discussion

From the design of this study, source samples of 10,000 data points were generated using inverse
transform sampling [37] from three continuous, symmetric distributions with different kurtosis levels
(platykurtic, mesokurtic, and leptokurtic). The bootstrap sampling distribution of the absolute index
and percentile coefficient of skewness converges to a normal distribution, whereas that of the relative
index of skewness deviates due to pronounced leptokurtosis. Therefore, when developing the R script
to obtain point and interval estimates for these indices, it includes errors and asymptotic intervals for
the absolute index and percentile coefficient. The script allows for checking normality and considering
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the sample distribution of variable X to choose between asymptotic or bootstrap alternatives. In cases
of normality or near-normality (symmetry, mesokurtosis, and a bell-shaped profile) with a large sample
size, the asymptotic confidence interval is highly suitable. It's worth noting that asymptotic and
bootstrap standard errors for these two statistics are very similar across the three simulated
distributions, all of which are symmetric and have finite moments.

Furthermore, the script allows computation of the bootstrap confidence interval for these two measures
of skewness using three methods: normal, percentile, and BCa [25, 69]. To determine the most suitable
method, the script checks the symmetry, kurtosis, and normality of the bootstrap sampling distribution,
along with acceleration, skewness, and error statistics. The normal method is preferred if the
distribution is normal [69]. If the distribution is non-normal but exhibits symmetry, low skewness, and
low acceleration (< 0.05 and < 0.025, respectively), the percentile method is suitable, especially if it
provides a narrower interval than the BCa method. For non-normal distributions with significant
skewness and kurtosis, along with substantial bias and acceleration, the BCa method is recommended
[72]. If the error is very large—greater than a quarter of the variable's range or the sample size—the
interval is questionable and should be approached with caution, or better discarded together with point
estimate [23, 25-26].

In the example presented, originating from a distribution without finite moments [46-47], the
asymptotic approximation cannot be applied. Moreover, due to the excessive bootstrap standard error,
the RIS should be disregarded. Given the non-small bias and acceleration, and the less-than-ideal fit to
normality of the bootstrap sampling distribution, the BCa method is the optimal choice for obtaining
confidence intervals [72]. This method provides intervals with amplitudes very similar to those from
the percentile method, which would otherwise be somewhat inadequate [25]. It can be concluded that
both indices are reliable, given their small standard errors, and that the sample stems from a symmetric
distribution, as evidenced by bootstrap confidence intervals encompassing 0 and bootstrap probability
values exceeding the significance level of 0.05 (AISr = 0.052, 95% BCa bootstrap CI (-0.742, 0.922), two-
tailed bootstrap p-value = 0.356; PCS = 0.029, 95% BCa bootstrap CI (-0.531, 0.556), two-tailed bootstrap
p-value =0.356). This significance level is appropriate for a sample size of 60, allowing for valid inference
due to its random nature. Specifically, this conclusion holds true because the sample originates from a
symmetric distribution, such as the Cauchy distribution [46].

Limitations of the study include the exclusion of asymmetric distributions with finite moments, such as
gamma, loglogistic, or lognormal distributions [16]. Additionally, we did not vary the size of the source
sample to assess convergence to normality (e.g., increments from 30 to 900 by 100, and from 1000 to
10000 by 1000). Instead, the study focused on three symmetric distributions with varying kurtosis and
very large source samples, chosen to effectively represent the source distribution [17].

The question arises whether the script is applicable to ordinal variables. If the variable has a large
number of ordered categories and assumes normality, a common practice in psychology and other
social sciences, it could be feasible [75]. These skewness measures rely on quantiles, which are calculated
robustly using R's method 8. However, using a rounding method (such as the 1 to 3 rules in R) for
quantile calculation warrants further study [14, 20].

7. Conclusions

The sampling distribution of Kelley's absolute index of skewness converges to a normal distribution. Its
additive complement, divided by the semi-percentile rank which corresponds to the coefficient of
percentile skewness, serves as its appropriate standardization. The sampling distribution of this
coefficient also converges to a normal distribution. It is inappropriate to standardize the absolute index
using the median. The R script developed can be practically and didactically useful for point and
interval estimation of both the absolute index and its standardized form.
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Abstract: The main motivation of this study is to develop an efficient algorithm for diagnosing and detecting
outliers in linear regression up to a reasonable level of contamination. The algorithm initially obtains a robust
version of the hat matrix at the linear algebra level. The basic subset obtained in the first stage is improved through
concentration steps as defined in the fast-LTS (Least Trimmed Squares) regression algorithm. The method can be
plugged into another algorithm as a basic subset selection state. The algorithm is effective against outliers in both
X and Y directions by a rate of 25%. The complexity of the algorithm increases linearly with the number of
observations and parameters. The algorithm is quite fast as it does not require iterative calculations. The success of
the algorithm against a specific contamination level is demonstrated through simulations.

Keywords: Linear regression, Outlier Detection, Robust Regression

1. Introduction
Suppose the linear regression model is
y =Xf +¢

where y is the n-vector of the response variable, X is the n X p design matrix, ¢ is the n-vector of the
stochastic error term with zero mean and constant variance, n is the number of observations, and p is
the number of regression parameters. The ordinary least squares estimate of 8, noted as £,

p=XX)"Xy
is the most efficient estimator among the linear and unbiased estimators, that is, £ minimizes
MSE(B) = Var(B) + Bias*(B). (1)

When data contains unusual observations Eq. 1 may increase drastically depending on the direction
and level of the contamination. The LAD (Least Absolute Deviations) estimator is resistant up to 50%
of contamination on the vertical outliers since it minimizes the conditional median of the response
variable, that is, the LAD estimator /3,4, minimizes the objective function

min Y|y — XBLAD'

which in turn can be written as a linear programming problem
n

min Z e +e;
i=1
Subject to:
XiyBrap +e —ef =y; 2)
e ,ef =0 ,i=12..,n
Brap € RP
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where X(;) is the ith row of X, e;” = 0 if i-th residual is located under the regression object, otherwise
e, =0, e} =0 if i-th residual is located above the regression object, otherwise e/ = 0.If e; = e} =0
then the regression equation exactly fits the i-th observation. Eq. 2 has an exact solution to the robust
method LAD, however, LAD is not resistant to X-space outliers, namely, bad leverage points [1].

LTS (Least Trimmed Squares) estimator B.rs is resistant to both vertical and X-space outliers up to 50%
contamination and it is defined as

h
min Z | vi — XyBursl®
i=1

where |y; — X Burs|? is the i-th ordered squared residual, h is at least half of the number of
observations n. The Fast-LTS algorithm requires selecting many basic subsets and then iterating and
enlarging the basic subset until some convergence criteria is met [2]. Since the algorithm is based on
comprehensive iterations of calculations, more computation time is required to obtain parameter
estimates. When the data is large, metaheuristics [18] can be used to minimize the objective function,
however, the required computation time is still a problem just because the optimization problem has
not a closed form as in many robust regression estimators.

In this paper, a robust version of vector and matrix algebra is defined to obtain a more robust version
of the well-known hat matrix. This hat matrix is then used to construct a small basic subset which is
supposed to be free of outliers. This basic subset is then fed into a robust regression estimator to obtain
robust regression parameter estimates. The proposed method is based on a single-pass algorithm and
fast. It's shown that the proposed method is resistant up to 25% level of contamination.

In Section 1 the problem is introduced. In Section 2, the basics of the robust hat matrix construction is
introduced. In Section 3, the use of the robust hat matrix based initial basic subset is introduced in a
robust regression estimator, LTS. In Section 4, a suite of simulation studies is performed to assess the
performance of the algorithm for varying dimensions and levels of contamination. Finally, in Section 5,
the results are discussed and we conclude.

2. Preliminaries
Suppose that the p-vectors x and y are defined as

X = [xl,xz,...,xp ]T
and

Y = [uyeow]

The classical dot product sums up the products of corresponding elements of vectors x and y, that is,

p
Xy = Z XiYi

i=1
The dot product x'y can also be written as

X'y = f(y1 X220 XpYp) X D

where

p
Gy =Y v /.
i=1
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In other terms, the sum is p times the sample mean. Now suppose that f* is a robust location estimator.
Then the robust dot product of x and y can be written as

X' Qy = fr(xX1Y1, X2Y2 - XpYp) X D. 3)

Since f*(.) is a robust location estimator then f*(.) X p is a robust estimate of sum. Using x' ® y
instead of x"y results in a more robust version of the vector product.

2.1. Robust Matrix Multiplication
Suppose that X and y arem X nandn X p matrices, respectively. Then the i-th row and the j-th column
of the robust matrix multiplication of C = A @ B is defined as

cij = Xy @Y (4)

where X(; is the i-th row vector of X and y is the j-th column vector of y, & is the multiplication
operator as defined in Equation 3, and f* is a univariate robust location estimator.

2.2. Robust Hat Matrix
The original hat matrix of linear regression is based on the design matrix and it is defined as

H = X(X'X)™'x’'

and the diagonal elements of H are investigated for bad leverage points [3]. When the design matrix
contains unusual observations, because of the summation operator, the corresponding diagonal
elements of H tend to have smaller values and cause the masking effect. Replacing the matrix
multiplication operator with its robust counterpart yields

Hp = X(X' @ X)X’

where @ is the robust multiplication operator. Since the part (X' @ X) is supposed to be outlier free for
some contamination level, it is expected that the unusual observations will have relatively larger values
on the corresponding diagonal elements of H.

2.3. Trimean as a Robust Location Estimator
Trimean estimator is a robust estimator of the location parameter which is defined as

Q25(x) + 20Q50(x) + Qy5(x)
4
where Q,5(x) is the first quartile of X, Q50(x) is the sample median of x, and Q,5(x) is the third quartile

of x, respectively [4]. The Trimean is less robust than the sample median, however, it's more efficient.
The break-down point of Trimean is 25%, that is, it stays resistant to outliers when the fraction of
contamination is up to 25% of data. Moreover, Trimean is a suitable estimator due to its efficiency
resembling the arithmetic mean and its robustness akin to the median.

In Table 1, the use of the robust version of the Hat matrix (Hy) is represented using a set of simulated

Trimean(x) =

data. The robust location estimator is selected as f* = Trimean. The data consist of two variables,
namely x; and x,, with the sample size of n = 10. The last two observations have unusual values. The
9th and 10th observations are manipulated by distorting the values corresponding to the first variable.
Diag(H) and Diag(Hg) represent the diagonal elements of the hat matrix and robust hat matrix,
respectively.

Table 1. [llustrative example of a set of simulated data.

Obs. Cons. X4 X Diag(H) Diag(Hg)
1 1.0 0.493 0.520 0.319 0.649
2 1.0 0.332 0.534 0.307 0.648
3 1.0 0.895 0.797 0.121 0.236
4 1.0 0.910 0.545 0.258 1.023
5 1.0 0.779 0.967 0.345 0.871
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6 1.0 0.201 0.765 0.164 0.867
7 1.0 0.622 0.760 0.122 0.130
8 1.0 0.311 0.960 0.374 1.769
9 1.0 2.900 0.756 0.283 14.42
10 1.0 4.300 0.764 0.702 38.24

In Table 1, it is shown that the two largest diagonal elements incorrectly belong to the observations 8
and 10, whereas, observations 9 and 10 have relatively large values on the diagonal elements of the
Trimean based robust hat matrix. As it is expected, larger and smaller values are omitted in the
summation part of the vector multiplication stage.

3. The Main Algorithm

Constructing a basic subset and then iterating and enlarging this subset until some convergence criteria
is met is not a new concept in detecting outliers in linear regression [5, 6, 7]. [5] constructs a subset of
p+1 observations and then enlarges these subsets using the DFFITS [8] statistics. Similarly [6] and [7]
enlarge the basic subset using multivariate statistics calculated on the design matrix in order to detect
bad-leverage points. [9] and [10] construct and iterate an initial estimate and then update the weights
of an iteratively weighted least squares estimate. [11] introduces a two-stage method for detecting
outliers in linear regression. In the first stage of the method, a subset of outlier-free observations is
created using a robust covariance matrix estimation inspired by the Comediance [12] statistic. Several
iterations are performed for constructing initial subsets as the essential steps of the LMS [13], LTS [2],
and LTA [14] estimators. However, the initially selected subsets may contain outliers, and in the later
stages of the outlier detection algorithm (or the robust estimator), this could lead to clean observations
being reported as outliers and outliers being reported as clean observations. The developed algorithm
has been designed to find a better initial subset in a shorter time and to reduce the computational
overhead in subsequent iterations of the detection algorithms

The steps of the devised initial basic subset construction algorithm is given as follows:

Main Algorithm:

Step 0. Construct the design matrix X with dimensions n and p.

Step 1. Compute the robust hat matrix using the formula X (X’ ® X)~*X’ where the operator & is defined
asin Eq. 3 and Eq. 4, respectively.

Step 2. Let |h;;| is the ordered diagonal elements of the robust hat matrix. Record the indices of first p +
1 elements of |h;;|.

Step 3. Perform C-Steps of the LTS algorithm for the initial basic subset obtained in the previous step.
Report f,rs and the other necessary output of the final regression.

The main algorithm is basically based on constructing an initial basic subset of length p + 1 which is
supposed to be free of outliers. The final step is based on the concentration steps (C-Steps) of the LTS
algorithm but only a single initial basic subset is fed for obtaining a better larger subset with size h. The
algorithm differs from the LTS algorithm as it constructs a single basic subset instead of selecting many
random basic subsets.

Iterating C-Steps is the inner part of the outlier detection algorithm. C-Steps, as defined in [2], start with
estimating the linear regression coefficients using a p + 1 subset of observations. The smallest h ordered
absolute residuals obtained in a previous step are then used to estimate the regression parameters. h is
a number that covers at least half of the observations. Subsequent iterations are performed until the
difference of the last two objective function values are less than a small value. The Fast-LTS algorithm
iterates these steps for many randomly drawn p + 1 subsets. The devised algorithm is fast as it uses a
single initial basic subset which is obtained using the robust hat matrix.

Table 2 represents regression coefficients estimated using the Hawkins, Bradu, Kass's (HBK) Artificial
Data [15] by several estimators. HBK data consists of three independent variables and has 75
observations. The model is supposed tobe y = fy + f1x; + B2Xx, +f3x3 + €. LMS, LTS, BCH [7], and
the devised algorithm Ry, have similar results as Bo<0, B;>0,B,>0,and B; < 0. OLS and LAD
end up with a different set of signs of estimations. This set of results is a clean indicator of the dataset

79



at hand has possible X-space outliers. The last column of Table 2 represents the relative time consumed
by the estimators. The fastest estimator is OLS and its relative time is set to 1x. It can be said that the
exact LAD estimation is 12.21 times slower than the OLS. The devised estimator is the fastest one among
others as it is 1.52 times slower than the OLS estimator. Summarizing the results, it can be said that the
devised algorithm is fast enough and it is capable of handling contaminated data with similar results
obtained with the high breakdown estimators.

Table 2. Estimated regression coefficients using the Hawkins, Bradu, Kass's Artificial Data by several

estimators.

Estimator Bo B, B B3 Time
OLS -0.387550 0.239185 -0.334548 0.383341 1
LAD -0.881474 0.091312 0.154760 0.214647 12.21
LMS -0.677950 0.266808 0.112131 -0.144488 91.47
LTS -0.637726 0.253676 0.108266 -0.139344 62.13
BCH -0.535321 0.227364 0.049063 -0.097577 10.16
Riar -0.578735 0.261031 0.045958 -0.103124 152

4. The Simulation Study

A set of simulation studies is performed for measuring the performance of the devised algorithm. In
each single simulation, a random regression data is created using a specific data generating process. The
regression model has always an intercept term. x; variables are drawn from a standard Normal
distribution for i = 1,2,..., p. The error term also follows a Normal distribution with zero mean and unit
variance. Regression parameters are set to 5 for all ;. Generated data is contaminated either in X or y
directions. Contamination with a given level is always guaranteed by adding random noise to largest
values on the corresponding set of variables. Simulations are repeated for null contamination level, that
is, results contain the case of absence of outliers. LinRegOutliers [19] package of the Julia programming
language [20] is used for the calculations. Figure 1 represents random regression data with
contamination on either X-space (a) or vertical (b) direction. Note that the represented data has only a
single independent variable, however, simulations are always performed for p > 2. In Figure 1 (a) 10
observations are located in a manner that is considered inappropriate as they don't follow the same
structure with the remaining data points by considering the X-space. In Figure 1 (b), 10 observations are
vertically incompatible with the regression structure and they have values larger than at least the
maximum of the clean data points in vertical direction.
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(a) (b)
Figure 1. Simulation data with n =100, p =2, and contamination level of 10% in either X or y
directions, respectively. (a) represents the case of the contamination on X, (b) represents the
case of the contamination on the response variable, y.

Figures 2 - 7 represent the simulation results. The horizontal axis shows the level of contamination, that

is, when the contamination is 0%, the data is free of outliers, otherwise, data is contaminated by the ratio
of the given level. In the vertical axis, average of the parameter estimates is given, that is, an unbiased
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and robust estimator should have values around a constant line of y = 5. Moreover, if the fluctuation
around the constant is low, then it can be concluded that the estimator has a smaller variance. The ideal
graphics follow the = 5 line with minimum variance.

Figures 2 and Figure 3 represent the simulation results for n = 50 and p = 3 when the direction of
contamination is X and y, respectively. It is shown that the parameter estimates are very close to 5 which
is the true regression parameters given in the data generating process. When the level of contamination
increases, parameter estimates tend to have larger variances and a negative bias emerges in case of
presence of X outliers. Bias of the estimates remain near to zero in the presence of y-outliers. In both
Figure 2 and Figure 3, it is shown that the parameter estimates drastically disrupt when the level of
contamination is larger than 25%.
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Figure 2. Parameter estimations for n =50, p = 3, and contamination in X-direction
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Figure 3. Parameter estimations for n =50, p = 3, and contamination in y-direction

Figures 4 and Figure 5 represent the simulation results for n = 100 and p = 5. The results are similar
when they are compared to the previous ones for n = 50 and p = 3, however, in presence of X-outliers,
the bias and variance seem to be more stable when the level of contamination is ¢ < 0.25. The intercept
parameter estimate remains unbiased with a small increase in the variance. When the data is
contaminated in the vertical direction, the results obtained by the configurations n = 50 and n = 100 are
similar.
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Figure 5. Parameter estimations for n =100, p =

5, and contamination in y-direction

Figure 6 and Figure 7 represent the simulation results for n = 500 and p = 10. It is shown that the
parameter estimates still remain stable for the contamination level is ¢ < 0.25. As expected, when the
contamination level is larger than ¢ = 0.25, the estimates drastically disrupt. Differently, in the presence
of y-outliers as it is shown in Figure 7, all of the parameter estimates take a value between a narrower
range, e.g. 4.96 < B, < 5.06, and the range still remains stable when the contamination level increases.
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Figure 6. Parameter estimations for n = 500, p = 10, and contamination in X-direction
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Figure 7. Parameter estimations for n = 500, p = 10, and contamination in y-direction

To investigate the performance of the algorithm, we generate simulated datasets with n = 1000 and p =
50. This configuration can be considered large for many research applications. Figure 8 and Figure 9
represent the simulation results for n = 1000 and p = 10. Simulation results have shown that even as the
number of observations and parameters increase, distortions in the parameters begin at the point where
the contamination level reaches 25%. Similar to previous simulation designs, in the presence of y-
outliers, as shown in Figure 9, all parameter estimates fall within a narrower range, e.g., 4.96 to 5.06.
This range remains stable even as the contamination level increases.
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Figure 8. Parameter estimations for n = 1000, p = 10, and contamination in X-direction
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Figure 9. Parameter estimations for n = 1000, p = 10, and contamination in y-direction
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5. Discussions and Conclusions

The robust statistics literature has a vast set of outlier detection and robust regression estimators
including LMS, LTS, LTA, LAD, M-Estimators [16], S-Estimators [17], etc. Some of the estimators serve
as high-breakdown estimators for datasets with a contamination level up to 50%. However, these
methods and estimators are computationally heavy and they require more time to obtain a result.

The robust hat matrix based initial basic subset selection method is a single-pass and linear algebraic
method that provides a clean input which is free of bad leverage points (X-space outliers) when the data
is contaminated up to 25%. That property makes the devised method superior in datasets with a low
contamination level. Note that the initial basic subset construction should be seen as an inner step of a
detection algorithm and theoretical properties of the robust hat matrix are not investigated in this paper.
Hence, it is not a standalone estimator but a subset selection tool only.

A suite of simulation study is performed to measure the performance of the devised method. Simulation
data is generated for different levels of number of observations, parameters and several levels of
contamination in both directions. The simulation results show that the method is applicable in all of the
cases. The theoretical and known drawback is the maximum level of contamination. The simulation
results also show that the bias and variance, hence MSE, of estimators reduce (towards zero) when the
number of observations and parameters increases.

The robust hat matrix estimation is based on the Trimean estimator. The maximum breakdown is
determined by this estimator. Using the sample median instead of the Trimean causes ending up with
a singular matrix which prevents obtaining a matrix inverse. Selection of another robust location
measure can be investigated in future works.

This paper is primarily motivated by the development of a clean starting set of points for later use in
the Fast-LTS algorithm. However, this stage can be easily integrated into any other robust regression
method and/or outlier detection methods. Future studies could investigate how the initial subset
selection stage can be applied to other outlier detection methods. This would provide insights into
whether the proposed approach can enhance the performance and accuracy of alternative algorithms.
Additionally, its integration into robust regression methods could reveal potential improvements in
handling datasets with challenging characteristics.
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Abstract: Variable selection in statistical model building still has challenges to overcome as the depth and breadth
of the research data is expanding. To help reduce this challenge, we introduce a new approach in variable selection,
called residual modeling, which can be applicable regardless of the number of predictors. We compare the statistical
power and type-1 error retainment of the forward, backward, and stepwise variable selection approaches with the
proposed modeling strategy controlling for known predictors. In Residual Modeling, each predictor enters the
model as a single predictor, whose resulting residuals become the dependent variable for the next predictor, and
so on. We compare these models under different scenarios with varying sample sizes and various combinations of
significant and insignificant predictors. When there exist known predictors from the literature, in identifying new
significant predictors controlling for these known predictors, Residual Modelling shows higher statistical power
especially as the number of predictors increases compared to the other variable selection methods used. It also has
reduced bias in parameter estimation and reduced standard errors. The Type-1 error was retained at its nominal
level for Residual Modelling while forward, backward, and stepwise variable selection approaches had slightly
reduced Type-1 Error rates. When dealing with multiple predictors in the presence of known significant predictors,
Residual Modelling offers a practical solution without causing loss of statistical power or increased Type-1 Error
Rate.

Keywords: variable selection, dimension reduction, forward selection, backward selection, stepwise selection,
residual modelling

1. Introduction

In statistical modelling, we often deal with multiple predictors (i.e., independent variables) for a given
response variable (i.e., dependent variable). The immediate, and typically the easiest, approach would
be to fit a model with all the predictors included in the model and assess the variables that show
significant association with the response variable. Then, the model is ‘cleaned’ by removing the
insignificant variables. The primary goal here is to choose the right set of variables for inclusion in a
statistical model at the end. There are several approaches to variable selection, each with its own
methodology and criteria for selection.

Forward Selection: This approach begins with an intercept-only model (i.e., no predictor in the model)
and adds variables one at a time. At each step, the variable that provides the most significant
improvement to the model is added, until no significant improvement can be made!.

Backward Elimination: In contrast to forward selection, backward elimination starts with all candidate
variables included in the model. Variables are removed one at a time if they are not statistically
significant, with the least significant variables removed first [1,2].

Stepwise Selection (also known as Mixed Selection): A combination of forward selection and backward
elimination, stepwise selection involves adding variables as in forward selection but also includes a step
where variables can be removed if they no longer provide a significant contribution to the model in the
presence of newly entered predictors. That is, a variable can go in and out of the model as the model
building progresses [2].
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In the above selection approaches, instead of using the p-values, approaches like the Akaike Information
Criterion (AIC) and the Bayesian Information Criterion (BIC) can also be used to compare models. These
criteria help in selecting a model that balances good fit with simplicity, penalizing models with
excessive variables [3].

Each of these methods has its own set of advantages and disadvantages and can be chosen based on the
specific requirements of the statistical analysis being performed, and each may affect the stability,
unbiasedness, and validity of the final model [2,4]. All these approaches suffer from overfitting
(especially with Backward selection approach), existing multicoliearity among predictors, inflated
Type-1 Error due to multiple testing.

In this work, we introduce a new variable selection approach, called Residual Modelling. The term
“Residual Modelling” has previously been used in the literature mainly within the context of forecasting
[5,6] and voice and video editing [7,8]. We use the term specifically within the context of regression
model building and variable selection.

2. Materials and Methods
This study has been carried out according to the Helsinki declaration with the Istanbul Medipol
University Ethics Committee review and approval on September 30, 2019 (Ethics Committee
Application No: 10840098-604.01.01-E.53819).
For a response variable Y with n-observations, the intercept-only regression model can be expressed
mathematically as follows:

Yi=u+¢,i=123,..,n
If there are 5 predictors (i.e., independent variables) in addition to the known predictors (KP), for
example, X1, X2, X3, X4, and X5, the model that contains all predictors is called Full Model, and
mathematically expressed as follows: Y; = By + Bip * Xgp; + 1 * X1i + Lo * Xoi + Pz x Xz + By ¥ Xy +
Bs * Xsite;
where i = 1,2,3,...,n, and Bgp vector of parameters represents the effects of the known predictors Xp.
In the above model, S, is the intercept of the model, representing the average value of the response
variable Y when all the effects of the predictors are equal to zero. The parameter B, expresses the
predicted change in Y for each unit of change in X1 affects Y keeping all other predictors fixed, f, shows
expresses the predicted change in Y for each unit of change in Xz keeping all other predictors fixed, and
so on. The error term & represents random error, which is assumed to be independently and
identically distributed Gaussian variates with zero mean and variance o?.
Setting entry and stay criteria around p-values, forward, backward, and stepwise variable selection
strategies can be employed. Statistical packages also allow the user to set certain variables (e.g., known
predictors-KP) to be kept in the model regardless of their significance. This is a critical functionality as
we would be more interested in testing whether or not a given candidate predictor is significantly
associated with the outcome variable controlling for the known factors and predictors.
2.1. A New Variable Selection Approach: Residual Modelling
In residual modelling, each predictor enters the model as a single predictor; then, the potential effect of
this predictor is removed from the response variable by using the residuals of this model as the response
variable for the next potential predictors. This process continues until all variables are tested. Table-1
shows an illustration of the Residual Modeling approach with 5 predictors.
Table 1: Residual Modelling Framework with five predictors (Byy represents the effects of known predictors Xyy)

Step 1: X1 is the only predictor in the model Y =PBo1+Bkp*Xgp +P1x X1 + &
Step 2: The residuals (g;) from Step 1 are used as the response & =P+ fr*Xs+ e
variable to assess the effect of Xz

Step 3: The residuals (&;) from Step 2 are used as the response & =Pos+Ps*Xz+¢&
variable to assess the effect of X3

Step 4: The residuals (3) from Step 3 are used as the response &= Poa + Pax Xyt &4
variable to assess the effect of X4

Step 5: The residuals (g,) from Step 4 are used as the response €4 = Pos + Ps * X5 + &

variable to assess the effect of Xs
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The order of the variables entering the model selection can be done in a random fashion as well although
it should not make a difference under the independence assumption. With Residual Modelling, we
hope to answer the following question: Does Xz have significant association with Y after removing the
association of Xi: with Y. Then, we move to the next variable to assess its association with Y after
removing the effects of X1 and Xo.
Similar to the competitive variable selection approaches, known predictors enter the Residual
Modelling strategy in Step-1; that is, the effects of the known predictors (KPs) are removed from the
response variable in Step-1 and the residuals from this model becomes the response variable for the next
candidate predictor to be tested.
We compared the performance of these four approaches in terms of the statistical power, Type-1 error
retention, estimation bias and standard errors through simulations.
Simulation Design:

e Number of predictors: 5, 10, 20 (X1— X20) of whom two are binary factors (Xs, Xs)

e Response Variable-1:

Y1=120+0.2X1+0.2X5+0.4X¢+0.4Xs+0.2X10+€

e Response Variable-2: Y2=120+0.2X1+0.2X2+0.2X5+0.2X4+0.2X5+0.4X6+0.2X7+0.4Xs+0.2X9+0.2X10+¢€

e Assumed Known Predictors: Xi only, X only, X1 and Xs, X1 and X5 and Xio

e Sample size: 100, 125, 150, 175, 200 (Considering at least 10 records per predictor)

e Number of simulation repeats: 1000

The simulations were summarized as the number of significant runs for each of the predictors,

where the percentage of the runs with significant results for insignificant variables will represent the
empirical Type-1 Error Rate and the percentage of the runs with significant results for significant
variables will represent the empirical Statistical Power. Parameter estimates and their standard errors

were also summarized as the averages across the simulation runs.
All analyses were conducted in a parallel manner in SAS® Version 9.4 (SAS Institute, Cary, North
Carolina, USA).

3. Results

Empirical statistical power advantage of Residual Modelling was apparent especially as the sample size
increases (Figure 1-2, Supplementary Figures A1-2). The performance of the Backward Elimination (BE)
approach is the second best overall.
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Figure 1: Empirical Power when X1 is the known significant predictor
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Figure 2: Empirical Power when X1 and Xs are considered as the known significant predictors

In Figure 3, we observe that the Type-1 Error Rate is retained by Residual Modelling at around the
nominal level of 0.05. The other models underestimate the Type-1 Error rate and it seems to be a function
of sample size as well. We observe an overall decline in Type-1 Error as the sample size increases.

X2 ®3 x4 X7 ¢ ]

0.06
0.05

0.04
0.03

0.02 -
0.06

0.05

0.04

10

0.03

Empirical Type-1 Error

0.0z -
0.08

0.05

0.04

20

0.03

0.02

100 140 180 100 140 180 100 140 180 100 140 180 100 140 180
Sample Size

- = = Forward —— Backward — — — Siepwise — — — Residual

Figure 3: Empirical Type-1 Error rate for representative insignificant variables
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Residual Modelling resulted in stable parameter estimation both for the known and new significant
predictors; although the parameter estimation of the known predictors by the other three variable
selection approaches was stable for the known predictors, they overestimated the parameters for the
new significant predictors, which improved as the sample size increases as shown in Figure-4. This
situation was the same for the two binary predictors (Supplementary Figure A3).
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Figure 4: Parameter Estimates for the continuous significant predictors by Variable Selection methods

Standard error was elevated for Residual Modelling especially with higher number of predictors in the
model compared the other three approaches as shown in Figure-5. Standard error improves with the
increases sample size as anticipated.
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Figure 5: Percentage of simulation repeats showing significance rate of redundant predictors in both
models.
The same set of simulations were run under two additional scenarios: Scenario-1: Known predictors
were applied in all models and the residuals of these models were used as the response variables for
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the forward, backward, and stepwise variable selection approaches. Scenario-2: Candidate variables
were shuffled to assess the impact of random order of predictors on the performance. Both scenarios
resulted in very similar performances in all models, indicating the robustness of Residual Modelling
under random assessment of candidate predictors and the robustness of the other three variable
selection approaches under the complete removal of the effects of the known predictors.

3.1. Real-World Application

The lung and throat cancer (TLC) deaths per 100,000 population were obtained for 81 provinces of
Turkiye for Year 2019. Ever smoking, ever alcohol consumption, and ever exposure to second-hand
smoking at home were obtained as the known factors for the LTC deaths. We wish to investigate if the
yearly variation (using the coefficient of variation-CV) of humidity, air pressure, wind speed, SO2 and
Particulate Matter-10 are associated with the LTC deaths controlling for the known effects of smoking
and alcohol. As a result, all for approaches identified the CV of humidity and windspeed as significant
new predictors of the LTC deaths, suggesting that provinces with higher CV of humidity and
windspeed reported relatively lower LTC deaths (Supplementary Figure A4).

4. Discussion

We have shown through simulations that the Residual Modelling performs better as the number of
predictors increase while Full Modelling seems slightly more statistically powerful with small number
of predictors.

In this investigation, we aimed to address a challenge in variable selection and model interpretation.
Rather than focusing on statement like “Predictor X is significantly associated with the response
variable Y after controlling the effect of X2”, we feel that a statement like “Predictor X: is significantly
associated with the response variable Y after removing the effect of X2” is better and more interpretable.
For example, when studying lung cancer mortality, smoking is a known factor. When both smoking
and other candidate factors are entered into the model, smoking may lose its significance just due to
some intrinsic association of smoking with other factors and the research may conclude “Smoking was
not found to be significantly associated with lung cancer mortality in the presence of such and such
predictors.” Residual Modelling allows us to remove the effects of all known factors before we
investigate the effects of other potential factors with the following question in mind: “Do these
additional factors have any significant effect on Y beyond the known effects of smoking, etc.”

Another advantage of Residual Modelling is that it does not limit itself with the number of predictors
at hand. For example, Residual Modelling approach can be applied to gene expression studies where
the number of predictors far exceeds the number of patients or samples at hand, utilizing the full power
of the entire sample size for each potential predictors, while Full Modelling requires that the sample
size be much higher than the number of predictors. Here, the effects of the known factors are removed
from the response variable and then the effect of each gene can be investigated on the residuals.
Familywise error control measures can be taken on their p-values as usual.

In model building, the subject level expertise supported by a comprehensive literature search is
indispensable to identify the known predictors of the response variable at hand. In Residual Modelling,
this becomes much more critical as the effects of these known predictors are removed from the response
variable literally before investigating the candidate predictors. This requires extra attention especially
when the predictors have inherent correlations among them. Naturally, when we deal with a group of
highly correlated predictors, when one is considered as a known factor and its effect on the response
variable is removed, the other candidate predictors are highly likely to be found as insignificant. This is
exactly where the subject knowledge is needed.

The user of Residual Modelling is free to combine the residual modelling approach with other variable
selection approaches. For example, once the known effects are removed from the response variable, a
stepwise variable selection can be carried out on the residual of this model. As the order of the candidate
variables may be important especially when these predictors have a certain level of correlation among
them, the user can carry out sensitivity analyses by shuffling the candidate variable list. Under the
multicollinearity assumption, this would not matter; however, in real-life studies, we see at least mild
level correlations among potential predictors more often than not.
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Residual Modelling approach is also prone to similar weaknesses as in the other variable selection
approaches such as overfitting (especially with Backward selection approach), existing multicoliearity
among predictors, inflated Type-1 Error due to multiple testing. Therefore, as a future research, we plan
to study who the regularisation techniques such as Lasso, Ridge, and Elastic Net are can be used as
penalization and shrinkage approaches to improve the model performance of Residual Modelling [9-
13].

Residual Modelling is proposed for continuous response variables specifically where we can obtain
residuals that are continuous variables in nature as well. Therefore, in its current state, Residual
Modelling is not applicable to other types of responses such as binary, count, time-to-event, etc.

5. Conclusions

We have shown that Residual Modelling has desirable power and type-1 error rate properties in model
building when there are known predictors (KPs) we need to account for in testing the significance of a
new set of candidate predictors.
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Supplementary Figures
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Abstract: In this study, how the application changes with the size of the scale, type I error rate and power of test
values were examined in different sample sizes. The material of this study is the random numbers generated
according to different sample sizes and different group means of standard deviation out of populations that hold
multinomial distribution. In the study, permutation test, F-test and Kruskal-Wallis (KW) test were examined using
combinations with different sample sizes (n =5, 10, 20, 30, 50) and different p values (probability of occurrence of
events which are 0.25, 0.50, 0.75) first interms of Type I error rate and then power of the test using different group
averages (A =1.0, 1.5, 2.0). As a result of the simulations, it is seen that with small sample sizes, Kruskal-Wallis test
was unable to maintain Type I error rate at 0.05 level. In the evaluation of such Likert-type data, it can be stated
that, permutation test, one of the distribution free tests, is more practical than other tests in terms of maintaining
the Type I error rate at 0.05 level and high power of test values. The permutation test is satisfactory in terms of both
the type I error rate and the power of the test. Also, permutation test is a distribution-free test. Therefore, can be
used without prerequisites. In almost every combination (7, A, k, n), permutation test had similar or superior type
1 error and power values than the F and KW tests. It was observed that compared to the 5 visual analogue scale,
when the data is measured in 10 and 20 visual analogue scale, the power of test values decreased. In other words,
if more than 5 visual analogue scale are made on the visual analogue scale data, the results would negatively be
affected.

Keywords: quantitized data; likert-type data; permutation test; monte carlo simulation; power of test values

1. Introduction

Visual analogue scale (VAS) data are the data sets obtained from scoring verbal predictions. The most
widely used visual analogue scales are 5 and 10-point scales however larger scales are also often used
too. The points can vary from no pain, little bit pain, medium pain, much pain, and very much pain. For
evaluation, analysis is conducted by attributing numerical values to these expressions.

The technique's apparent simplicity and adaptability to a wide range of research settings have made it
an appealing measurement option. VAS is preferred by researchers as it is simple, quick, easily
understood by untrained staff and subjects, and allows the use of numerical values suitable for statistical
analysis. Patient satisfaction is one of the most important evaluations and it will be even more important
in the future. The scale needs to be practical, objective, and applicable for the measurement. In the
literature, the distribution of the obtained data is reported to show a discrete uniform distribution [1-3].
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The discrete uniform distribution of data, such as VAS values, usually has the assumption that each
value will be selected from the sample with equal probability in a given draw. The probability mass
function of the discrete uniform distribution is given by P(X=x)=1/(n+1),x=0.1,....n, which means that X
can take any integer value between 0 and n with equal probability. The mean and variance of the
distribution are n/2 and (n(n+2))/12, respectively. To generate a random number from the discrete
uniform distribution, a random number (R) can be drawn from the U(0,1) distribution, S=(n +1)R can be
calculated, and the integer part of S can be drawn from the discrete uniform distribution [4]. In the
literature, the power of ANOVA and PermANOVA tests are generally tested with symmetrical
distributions such as normal distribution, t-distribution, and curved distributions such as Beta, Gamma
and Chi-square, and both type I error and power of test values are tested. As it is known, all of these
distributions are continuous distributions.

In fact, in the studies it was assumed that the distribution of VAS values approached normal [5-8].
However, likert type variables such as VAS values are discrete variables and show a discrete
distribution. Likert types such as having 5 or 10 scale values are data sets with discrete uniform
distribution. This study, which compares the methods used in group comparisons such as
PermANOVA, Kruskall Wallis, on the discrete uniform distribution obtained in different ways by
changing the parameters, will shed light on the literature. Because, in practice, these tests are still widely
used on data obtained in likert type, such as VAS values.

There are many studies showing that PermANOVA and Kruskal-Wallis tests are distribution-
independent tests and are also used in ordinal data [9-12]. It is thought that choosing the distribution as
discrete uniform and examining these tests in terms of both type I error and power of the test will
provide an innovative approach to the literature.

Based on these principles, VAS data show a discrete uniform distribution. As it is known, F, Kruskal-
Wallis (KW), and permutation tests are commonly used in group comparisons. If the data meets the
prerequisites of parametric tests, the F test is used, if not, the KW test is used. The permutation test is a
resampling method and does not require any prerequisites. With the development of cheap and fast
computers, the permutation tests now tend to be used more often as fast computers are needed to
compute these powerful tests whose calculations are easy. One of the advantages of the resampling
method is that there is not much need for too much knowledge in mathematical and statistical formulas.
Enough knowledge to ensure an understanding of the concepts and methods is sufficient for the
application of the resampling approach [13]. While the expected results cannot be obtained using
traditional methods, they can be obtained using the resampling method [14]. In addition, due to the
limitations of traditional parametric and non-parametric significance tests, permutation testing is
considered an important alternative [15].

The purpose of this study was to examine how type I error rate and power of test values change in
different sample sizes when statistical methods comparing groups are used for visual analogue scale
data.

2. Materials and Methods

The material of this study consisted of random numbers in three groups, generated using Microsoft
Power Station Developer Studio and IMSL Library in terms of different sample sizes and different group
means of standard deviation out of populations that hold discrete uniform distribution. Permutation,
F, and Kruskal-Wallis (KW) tests were examined in terms of type I error rate and power of the test by
using combinations with different sample sizes (n=>5, 10, 20, 30, 50), © values (probability of occurrence
of events which were 0.25, 0.50, 0.75) and group means (A =1.0, 1.5, 2.0).In the study, 100.000 simulations
were performed for each sample size (n) and scale (k). Among these, the distribution of random
numbers was showed below with an example for n=50 and k=5, 10, and 20. These distributions represent
scenarios that could be observed. The three distributions given in the figures are presented as
representative in Figure 2. Each sample was drawn completely randomly from the population 100.000
times. Consequently, due to this random sampling, the distribution of VAS values will have varying
frequencies in each sample. Similarly, by adjusting the distribution's parameter 'p' up and down, the
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mean and standard deviation of VAS values decrease and increase. This allows for the creation of
situations that are closer to reality.

Permutation Test: The permutation test is a resampling method that does not require any prerequisites.
The permutation test is also called the distribution-free test, which does not require the normality
assumption for the distribution of data. The permutation test can be an alternative to the F test,
especially in studies with small sample sizes [16]. In the study, after the F test table value calculated for
3 groups was found, the F value was calculated again by resampling which means grouping the data of
these three groups again randomly. When the F value was equal to or greater than the first calculated F
value, it was counted. The total counted F value was divided to resampling iterated 10000 times to find
the percentage ratio of the F value. When the percentage ratio of the F value was either equal to or
smaller than 0.05, the Ho hypothesis is rejected by the permutation test. F test (ANOVA): As it is known,
the variance analysis technique is the most widely used statistical method to examine whether the
difference between the means of two or more independent groups happens coincidentally or not. Let
formulize (i=1,....,nj) and (j=1,....,k) and ) nk=N to show the Xj as i observation in the J* treatment
group. It is assumed that the Xj here is distributed independently and normally with pj and o?
parameters. In this case, pj and o2 are the best linear prediction estimators. The data obtained at the end
of the study can be identified with the Yi=p+aiteij model. In this mathematical model; p; is the overall
mean, that is the population mean, a; is the effect of im treatment ejy; is the error term. It is assumed that
all ej are independent of each other with normal distribution, and of is pooled variance. For this
purpose, to examine whether there is a difference between the aforementioned group means or not, the
following control and alternative hypothesis need to be tested as:

Ho: pu=po=.....=px
Hi: “the difference between the means of at least two groups is significant” and calculated as:
Total Sum of Square = ¥i_; Y71y (X;; — X)? (1)

Between Sum of Square = ¥¥  n; + (X; — X)?
2)
Within Sum of Square = ¥}, Y7, (X;; — X)*
3)
i e Xi=X)?
Ty D (X —X)?

freedom to accept or reject the Ho hypothesis.

F = that calculated value (k-1) and (N-k) is tested with F table value with degrees of

Kruskal-Wallis Test

It is well known that Kruskal-Wallis test is the most widely used statistical technique to examine
whether the difference between the median of two or more independent groups stems from coincidence
or not. The statistics applied for the Kruskal-Wallis test is H-type statistics. To apply this kind of
statistics, the units of the experiment are supposed to be randomized through the population,
observations are independent of each other, and the group rank means be compared using the rank
values of these data. The following control and alternative hypothesis need to be tested.

Ho: Mi=M>=.....=Mx
Hi: “the difference between the median of at least two groups is significant”.

12
T N(N+1)

<3h (B) -3 + @

nj

The calculated H statistics (k-1) value is checked using the table value of chi-square with degrees of
freedom. Later, it is determined whether the difference between the rank means of the groups, in other
words, medians is significant or not [9].

Power of test and type I error rate
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Two types of error occur in the controlling hypothesis when the control hypothesis is decided by being
tested with the alternative hypothesis. At the end of the controls, when the correct control hypothesis is
rejected, this error is called the type I error. The second type error is the one that occurs in case the
alternative hypothesis is actually true and when the control hypothesis is accepted. We obtain the power
of test by subtracting this error from 1 [20]. At the end of 100 000 simulations performed in the study,
type I error and power of test values were found.

3. Results

Type I error rate values for permutation, F, and KW tests are provided in Table 1. When Table 1 is
examined, as it is observed in all scales (k) when the sample size (n) was 5, KW test was unable to keep
the type I error rate at 0.05 level as determined at the beginning and had lower values. This case also
continued relatively less when (n) was 10. However, when the sample size was larger than 20, the type
I error rate determined at the beginning was maintained. The changes in the distribution of the
probability of event occurrence (1) did not affect the type I error. In small sample sizes, while the F test
maintained the type I error at 0.05 level, KW test did not maintain the type I error at 0.05 level and had
values lower than 0.05. When the probability of event occurrence (1) was 0.25, the scale (k) was 5 and
the sample size (n) was 5, the type I error rate for F, KW, and permutation test were 0.051, 0.042, and
0.050, respectively. This shows that the type I error rate at the beginning could not be maintained as
0.05 in KW test. A similar situation was observed when the sample size was 10; where type I error rate
values were 0.054, 0.043, and 0.051 for F, KW, and permutation test respectively. Other cases also gave
similar results for other 7 values. For sample size 20 and over, the type I error rate was maintained at
0.05 for F, KW, and permutation test.

Table 1. Type I error rate values for F, KW, and permutation tests.

1 k n F KW Permutation
5 0.051 0.042 0.050
10 0.052 0.046 0.049
5 20 0.051 0.049 0.051
30 0.050 0.046 0.052
50 0.052 0.050 0.050
5 0.054 0.043 0.051
0.25 10 0.052 0.046 0.050
10 20 0.051 0.048 0.050
30 0.051 0.049 0.049
50 0.050 0.050 0.051
5 0.056 0.043 0.052
10 0.053 0.047 0.051
20 20 0.051 0.048 0.050
30 0.051 0.049 0.050
50 0.051 0.049 0.050
5 0.051 0.041 0.052
10 0.053 0.047 0.049
5 20 0.050 0.048 0.051
30 0.051 0.049 0.050
50 0.053 0.050 0.050
5 0.054 0.041 0.052
0.50 10 0.051 0.046 0.051
10 20 0.050 0.048 0.049
30 0.049 0.049 0.051
50 0.050 0.049 0.050
5 0.055 0.042 0.054
10 0.052 0.047 0.052
20 20 0.051 0.049 0.050
30 0.051 0.049 0.051
50 0.051 0.049 0.050
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5 0.050 0.041 0.049

10 0.051 0.046 0.050
5 20 0.052 0.048 0.051

30 0.050 0.049 0.051

50 0.053 0.049 0.051

5 0.055 0.042 0.052

0.75 10 0.051 0.045 0.052
10 20 0.052 0.049 0.051

30 0.051 0.050 0.049

50 0.051 0.050 0.050

5 0.055 0.042 0.053

10 0.052 0.046 0.051

20 20 0.050 0.047 0.049

30 0.051 0.049 0.050

50 0.050 0.049 0.050

Power of test values for F, KW, and permutation tests when A=1, A=1.5, and A=2 are provided in Table
2, Table 3, and Table 4, respectively. When Table 2, Table 3, and Table 4 are examined it is observed that
the power of test was affected by changes in @ value. When one standard deviation difference (A) was
created among group means (Table 2), and the power of test is examined, it is observed that resampling
methods such as the permutation test and F test had higher values compared to the Kruskal Wallis test
especially when the sample size was larger than 20. When looking at Tables 2, 3 and 4, in general, it can
be said that compared to normally distributed data, VAS values showing discrete uniform distribution
had lower power of test values in all three tests. In addition, it is shown that when 7 value increased
the difference between tests decreased (Table 3). However, it is also seen that the permutation test,
known as an independent test, had greater power of test values than KW test in all cases (Table 2, 3, 4).
When the difference among the group means was (A) 1.5 standard deviation, permutation, and F tests
continued to be relatively more powerful in small sample sizes. However, this apparent situation
decreased as the sample size increased in the groups.

When the difference among the group means was (A) 2 standard deviation, only in the cases where the
sample size was 5 and 10, the permutation and F tests had higher power of the test values than KW test
(Table 4). When the sample size increased, the difference between tests in terms of power of test
decreased and when the sample size was 30, the power of test values of tests become similar. But it is
observed that in all cases when evaluating VAS data, permutation, and F test had higher power of test
values than KW test (Table 2, 3, 4). As can be seen in Tables 2, 3, and 4, where the power of test values
are given, the power of all three tests relatively decreased as the 7 value increased. When the overall
results are examined, it can be inferred that KW test had lower power of test values in the analysis of
sensory data, in this study VAS data. However, especially in small sample sizes, the permutation and
F tests had higher power of test values. It is seen that whatever the distribution is, as the difference
among the group means increases, the power of all three tests increases. As it is known, the larger the
sample size gets, the higher the power values become.

Consequently, we can say that in visual analogue scale type data analysis, the resampling method,
which is also known as distribution independent tests, is a suitable test. It should be favored instead of
KW test, especially in visual analogue scale data such as VAS. After an overall examination of this study,
it is concluded that in almost every case, the permutation method, which is one of the resampling
methods can be favored for visual analogue scale type data in terms of both type I error rate and power
of test values.

Table 2. Empirical Test Power for Samples from Multinomial Distributions (A=1)

A P k n F KW Permutation
5 0.136 0.110 0,129
10 0.542 0.433 0.524
5 20 0.971 0.946 0.968
30 1.000 1.000 1.000
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50 1.000 1.000 1.000

5 0.070 0.057 0.066
0.25 10 0.151 0.141 0.148
10 20 0.600 0.520 0.061

30 0.960 0.920 0.957

50 0.999 0.999 0.999

5 0.059 0.045 0.053

10 0.076 0.069 0.074

20 20 0.171 0.158 0.174

30 0.363 0.329 0.375

50 0.824 0.716 0.827

5 0.148 0.121 0,151

10 0.697 0.645 0.669

5 20 0.994 0.983 0.994

Lo 30 1.000 1.000 1.000
50 1.000 1.000 1.000

5 0.085 0.068 0.076

0.50 10 0.249 0.217 0.236
10 20 0.500 0.450 0.485

30 0.930 0.882 0.923

50 1.000 1.000 1.000

5 0.063 0.049 0.056

10 0.088 0.082 0.088

20 20 0.216 0.189 0.220

30 0.166 0.330 0.485

50 0.881 0.834 0.881

5 0.151 0.120 0.141

10 0.434 0.423 0.430

5 20 0.994 0.983 0.993

30 0.990 0.990 0.999

50 1.000 1.000 1.000

5 0.077 0.059 0.067

0.75 10 0.173 0.160 0.179
10 20 0.550 0.490 0.540

30 0.880 0.830 0.879

50 0.999 0.999 0.999

5 0.060 0.047 0.054

10 0.078 0.070 0.074

20 20 0.181 0.163 0.181

30 0.343 0.311 0.340

50 0.824 0.765 0.823

Table 3. Test Power for F, KW, and Permutation Tests with Standard Deviation Difference (A = 1.5)

A 14 k n F KW Permutation

5 0.485 0.409 0.480

10 0.870 0.775 0.867

5 20 1.000 1.000 1.000

30 1.000 1.000 1.000

50 1.000 1.000 1.000

5 0.123 0.099 0.107

10 0.278 0.254 0.275

10 20 0.892 0.803 0.892

0.25 30 0.999 0.997 0.999
50 1.000 1.000 1.000

5 0.063 0.049 0.061
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1.5

10 0.105 0.095 0.102
20 20 0.331 0.296 0319
30 0.631 0.585 0.627

50 0.995 0.981 0.995

5 0.248 0212 0.220

10 0.698 0.648 0.676

5 20 1.000 1.000 1.000
30 1.000 1.000 1.000

50 1.000 1.000 1.000

5 0.106 0.083 0.099

10 0.373 0.300 0.366

10 20 0.898 0.852 0.900
050 30 0.999 0.999 0.999
50 1.000 1.000 1.000

5 0.068 0.052 0.063

10 0.127 0.145 0.125

20 20 0.423 0.366 0.425
30 0.840 0.738 0.833

50 0.991 0.983 0.990

5 0.151 0.121 0.160

10 0.781 0.757 0.777

5 20 1.000 1.000 1.000
30 1.000 1.000 1.000

50 1.000 1.000 1.000

5 0.077 0.059 0.078

10 0.325 0.268 0322

10 20 0.919 0.869 0.918
0.75 30 0.999 0.994 0.999
50 1.000 1.000 1.000

5 0.065 0.050 0.061

10 0.105 0.093 0.105

20 20 0.351 0.298 0.351
30 0.652 0.606 0.651

50 0.985 0.966 0.985

Table 4. Test Power for F, KW, and Permutation Tests with Standard Deviation Difference (A = 2)

A T k n F KW Permutation

5 0.488 0.410 0.483

10 0.959 0.873 0.954

5 20 1.000 1.000 1.000

30 1.000 1.000 1.000

50 1.000 1.000 1.000

5 0.128 0.103 0.123

0.25 10 0.464 0.399 0.460
10 20 0.985 0.954 0.983

30 1.000 1.000 1.000

50 1.000 1.000 1.000

5 0.073 0.058 0.065

10 0.155 0.134 0.151

20 20 0.535 0.484 0.531

30 0.894 0.845 0.889

50 0.999 0.999 1.000

5 0.443 0.354 0.418

10 0.998 0.999 0.997

5 20 1.000 1.000 1.000
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30 1.000 1.000 1.000

2.0 50 1.000 1.000 1.000
5 0.179 0.145 0.167

0.50 10 0.672 0.595 0.664
10 20 0.992 0.980 0.992

30 0.999 0.999 1.000

50 1.000 1.000 1.000

5 0.082 0.064 0.080

10 0.198 0.179 0.194

20 20 0.699 0.601 0.696

30 0.980 0.937 0.980

50 1.000 1.000 1.000

5 0.520 0.424 0.499

10 0.970 0.940 0.971

5 20 1.000 1.000 1.000

30 1.000 1.000 1.000

50 1.000 1.000 1.000

5 0.150 0.117 0.138

0.75 10 0.527 0.403 0.520
10 20 0.994 0.983 0.993

30 1.000 0.999 1.000

50 1.000 1.000 1.000

5 0.076 0.059 0.071

10 0.157 0.134 0.159

20 20 0.572 0.489 0.566

30 0.883 0.854 0.885

50 1.000 0.999 1.000

4. Discussion

In the analysis of sensory data, for every case, permutation and F tests maintained the type I error rate
at 0.05 level [21,22]. The study by Routledge showed similar results in terms type I error rate [23]. The
study showed that KW test was not able to maintain the type I error rate at 0.05 level. It can be said that
in the analysis of sensory data, each of the three tests had low power of test values. It is considered that
this situation stems from the abrupt distribution of the data. Hence it is seen that in the studies in which
other kinds of continuous distribution other than normal distributions are applied, the power values
take higher values in similar simulations. Still, when the differences between the group mean in terms
of standard deviation increase, realized the power of test values increase.

Similar results to this can also be observed in the studies by Baspmnar and Giirbiiz, Koskan and
Girbiiz, Mendes and Tekindal, and Weber [18,22,24,25]. It is also stated in many research that the
resampling method should be favored in cases where the sample size is small and the distribution is
not normal [18,26-30].

As is seen in Table 1, the type I error rate of the permutation and F tests holds its determined value.
However, in small sample sizes, the KW test cannot maintain the determined type I error value.
Keskin and Mendes compared variance analysis and some approach tests (Marascuilo, James’s second
degree and Alexander - Govern Tests) in terms of power values that occur empirically in the samplings
from populations with exponential distribution (1.00) [31]. In their study, the number of groups was 4
and 5, and the number of observations both equal and different in each group was between 3 and 100.
The differences among the group means were 0.5, 1.0, 1.5, and 2 standard deviations (A). The power
values of the tests considered for each combination were obtained out of 100000 simulation tests. Their
results showed that the power of tests changed regarding the number of observations, whether the
number of observations within the groups was equal or not, and the difference among the group means.
In a study reported by Vidoni which used 10 000 simulations, where the probability of occurrence was
n=0.3, 0.5, and 0.7, the sample size was 5 and 10, it was concluded that different models should be used
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for discrete data when the sample size was 10 [32]. This agrees with our results. In order to have more
reliable results in the evaluation of sensory data, it is essential to acquire the data with the help of an
expert before the evaluation step and to work with more experts as much as possible. The problem
remains that it is hard to find enough expert ratings. If this problem is eliminated, acquiring especially
small-scale figures such as 5-point likert scales shows more reliable results. Another result is that for
evaluating sensory data, resampling tests are alternatives for KW and F tests. Heller and Venkatraman,
Ludbrook and Dudley, Good, Balasubramani et al., Pesarin and Salmaso, Koskan and Giirbiiz,
Figueiredo reported that resampling approaches that are also named as distribution-free tests can be
favored especially in small sample sizes instead of F test [18,26-30].

5. Conclusions

As a result of this study, it can be inferred that when comparing groups in visual analogue scale data,
permutation test should be used. The permutation test is satisfactory in terms of both the type I error
rate and the power of the test. Also, permutation test is a distribution-free test. Therefore, can be used
without prerequisites.

In almost every combination (7, A, k, n), permutation test had similar or superior type 1 error and power
values than the F and KW tests. It was observed that compared to the 5 visual analogue scale, when the
data is measured in 10 and 20 visual analogue scale, the power of test values decreased. In other words,
if more than 5 visual analogue scale are made on the visual analogue scale data, the results would
negatively be affected.
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Ozet: ingaat sektorii son 20 y1lin en 6nemli sermaye birikim alanlari arasinda yer almaktadir. Konut satiglari da bu
alanin 6nemli bir parcasidir. Konut fiyatlarin seyrinin tahmin edilmesi hem {iretici hem de tiiketiciler agisindan
onemlidir. Makine 6grenmesi algoritmalar1 tahmin ¢alismalarinda siklikla kullanilmakta ve iyi performans
gostermektedir. Bu ¢alismada Giresun 6rnegi tizerinde 365 veri kullanilarak konut degerleme tahmini MATLAB
2023b yazilim programi kullanilarak ¢oziimlenmektedir. Calismada RMSE, MAE, R?, MSE metrik degerleri
kullarularak makine o6grenmesi algoritmalari tahmin basarilarmma gore incelenmektedir. Calismada konut
degerlemek icin kullanilan “briit m2, net m2, bina yasi, bulundugu kat, toplam kat, site iginde olup olmama,
asansor, 1sitma, acik ve kapali otopark,” degiskenleri kullanilmistir. Veriler Tiirkiye’de yaygin olarak kullanilan
ve en ¢ok ziyaret edilen bir e ticaret web sitesinden elde edilmistir. Calisma sonucunda Gaussian Process
Regression algoritmasiin daha iyi bir performans gosterdigi ortaya koyulmustur. Bu algoritmanin bu veri seti
tizerinde R? degeri %89 olarak ¢ok yiiksek bulunmustur.

Keywords: makine §grenmesi, konut degerleme, tahmin.

Prediction of Housing Prices Using Machine

Learning Algorithms: The Case of Giresun

Abstract: The construction sector has been one of the most significant areas for capital accumulation over the past
20 years. Housing sales are also an important part of this sector. Predicting the trend of housing prices is crucial
for both producers and consumers. Machine learning algorithms are frequently used in predictive studies and have
shown good performance. This study focuses on housing valuation predictions using 365 data points from Giresun,
analyzed with MATLAB 2023b software. The study examines the predictive success of machine learning
algorithms using metrics such as RMSE, MAE, R?, and MSE. The variables used for housing valuation include
"gross m?, net m?, building age, floor location, total floors, whether it's within a site, presence of an elevator, heating,
open and closed parking." The data was obtained from a popular e-commerce website widely used in Turkey. The
results indicate that the Gaussian Process Regression algorithm performs better, achieving a high R? value of 89%
on this dataset.

Keywords: machine learning, residential property valuation, forecasting.

1. Giris

Yapay Zekanin gelisimi ile birlikte gelistirilen bir¢ok algoritma tahmin ¢alismalarinda da kullanulmaktadir.
Makine Ogrenmesi algoritmalari bu baglamda YZ (Al) yontemi olarak tercih edilmektedir [1]. Makine
Ogrenmesi, giris verileri ile ¢ikis verileri arasinda dogrusal bir formiil ile ifade edilemeyen problemleri
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¢ozebilmek igin gelistirilmis olan giincel esnek hesaplama sistemlerine verilen genel bir adlandirmadir [2].
Makine o6grenmesi 3 alt smiflandirma icermektedir. Bunlar; denetimli, denetimsiz ve yarim denetimli
algoritmalardir. Denetimli 6grenme modelleri genel olarak siniflandirma ve regresyon problemlerinde yogun
olarak kullanilirken, denetimsiz 6grenme modelleri ise kiimeleme alaninda daha ¢ok uygulanmaktadir [3].
Makine 6grenmesi, bilgisayarlarin verilerden 6grenmesini ve belirli gorevleri gergeklestirmesini saglamaktadir.
Geleneksel programlama yontemlerinin aksine, bilgisayara belirli kural ya da algoritma yerine, verilerle
beslenerek kendi kendine 6grenme yetenegi kazandirilmaktadir.

Bu calismanin motivasyonu Tiirkiye basta olmak {izere gelismekte olan iilkeler i¢in 6nemli bir sermaye birikim
alani olan ingaat sektdriiniin dinamosu olan konut piyasalarinin durumunu makine 6grenmesi algoritmalariyla
ortaya koymaktir. Klasik yontemler genel itibariyle piyasa trendlerini ve tarihsel verileri goz Oniinde
bulundurmaktadir. Makine 6grenmesi algoritmalar1 ise daha derinlemesine ve veri odakli bir yaklasim
sunmaktadir. Bu baglamda biiyiik veri setlerinden iliskileri 6grenerek daha dogru tahmin yapma yetenegine
sahip olmaktadir. Ayrica fiyat tahminlerinin dogrulugunu artirmak icin farkli faktorleri de analiz
edebilmektedir. Konut degerleme bir yaniyla son yillarin en 6nemli sermaye birikim alani olan insaat sektorii
bir yaniyla da barinma hakki kavramsallastirmasi baglaminda bireyleri dogrudan ilgilendiren bir konudur [4].
Barinma hakki baglaminda tartisildiginda konutlarin fiyatlarinin ve bu fiyatlara gore saglikli, insani ve sosyal
olarak yasanabilir durumda olmalar1 gerekmektedir [5]. Sermaye birikim agisindan Ozellikle neoliberal
politikalarin kullamildig1 giiniimiizde Tirkiye’de biiyiime politikasinin temel araglarindan birisi insaat
piyasasidir [6]. Bu agidan birbiriyle baglantili cok sayida sektorii ilgilendirmektedir. Isletmeler, yoneticiler,
karar alicilar ve politika yapicilar agisinda da ilgi odagi haline gelmektedir. Dolayist ile konut fiyatlarmin takip
edilmesi 6nemlilik arz etmektedir.

Calismanin amact makine 6grenmesi algoritmalariyla konut fiyat tahmini gerceklestirmektedir. Algoritmalarin
belirli metrikler dahilinde bu problem igin nasil performans gosterecekleri de ikincil amagtir. Calismanin
orneklemini Giresun ili Merkez ilgesi olusturmaktadir. Giresun ili gibi yerel piyasalar cesitli ekonomik, sosyal
ve cevresel faktorlerin etkisi altinda sekillenmektedir. Dolayisi ile Giresun ilindeki konut fiyatlarin etkileyen
cesitli unsurlar1 belirlemek ve bu unsurlari makine 6grenmesi algoritmalar:1 kullanarak fiyat tahmininde
kullanmak amaglanmaktadir. Calisma verilerinin Giresun ili Merkez ilgede 3+1 daireler ile kisitlanmasi ise
¢alismanin kisithiligin olusturmaktadir. Calismada oncelikli olarak makine 6grenmesi algoritmalari ele alinmis,
ardindan literatiir incelemesi ile alandaki bosluk ortaya koyulmus ve uygulama gergeklestirilmistir. Bu sayede
yalnizca yerel konut piyasasina iliskin bilgiler elde edilmekle kalinmayacak ayni zamanda makine 6grenme
algoritmalarinin pratik uygulamas: da ortaya konulacaktir. Calisma sonucunda elde edilmesi muhtemel
bulgularin yerel yonetim ve yatirimcilar basta olmak tizere ilgili paydaslar agisindan stratejik kararlar alinirken
yol gosterecegi diisiiniilmektedir.

2. Makine Ogrenmesi

Gilintimtiizde biiyiik verilerin giderek artis gostermesi ile birlikte bu verilerden yeni ¢ikarimlar elde edebilmek
icin makine Ogrenmesi algoritmalar1 kullanilmaktadir. Bu alanda kullanilan algoritmalar, biiyiik veri
kiimelerindeki iliski ve kaliplar1 tespit edebilmek icin egitilmektedir. Boylece en iyi karar ve tahminleri
yapabilmektedir. Makine 6grenmesi uygulamalari, sahip olduklar: veri miktar ile orantili olarak gelismekte ve
daha fazla veri ile daha iyi sonuglar iiretmeleri saglanmaktadir. Alana iligkin literatiir incelendiginde; makine
O0grenmesinin {i¢ ana kategoride ele alindig1 goriilmektedir [7],[8]. Bunlar; denetimli, denetimsiz ve yar
denetimli 6grenme olarak adlandirilmaktadir.

Denetimli 6grenme, makine 6greniminde en yaygin ve popiiler yontemlerden biridir. Bu yontemde, her egitim
verisi bir ¢ikt1 etiketi {iretmektedir. Sistem, egitim siireci aracihifiyla sorunlar1 6grenir ve belirli bir hedef
degiskenin tahmin edilmesi amaciyla etiketli veriler kullanarak model olusturur. Bu siireg, girdiler (6zellikler)
ile ciktilar (hedef degisken) arasindaki iliskileri anlamak igin gesitli algoritmalar kullanir. Denetimli 6grenme,
genellikle siniflandirma ve regresyon problemleri igin tercih edilir [9].

Denetimsiz makine 63renmesi ise, etiketlenmemis veriler {izerinde i¢gorii ve iliskilerin kesfedilmesine odaklanir.
Bu yontemde egitim sirasinda etiketlenmemis veriler kullanilir ve sistemin, bu verilerden kaliplar: kesfetmesi
beklenir. Sonuglar belirsizdir ve sistemden istenen ciktilar 6nceden bilinmemektedir. Dolayisiyla, bu model
egitim sirasinda dogru cevaplarla yonlendirilmemistir [10].
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Yar: denetimli makine 6grenmesi ise, denetimli ve denetimsiz 6grenmenin bir kombinasyonunu temsil eder. Bu
yontemde bazi veriler etiketlenirken, bazilar1 etiketlenmez. Amag, etiketlenmemis kiigiik bir veri kiimesinin
etiketli veri ile bir arada kullanilmasiyla 6grenmede belirgin bir iyilesme saglamaktir. Bu yaklagim, her iki
yontemin avantajlarini birlestirerek daha etkili sonuglar elde etmeyi hedefler [3].

Bu calismada denetimli makine 6grenmesi algoritmalar: kullanilmistir. Bu algoritmalar;

Destek Vektir Makinalar: (SVM): SVM genellikle sniflandirma problemlerinin ¢éziimiinde kullanilan gézetimli
O0grenme yontemlerinden birisidir. Bu yontemde, bir diizlem tizerine yerlestirilmis noktalar1 ayirmak icin bir
dogru cizer. Bu dogrunun, iki sinifinin noktalari i¢in de maksimum uzaklikta olmasini amaglar. Karmasik ama
kiiciik ve orta Olgekteki veri setleri i¢in uygundur. SVM, el yazisi tanima, ¢evre bilimleri, genellestirilmis
tahmine dayali kontrol uygulamalari, goriintii siniflandirma vb. konularda uygulanmaktadir. SVM, genellikle
smiflandirma gorevleri icin kullanilsa da, regresyon problemlerinde de uygulanabilir. Destek Vektor
Regresyonu (SVR), verileri en iyi ayiran hiper diizlemi bulmay1 amaglar ve bu siirecte hata marjin1 minimize
etmeye odaklanur [10].

Rastgele Orman (Random Forest): Rastgele ormanlar veya rastgele karar ormanlari, egitim zamaninda ¢ok sayida
karar agaci olusturarak ve siniflarin modu (siniflandirma) veya ortalama/ortalama tahmini olan sinifin ¢iktisini
alarak calisan smiflandirma , regresyon ve diger gorevler igin bir topluluk 6grenme yontemidir. Rastgele
ormanlar genellikle karar agaclarindan daha iyi performans gosterir, ancak dogruluklar1 gradyan destekli
agaclardan daha diistiktiir [11].

Dogrusal Regresyon (Lineer Regression): Dogrusal regresyon, titizlikle ¢alisilan ve pratik uygulamalarda yaygin
olarak kullanilan ilk tip regresyon analizidir. Bunun nedeni, bilinmeyen parametrelerine dogrusal olarak bagh
modellerin, parametreleriyle dogrusal olmayan iligkili modellere gore daha kolay uydurulmasi ve elde edilen
tahmin edicilerin istatistiksel 6zelliklerinin belirlenmesinin daha kolay olmasidir [12].

Karar Agaglar: (Decision Trees): Karar agaglari, regresyon problemlerinde siirekli hedef degiskenleri tahmin
etmek icin kullanilir. Veriyi agag yapisina bolerek, her diigiimde belirli kriterlere dayali olarak kararlar alir. Bu
yaklasim, veri setindeki karmasikliklar1 yakalamada 6zellikle etkilidir [13].

Gaussian Process Regression: Bu istatistiksel model, verilerin siirekli bir dagilimini modellemek i¢in kullanilir.
Tahminlerindeki belirsizlikleri dikkate alarak sonuglari bir dagilim seklinde sunar. Tahminler icin giiven
araliklar1 belirlemede 6zellikle etkilidir [14]

Ensemble Bagged Tree: Bu yontem, birden fazla karar agacin bir araya getirerek tahmin performansini artirmaya
dayanur. Agaclar, verinin farkl alt kiimleri iizerinde egitilir; bu da genel model performansini artirir ve asir1
uyum riskini azaltir [15].

Bu algoritmalarin her biri, veri setinin 6zelliklerine ve ele alinan probleme bagh olarak farkli avantajlar sunar.
Uygun algoritmanin segimi, genellikle bu faktorlere bagli olarak degisir ve en iyi sonuglar1 veren algoritmay1
belirlemek i¢in deneme-yanilma siireci ile karsilastirma gerektirir.

3. Literatiir Incelemesi

Literatiirde konut fiyatlarinin tahmini {izerine 6zellikle ekonometrik yontemlerle yapilmis ¢alismalar fazlalik
gostermektedir. Buna karsi makine 6grenmesi algoritmalariyla yapilan calismalar sinirli sayidadir. Literatiir
incelemesinde Web of Science ve TRdizin veri tabanlarina bakilmistir. Hem bu veri tabanlarinda etki degeri
yliksek dergilerin yayimlanmasi ve ilgili calismalarin atif sayilarimin yiiksek olmasi tercih sebebidir.

Burhan, ¢alismasinda bagimli degisken olarak konut fiyatini, bagimsiz degiskenler olarak net m2, bina yasi,
bulundugu kat, site iginde olup olmamasi gibi faktorleri almistir. Calismada Naive Bayes yontemi disindaki k-
En yakin komsu, karar agaglar: ve rastgele orman algoritmalarinin dogruluk oranlarimin %60 iizerinde oldugu
ortaya koyulmustur. En basarili tahmin yonteminin ise Rastgele Orman algoritmas: oldugu goriilmiistiir [16].
Oral vd. calismalarinda 11 kriter kullanarak konut fiyati tahmini i¢in makine 6grenmesi yontemlerini
kullanmugtir. Calismada model degerlendirmesi icin RMSE, MSE ve R? degerleri kullanilmigtir. Caligma
sonucunda en iyi performans degerine sahip yontem Bagged Tree Ensemble olmustur [17}. Dogan vd.
calismalarinda Ankara Kegioren ilgesi 6rneklemi dahilinde 11 kriter igeren 20 farkli yapay sinir aglar1 modelini
kullanarak fiyat tahmininde bulunmustur. Calisma sonucunda YSA yaklasiminin fiyat tahmininde basarili
sonug verdigi goriilmektedir [18]. Kayakus vd. ¢alismalarinda makine 6grenmesi algoritmalarindan Rastgele
Orman, Yapay Sinir Aglar1 ve DVM yontemlerini kullanmigtir. 9 degisken ile Ocak 2013-Kasim 2020 aras1 aylik
verileri iceren modeller gercevesinde konut metrekare fiyatlarim1 tahmin etmistir. Uc yontemde basarilar

107



sonuglar vermistir [19]. Ozdemir vd. Sakarya ilinde yer alan 4 ilge igin DO, Polinomsal Regresyon ve Rastgele
Orman algoritmalarini kullandig1 c¢alismalarinda 7 degisken igeren modeller cercevesinde konut fiyat
tahmininde bulunmustur. Calisma sonucunda en bagarili tahmini DO y&ntemi ile elde etmislerdir [20]. Garcia
vd. Bu arastirma, konut fiyatlarini tahmin etmek igin en iyi makine 6grenmesi algoritmalarin belirlemeyi ve
COVID-19 pandemisinin bir Ispanyol sehrindeki konut fiyatlari iizerindeki etkisini nicel olarak &lgmeyi
amaglamaktadir. Metodoloji, veri hazirlama, 6zellik mithendisligi, hiperparametre egitimi ve optimizasyonu,
model degerlendirmesi ve secimi ile nihayetinde model yorumlama agamalarini icermektedir. Boosting tabanli
topluluk 6grenme algoritmalar1 (Gradient Boosting Regressor, Extreme Gradient Boosting ve Light Gradient
Boosting Machine) ile bagging tabanli algoritmalar (rastgele orman ve extra-trees regressor) kullanilarak bir
dogrusal regresyon modeli ile kargilagtinlmaktadir. Arastirma, COVID-19 pandemisi ilan edilmeden 6nce ve
sonra Alicante (ispanya) emlak pazarmna ait cografi referansli mikro verilerle birlikte, kadastro, sosyo-
demografik ve ekonomik gostergeler ve uydu goriintiileri gibi diger tamamlayic1 kaynaklardan elde edilen
bilgilerle bir vaka calismas: gelistirmektedir. Sonuglar, makine &grenmesi algoritmalarinin, emlak pazari
verileri gibi karmagsik verilerin dogrusal olmayan 0zelliklerine daha iyi uyum sagladiklar: icin geleneksel
dogrusal modellerden daha iyi performans gosterdigini ortaya koymaktadir. Bagging tabanli algoritmalar
(rastgele orman ve extra-trees regressor) agir1 6grenme sorunlar gosterirken, boosting tabanli algoritmalar daha
iyi performans ve daha diisiik asir1 0grenme gostermektedir [21]. Soltani vd. calismalarinda cesitli
degiskenlerin konut fiyat1 varyasyonlar: tizerindeki etkilerini kesfetmek i¢in makine 6grenmesi algoritmalarini
kullanmistir. Avustralya’nin Metropolitan Adelaide sehrine ait 32 yillik konut fiyati veri seti ile ¢calismada
428000 satis islem kayd1 ve 38 aciklayic1 degisken kullanmigtir. Gradient-Boosting ve Rastgele Orman gibi
topluluk makine 6grenmesi tekniklerinin daha iyi sonug verdigini ortaya koymustur. Modellerin tahmin
basarilarini artirmak i¢in mekansal-zamansal gecikme degiskeni eklenmis ve basarili sonug vermistir. Calisma
sonucunda bu tiir degiskenlerin Makine Ogrenmesi uygulamalarinda yararli bir moderatdr olacag:
vurgulanmistir [22]. Park ve Bae ¢alismalarinda ABD’de bulunan Virginia Fairfax sehrindeki 5359 apartman
dairesinin konu verilerini analiz etmistir. Yazarlar, makine 6grenmesi algoritmalarma dayal: bir konut tahmin
modeli gelistirmektedir. RIPPER algoritmasinin konut fiyat tahmininde diger modellere gore daha basarili
performans gosterdigini ortaya koymustur [23]. Truong vd. Calismalarinda konut fiyat tahmini igin farkh
modelleri incelemektedir. Rastgele Orman, XGBoost ve Light GBM gibi {i¢ farkli makine 6grenmesi algoritmasi
ile Hibrit Regresyon ve Yigin Genelizasyon Regresyonu (Stacked Generalization Regression) gibi iki teknigi
karsilastirmistir. Calisma sonucunda yazarlar, kullanilan yontemlerden arzu edilen sonuglar elde ettigini
vurgulamistir. Ancak her modelin kendi avantaj ve dezavantajlarini ortaya koymuslardir. Ozellikle zaman
karmasiklig1 vurgusu yapilmaktadir [24]. Akay vd. Calismalarinda ARIMA modeli ile Rassal Orman ve Hibrit
Rassal Orman yontemlerini kullanarak Tiirkiye Konut Fiyat Endeksi serisi icin 6ngorii performanslari
karsilastirilmigtir. Calisma bulgularma gore hibrit modelin daha iyi performans gosterdigi goriilmektedir [25].

4. Materyal ve Yontem

Calismada kullanilan veri seti, Tiirkiye’de en fazla ziyaret edilen bir satis web sitesi/uygulamasindan elde
edilmistir. Veri toplama siireci 13.10.2024-16.10.2024 tarihlerini kapsamaktadir. Bu tarih araliginda web
sitesinde bulunan ilanlar degerlendirmeye dahil edilmistir. Calismada 6rneklem olarak Giresun Merkez ilgesi
secilmistir. Giresun’un Dogu Karadeniz Bolgesi'nde en fazla go¢ veren illerden birisi olmasi, konut fiyatlarmin
diger bolge illerine gore yiiksek seviyede olmasi tercih nedenidir. Ayni zamanda ¢alismada 3+1 daireler tercih
edilmis ve sinirlandirma yapilmistir. Bu baglamda Giresun {li Merkez ilcesinde 440 ilana ulagilmigtir. Daha
sonra veriler On islem siirecinden gegirilmistir. Farkl: ilanlarda farkli emlak sirketleri tarafindan paylasildig:
tespit edilmis ve veri setinde sadece bir tanesi kullanilmistir. Analizde kullanilan veri sayis1 365 olarak
tamamlanmistir. Calismada kullanilan ve bagimsiz degisken olarak ele alinan kriterler literatiirde yapilan
benzer calismalardan elde edilmistir. Bu ¢alismalardan farkli olarak Giresun ili 6zelinde yasanan “ara¢ parki
sorunu” baglaminda agik otopark, kapali otopark gibi degiskenler de kriter olarak alinmis ve toplam kriter
sayis1 11 olarak belirlenmistir. Bagimli degisken olarak konut fiyatlari, bagimsiz degiskenler olarak ise briit m2,
net m2, bina yasi, bulundugu kat, toplam kat sayisi, site iginde olup olmama, 1sitma, asansor, acik otopark,
kapal1 otopark olup olmamasi olarak belirlenmistir. Calismada MATLAB2023b yazilim programinda yer alan
Regression Learner Toolbox araci kullanilmigtir. Oncelikle; veriler 6n islemden gegirilmistir. Kategorik veriler
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Tablo 2’de gosterildigi bicimde kodlanmis ve programa uygun hale getirilmistir. Regression Learner Toolbox
kendi igerisinde normalizasyon iglemini yaptig1 icin ayrica normalizasyona ihtiya¢ duyulmamusgtir.

4.1. Model Performansini Degerlendirme
Makine 6grenmesi ¢alismalarinda model performanslari gesitli metriklere bakilarak degerlendirilmektedir. Bu
metrikler arasinda en sik kullanilanlari, agiklamalar1 ve matematiksel esitlikleri Tablo 1’de gosterilmektedir.

Tablo 1. Calismada kullanilan metrikler ve agiklamalari
Metrik Agiklama Esitlik
Modeldeki bagimsiz degiskenlere gore bagimli degiskenin

varyasyon oranini Olger. Regresyon modelinin ¢ok fazla _Z?ieft(xt — %)?

R? 1

bagimsiz degiskeni varsa test verilerinde istenilen basariy: Yntest (x,)?
gostermez. Bu durumlarda Diizeltilmis R? kullanilr.
Gergek degerler ile tahmin edilen degerler arasindaki hatalarin 1 ntest o2

MSE - . PR
karesinin ortalamasi ile tanimlanir ntest Lap=1

1 ntest
RMSE ~ MSE'nin karekokiidiir. PICEESC
ntest t=1

MAE Gergek degerler ile tahmin edilen degerler arasindaki hatalarin sntest o=l

mutlak degerlerinin ortalamasi ile tanimlanur. =1 ntest

R? i¢gin 1’e en yakin degeri almasi beklenirken MSE, RMSE ve MAE igin en diisiik degeri veren tahmin bagarili sayilacaktir.

5. Bulgular
Calismada kullanilan veri setinin ilk 10 degeri Tablo 2’de gosterilmektedir. Tablo 2’de yer alan degerler
MATLAB programina uygun hale getirilmistir. Degiskenler arasinda yer alan “bulundugu kat”, “bina yas1”,

“site i¢inde bulunup bulunmama”, “1sitma”, “asansor”, “acik otopark” ve “kapali otopark” degiskenlerine
sayisal karsilik atanmistir ve analize uygun hale getirilmistir.

Tablo 2. Veri seti (ilk 10 deger)

Briit m2 Netm2 Bulundugu Kat Toplam Kat Sayisi Bina Yasi Site Icinde Isitma Asansor Acik Otopark Fiyat Kapali Otopark

170 160 bahge kat: 7 2 evet dgaz var var 5950000 yok
165 150 3 7 0 hayir dgaz var var 3350000 yok
140 135 5 9 1 hayir dgaz var var 3850000 yok
140 110 1 10 0 hayir dgaz var var 2900000 var
158 150 2 10 0 evet dgaz var var 3500000 yok
145 128 3 1 evet dgaz var var 3975000 yok
165 156 7 5-10 aras1 evet  merkezi var var 3500000 yok
130 125 2 5-10 aras1  evet dgaz var var 2550000 yok
160 130 7 10 5-10arast  evet  merkezi var var 4000000 var
135 125 9 10 5-10 aras1  hayir dgaz var var 4000000 yok

[lk olarak veri seti MATLAB yazilim programinda analize uygun hale getirilmistir. Ornegin; “site iginde olma”
kriterine 1 atanurken “site i¢inde olmama kriterine” 0 degerleri atanmistir. Daha sonra program igerisinde
bulunan Regression Learner Toolbox ile analiz gerceklestirilmistir.

Regression Learner Toolbox ile yapilan analiz sonucunda algoritmalarin RMSE, R?, MSE ve MAE sonuglari

Tablo 3. Algoritmalarin sonuglari

Methods RMSE R? MSE MAE
Linear Regression 8.57 0.54 1.73 6.08
Regression Tree 6.68 0.72 4.46 4.81
SVM 7.52 0.65 5.66 3.27
Ensemble Bagged Tree (RO) 7.39 0.66 5.47 5.06
Gaussian Process R. 4.17 0.89 1.73 2.98
Neural Network 7.45 0.65 5.55 5.21
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Tablo 3’de gosterildigi iizere en iyi performans: Gaussian Process Regression algoritmasi gostermistir. Bu
algoritmanin RMSE degeri diger yontemlere gore daha diisiik oldugu icin en iyi performansi gosterdigi ortaya
koyulmaktadir. Bu yéntemin yaru sira Regression Tree yontemi de en iyi ikinci performansi gostermistir. R?
degerleri incelendiginde ise Lineer Regression algoritmasi hari¢ tiim algoritmalarinin modelin %60 indan
fazlasini agikladigi goriilmektedir. R? degeri modelin agiklama giictinii ifade etmektedir. Bu baglamda GPR
yonteminin modeli ¢ok iyi agikladi81 goriilmektedir.

Grafik 1’de GPR y6nteminin tahmin grafigi gosterilmektedir.
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Grafik 1. GPR ile elde edilen tahmin grafigi

Grafik 1 incelendiginde Giresun ilinde konut fiyatlarmin belirli bir nokta araliginda yogunlastig:
goriilmektedir.

6. Sonug ve Tartisma
Bu ¢alismada Giresun ili Merkez ilgesinde bir satis sitesinde ilana koyulan 3+1 daireler igin konut fiyat
tahmininde bulunulmustur. Makine 0grenmesi algoritmalarinin tahmin performanslar1 karsilastirilmistir.
Calismada MATLAB yazilim programu igerisinde bulunan Regression Learner Toolbox aract kullanilmistir.
Yapilan analiz sonucunda en iyi performansi gosteren yontem Gaussian Process Regression algoritmasi
olmustur. Yontemin MAE, MSE ve RMSE degerleri sirasiyla 0.29, 0.17, 0.41, R? degeri ise 0.89 olarak
bulunmusgtur. Bu yontemin yami sira Neural Network, Support Vector Machine, Regression Trees gibi
yontemlerin de modeli agiklama dereceleri yiiksek olarak bulunmustur. Tiim bu sonuglar makine 6grenmesi
algoritmalarinin konut degerleme calismalarinda kullanilabilecegini ve iyi performans gosterdiklerini ortaya
koymaktadir.
Konut fiyatlarinin tahmin edilmesi birgok agidan énemlidir. Benzer caligmalar yapmay: planlayan muhtemel
arastirmacilarin;

e  Farkli veri setleri ve yontemler kullanarak tahmin performanslarini karsilastirilmas: onerilmektedir.

e Ayni veri seti lizerinden calisacak arastirmacilarin ise kriter sayilarini (degisken) artirmasi ya da

azaltmast ile tahmin performansi gergeklestirmeleri 6nerilebilir.

Yazar Katkilari: Calisma tek yazarlidir.
Finansman: "Bu arastirma disaridan fon almadi”

Cikar catismalar1: "Yazar ¢ikar ¢atismas: beyan etmemektedir”

Kaynaklar

[1] E.Egrioglu, U.Yolcu ve E.Basg, Yapay Sinir Aglari, Ankara: Nobel, 2019.

[2] M.Atalay ve E.Celik, “Biiyiik veri analizinde yapay zeka ve makine grenmesi uygulamalar1”, Mehmet Akif Ersoy Universitesi Sosyal
Bilimler Dergisi, C.9, 5.22, s5.255-172, 2017.

[3] M.Mohri, A.Rostamizadeh ve A.Talwalkar, Foundations of Machine Learning, USA: The MIT Press, 2012.

110



[4] B.Caliskan, H.A.Ozkan Yazar ve A.Keskin, “Understanding sociodemographic characteristics shaping the choice of large homes:
lessons from Turkish metropolises”, International Journal of Housing Markets and Analysis, https://doi.org/10.1108/IJHMA-07-2024-
0090, 2024.

[5]1 R. Rolnik, “Place, inhabitance and citizenship: the right to housing and the right to the city in the comteporary urban world”,
International Journal of Housing Policy, c.14, s.13, s5.293-300, 2014.

[6] S.Purkis, “Istanbul’da insaat odakli birikimin durdurulamayan yiikselisi: konut fazlasina karsin artan konut agig1”, Miilkiye Dergisi,
c. 40, sy. 4, ss. 91-112, 2016.

[71 O.A. Taiwo, “Types of machine learning algorithms”, New Advances in Machine Learning, Y.Zhang (Ed.), InTech, University of
Portsmouth United Kingdom, pp.3-31, 2010.

[8] F.Y. Osisanwo et al., “Supervised machine learning algorithms: classification and comparison”,International Journal of Computer
Trends and Technology (IJCTT), v.48, n.3, pp.128-138, 2017.

[9] B.Mahesh, “Machine learning algorithms-a rewiew”, International Journal of Science and Research, v.9,n.1, pp.381-386, 2020.

[10] D.A. Pisner and D.M. Schneyer, “Support vector machine”, in Machine Learning, Academic Press, pp.101-121, 2020.

[11] O. Akar and O. Giingér, “Rastgele Orman algoritmasi kullanilarak gok bantli gériintiilerin siniflandirilmasi”, hkmojjd, no. 106, pp.
139-146, December 2012, doi: 10.9733/jgg.241212.1t.

[12] E.Namli, R.Unlii and E.Giil, “Fiyat tahminlemesinde makine grenmesi teknikleri ve dogrusal regresyon yéntemlerinin kiyaslanmast:
Tiirkiye’de satilan ikinci el arag fiyatlarimin tahminlenmesine yonelik bir vaka ¢alismasi”, KONJES, vol.7, n.4, pp.806-821, 2019.

[13] W.Y. Loh, “Classification and regression trees”,Wiley Interdisciplinary Reviews: Data mining and knowledge discovery,v.1,n.1, pp.14-
23, 2011.

[14] M.Seeger, “Gaussian processes for machine learning”, International Journal of Neural Systems, v.14,n.02, pp.69-106, 2004.

[15] T.G. Dietterich, “An experimental comparison of three methods for constructing ensembles of decision tress: Bagging, boosting, and
randomization”, Machine Learning, 40, pp.139-157, 2000.

[16] B.H. Arda, “Konut fiyatlar1 tahmininde makine 6grenmesi siniflandirma algoritmalarinin kullamilmasz: Kiitahya kent merkezi 6rnegi”,
Dumlupmar Universitesi Sosyal Bilimler Dergisi, s.76, ss.221-237, 2023.

[17] M.Oral, E.Okatan, I.Kirbas, “Makine 6grenme yontemleri kullanarak konut fiyat tahmini {izerine bir calisma: Madrid 6rnegi”, 3 rd
International Young Researchers Student Congress, pp. 263-272, 2021.

[18] O.Dogan et al, “Konut degerleme tahmininde yapay sinir aglar1 ve ¢ok regresyon analizi yontemlerinin kiyaslanmas:
Yenimahalle/Ankara 6rnegi”, Tiirkiye Arazi Yonetimi Dergisi, v.6, n. 1, pp.21-31, 2024.

[19] M.Kayakus, M.Terzioglu, F.Yetis, “Forecasting housing prices in Turkey by machine learning methods”, Aestimum, 80, pp.33-44, 2022.

[20] M.Ozdemir, K.Yildiz ve B.Biiyiiktarur, “Housing price estimation with deep learning: A case study of sakarya Turkey”, Bilecik Seyh
Edebali Universitesi Fen Bilimleri Dergisi, c.9,s.1,55.138-151, 2022.

[21] R.T. Mora-Garcia, M.F. Cespedes-Lopez, V.R. Perez-Sanchez, “Housing price prediction using machine learning algorithms in COVID-
19 times”, Land, v.11, n.11, pp.1-32, 2022.

[22] A. Soltani, M.Heydari, F.Aghaei, C.JPettit, “Housing price prediction incorporating spatio-temporal dependency into machine
learning algorithms”, Cities, n.131, 2022.

[23] B. Park and J.K. Bae, “Using machine learning algorithms for housing price prediction: The case of Fairfax County, Virginia housing
data”. Expert systems with applications, v.42, n. 6, pp.2928-2934, 2015.

[24] Q.Truong, M.Nguyen, H.Dang, B.Mei, “Housing price prediction via improved machine learning techniques”. Procedia Computer
Science, 174, pp. 433-442, 2020.

[25] E.C. Akay et al., “Tiirkiye konut fiyat endeksi 6ngoriisii: ARIMA, rassal orman ve arima-rassal orman”. PressAcademia Procedia, c.10,
s.1, ss.7-11, 2019.

111



ournalPark

ACADEMIC

3] Journal of Statistics & Applied Sciences, Issue -10
0% 4 ISSN 2718-0999

Research Article Received: date:22.09.2024
Accepted: date:24.11.2024

Published: date:31.12.2024

Miihendislik Tasarim Becerileri Alg1 Testinin

Gelistirilmesi (MiiTasBAT)

Suat Tiirkoguz', Kiibranur Sarn?*

Dokuz Eyliil Universitesi, Buca Egitim Fakiiltesi, Izmir Tiirkiye; suat.turkoguz@gmail.com
2Dokuz Eyliil Universitesi, Egitim Bilimleri Ensitiisii, [zmir Tiirkiye 2; kubranursarii@gmail.com
Orcid: 0000-0002-7850-2305! Orcid: 0000-0003-0372-033X2
*Correspondence: kubranursarii@gmail.com

Oz: Bu calismada, ortaokul ogrencilerinin miihendislik tasarim siireglerine yonelik becerilerini degerlendirebilmek
amaciyla "Miihendislik Tasarim Becerileri Alg:1 Testi" (MiiTasBAT) gelistirilmistir. Arastirma, tarama modeli gercevesinde
gerceklestirilmis ve Izmir'deki Bilim ve Sanat Egitim Merkezlerinde (Bilsem) egitim goren 7. siuf &grencileri iizerinde
ylratilmistiir. Olgegin gelistirilme siireci, kapsamli bir literatiir taramasi ve uzman goriisleri ile desteklenmistir. 11k olarak,
miithendislik tasarim becerilerine iliskin arastirmalar incelenmis ve teorik modeller degerlendirilmistir. Ardindan, Moazzen,
Miller, Wild, Jackson ve Hadwin (2014) {iniversite 6grencilerine yonelik "Engineering Design Survey" dl¢eginin tasarim-
beceri maddeleri, ortaokul 7. siuf 6grencilerine uygun hale getirilerek "Miihendislik Tasarim Becerileri Algi Testi
(MiiTasBAT)" olarak yeniden gelistirilmistir. Gelistirilen test i¢in alan uzmanlarmnin goriislerine bagvurularak testin kapsam
gegerliligi saglanmustir. Yapi gegerliligini test etmek amaciyla faktor analizi uygulanmis ve bu analiz sonucunda testin dort
faktorlii bir yapiya sahip oldugu tespit edilmistir. Bu faktorler sirasiyla "Kulugka Tasarim Gelistirme Becerileri", "Yenilikci
Tasarim Gelistirme Becerileri", "Tasarim Degerlendirme Becerileri" ve "Tasarimi Sunma ve Raporlama Becerileri" olarak
adlandirnlmigtir. Olgegin giivenirlik analizi, Cronbach alfa giivenirlik katsayisi kullanilarak yapilmis ve testin genelinde
yliksek bir i¢ tutarlilik elde edilmistir. Bu da testin giivenilir bir 6lgme araci oldugunu gostermektedir. Bu ¢alismanin
miihendislik tasarim gelistirmelerinin degerlendirilmesine yonelik literatiire nemli bir katki saglamasi beklenilmektedir.
Anahtar kelimeler: beceri, miihendislik tasarim, test geligtirme

Development of Engineering Design Skills Perception
Test (EnDeSPT)

Abstract: This study aimed to develop the "Engineering Design Skills Perception Test" (EnDeSPT) that evaluating by the
engineering design process skills of middle school students. The study was carried out within the framework of the survey
research and was conducted on 7th grade students attending at Science and Art Education Centers in Izmir. The
development process of the test was supported by a comprehensive literature review and expert opinions. First, studies
related to engineering design skills were examined, and theoretical models were evaluated. Subsequently, the design-skill
items of the 'Engineering Design Survey' scale developed by Moazzen, Miller, Wild, Jackson, and Hadwin (2014) for
university students were adapted for 7th grade secondary school students and re-developed as the 'Engineering Design
Skills Perception Test' (EnDeSPT). To ensure the content validity of the developed test, opinions from field experts were
consulted. To test the structural validity, factor analysis was conducted, and as a result of this analysis, it was determined
that the test has a four-factor structure. These factors were named "Incubation Design Development Skills", "Innovative
Design Development Skills", "Design Evaluation Skills" and "Design Presentation and Reporting Skills" respectively. The
reliability analysis of the test was conducted using the Cronbach's alpha reliability coefficient, and high internal consistency
was achieved throughout the test. This indicates that the test is a reliable measurement tool. It is expected that this study
will make a significant contribution to the literature on the evaluation of engineering design developments.
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1. Giris

21. yiizyilda bilginin hizla ilerlemesi ile birlikte kiiresellesen diinyaya uyum saglamak giderek daha &nemli
hale gelmektedir. Bu nedenle iilkelerin, bilgi ve teknoloji {iretme kapasitesine sahip, toplumsal olaylar: analiz
edebilen ve glintimiiziin degisen kosullarina uyum saglayabilen bireylere olan ihtiyac gittik¢e artmaktadir.
Ozellikle toplumda ve is diinyasinda etkili olabilmek igin iiretken bireyler yetistirmek hedeflenmektedir.
Dolayisiyla bircok iilke son yillarda 6zellikle fen ve matematik egitiminde yenilik¢i yaklasimlar ve yontemler
gelistirmeye yonelmektedir [1]. Kelley ve Knowles (2016), yenilik¢i yaklagimlarin miihendislik tasarimi
egitimine entegrasyonunun 6nemini vurgularken, fen ve matematik egitimindeki bu ilerlemelerin miithendislik
ile biitiinlesmesinin 6grenci basarisimi artirdigini belirtmektedir [2]. Bu noktada yenilikci yaklasimlarin
miihendislik tasarimi egitiminin de 6nemli bir parcasi haline geldigi sdylenebilir. Boylece yenilik¢i yaklagimlar
yoluyla mithendislik tasarimi egitiminin kalitesi artirilarak, 6grencilerin modern teknolojilere ve uygulamalara
uyum saglamalari desteklenebilmektedir.

Son yillarda egitim sistemlerinde yapilan yeniliklerle miihendislik tasarim becerilerinin &nemi giderek
artmaktadir. Ozellikle STEM (Science, Technology, Engineering, and Mathematics) egitimine yapilan vurguyla
birlikte, bu beceriler, 6grencilere yalnizca teorik bilgi vermekle kalmayip ayni zamanda onlarin problem ¢6zme,
yaratici diisiinme gibi yeteneklerini de gelistirmeyi hedeflemektedir [3]. Miithendislik tasarim becerileri ile
STEM egitimi arasindaki iligki, egitimde biitiinsel ve uygulamali bir yaklasimin temelini olusturmaktadir.
Temel egitimde miihendislik egitiminin ana bilesenleri olarak kabul edilen miihendislik tasarimi ve
mithendislik diistincesi, STEM disiplinleri arasinda ¢énemli baglantilar olusturarak yalnizca miihendislik ile
sinirhh kalmamaktadir ([4, 5, 6]). Mithendislik tasarim siireci, STEM disiplinlerinin biitiinlesmis bir sekilde
kullanldig bir gercevedir. Bu siirecte, bilimsel bilgi ve teknoloji mithendislik yontemleri araciligiyla gercek
diinya problemlerini ¢dzmek igin bir araya getirilir. Nitekim, Next Generation Science Standards [NGSS],
bilimin yam sira miihendislikten temel uygulamalar1 ve kavramlari da igerir ve bilimin ve miihendislik
egitiminin birbiriyle iligkili dogasini vurgulamaktadir [7]. Bilim, teknoloji, mithendislik ve matematigin entegre
edilmesiyle olusturulan STEM egitimi, 21. yiizyil miifredatinin merkezinde yer alan disiplinler arasi1 6grenme
uygulamalarmin bir 6rnegi olarak karsimiza ¢ikmaktadir [8]. Mithendislik tasarim stireci, STEM disiplinleri
arasinda entegre bir koprii kurarak, 6grencilerin bilimsel ve matematiksel kavramlar: miithendislik ve teknoloji
baglaminda nasil kullanabileceklerini gostermektedir. Bu baglamda, miihendislik tasarimi, STEM egitiminin
etkili ve kapsamli bir sekilde gerceklestirilmesini saglayarak, 6grencilerin hem teorik hem de pratik bilgilerini
birlestiren bir 6grenme deneyimi sunmaktadir. Mithendislik tasarim siirecgleri STEM disiplinleri arasinda
onemli temel baglantilar saglamakta ve 6grencilerin birden fazla fikrin, yaklasimin ve aracin birden fazla
¢Oziimii igeren karmagik problemlere nasil uygulanabilecegini anlamalarini saglamaktadir [9]. Bu siireg, teorik
bilgilerin pratik uygulamalarla pekismesini saglayarak, ogrencilerin daha derin ve anlamlh bir dgrenme
deneyimi yasamalarini desteklemektedir.

Egitimde miihendislik tasarimmin yeri, 6grencilerin teoriyi pratige dokme yeteneklerini gelistirmelerinde
onemli bir rol oynamaktadir. Boylece 6grencilerin karmasik problemleri daha diizenli ve etkili ¢zmelerini
saglamaktadir. Mithendislik tasarim siireci, problem tanimlama, ¢oziim gelistirme, prototip olusturma, test
etme ve iyilestirme asamalarini icermektedir [10]. Bu asamalar, 6grencilerin yaratici ve yenilik¢i diisiinme
becerilerini gelistirmede onemli bir rol oynamakta ve aymi zamanda gergek diinya problemlerine etkili
¢ozlimler {iretme yeteneklerini artirmaktadir [11]. Bu baglamda, miithendislik tasarim siireci, STEM egitiminde
uygulamali bir arag olarak islev gormektedir.

Egitim siireclerinde miihendislik tasarim becerilerinin 6grencilere kazandirilmasi, onlarin teorik bilgilerini
pratige doniistiirmelerine ve yenilik¢i projeler gelistirmelerine olanak tanimaktadir [12]. Bu siireg, 6grencilere
fen derslerine gercek diinya problemlerini ¢dzmelerine yardimc olacak siiregler saglamay1 amaclamaktadir.
Miihendislik tasarimina dayali fen egitimi, Ogrencilerin miihendislik tasarim siirecinde karsilastiklar:
problemleri ¢dzebilmek icin beyin firtmasi yapmalarini, elestirel diigiinmelerini ve iletisim kurmalarmi
gerektirerek 21. ylizyil becerilerini gelistirmektedir [13]. Bu becerilerin 6grencilere kazandirilmasi, onlarin
yalnizca miihendislik alaninda degil, ayni zamanda farkh disiplinlerde de yaratici ve yenilik¢i ¢Oziimler
gelistirmelerine olanak tanimaktadir. Ornegin, dgrenciler mithendislik tasarim siireci araciligiyla karmasik
problemlere ¢6ziim bulma yeteneklerini gelistirmektedirler. Bu sayede hem teorik bilgilerini pratige
doniistiirmede hem de gergek diinya problemleri ¢6zmede yenilik¢i projeler olusturabilmektedirler [14].
Ayrica, bu siire¢ Ogrencilerin is birligi yapma ve takim icginde etkili bir sekilde calisma becerilerini
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gliclendirmektedir. Ciinkii miithendislik problemleri genellikle disiplinler aras: bir yaklasim gerektirmektedir
[15]. Bu disiplinler aras: yaklasim, aym zamanda problem ¢6zme siirecinde esneklik ve yaraticilik gelistirerek
ogrencileri gelecekteki kariyerlerine hazirlayan 6nemli yetkinlikler sunabilmektedir. Miithendislik tasarim
becerilerinin egitim siireclerine entegrasyonu, oOgrencilere 21. yiizyil is gilicli gereksinimlerine uygun
yetkinlikler kazandirmakla birlikte onlarin hayat boyu 6grenme kapasitelerini de artirmaktadir. Dolayisiyla,
miihendislik tasarim becerilerinin kapsaml bir sekilde egitim miifredatina dahil edilmesi, 6grencilerin sadece
akademik basarilarini degil, ayn1 zamanda profesyonel ve kisisel gelisimlerini de destekledigi ve boylece onlar1
dinamik ve hizla degisen bir is gilicii piyasasina daha iyi hazirlamis oldugu soylenebilir. Bu baglamda,
miithendislik tasarim egitiminin 6grenciler i¢in sundugu genis kapsamli uygulama firsatlari1 ve problem ¢6zme
stratejileri i giicii piyasasinda rekabet avantaji saglamasi ve onlarin siirekli degisen teknolojik ve sosyal
kosullara uyum saglama yeteneklerini artirmas: beklenmektedir.

Miihendislik tasarim egitimi, 6grencilere yaraticiliklarini kullanarak gesitli problemlere ¢6ziim bulma ve estetik
agidan kabul edilebilir ¢oziimler gelistirme yetenekleri kazandirmay1 amaglayan bir egitim alanidir. Ayni
zamanda miihendislik tasarim temelli 6gretim bir tasarim siireci olmakla birlikte karsilasilan problemleri
tanimlamada, probleme dair alternatif ¢oziimlerden en etkili ¢6ztimler tiretmede is birligine yonelik bir ¢calisma
stireci olarak tanimlanmaktadir [16, 17]. Dolayisiyla mithendislik tasarim egitiminin amacinin islevsel ve estetik
¢ozlimler gelistirme becerisinin yan: sira Ogrencilere karsilastiklart problemlerin ¢oziimiinde 21. yiizyil
becerilerinden biri olan inovasyon yetisinin kazandirilmasi oldugu sdylenebilir. Kewalramani, Palaiologou ve
Dardanou (2020) miihendislik tasariminin 21.yiizyil becerilerini gelistirdigi, bir miithendis gibi diisiinmeyi
sagladigy, yaraticl ve aragtirma egiliminin arttigl gerekgesiyle 6grenci egitimine daha ¢ok entegre edilmesinin
faydali olacagini belirtmistir [18]. Bu nedenle, miihendislik tasarim becerileri, disiplinler aras: yaklasimlarla
Ogretim programlarina entegre edilmekte ve Ogrencilerin gelecegin miihendisleri ve tasarimcilart olarak
yetistirilmeleri hedeflenmektedir.

Egitim bilimleri alanindaki yeni arastirmalar ve pedagojik yaklasimlar, daha etkili 6gretim yontemleri ve beceri
gelisimi i¢in Onerilerde bulunmaktadir. Bu bilgiler 1s1§inda programlar giincellenmektedir. Bu 6gretim
programlari, 6grencilerin problem ¢dzme, yaratict diisiinme ve yenilik¢i yaklasimlar gelistirme becerilerini
artirarak, onlar1 gelecegin miithendisleri ve bilim insanlari olmaya hazirlamay: amaglamaktadir. Nitekim bu
amag dogrultusunda 21. yiizyil fen egitiminin odak noktasmnin miihendislik tasarim ve inovasyon becerilerinin
gelistirilmesi oldugu goriilmektedir. Tiirkiye’de 2006-2007 6gretim yilindan itibaren fen 6gretim programima
ortaokul alt1, yedi ve sekizinci siniflarda zorunlu ders olarak ‘Teknoloji ve Tasarim’ dersi eklenmistir. Daha
sonraki yillarda 2017 fen bilimleri dersi Ogretim programinda, miihendislige ‘Fen ve Miihendislik
Uygulamalar1’ baghigr altinda yer verilmistir [19]. Ayrica 2018 yilinda giincellenen program ile miihendislik ve
tasarim siirecine ‘Fen, Miihendislik ve Girisimcilik Uygulamalar1” olarak {iinitelerin tamamini kapsayacak
sekilde yer verildigi goriilmektedir [10]. Buradan yola cikildiginda fen 6gretim programinda miihendislik
tasarim temelli egitimin yer almasi 21. ytiizyil becerilerinin 6grencilere kazandirilma calismalarinin tasarim
odakli oldugu somut olarak karsimiza g¢ikmaktadir. Bu durumda geleneksel fen egitimine teknoloji ve
mithendisligin entegrasyonu ile disiplinler arast anlayisin benimsendigi ortaya ¢ikmaktadir. Bu entegrasyon,
fen, teknoloji ve sanatin bir arada degerlendirildigi bir egitim yaklasimini tesvik ederken, miihendislik
becerilerinin §gretim programlarinda yer almasim saglamaktadir. Miihendislik becerilerinin bu baglamda
egitim miifredatina dahil edilmesiyle birlikte, 6grencilerin bu alanlardaki becerilerini etkili bir sekilde
degerlendirebilecegimiz 6l¢eklere duyulan ihtiyag da artmistir. Boylece, miithendislik ve teknoloji alanlarindaki
yetkinliklerin sistematik bir sekilde Olciilmesi, Ogrencilerin disiplinler arasi becerilerini ve uygulama
kapasitelerini daha iyi anlayabilmemize olanak tanimaktadir. Bu noktada alan yazin tarandiginda 7.siruflar igin
Fen, Miihendislik ve Girisimcilik Becerileri Degerlendirme Olgegi [21], 4-5-6-7. ve 8. Sinif Ogrencileri icin
Miihendislik Bilgi Diizeyi Olgegi [22], 8.smuflar icin 1s1 transferi ve termal enerji konusuna iliskin fen
bilimlerinde miihendislik tasarimi ve kavramsal degisim [23] incelenmis ve s6z konusu 6lgekler gelistirilmistir.
Konuya iliskin ¢alismalar incelendiginde, miihendislik baslig1 altinda farkli beceri alanlari igin 6lgek olmasina
ragmen tasarim beceri alanina yonelik bir 6lgek ile karsilasilmamustir. Alan yazinda miihendislik tasarim
becerilerinin kavramsal yapisinin karmasik ve belirsiz oldugu goz 6niine alindiginda, gelistirilen test sayesinde
bu belirsizligin nispeten ortadan kaldirilacagi sOylenebilir. Bu nedenle bu g¢alismanin alan yazmna katki
saglayacagl diistintilmektedir. Bu baglamda calismanin amaci, Bilim ve Sanat Egitim Merkezlerindeki
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(BILSEM) 7. sinuf ogrencileri {izerinde gergeklestirilerek miithendislik tasarim becerilerini degerlendirmek ve bu
becerilerin gelistirilmesine yonelik etkili bir 6l¢iim araci saglamaktir. Bu yas grubunun daha 6nce miithendislik
tasarimi konusunda bir deneyime sahip olmasi, ¢alisma sonuglarinin bu alandaki egitim uygulamalarina 1sik
tutmasini ve 6gretim stratejilerinin gelistirilmesini desteklemesini amaglamaktadir.

1. Materyal ve Yontem

2.1. Desen

Arastirmada betimsel arastirma modellerinden birisi olan tarama yontemi kullanilmistir. Tarama modeli,
biiyiik 6rneklemler kapsaminda ytiriitiilen ve bir grubun goriis, beceri gibi niteliklerini belirlemek icin verilerin
toplanmasini amaglayan desendir [24, 25]. Benzer sekilde Creswell (2014) tarama modelini katilimcilarin
genelindeki egilim ve algilarinin nicel olarak betimlenmesini, bunun sonucunda birtakim ¢ikarimlar yapmay1
saglamak olarak ele almaktadir [26]. Tarama aragtirmalar1 genellikle genis bir kitleden bilgi toplanilarak
kullanilmaktadir. Bu desende arastirma konusu oldugu sekliyle hi¢bir degisime neden olmadan tasvir edilir.
Bu baglamda arastirmada Bilim ve Sanat Egitim Merkezlerinde (BILSEM) 6grenim goren 7.sinif 6grencilerinin
miithendislik tasarim becerilerinden faydalanilarak test gelistirilmesi amaclandigi icin tarama deseni
kullanilmistir.

2.2. Evren ve Orneklem

Aragtirmanin evreni, {zmir ili Konak ve Bornova ilgelerindeki Bilim ve Sanat Egitim Merkezlerinde (BILSEM)
O0grenim goren 7. sinuf 6grencilerinden olusmaktadir. Bu kurumlarda egitim alan 6grenciler, yaratict problem
¢0zme, inovatif diisiinme ve disiplinler arasi iligkilendirme gibi becerileri kazanmak amaciyla yogun bir egitim
programma dahil olmaktadirlar. Bu baglamda, miihendislik tasarim becerileri Slgeginin gelistirilmesinde,
tasarim becerisi gelisimine odaklanmus bir egitim programina dahil olan 6grencilerden veri toplanmasi, dlgegin
gecerlilik ve giivenilirligi agisindan biiyiik 6nem tasimaktadir. Tasarim etkinlikleri deneyimine sahip
ogrencilere yonelik bu ¢alisma, 110 6grenciyle gergeklestirilmis, 101 gecerli form degerlendirmeye alinmistir.
Bu Ogrencilerin 56's1 kiz, 451 ise erkektir. Arastirmanin katilimcilari, seckisiz olmayan Ornekleme
yontemlerinden amacsal 6rnekleme yontemi ile belirlenmistir. Amagsal 6rnekleme, ¢alisma amacina gore
arastirmacinin bireysel yargisina bagh 6rneklemin secilmesidir [27]. Amagh bir sekilde segilen 6rneklemler,
calismanin amacina bagli olarak incelenen konu agisindan zengin bilgiler verebilecek niteliktedir. Amagh
ornekleme incelenen konu ya da olguya iliskin 6nemli bilgi kaynaklarina ulasmada arastirmaciya yardimci
olmakla birlikte arastirilan durumlarin derinlemesine incelenmesine imkan tanimaktadir [28]. Bu baglamda
arastirmanin katilimcilaring, [zmir ilinde yer alan Bilim ve Sanat Egitim Merkezlerinde tasarim siirecine dahil
olan 7. smif d6grencileri olusturmaktadir. Bu arastirmada, ortaokul 7. sinif 6grencilerinin miihendislik tasarim
siireglerine yonelik becerileri degerlendirildigi igin ¢alisma ortaokul diizeyinde gergeklestirilmistir.
Miihendislik tasarim becerileri hem soyut diisiinme yetilerini hem de somut uygulama becerilerini kapsayan
bir yapiya sahiptir. Ortaokul doénemi, 6grencilerin analitik diistinme, yaraticilik ve problem ¢6zme gibi {ist
diizey bilissel becerilerini gelistirmeye basladiklari bir donemdir. Bu nedenle, 7. smif Ogrencilerinin
secilmesinin temel amaci, bu yas grubunun miihendislik ve tasarim kavramlarina ilgi duymaya ve bu becerileri
gelistirmeye yonelik yeterli bilissel olgunluga ulasmis olmalaridir. Dolayisiyla, miihendislik tasarim
becerilerinin algilanmasi ve degerlendirilmesi icin uygun bir yas grubu olarak tercih edilmistir.

2.3. Veri toplama araclar

2.3.1. Miihendislik Tasarim Becerileri Algi Olgegi (MiiTasBAT)

Arastirmada veri toplama araci, Moazzen, Miller, Wild, Jackson ve Hadwin (2014) [29] tarafindan ‘Engineering
Design Survey’ adiyla iiniversite 6grencilerine yonelik gelistirilen 6lgme aracinin tasarim-beceri boyutu
maddeleri dikkate alinarak Miihendislik Tasarim Becerileri Clgegi (MiiTasBAT) adinda arastirmaci tarafindan
ortaokul 7. Smif 6grencileri i¢in yeniden gelistirilmistir (Ek-A). Bu testin gelistirilmesi i¢in dncelikle literatiir
taramast yapilmis ve dzellikle tasarim etkinlikleri yapan ortaokul 7. smif BILSEM &grencilerinin duygu ve
diisiinceleri goriisme yoluyla dikkate alinmistir. Olgegin gelistirilmesi asamasinda sirasiyla, literatiir taramas,
madde havuzunun olusturulmasi, uzman goriislerinin alinmasi, pilot calisma, testin gecerlik-giivenirlik
calismalar: gergeklestirilmistir.

Moazzen, Miller, Wild, Jackson ve Hadwin (2014) [29] tarafindan ‘Engineering Design Survey’ adiyla iiniversite
ogrencilerine yonelik gelistirilen Olgegin tasarim-beceri kapsaminda yer alan Ol¢ek maddeleri ortaokul
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ogrencilerinin seviyesine uygun olacak sekilde beceri algis1 biciminde ifade edilmistir. Boylelikle 62 maddelik
madde havuzu olusturulmustur. Olgegin taslak formunda yer alan maddelerin 6lciilmek istenilen amaca
uygunlugu ile ilgili olarak egitim bilimleri alaninda uzman olan 5 kisinin goriisii alinmistir. Uzman goriisleri
igin ‘Uygundur’, “‘Uygun degildir’, ‘Diizeltilmeli’ ve ‘Onerim’ seklinde drt maddeli bir form olusturulmustur.
Uzmanlardan gelen goriisler dogrultusunda bazi maddeler diizenlemeye gidilmistir. Maddeler yazilirken
Ol¢iilmek istenen Ozellige iliskin dogru cevap verildigine iligkin tutarhlik saglamak amaciyla olumlu ve
olumsuz maddeler olusturulmasina ve maddelerin anlagilabilir olmasina 6zen gosterilmistir. Olgekte
cevaplanmasi istenilen maddeler i¢in ‘Hi¢ katilmiyorum (1), ‘Katilmiyorum (2)’, ‘Orta diizeyde katiliyorum
(3)y, ‘Katiliyorum (4)" ve ‘Tamamen katiliyorum (5)" ifadeleri seklinde besli likert tipinde hazirlanmistir.
Degerlendirme asamasinda ise olumsuz maddeler iizerinde bu puanlama ters sekilde yapilmstir.

Olgegin gegerlilik ve giivenirligini degerlendirmek amactyla, 62 maddelik taslak bir test, 12 kisilik bir &n
goriisme ile elde edilen geri bildirimler dogrultusunda hazirlanmistir. Ardindan, tasarim deneyimlerine sahip
101 ortaokul 7. sinif BILSEM 6grencisine uygulanmistir. On goriismelerde, test maddelerinin anlagilabilirligi ve
uygulama siirecindeki etkinligi hakkinda geri bildirim alinmigtir. Katilimcilarin "prototip” ve "maliyet”" gibi
terimlerde anlamada zorluk yasadig1 gozlemlenmistir. Elde edilen geri bildirimler dogrultusunda, maddelerde
dil ve ifade netlestirilmis ve tekrarli climleler diizeltilmistir.

BILSEM 'den elde edilen veriler, testin yap1 gecerligini test etmek amaciyla Agimlayici Faktor Analizi (AFA) ve
Dogrulayici Faktor Analizi (DFA) ile degerlendirilmistir. Bu analizler, miithendislik tasarim beceri algilarini
Ol¢meye yonelik gelistirilen testin gegerli ve giivenilir oldugunu ortaya koymustur. Analizler sonucunda, test
29 maddeye indirgenmis ve dort alt boyut halinde yapilandirilmigtir: Kulugka Tasarim Gelistirme Becerileri,
Yenilik¢i Tasarim Gelistirme Becerileri, Tasarim Degerlendirme Becerileri ve Tasarimi Sunma ve Raporlama
Becerileri. Nihayetinde, testin 29 maddelik 4 faktorlii yapisinin son hali belirlenmistir.

2.4. Verilerin analizi

Olgegin yap1 gegerliginin saglanmasi icin 6ncelikle SPSS programi kullanilarak Agimlayict Faktor Analizi
(AFA) yapilmus, ardindan AMOS programu kullanilarak Dogrulayici Faktor Analizi (DFA) gerceklestirilmistir.
Bu baglamda, éncelikle elde edilen verilerin faktor analizine uygun olup olmadiginin belirlenmesi icin Kaiser-
Mayer-Olkin (KMO) ve Bartlett kiiresellik testi uygulanmistir. Hazirlanan ve katilimcilara uygulanan testin
giivenirlik calismasi icin tiim teste ve alt boyutlara ait Cronbach alfa katsayilar: hesaplanmustir.

2. Bulgular

Arastirmanin bu boliimiinde agimlayict faktdr analizi, dogrulayici faktor analizi ve giivenirlige yonelik
bulgular sunulmustur.

62 maddelik teste acimlayici faktor analizi yapilmistir. Bu analiz, benzer konulara sahip maddeleri bir araya
getirerek, maddeler arasindaki iligkileri belirlemis ve yorumlamay1 kolaylastirmistir. Faktor analizi
calismalarmin ilk adiminda, test uygulamasindan elde edilen veriler Kaiser-Meyer- Olkin (KMO) ve Bartlett's
testleri ile test edilmistir. Yapilan testler sonucunda elde edilen degerler Tablo 1'de gériildiigii gibidir.

Tablo 1. Miihendislik tasarim becerileri alg testinin faktor ve madde analizi sonuglar1
KMO and Bartlett's Test

Kaiser-Meyer-Olkin Orneklem Yeterliligi 0,805
Ki-Kare Degeri 1231,246
Bartlett'in Kiiresellik Testi Serbestlik derecesi 406
p 0,000

Olgme aracina faktor analizi yapildiginda KMO (Kaiser-Meyer-Olkin) degerinin 0,805 ve Bartlett kiiresellik
testinin anlamli [x?=1231,246 (p< 0,000)] olarak gozlenmistir. Bu sonuca gore testteki maddelerden elde edilen
verilerin faktor analizi icin uygun oldugu ve degiskenlerin gruplandirilarak azaltilabilecegi ortaya gikmustir.
Olgme aracina Maximum Likehood tahminlemesi ve Equamax dik dondiirme teknigi uygulanmis ve faktor
yiikleri 0,40 altinda olan maddeler ihmal edilerek test yapisi incelenmistir. Analiz sonucunda testin 29 madde
iceren 4 alt faktorde toplanmis oldugu belirlenmistir.

Tablo 2’de goriildiigii gibi 29 maddeden olusan dort alt faktorlii nihai bir test gelistirilmistir.
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Tablo 2. Miihendislik tasarim becerileri alg: testinin faktdr ve madde analizi sonuglar1

Madde No 1.Faktor yiikii 2. Faktor yiikii 3. Faktor yiikii 4. Faktor yiikii
s24 0,688
526 0,657
33 0,652
543 0,644 0,411
s4 0,624
s50 0,586
546 0,576
s31 0,514
s2 0,501
s21 0,719
s44 0,673
s22 0,567 0,381
s30 0,552
s14 0,532
s47 0,531
s35 0,529
s32 0,528
s45 0,520
s49 0,505
s25 0,488
548 0,477
s19 0,679
s42 0,423 0,589
s27 0,364 0,586
s3 0,460
s60 0,778
s58 0,712
s56 0,653
s61 0,431

Faktorlerde yer alan maddelerin faktor yiiklerinin 0,40 degerinden yiiksek olmasi, bu maddelerin giiclii bir
faktor yapisi sagladigina yonelik bir kanit olabilir. Birinci faktor iginde yer alan maddeler; 6grencilerin tasarim
gelistirme siirecinde problem iizerinde bir siire 6n ¢alisma yapma, fikir sunma ve problem ¢6ziimlerini bir
anlamda kulugkaya yatirdiklar: siire¢ belirlenme ¢alisilmistir. Dolayisiyla birinci faktor “Kulugka tasarim
gelistirme becerileri” seklinde adlandirilmistir. Birinci faktdr 9 maddeden olusmaktadir. Ikinci faktorde yer
alan maddeler incelendiginde, 6grencilerin yaratic1 karar ve ¢oziim ile alternatif ¢6ziim iiretme, ¢oziimlerini
revize etme gibi ifadeler yer aldigindan ikinci faktor “Yenilikci tasarim gelistirme becerileri” biciminde
adlandirlmistir. Tkinci faktor 12 maddeden olugsmaktadir. Uciincii faktordeki maddelerde ise degerlendirme
kriterleri olusturma ve degiskenleri dl¢me gibi ifadeler yer almaktadir. Bu nedenle {igiincii faktor “Tasarim
degerlendirme becerileri” seklinde adlandirilmistir. Uciincii faktor 4 maddeden olusmaktadir. Dérdiincii faktor
kapsamindaki maddeler incelendiginde 6grencilerin tasarimlarimi agiklama ve sunmalarini igeren ifadeler yer
aldigindan dordiincti faktér “Tasarimi sunma ve raporlama becerileri” olarak adlandirilmistir. Dérdiincii
faktor 4 maddeden olugsmaktadir.

Calismada agimlayict faktor analizi sonucunda gelistirilen MiiTasBAT'niin dort faktorlit yapist igin 101
Ogrenciye uygulama yapilmistir. Elde edilen veriler {izerinden dogrulayici faktor analizi yapilmistir. Olusan
dogrulayia faktor analiz modeli Sekil 1’de gosterilmistir.

Sekil 1’de tiim alt faktorler arasinda korelasyon degeri verilmektedir.
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Figiir 1. Tiim alt faktorler arasi korelasyon degeri

Yapilan dogrulayici faktor analizi sonucunda elde edilen bulgulara gore x2/df =1,182, GFI = 0,797 ve RMSEA =
0,043 degerlerine ulasilmistir. Ayrica, MiiTasBAT de alt faktorler arasinda ve her bir faktoriin kendi icindeki
maddeler arasinda yiiksek korelasyonlar gozlemlenmistir. Sekilde yer verilen degerlere gore alt boyutlar
arasindaki iliskinin 0,25 ile 0,83 arasinda degistigi goriilmektedir. Bu durum, testin i¢ tutarliliginin yiiksek
oldugunu gostermektedir. Bu sonuglar maximum likelihood yontemiyle gerceklestirilen faktdr analizinden
elde edilmistir. Ayrica Sekil 1'de maddelerin alt boyutlarla olan iliskileri gosterilmis olup, elde edilen sonuglar
istatistiksel olarak anlamli bulunmustur. Bu bulgularin ardindan, maddelerin alt boyutlarla olan iliskilerini
daha ayrintili incelemek amaciyla, parametrelerin regresyon tahminlerine iliskin gosterimler Tablo 3'te
sunulmustur.
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Tablo 3. Faktorlere karislik gelen regresyon agirliklari

Estimate (Tahmin) S.E. (Standart Hata) C.R. (Kritik Oran) )

s24 <--- F1 1,000

526 <--- F1 ,792 ,126 6,303 ok
s33 <--- F1 ,980 ,135 7,263 ot
s43 <--- F1 ,993 ,132 7,498 ok
s4 <--- F1 ,886 ,122 7,295 i
s50 <--- F1 ,810 ,130 6,221 o
s46 <--- F1 ,684 ,127 5,385 ok
s31 <--- F1 ,706 ,141 4,992 o
s2 <--- F1 ,570 ,110 5,192 ok
s21 <--- F2 1,000

s44 <--- F2 911 ,149 6,133 o
s22 <--- F2 ,996 ,158 6,304 ot
s30 <--- F2 ,836 ,154 5,446 i
s14 <--- F2 778 ,147 5,288 ok
s47 <--- F2 ,743 ,141 5,283 ok
s35 <--- F2 ,899 ,161 5,597 o
s32 <--- F2 ,694 ,133 5,221 ok
s45 <--- F2 ,738 ,150 4,909 i
s49 <--- F2 ,885 ,163 5,427 o
s25 <--- F2 ,748 ,155 4,816 ok
548 <--- F2 ,744 ,139 5,371 o
s19 <--- F3 1,000
s42 <--- E3 1,040 172 6,061 i
s27 <--- F3 ,923 ,160 5,779 o
s3 <--- F3 ,854 ,157 5,444 ok
s60 <--- F4 1,000
s58 <--- F4 ,805 ,141 5,703 ot
s56 <--- F4 ,848 ,144 5,871 ok
s61 <--- F4 ,578 ,136 4,243 o

Faktorlere karsilik gelen maddelerin regresyon katsay1 agirliklar1 Tablo 3'te verilmistir. Elde edilen bilgilere
gore ilk faktor i¢in en anlamli madde s43 sorusudur “Sinifta verilen miihendislik projesinin problem durumuna gore
istenen tasarumi yapabilirim.” ve istatistiksel anlamlilik tiim maddeler tarafindan saglanmustir. Tkinci faktorde en
onemli maddenin s22 “Sinifta verilen miihendislik projesini gerceklestirirken tasarimla ilgili sira disi olan yaratici
fikirleri onemsemem.” oldugu goriiliirken; {iclincli faktor icin s42 “Simifta verilen miihendislik projesini
gerceklestirirken grupla gelistirilen tasarimlarla ilgili meydana getirilen iiriinii test edebilirim.”; dordiincii faktor igin
s56 “Miihendislik proje tasarimlarimn sunum raporunu etkili bir dille anlatimda zorlanabilirim.” sirasiyla ilgili
faktorlerin en 6nemli maddeleridir.

MiiTasBAT igin faktor analizi yapildiktan sonra maddelerin giivenirlik testleri yapilmistir. Test sonucu
Cronbach Alpha degeri a= 0.895 olarak bulunmustur. Olgekteki her bir faktoriin giivenirlikleri hesaplanmistir.
Faktorlerin giivenirlik katsay1 sonuglarindan elde edilen bulgular Tablo 4te yansitilmigtir.

Tablo 4. Faktorlerin Cronbach's Alpha Degeri

Faktér numarasi Faktor Ad1 Cronbach's Alpha
1 Kulugka tasarim gelistirme becerileri 0,871
2 Yenilikgi tasarim gelistirme becerileri 0,867
3 Tasarim degerlendirme becerileri 0,776
4 Tasarimi sunma ve raporlama becerileri 0,746

Tablo 4'te gorildigi lizere “Kulugka tasarim gelistirme becerileri” faktoriiniin Cronbach Alpha giivenirlik
katsayis1 a=0,871"dir. “Yenilik¢i tasarim gelistirme becerileri” faktoriiniin Cronbach Alpha giivenirlik katsayisi
a=0,867"dir. “Tasarim degerlendirme becerileri” faktoriiniin Cronbach Alpha giivenirlik katsayis1 a=0,776"dr.
“Tasarimi sunma ve raporlama becerileri” faktoriiniin Cronbach Alpha giivenirlik katsayist a= 0,746’d1r.
Gortildiigii tizere her bir faktoriin giivenilirligi oldukea yiiksek degerleri icermektedir.
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3. Sonug ve Tartisma

MiiTasBAT'1n faktor analizinin uygunlugu testlerinden sonra 62 maddelik bu teste faktor analizi yapilmistir.
Bu analiz sonucunda, test 4 ana faktor etrafinda gruplanmis ve 29 maddeye indirilmistir. Bu durum, testin daha
0z ve gecerli hale gelmesini saglayabilir. Faktor analizi sonuglari, ¢ikarilan maddelerin fazla tekrar icerdigi veya
test maddelerinin bazilar icin yetersiz anlam netligi ya da dgrencilerin ciimleleri tam olarak anlamadig:
anlamina gelebilir. Bu, testin belirlenen faktorlerin kapsamini dogru bir sekilde yansittigini gosterir. Sonuglar,
testin gecerliligi hakkinda olumlu bir isaret olabilir.

Bu calismada faktor analizi sonucunda belirlenen birinci faktor, 6grencilerin tasarim gelistirme siirecinde
problem {izerinde 0n ¢alisma yapma, fikir sunma ve problem ¢oziimlerini kulucka siirecine yatirma becerilerini
kapsamaktadir. Bu becerilerin bir araya gelmesi, 6grencilerin yaratic diisiinme ve yenilik¢i ¢oziimler {iretme
kapasitelerini artirdig1 igin egitimde 6nemli bir yer tutmaktadir. Ozellikle kulugka agamasi, yaratic diisiinme
stireglerinde kritik bir rol oynamaktadir. Wallas (1926) ve Ludwig (1989), yaratici siireclerde kuluckanin roliinii
vurgularken, Yesilyurt (2020) da kulucka asamasinin yaratici diisiinme siirecinde kritik bir rol oynadigin
belirtmektedir [30, 31, 32]. Literatiirde, kulucka déneminin yaratici siireglerdeki 6nemi vurgulanmistir [33, 34,
35]. Dolayisiyla birinci faktor “Kulucka tasarim gelistirme becerileri” seklinde adlandirilmistir. Kulugka
donemi, tasarimcinun bilingli olarak bilgi toplama etkinlikleriyle diistincelerini sekillendirdigi, ancak bu
bilgilerin biling disinda yeniden diizenlendigi ve ¢dziim iiretmeye katk:i sagladig: bir stirectir [36, 37]. Bu
donemde bireylerin bilin¢gdisinda devreye giren diisiinceler, yeni fikirlerin ve ¢dziimlerin ortaya ¢ikmasina
olanak tanimaktadir. Bu durumda MiiTasBAT alt faktorlerinden biri olan kulugka tasarim becerileri, yaratict
diisiincenin 6nemli bir asamasi olan kulucka donemiyle yakindan iligkilidir. Li, Zhang, Zhang ve Luo (2022)
kulucka donemine iligskin arastirmalarin, yalnizca yaratici siireglerin gizemini agiga ¢ikarmakla kalmayip, aymn
zamanda bu siireglerin uygulamali alanlarda kullanimini tegvik ettigini belirtmektedir [38]. Bu baglamda,
kulugka tasarim becerilerinin miihendislik problemlerine yenilik¢i ve etkili ¢oziimler gelistirme yetenegini
destekledigi ve yaratict siirecin miihendislik uygulamalarinda nasil hayata gecirilebilecegi ortaya
konulmaktadir. Birinci faktoriin "Kulugka Tasarim Gelistirme Becerileri" olarak adlandirilmasi, 6grencilerin bu
siireci ne kadar iyi yonettiklerini ve bu siirecteki cesitli becerilerini detayli bir sekilde dl¢meye olanak
tanimaktadir. Bu faktoriin 9 maddeden olusmasi, bu becerinin karmagsikligini ve gesitliligini yansitmaktadir.
Bu calismada faktor analizi sonucunda belirlenen ikinci faktor, 6grencilerin yaratici kararlar alma, alternatif
¢ozlimler iiretme ve ¢oziimlerini revize etme becerilerini kapsamaktadir. Bu becerilerin, 6grencilerin yenilikgi
diisiinme ve problem ¢ozme kapasitelerini artirdigy igin, bu faktor "Yenilik¢i tasarim gelistirme becerileri"
olarak adlandirilmistir. Ikinci faktér 12 maddeden olusmaktadir. Miihendislik tasarimi, mithendislerin belirli
sinirlamalar ve gereksinimler cercevesinde sorunlar1 ¢ézme ve bu sorunlara yonelik ¢oziimler gelistirme
siirecidir [39]. Bu siire¢, miihendislerin karsilastiklar1 problemlere yaratict ve yenilik¢i ¢oziimler bulmalarimi
gerektirir. Khaerudin, Hendrilia, Dewi, Erwin ve Al-Amin (2023) calismalarinda, problem ¢6zme becerilerinin
tasarim alanindaki bireyler icin vazgecilmez oldugu ve bu becerilerin 6grencilerin yaratict diisiinme
yeteneklerini gelistirerek yenilik¢i tasarim ¢oziimleri tiretmelerine olanak tanidigir vurgulanmaktadir [40].
Benzer sekilde, Pusca ve Northwood (2018), tasarim diisiincesinin ¢ok yonlii bir problem ¢6zme siireci
sundugunu, bunun oOgrencilerin karmasik problemleri daha iyi kavramalarina yardimc oldugunu ve
problemleri yenilik¢i yollarla ¢6zmek icin tasarim ilkelerinin gerekliligini ortaya koydugunu belirtmektedir
[41]. Yenilik¢i tasarim gelistirme becerileri, 6grencilerin problem ¢6zme siirecinde aktif olmalarini, karmasik
durumlarla karsilagtiklarinda alternatif ¢oztimler tiretebilmelerini ve bu ¢Ozlimleri etkili sekilde
uygulayabilmelerini saglamaktadir. Bu beceriler, miihendislik ve tasarim disiplinlerinde, hizli degisim ve
yenilik gerektiren ortamlarda bagar1 igin kritik bir rol oynamaktadir. Ayrica, yenilikci tasarim gelistirme
becerileri, hizl1 bilimsel ilerlemeler ve teknolojik kesiflerle desteklenerek miihendislerin yaratici ve analitik
yeteneklerini 6n plana ¢ikarir, bu da rekabetgi ortamlarda yeni iiriinler gelistirilmesine olanak tanir [42]. Sonug
olarak, ogrencilerin problem ¢6zme, yaratict kararlar alabilme ve alternatif ¢oziimler iiretebilme yetenekleri,
yenilik¢i tasarim stiirecinin temel bilesenlerindendir ve tasarim siirecinde dngoriilemeyen zorluklarla basa
¢ikmada kritik bir rol oynamaktadir.

Bu calismada faktor analizi sonucunda belirlenen {iigiincii faktor, ogrencilerin degerlendirme kriterleri
olusturma ve degiskenleri 6l¢me becerilerini kapsamaktadir. Bu becerilerin, 6grencilerin tasarim siireclerinde
objektif ve sistematik degerlendirmeler yapabilmeleri agisindan kritik 6neme sahip oldugu goriilmektedir. Bu
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nedenle {giincii faktdr “Tasarim degerlendirme becerileri” seklinde adlandirilmistir. Uciincii faktor 4
maddeden olusmaktadir. Miihendislik tasarimi, belirli hedeflere ulasan ve kisitlamalara uyan iiriinlerin
sistematik bir sekilde iiretilmesi ve bu siirecte yapilan degerlendirmelerin énemli oldugu bir siiregtir [43].
Ogrencilerin tasarim siireclerinde objektif kriterler olusturabilme ve bu kriterlere gore degerlendirme
yapabilme yetenekleri, bagarili bir miithendislik tasarimu igin temel bilesenlerdendir. Dym, Agogino, Eris, Frey
ve Leifer (2005) calismalarinda 6grencilerin tasarimlarini objektif bir sekilde degerlendirebilmeleri i¢in gerekli
kriterlerin belirlenmesi ve bu kriterler dogrultusunda tasarimin analiz edilmesi gerektigi vurgulamislardir [14].
Benzer sekilde, Hynes (2009), tasarim siirecinde ¢oziimii test etme ve degerlendirme adimlarinin, taslak
iriinlerin veya prototiplerin iyilestirilmesi i¢in énemli bir rol oynadigini ifade etmistir [44]. Miihendislik
tasarim siirecinde tasarim degerlendirme becerisi, 6grencilerin tasarim siireclerini daha bilingli bir sekilde ele
almalarina olanak tamir. Ayrica, Ogretmenlerin oOgrencileri bu yonde yoOnlendirmesi, prototiplerin
degerlendirilmesi ve yeniden tasarlanmas: siireclerini destekleyerek Ogrenme siirecini daha etkili hale
getirebilir. Bu baglamda, tasarim degerlendirme becerileri, 6grencilerin tasarim odakli diisiinme yaklagimini
kazanmalar1 agisindan temel bir odak noktasi olarak ele alinmalidir.

Bu calismada faktor analizi sonucunda belirlenen dordiincii faktor, 6grencilerin tasarimlarini agiklama ve
sunma yeteneklerini kapsamaktadir. Bu beceriler, 6grencilerin tasarimlarin: etkili bir sekilde iletisim kurabilme
ve sonuglari sistematik bir sekilde raporlama yeteneklerini ifade etmektedir. Bu nedenle, dordiincii faktor
"Tasarimi Sunma ve Raporlama Becerileri" olarak adlandirilmistir. Bu faktor, 4 maddeden olusmaktadir. Bu
bulgular, mithendislik egitimcilerinin 6grencilerin tasarim sunma ve raporlama becerilerini gelistirmelerine
yardima olacak yontemler gelistirmeleri gerektiini gostermektedir. Baz1 aragtirmalar, etkili iletisim ve
raporlama becerilerinin miihendislik kariyerinde basarinin 6nemli bir gostergesi oldugunu ortaya koymaktadir
[45]. Bu nedenle, miihendislik siireclerinde iletisim ve raporlama becerilerinin gelistirilmesi biiyiik bir nem
tasimaktadir. Uriin gelistirme siireglerinin STEM proje déngiisii ve miihendislik agamalarina uygun olarak
planlanmasi, yiiriitiilmesi ve degerlendirilmesi gerekmektedir. Temel hedef, 21. yiizyil becerilerinin gelisimini
desteklemek oldugundan, miihendislik siireglerinde raporlama ve sunma asamalar: kritik bir neme sahiptir
[46]. Genel anlamda bakildiginda MiiTasBAT'niin tiim alt faktorleri, tasarim siirecinin anlasilabilirligini
artirmast ve tasarimlarin seffaf bir sekilde iletilmesini saglamasi umulmaktadir. Bu dort faktor, miithendislik
egitiminde 6grencilerin hem teknik hem de iletisim becerilerini gelistirmelerine yonelik biitiinsel bir yaklasim
sunmasi beklenmektedir.

MiiTasBAT igin faktor analizi yapildiktan sonra maddelerin giivenirlik testleri yapilmistir. Test sonucu
Cronbach Alpha degeri a=0.895 olarak bulunmustur. MiiTasBAT'niin tiim alt faktorler arasinda, alt faktorlerin
kendi aralarinda yiiksek korelasyona sahip olmasi ve testteki maddelerin bulunduklar: faktor iginde yiiksek
korelasyonlara sahip olmasi testin i¢ tutarliiginin yiiksek oldugunu gostermektedir. Ayrica, igerik gecerliligi,
uzman goriigleriyle desteklenmis ve testin kapsaminin yeterli oldugu dogrulanmigtir. Bu sonuglar, testin hem
glivenilir hem de gecerli oldugunu ve arastirma baglaminda giivenle kullanilabilecegini ortaya koymaktadir.
Bu 6zellikler, testin elde ettigi verilerin hem tutarli hem de dogru oldugunu ve bu verilerin bilimsel analizlerde
saglam bir temel olusturdugunu séylemek miimkiindiir.

4. Oneriler

Calisma, 7. smif Ogrencileriyle smurli oldugundan, sonuglarin genellenebilirli§ini artirmak igin testin
arastirmalarda farkli ortaokul seviyelerinde (6rnegin, 5., 6. ve 8. smif) ve gesitli 6grenci gruplarinda (6rnegin,
genel egitim siniflari, 6zel yetenek smiflart) uygulanmasi onerilebilir.

Olgegin kullanimi ile mithendislik tasarim becerilerinin egitimde daha etkin bir sekilde degerlendirilmesi
saglanabilir. Sonuglar, 6grencilerin hangi tasarim asamalarinda daha fazla destege ihtiya¢ duyduklarimi
belirlemede Ogretmenlere yol gosterebilir. Bu, egitim programlarinin tasariminda ve miihendislik odakl
derslerin iceriginin gelistirilmesinde kullanilabilir.

Calismada gelistirilen test (MiiTasBAT), 7. smif 6grencilerinin miihendislik tasarim becerilerini gelistirmede
hangi alanlarda daha fazla uygulamaya ve geri bildirime ihtiya¢ duyduklarini belirlemek i¢in kullanilabilir.
Ozellikle, "Yenilik¢i Tasarim Gelistirme" ve "Tasarimi Sunma ve Raporlama" gibi faktdrlerde belirlenen
eksiklikler, 6grencilere sunulacak ek etkinliklerle giderilebilir.
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MiiTasBAT1n, 6gretmenlerin miihendislik tasarim siireglerini nasil 6grettiklerini degerlendirmek igin bir arag
olarak kullanilmas1 onerilebilir. Bu baglamda, 6gretmenlerin egitim programlarinda Slgege dayali beceri
gelistirme etkinliklerine yer verilmesi saglanabilir.

Olgegin, fen, matematik ve sanat gibi farkli disiplinlerle entegre edilen miihendislik tasarim siireglerinde
uygulanmasi Onerilebilir. Bu, miithendislik tasariminin disiplinler aras: egitime katkisin1 anlamaya yardimci
olabilir.

Caligmanin sonuglari, mithendislik tasarim becerilerini gelistiren egitim miifredatinin iyilestirilmesine yonelik
oneriler sunabilir. Ozellikle BILSEM 6grencilerine yonelik miihendislik egitimi programlarimin daha hedefe
yonelik bir sekilde gelistirilmesi saglanabilir.

MiiTasBAT1in takim caligmalar1 ve proje tabanlhi 6grenme ortamlarinda uygulanabilmesi i¢in 6grencilerin
takimdaki etkilegimlerini Slgmeye yonelik bir ‘Miihendislik Takim Becerileri Olgegi’ gelistirilmesi
onerilmektedir. Bu tiir bir olgek, takim c¢alismalarinda Ogrencilerin is birligi, iletisim ve problem ¢6zme
becerilerinin degerlendirilmesine olanak taniyabilir. Bu sayede, 6grencilerin bireysel ve grup i¢i miithendislik
tasarim becerilerindeki farkliliklar karsilagtirilabilir.

Yazar Katkilari: Kavramsallastirma, S.T. ve K.S.; metodoloji, K.S.; yazilim, S.T. ve K.S.; dogrulama, S.T.; bi¢imsel analiz,
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gozden gecirme ve diizenleme, S.T. ve K.S.; gorsellestirme, S.T. ve K.S. Tiim yazarlar makalenin yayinlanan versiyonunu
okudu ve kabul etti.
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Ek A

Miihendislik Tasarim Siire¢ Becerileri Olcegi

TEST MADDELERI 112|3[|4]|5

1. Sinifta verilen miithendislik projesini gerceklestirirken etkili teknikler kullanarak 6zgiin tasarom | 1 | 2 | 3 | 4 | 5
fikirleri tiretebilirim.
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2. Smifta verilen miithendislik projesini gerceklestirirken grupla beyin firtinas: yaparak tasarimlar
iiretebilirim.

3. Sinifta verilen miithendislik projesini gergeklestirirken grupla gelistirilen tasarimlar arasindan
uygun olan birisini eldeki bilgi ve verilerle segebilirim.

4. Smifta verilen miihendislik projesinin problem durumuna gore istenen tasarimi yapabilirim.

5. Sinifta verilen miithendislik projesini gerceklestirirken tasarimin amacina ulasmast igin gerekli
kosullar1 tanimlayabilirim.

6. Smmifta verilen miihendislik projesini gerceklestirirken grupla gelistirilen tasarimlarla ilgili 6n
deneme sonuglarina bagh olarak tasarimlarda degisiklige gidebilirim.

7.Sinifta verilen mithendislik projesini gerceklestirirken beklenmeyen durumlar ortaya ¢iktiginda
tasarimla ilgili yeni olgiilebilir degiskenler belirleyebilirim.

8. Smifta verilen miihendislik projesini gerceklestirirken grupla gelistirilen her tasarimin gevreye
olasi etkisini tahmin edebilirim.

9. Smufta verilen miihendislik projesinin problem durumundan yapilacak tasarimin amacini
belirleyebilirim.

10. Smifta verilen miihendislik projesini gerceklestirirken tasarimla ilgili karsilasilan sorunlara
alternatif ¢oziimler liretmede zorlanabilirim.

11. Simifta verilen miihendislik projesini gerceklestirirken beklenmeyen durumlar ortaya
¢iktiginda tasarimdaki sorunu tekrardan revize etmede zorlanabilirim.

12. Smifta verilen miihendislik projesini gergeklestirirken tasarimla ilgili sira disi olan yaratict
fikirleri onemsemem.

13. Smifta verilen miihendislik projesini gergeklestirirken grupla gelistirilen her tasarimin topluma
olas1 yansimasini tahmin etmede zorlanabilirim.

14. Smifta verilen miithendislik projesini gerceklestirirken tasarimla ilgili ihtiya¢ duyulan bilgi
kaynaklarina (kitap, dergi, kiitiiphane vs) nasil ulasilacagini bilemeyebilirim.

15. Smifta verilen miithendislik projesini gerceklestirirken grupla gelistirilen tasarimlarla ilgili yine
de yeni bilgiler toplamaya devam etmede zorlanabilirim.

16. Smifta verilen miihendislik projesini gerceklestirirken grupla gelistirilen tasarimlari
detaylandirarak gelistiremeyebilirim.

17. Sinufta verilen miithendislik projesini gerceklestirirken grupla gelistirilen tasarimlar arasindan
uygun olanlardan birisini ihtiyag analizi yaparak se¢gmede zorlanabilirim.

18. Simifta verilen miihendislik projesini gergeklestirirken beklenmeyen durumlar ortaya
ciktiginda tasarimin amacini yeniden revize edemeyebilirim.

19. Smifta verilen miithendislik projesini gerceklestirirken grupla gelistirilen tasarimlarla ilgili yine
de yeni kavram ve fikirler iiretmeye devam edemem.

20. Sinifta verilen miihendislik projesini gerceklestirirken grupla gelistirilen tasarimlarla ilgili
grubun degisen kararlarina uymak istemem.

21. Smfta verilen miihendislik projesini gergeklestirirken kendimce bireysel olarak tasarimlar
gelistiremeyebilirim.

22. Sinifta verilen miihendislik projesini gerceklestirirken tasarimla ilgili olarak miihendis, bilim
insani vs. gibi deneyimli kisilerden bilgi edinebilirim.

23. Smifta verilen miihendislik projesini gerceklestirirken grupla gelistirilen tasarimlarla ilgili
meydana getirilen iiriinii test edebilirim.

24. Smifta verilen miihendislik projesini gergeklestirirken grupla gelistirilen tasarimlar igin
degerlendirme kriterleri olusturabilirim.

25. Sinifta verilen miihendislik projesinin problem durumundan yapilacak tasarimla ilgili hangi
degiskenlerin 6lgiilmesi gerektigini belirleyebilirim.

26. Miihendislik proje tasarimlarinin raporunu dinleyicilerin seviyesine gore agiklamakta
zorlanabilirim.

27. Mithendislik proje tasarimlariin raporunu genellikle ¢izim veya sekillerle anlatmay: tercih
etmem.

28. Miihendislik proje tasarimlarinin sunum raporunu belirli kisa bir zaman diliminde
dinleyicilere aktaramayabilirim.

29. Miihendislik proje tasarimlariin sunum raporunu etkili bir dille anlattimda zorlanabilirim.
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Abstract: This study aims to analyze news on child suicides and suicide attempts in Turkey's high-circulation
national newspapers over a ten-year period. This qualitative study systematically content-analyzed news on
suicidal behavior in three high-circulation national newspapers in Turkey from January 1, 2013, to December 31,
2022. Data were collected by searching for the keywords "child" and "suicide" and analyzed. The study found that
60.2% of suicidal children were male, and 39.8% were female, with a mean age of 15.09+2.16 years. The majority
were high school (56.2%) and middle school (38.1%) students. Suicidal behavior peaked in 2022, with the highest
incidences occurring in winter (29.9%) and spring (26.2%). Depression (30%) was the most frequently reported
reason for suicidal behavior, followed by family problems (19.8%) and the Blue Whale Challenge (16.5%). Hanging
(47.5%) was the most common method of suicide, followed by jumping from heights (23.8%). The increasing trend
of suicidal behavior among children, particularly adolescents, highlights the need for targeted prevention
strategies. The findings suggest that mental health support, family interventions, and societal awareness are crucial
in addressing this issue. The influence of digital challenges and the need for gender-specific approaches also
warrant further attention.

Keywords: child, news, suicide, content analysis

1. Introduction

Suicide, a significant public health issue, occurs when an individual intentionally harms themselves
with the intent to end their life, resulting in death [1]. Durkheim defined suicide as "any death which
results directly or indirectly from a positive or negative act of the victim themselves, which they know
will produce this result" [2]. Conversely, when an individual harms themselves with the intent to end
their life but does not result in death, it is referred to as a suicide attempt. It is important to note that
not all suicide attempts result in injury [1].

According to the World Health Organization (WHO), over 700.000 individuals die by suicide annually.
This equates to one person dying by suicide every 40 seconds, with suicide accounting for
approximately 1.3% of all deaths globally [3]. In the United States, reports from the Centers for Disease
Control and Prevention (CDC) indicate that suicide rates increased by 36% between 2000 and 2021,
making it the second leading cause of death among children aged 10-14 years as of 2023 [4]. In Turkey,
the crude suicide mortality rate stands at 4.88 per 100.000, with an observed increase in suicides among
the 0-19 age group compared to previous years [5]. Studies have shown a corresponding rise in suicidal
thoughts and attempts, corroborating these statistics [6, 7, 8].

Suicides occur when multiple factors converge over time, making it crucial to identify the temporal and
causative factors that lead individuals to decide to commit suicide [9, 10, 11]. Literature indicates that
childhood suicide attempts are associated with various factors, including mental disorders, family
conflicts, sexual abuse, peer victimization, and online virtual games [12, 13, 14, 15, 16]. Suicides, often
triggered by a negative and precipitating event, can be either planned or impulsive [17]. Children who
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attempt suicide employ various methods, such as hanging, jumping from heights, and suffocation [18,
19].

The greatest risk factor for suicides, which can often be prevented with timely and appropriate
interventions, is a previous suicide attempt [1, 20]. Previous studies have established that children and
adolescents who attempt suicide often have a history of previous attempts [21, 22, 23]. For instance,
Dogan et al. (2018) found that 8% of children who attempted suicide did not regret their attempt and
continued to harbor a desire for death [24]. Moreover, a notable factor in children who have attempted
suicide is the presence of psychiatric diagnoses [25]. Research has shown that adolescents who attempt
suicide frequently have a diagnosis of depression [26, 27]. These findings underscore the necessity of
improved monitoring of suicide and suicide attempts, which the WHO has identified as a public health
priority [20].

To prevent suicide and suicide attempts, it is essential to identify their causes. Family members,
teachers, and health professionals should remain vigilant and consider all potential factors. A
comprehensive approach requires determining when, where, and why suicides and attempts occur, and
identifying influencing factors.

This study aims to analyze print media reports on child suicides and attempts to inform better
prevention strategies. By examining the portrayal and frequency of child suicides in the media, we seek
to understand the media's role in public perception and its potential impact on preventive measures.

2. Materials and Methods

2.1. Study Design and Scope

This study covers the period from January 1, 2013, to December 31, 2022, and employs a qualitative
research design. It involves a systematic content analysis of news reports on suicidal behavior from
three national newspapers with high circulation in Turkey (names of the newspapers are withheld for
ethical reasons). Content analysis is a versatile method used across various disciplines, providing
researchers with a tool to conduct an in-depth analysis of texts and uncover significant features within
the content.

2.2. Data Collection

Newspapers were selected based on their daily circulation figures. The newspapers were accessed
online, and searches were conducted using the keywords "child" and "suicide.”" The resulting news
reports were analyzed and digitized according to predetermined variables. Duplicate reports were
identified and removed to ensure the uniqueness of the data set. A total of 244 news reports, deemed
relevant for the study's objectives, were selected for content analysis.

2.3. Variables Analyzed
The analysis evaluated the following variables:
e Age of the child
e Gender
e Education status
e Place of residence
e Year of suicide
e Season of suicide
e Method of suicide
e Cause of suicide

2.4. Data Analysis

The data were analyzed using SPSS (Statistical Package for the Social Sciences) version 23.0. Descriptive
statistics were employed to provide a comprehensive overview of the current situation. Descriptive
statistics aim to depict the existing conditions based on the collected data.

2.5. Limitations of the Study
This study has several limitations. Accessing official data was challenging, and many suicide incidents
remain unreported. Some incidents are not covered by the media due to perceived lack of
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newsworthiness, which may affect the completeness of the data. Therefore, the findings may not
represent a complete national picture. Additionally, the study only includes three high-circulation
national newspapers, excluding other newspapers and communication mediums such as radio and
television. Consequently, the results should be interpreted within these limitations.

3. Results

Among the children who committed suicide, 60.2% were male and 39.8% were female, with a mean age
of 15.09+2.16 years (range: 8-18 years). The educational status of 43% of the children was reported in the
news. Of these, 56.2% were high school students, and 38.1% were middle school students. Additionally,
77.5% of the children resided in city centers. Regionally, 19.3% lived in the Aegean, 15.2% in the
Marmara, and 14.8% in the Mediterranean regions (Table 1).

Table 1. Socio-Demographic Characteristics of Children Who Committed Suicidal Behaviour (n=244)

Characteristics Groubs
XxSd min.- max.

Age 15.09+2.16 8-18

n 0/n
12 vears and older 230 94.3
Below 12 vears of age 14 5.7
Gender
Female 97 39.8
Male 147 60.2
Education Status
Not specified 139 57
Specified 105 43
Higeh School 59 56.2
Middle School* 40 38.1
Primarv School* 5 4.8
Universitv* 1 1
Variables n %
Place of Residence
Citv centre 189 77.5
Other seements 55 225
Geogravhical Regions
Aegean region 47 19.3
Marmara region 37 15.2
Mediterranean region 36 14.8
Black Sea region 34 139
Southeastern Anatolia 34 139
Central Anatolia 32 13.1
Eastern Anatolia 24 9.8

*Percentage distribution of educational status in the news content (n=105)

The provinces with the highest frequency of suicidal behaviors were Istanbul, Adana, Sanliurfa, and
[zmir. Conversely, the least common provinces were Ankara, Eskisehir, and Balikesir.

Table 2. Variables Related to Children's Suicidal Behaviour (n= 244)

Variables n %
Years

2022 36 14.8
2021 33 13.5
2020 26 10.7
2019 23 9.4
2014 23 94
2018 22 9
2013 22 9
2016 21 8.6
2017 20 8.2
2015 18 7.4
Seasons

Winter 73 299
Soring 64 26.2
Summer 54 221
Autumn 53 21.7

Patterns of suicidal behaviour
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Hanging 116 475

Firearm 58 23.8
Jumping from height 57 23.4
Other 11 4.5

Suffocation in Water 2 0.8

Causes of suicidal behaviour

Not specified 153 62.7
Specified 91 37.3
Reasons *

Depression 30 33

Other 20 22

Family problems 18 19.8
Blue Whale Challenge 15 16.5
Sexual abuse 8 8.8

Consequences of suicidal behaviour

Death 227 93.0
Survival 17 7.0

*: Percentage distribution of reasons for suicidal behaviour in the news content (n=91)

Suicidal behaviors were found to occur most frequently in 2022 (14.8%), followed by 2021 (13.5%) and
2020 (10.7%). Seasonally, 29.9% of the suicides occurred in winter and 26.2% in spring (Table 2). The
months with the highest incidences of suicide were February (9.8%), November (9.8%), and December
(9.8%), while August had the lowest incidence (4.5%). Regarding the methods of suicide, 47.5% of the
children chose hanging, 23.8% chose jumping from heights, and 23.4% used firearms (Table 2).

It was found that 57.4% of the children performed suicidal behaviors at home, while 42.6% did so in
out-of-home environments. Additionally, 14.3% of the children left a note, whereas 85.7% did not. It
was observed that 93% of suicidal behaviors resulted in death, while 7% resulted in survival (Table 2).
The reasons for 37.3% of the suicidal behaviors were mentioned in the news reports. Among these, 33%
of the children attempted suicide due to depression, 20% due to other reasons (such as peer relations
and forced marriage), and 19.8% due to family problems (Table 2).

Table 3. Distribution of Children's Methods and Reasons for Suicidal Behaviour by Gender (n=244)

Ways of performing suicidal behaviour Gender
Female Male
n % n %
Haneing 34 35.1 82 55.8
Firearm 37 38.1 20 13.6
Tumpine from height 22 22,7 36 24,5
Other 1 1 1 0.7
Suffocation in Water 3 3.1 8 5.4
Causes of suicidal behaviour
Not specified 63 64.9 90 61.2
Specified Depbression 9 9.3 21 14.3
Other 9 9.3 9 6.1
Familv problems 2 2.1 13 8.8
Blue Whale Challenge 6 6.2 2 14
Sexual abuse 8 8.2 12 8.2
Consequences of suicidal behaviour
Death 86 37.9 141 62.1
Survival 11 64.7 6 35.3

According to Table 3, which shows the distribution of the methods and reasons for suicidal behaviors
by gender, 38.1% of the female children committed suicide by jumping, while 55.8% of the male children
committed suicide by hanging. The study found that females frequently committed suicidal behavior
due to depression and family problems, whereas males were more likely to commit suicidal behavior
due to depression and the Blue Whale Challenge. It was also determined that 37.9% of females and
62.1% of males committed suicidal behavior resulting in death, indicating a significant difference
between genders (U: 6612.0; p<0.05).
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4. Discussion

Suicides, which continue to increase over the years, have far-reaching physical, emotional, and
economic consequences [20]. In our study, the mean age of children who exhibited suicidal behavior
was 15.09+£2.16 years (range: 8-18 years), with 94.3% being 12 years or older. This aligns with Uran
(2019), who reported a mean age of 15.29+1.78 years (range: 7-18 years) among children and adolescents
who attempted suicide, with the 15-year-old age group being the most frequent [25]. Similarly, Talay
and Kangin (2023) found that 96.4% of self-destructive poisonings involved children over 13 years of
age [28]. Li et al. (2023) also identified the highest prevalence of suicidal thoughts among 12-year-old
children [29]. These findings suggest that suicidal behavior in children increases with age and is more
prevalent during adolescence.

Our study found a higher frequency of suicidal behavior among males (60.2%) compared to females
(39.8%). Among those who exhibited suicidal behavior, 62.1% of males resulted in death, while 64.7%
of females survived. No directly comparable studies were found in the literature. It is hypothesized that
female children, often stigmatized as fragile and weak, may attempt suicide to draw attention to their
problems, whereas male children, whose failures are less socially accepted, may resort to more lethal
methods. Additionally, considering that child marriages significantly contribute to suicidal behavior
among females, raising awareness about this issue across all societal segments is crucial.

The majority of children in our study were high school (56.2%) and middle school (38.1%) students.
Other studies also found that high school students frequently attempt suicide [21, 25]. The high
prevalence of suicidal behaviors in middle and high school ages, coinciding with adolescence, may be
attributed to physiological and psychological changes and the effort for self-realization during this
period. Adolescence is marked by significant stressors, including family problems, neglect and abuse,
peer issues, academic challenges, and future anxiety. Adolescents who cannot find alternative solutions
to these stressful situations may resort to suicidal behavior as a coping mechanism.

Our study observed a continuous increase in the rates of suicidal behavior over the years, reaching the
highest level in 2022. This trend is consistent with other studies showing increased suicide attempts.
Plemmons et al. (2018) reported an increase in suicidal thoughts and attempts among children over the
last decade [8], and Burstein et al. (2019) noted a doubling of emergency room visits for similar reasons
[7]. Seasonally, our study found that children most frequently engaged in suicidal behavior during
winter (29.9%) and spring (26.2%). Similar seasonal patterns were reported by Kirc et al. (2023) and
Elmas and Ulug (2019) [21, 30]. Although no studies have shown a statistically significant difference
between seasons and suicidal behaviors, it is hypothesized that increased exposure to school and peer-
related problems during the winter may contribute to this pattern.

Before the suicide attempt, Dinleyici et al. (2018) found that 30.4% of children had a psychiatric
diagnosis [31], while Goriicti et al. (2020) reported a rate of 50.8% [32]. Depression was identified as the
most common diagnosis in several studies [27, 33, 34]. Many children had previously attempted suicide
one or more times [22, 23, 35]. In our study, while the previous medical histories of the children were
not available from the news content, it was determined that depression was the reason for suicidal
behavior in 30% of the cases. This suggests that observations and interventions for depressed children
by families, teachers, and healthcare workers may be insufficient.

Family problems (19.8%), the Blue Whale Challenge (16.5%), sexual abuse (8.8%), and peer relations
were significant factors in the suicidal behavior of children. Similarly, other studies have found that
children frequently attempt suicide due to domestic problems [16, 33, 34]. Kavurma et al. (2023) reported
significant negativity in family assessment scales, higher divorce rates among parents, and lower
parental attachment scores in adolescents with self-harm behavior [36]. Destructive attachment patterns
developed in infancy were also associated with suicidal and self-harming behaviors in childhood and
adolescence [37]. Sexual abuse has been identified as a contributing factor to suicide in multiple studies
[14, 38, 39]. Kili¢ (2016) found higher rates of suicide attempts (32%) and suicidal ideation (30%) in
sexually abused children compared to a control group.

The Blue Whale Challenge, identified as the second leading cause of suicidal behavior in our study,
involves children and adolescents completing tasks with threatening content over 50 days. Talu (2019)
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analyzed this phenomenon using Shneidman's "suicide cube" model, finding that the tasks overlapped
with factors of pain, pressure, and restlessness [41]. The game induces psychological depression and
culminates in the final task of suicide [13, 42]. The immersiveness of the Blue Whale Challenge may
drive children with computer game addiction to attempt suicide.

In terms of methods, 47.5% of children in our study performed suicidal behavior by hanging, 23.8% by
jumping from heights, and 23.4% by firearms. This is consistent with Ruch et al. (2021), who found that
78.4% of children used hanging [17], and Laido et al. (2017), who reported that 57.4% used hanging and
17% used jumping [18]. In contrast, other studies in Turkey have found drug overdose to be the most
common method [21, 25, 43], likely due to the accessibility of drugs.

Durkheim (2013) posited that religion has a protective effect against suicides, with higher suicide rates
observed among non-religious individuals [2]. Although the majority of the Turkish population is
Muslim (90%), and suicide is explicitly forbidden in the Qur'an, our study found an increasing rate of
suicide among children each year. This discrepancy suggests that the protective influence of religious
beliefs may be waning or insufficient in preventing suicidal behavior among children.

5. Conclusions

This study highlights the increasing trend of suicidal behavior among children in Turkey over a decade,
with significant findings regarding age, gender, educational status, and seasonal patterns. The majority
of suicidal behaviors were observed among adolescents, particularly high school and middle school
students, indicating that the transition period from childhood to adulthood is a critical phase requiring
focused attention. The higher frequency of suicidal behavior among males, and the lethality of their
methods compared to females, underscores the need for gender-specific prevention strategies.

The significant role of depression, family problems, and the Blue Whale Challenge as contributing
factors suggests that targeted interventions addressing mental health, family dynamics, and digital
safety are essential. This study emphasizes the importance of comprehensive observation and
intervention by families, educators, and healthcare professionals for children showing signs of
depression and other mental health issues.

Despite the high prevalence of religious beliefs in Turkey, the increasing rate of suicide suggests that
additional cultural, social, and psychological factors need to be addressed. This discrepancy highlights
the potential waning of the protective influence of religious beliefs or their insufficiency in preventing
suicidal behavior among children.

Overall, this study underscores the urgent need for multifaceted suicide prevention strategies that
include mental health support, family interventions, educational system involvement, and societal
awareness. Developing and implementing comprehensive suicide prevention programs tailored to the
specific needs of different age groups and genders is crucial. Furthermore, enhancing digital literacy
and safety, particularly regarding online challenges like the Blue Whale Challenge, is imperative to
protect vulnerable children.

Future research should focus on longitudinal studies to better understand the evolving patterns of
suicidal behavior and the effectiveness of various intervention strategies. Collaboration between
policymakers, mental health professionals, educators, and community leaders is essential to create a
supportive environment that fosters the well-being and resilience of children and adolescents.
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Oz: Bu literatiir makalesi, yenilenebilir enerji kaynaklarmn hizmet sektoriindeki etkilerini kapsamli bir sekilde
incelemektedir. Makale c¢alismasi, enerji kavraminin temel ilkelerinden baslayarak, yenilenebilir enerjinin
perakende ticareti ve ulastirma hizmetlerindeki uygulamalarina odaklanmaktadir. Ayrica, Tiirkiye ve Diinya
genelindeki perakende sektoriinde yiiriitiilen yenilenebilir enerji projeleri analiz edilmistir. Giines enerjisi, riizgar
enerjisi, biyokiitle ve biyoenerji projeleri ile jeotermal enerji kullanimi gibi farkli yenilenebilir enerji tiirlerinin
hizmet sektoriindeki uygulama ve etkileri {izerinde durulmustur. Literatiir taramasinda yapilan ¢alismalarin
yillara gore konu kapsam dagilimlarina yer verilmistir. Enerji kavrami iizerine yapilan ¢alismalarin ¢ogunda,
yenilenebilir enerjiye genel olarak deginilmistir. Jeotermal enerji, ge¢mis yillarda daha fazla incelenirken, son
dénem calismalarin farkli enerji kaynaklaria yogunlastigi goriilmiistiir.

Anahtar kelimeler: Yenilenebilir enerji, hizmet sektorii, perakende ticareti

Use of Renewable Energy Resources in The

Service Sector: Literature Review

Abstract: This literature article comprehensively examines the effects of renewable energy sources in the service
sector. The article study focuses on the applications of renewable energy in retail trade and transportation services,
starting from the basic principles of the concept of energy. In addition, renewable energy projects carried out in the
retail sector in Turkey and around the world have been analyzed. The application and effects of different types of
renewable energy such as solar energy, wind energy, biomass and bioenergy projects and geothermal energy use
in the service sector have been emphasized. The scope of the studies conducted in the literature review is given
according to years. In most of the studies conducted on the concept of energy, renewable energy has been
generally addressed. While geothermal energy has been studied more in the past years, it has been observed that
recent studies have focused on different energy sources.

Keywords: Renewable energy, service sector, retail trade

1. Giris

Kiiresel niifus artisiyla birlikte, enerji talebi ve insan ihtiyaglar1 hizla yiikselmektedir. Ancak, bu artan
enerji ihtiyacini karsilamak igin siklikla kullanilan fosil kaynaklar, doganin dengesini bozup ve
cevreyi kirleterek ciddi sorunlara sebep olmaktadir. Fosil kaynaklarin hizla tiikkenmesi ve gevresel
etkilerin artmasi, bircok iilkeyi yenilenebilir enerji kaynaklarina yonlendirmistir. Ulkeler, enerji
politikalarmi belirlerken sadece sosyal faktorleri degil, ayn1 zamanda ekonomik, teknik ve gevresel
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faktorleri de goz oniinde bulundurmaktadir. Bu faktorler, enerji yatirimlarinin temel kriterlerini
olusturmaktadir [1,2].

Enerji, is yapma kapasitesi olarak tanimlanmaktadir ve enerji kaynaklari, kullanim amaglaria ve
doniistiiriilebilirlik 0zelliklerine gore smiflandirilmaktadir. Birincil enerji kaynaklari, dogrudan
dogada bulunan ve dis miidahaleye gerek duymadan kullanilabilir olan kaynaklardir. Ham petrol,
komiir, dogal gaz, riizgar, jeotermal enerji ve giines enerjisi bu kaynaklar arasinda yer almaktadir. Bu
birincil kaynaklar, uygun teknoloji ve siireclerle ikincil enerji kaynaklarina dontistiiriilerek farkl
enerji ihtiyaglarini karsilamak tizere kullanilmaktadir.Dontisiim siirecinde, birincil enerji kaynaklars,
petrol {iriinleri, elektrik, 1s1 veya biyoyakita doniismektedir. Yenilenebilir enerji kaynaklari, genellikle
dogrudan veya dolayl olarak giines enerjisinden elde edilir ve daha sonra elektrik veya 1s1 gibi ikincil
enerji tiirlerine donfistiiriiliir [3, 4].

Perakende sektorii, hem genis sosyal hedeflere katki saglama hem de isletme degerini artirma
amactyla gelir artisi, maliyet azaltma, marka gelistirme ve risk yoOnetimi gibi firsatlara sahiptir.
Perakendeciler, enerji tiiketimi agisindan 6zellikle magazalar, dagitim merkezleri ve ulagim olmak
lizere ii¢ ana faaliyet kategorisinde etkin rol oynamaktadirlar. Bu alanlarda operasyonel verimliligi
artirarak ve tiiketici enerji verimliligini iyilestirerek, yenilenebilir enerji kullanimini artirma ve yeni
isletme degeri yaratma konusunda gesitli firsatlara sahiptirler [5,6].

Diinya genelinde, birincil enerji kaynaklarnin yaklasik beste biri, ulastirma sektorii tarafindan
tiiketilmektedir [7]. Tiirkiye, gelismekte olan bir iilke olarak, hizla artan niifusu ve biiyiiyen
ekonomisiyle birlikte ara¢ sahipligi ve ulagim ihtiyacinda dnemli bir artig yagsamaktadir. Ozellikle
sehir i¢i ulasimda motorlu tasitlarin kullanimi ve yapilan yolculuk sayilari gozle goriiliir bigimde
artmaktadir. Ancak, Gayri Safi Milli Hasila (GSMH) artis hizinin ulagim talebinin gerisinde kalmasi,
ekonomik parametrelerin dengesizligini ortaya koymaktadir [8].

Sektorel enerji talebinin etkin bir sekilde yonetilebilmesi icin onerilen iki senaryo, yenilenebilir enerji
kullanim oranmi artirmak ve ulasim talebini toplu tasimaciliga yonlendirilmesi seklindedir. Ik
senaryo, ara¢ stogundaki kullanim oranini yenilenebilir enerji kaynaklarina yonlendirmeyi
amaglamaktadir. Ancak, bu uygulama heniiz iilkemizde yaygm degildir. Tkinci senaryo ise, ulagim
talebinin enerji verimli sistemlere sahip toplu tagima sistemlerine kaydirilmasini ongormektedir. Her
iki senaryo da zorlu ve maliyetli olabilir, ancak siirdiiriilebilir enerji politikalarinin gerekliligi
agisindan degerlendirilmeleri 6nemlidir.

Onerilen stratejiler arasinda, karayolu ulagim talebinin %10'unun diger ulagim sistemlerine
kaydirilmas: da bulunmaktadir. Yenilenebilir enerji kaynaklarmin hizmet sektoriindeki kullanimi ve
uygulamalari, giines enerjisi, riizgar enerjisi, biyokiitle ve jeotermal enerji tizerinden incelenmistir.
Tiirkiye'nin giines enerjisi potansiyeli GEPA Albiimii ile degerlendirilmistir [9,10]. Riizgar enerjisi
kullanim potansiyeli Tiirkiye'de 6nemli 6l¢lide artmistir ve riizgar enerjisi potansiyel atlasi tesvik
amaciyla olusturulmustur [11].

Biyokiitle ve biyoenerji projeleri, biyolojik kokenli kaynaklarin enerji iiretimindeki onemini
vurgulayarak, ozellikle odunsu materyallerin giiniimiizdeki artan enerji talebinde etkili bir kaynak
oldugunu belirtmistir. Jeotermal enerji, yerkiirede depolanan 1s1l enerjiden elde edilir ve bu enerji
tiirtiniin bilimsel tanim {izerinde durulmaktadir, jeotermal enerjinin siirdiiriilebilir enerji kaynaklar
arasinda énemli bir potansiyele sahip oldugu vurgulanmistir [12].

2. Literatiir Taramasi

Ozstimbiil 1999 yilinda yaptif1 calismasinda; Tiirkiye'nin enerji potansiyeli, gelisimi ve gelecekteki
enerji portresinin ¢ikarilmas: konusunda yiiksek lisans tezi yapmis olup, iilkemiz agisindan gerekli
olan enerjinin en kolay sekilde nasil saglanacaginin énemini belirterek niikleer santraller {izerinde
durmustur [13].

Mahmud 2000 yilinda yaptig1 calismada; Enerjinin {iretimdeki roliinii yeniden incelenmistir. Kismi
denge yaklagimi kullarulmustir. Enerji ve enerji dis1 girdiler arasindaki farkin ¢ok simurli oldugu ve bu
nedenle enerji fiyatlarindaki artislar iiretim maliyetini dogrudan etkileyebildigi {izerine durulmustur
[14].
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Hayli 2001 yilinda yaptig1 calismasinda; Diinya niifusunun ve sanayilesmenin gelisimine baglh olarak
artan enerji ihtiyaci yaninda, fosil yakitlarin tiitkenme riskleri ve artan gevre bilincinin olusturdugu
baskilarla, temiz ve yenilenebilir enerji kaynaklarma olan ilgi giin gectikce artmakta oldugunu
calismasinda anlatmistir. Riizgar enerjisi, sadece gelismis iilkelerin degil, gelismekte olan tilkelerin de
sicak baktiklar: bir enerji kaynag: oldugunu vurgulamigtir. Gelecege yonelik riizgar enerjisi santralleri
projelerinin de sayilar1 hizla artmakta oldugunu, yapilan hesaplamalara gore 21.yiizyil; tiim
yenilenebilir enerji kaynaklariyla birlikte riizgar enerjisinin tahmin edilenden daha fazla kullanilacag:
ve yenilenebilen enerji kaynaklarinin sicrama yapacag: bir yiizyil olacagi sonucuna varmistir [15].
Chungpaibulpatana vd. 2003 yilinda yaptiklar1 galismada; Ug ekonomik sektdrdeki enerji kullanim
modellerinin kisa bir incelemesi; yani bu yazida konut, sanayi ve ulastirma sektorlerine yer vermistir.
Ulastirma sektorii Tayland'da en biiyiik enerji tiiketen sektor olup, bunu sirasiyla sanayi ve konut
sektorleri izlemistir. Hem ithal enerjinin hem de g¢evresel emisyonlarin azaltilmas: amaciyla enerji
tasarrufu programlar uygulanacagini anlatmigtir [16].

Etemoglu vd. 2004 yilinda yaptiklar1 caligmalarinda; Kendi 6z varli§imiz olan, disa bagimli olmayan,
teknik ve ekonomik avantajlara sahip olan, ¢evre dostu jeotermal kaynaklarin maksimum olgiide
degerlendirilmesi enerji ekonomisi ¢alismalarinda énemli yer tuttugunu, bu dogrultuda, tiim diger 1s1l
sistemlerde oldugu gibi termodinamigin ikinci kanununun jeotermal kaynaklar i¢in uygulanmasi,
sistem verimliligi, kullanilabilirligi ve smiflandirilmasi igin saglam bir temel olusturdugunu
calismasinda bahsetmistir [12].

Kumbur vd. 2005 yilinda yaptigi calismasinda; Enerjinin insan ihtiyaglarim1 karsilamada ve
surdiiriilebilir gelismenin saglanmasinda oynadig kilit rol vurgulanmistir. Calismasinda, enerji {iretim
ve tiiketim siireglerinin gevresel etkilerinin degerlendirildigi bir analiz yapilmistir. Hidroelektrik
santrallerin kurulma asamasindaki hava kirliligi ve su kalitesinin diisiiriilmesi gibi sorunlara vurgu
yapilmagtir. Yenilenebilir enerji kaynaklarma yonelme ve gevresel etkileri en az olan enerji kaynaklarmi
kullanma vurgulanmustir. Giines enerjisi, riizgar enerjisi, jeotermal enerji ve biyokiitle enerjisi gibi yerli
ve cevre dostu enerji kaynaklarina yonelimin Snemine vurgu yapilmistir. Sonug olarak ise,
Tiirkiye'nin enerji politikalarinda yenilenebilir enerji kaynaklarina daha fazla vurgu yapmasi, yerli
iretimi tegvik etmesi, teknolojik gelismeye odaklanmasi ve gevresel etkileri en aza indirecek stratejileri
benimsemesi gerektigi belirtilmistir. Bu ¢ercevede, yerli {iretim imkanlarinin organize edilmesi, ulusal
enerji kullanim programlarinin olusturulmasi ve AR-GE calismalarmin desteklenmesi 6nermistir [17].
Kaymakgioglu vd. 2005 yilinda yaptiklar: ¢calismada; Jeotermal enerji ile ilgili yeni gelismeler yakindan
takip edilmesinin gerekli oldugunu, yeni sahalarin arastirmalarina destek olunmasi gerektigini bunun
yaninda mevcut sahalarin 6zellikleri ile buna bagh kapasite ve kullanim olanaklar1 tam olarak
belirlenme ¢alismalarinin yapilmasi ve belirlenen alanlarda calismalar yapilmasi konusundan
bahsetmistir. Entegre tesislerin planlamasinda da yiiksek fayda olacagini anlatmistir [18].

Ceylan 2005 yilinda yaptiklari ¢calismada; Enerji talebi denklemlerinin {i¢ formu gelistirilmistir. Genetik
algoritma (GA) kavramina dayali olarak gelecege yonelik projeksiyonlar i¢in ulasim enerji talebi
tahmin verimliliginin artirilmasi anlatilmigtir. Burada onerilen tiim denklemler dogrusaldir ve
dogrusal olmayandir bunlardan biri dogrusal, ikincisi iistel ve {igiinciisii ise ikinci derecedendir.
Genetik Algoritma Tasima Enerjisi Talep Tahmini (GATEDE) modelinin ikinci dereceden formu,
gozlemlenen verilere daha iyi uyum saglayan bir ¢oziim yolu sagladi ve yiiksek oranlarda
kullarulabilir oldugunu ¢alismasinda anlatmistir [19].

Mathiesen vd. 2008 yilinda yaptiklar1 calismada; Diinya c¢apindaki devletler ve sirketler, CO2
emisyonlarini azaltmay: ve yenilenebilir enerjiyi yayginlastirmay1 hedefledigini ama hedefe ulasmanin
temel unsuru, ulasimda yenilenebilir enerjinin kullanilmasi oldugunu calismasinda anlatmaistir.
Tasimaciligl yenilenebilir enerjiye entegre etmeye yonelik tutarli bir caba gosterilmesi ve planlanmasi
yapilmasin 6nerdigini ¢alismasinda anlatmistir [20].

Kiilekgi 2009 yilinda yaptig1 ¢alismasinda; Enerji kavrami ve enerji kaynaklarinin siirdiiriilebilirligi
gecmisten bugiine diinyanin en 6nemli konularindan ve sorunlarindan biri oldugunu anlatmistir.
Enerji kaynaklarinin hizla tiikenmesi, petrol, komiir, niikleer enerji gibi kendini yenileme durumu
olmayan kaynaklarin bilingsizce kullanilmasi, bu kaynaklarin ¢evreye ve atmosfere verdigi kirlilik gibi

135



etkenler insanlari yenilenebilir enerji kaynaklarmi kullanmaya yonlendirmeye yonelik ¢alismasimi
yapmustir. Calisma kapsaminda jeotermal enerjinin siirdiiriilebilirligi, jeotermal enerjinin ¢evreye etkisi
gibi konular {ilkemizdeki dogal kaynaklarin korunmasi ve cevre dostu kullanumlar agisindan
degerlendirilmistir [21].

Al-Mofleh vd. 2009 yilinda yaptiklar1 ¢alismada; Enerji tiiketiminin mevcut durumunun ve gesitli
enerji tasarrufunun kapsamli bir resmi Malezya ortami icin uygun segenekler arastirilmistir. Tiiketim
modelini degerlendirmek i¢in ayrintili bir arastirma yapilmis ve enerji verimliligine yonelik mevcut
teknikler anlatilmistir. Ankete dayanarak, iyilestirmenin fizibilitesi Mevcut sistemler ve farklh
sektorlerde yeni programlarin benimsenmesini anlatmigtir [22].

Abu-Taha 2011 yilinda yaptig1 calismasinda; Enerji insanoglu igin bir ihtiya¢ oldugunu ancak mevcut
oniimiizdeki dénemde enerji kaynaklarinin siirh olacagi ongoriildiigiinti eger cevre igin uyumlu
kullanilmazsa belirli yikici sonuglari olacagini dile getirmistir. Yenilenebilir enerji ¢6ztim olarak ortaya
cikiyor siirdiiriilebilir, cevre dostu ve uzun vadeli bir maliyet gelecegin etkili enerji kaynag: olacagin
calismasinda vurguluyor. Yenilenebilir enerji Alternatifler geleneksel kaynaklarin yerini alabilecek
kapasitede oldugunu ve bunun kullanilmasi tizerine ¢alismalarda bulunulmasi sonucuna varmistir
[23].

Karayilmazlar vd. 2011 yilinda yaptig1 calismasinda; Enerji tiiketimi tilkelerin gelismislik diizeylerinin
bir gostergesi, bireylerin rahat yasam stirmeleri i¢in vazgecilmez oldugunu anlatmistir.

Gelisen teknoloji ve artan niifusla birlikte enerji titketimindeki artis enerjiyi tiim diinyada oldugu gibi
tilkemizde de 6nemli bir problem olarak karsimiza ¢ikarmakta oldugunu anlatmistir. Sanayilesme,
niifus artisi, kentlesme ve yasam standartlariin yiikselmesi gibi etkenler enerji tiiketimini artirirken,
enerji kaynaklarinin hizla tiikenmesine yol a¢gmis oldugunu vurgulamistir. Enerji agigini karsilamak
i¢in diinyada biyokiitle calismalarina biiyiik hiz verildigini dile getirmistir. Bu biiyiik potansiyelin yani
sira biyokiitlenin ekonomik ve gevresel agidan olumlu 6zellikleri de goz oniine alindiginda, biyoenerji
konusuna ilgi giderek arttigini, biyokiitle diinyada dordiincii en biiyiik enerji kaynagini olusturmasi
yoniiyle 6nemli bir enerji kaynagi konumunda oldugunu ve sektorlerde kullaniminin biz katkilari
anlatmis ve bununla ilgili ¢calismalarin hizlandirilmas: gerektigi sonucuna varmistir [24].

Erdal 2011 yilinda yaptig1 calismasinda; Tiirkiye ve Diinyadaki enerji kaynaklarmin durumunu ortaya
koymak, mevcut ve gelecekteki olas1 sorunlar: irdelemek ve onerilen politikalar tartismak; enerji arz
glivenligini etkileyen faktorleri belirlemek ve bunlarin Tiirkiye i¢in gegerliligini ampirik olarak test
etmeyi amaclamis ve dnerilerde bulunmustur [25].

Mahmutoglu 2013 yilinda yaptig1 ¢alismasinda; Yenilenebilir enerji giiniimiizde 1sitma, ulastirma,
elektrik iiretimi gibi bir¢ok alanda kullanilmakta oldugunu bizlere anlatmistir. Yenilenebilir enerji
kaynaklarinin yerli nitelikli olusu, yakit maliyetinin diisiik olmasi, temiz ve ¢evreci Ozellikleri ile
elektrik {iretiminde son yillarda oOne ¢ktigini vurgulamistir. Calismasinda, yenilebilir enerji
kaynaklarinin elektrik iiretimi amagcli kullanimi agirlikli analizlere yer vermektedir. Tiirkiye’de orta
vade olarak nitelenen gelecek 10 yillik donemde yenilenebilir enerji kaynakl elektrik iiretiminin, artan
elektrik enerjisi talebini ne derece karsilayabilecegi konusunu ¢alismasinda irdelemistir. Calismasinda
ayn1 zamanda Tiirkiye'nin enerjide disa bagimliliginin azaltilmasina iliskin alternatif ¢6ziim onerileri
sunmustur. Enerji politikasi uygulayicilari, bir an 6nce enerji sektoriinde mevcut disa bagimh yapinin
degistirilmesi icin gereken 6nlemleri almasi gerektigi sonucuna varmistir [26].

Ellabban vd. 2014 yilinda yaptif1 calismalarinda; Yenilenebilir enerji kaynaklarmin potansiyeli ¢ok
biiyiik oldugunu, ¢linkii diinyanin enerji talebini katlanarak asmakta oldugunu bunun ¢éziimiiniin ise
bu tiir kaynaklara sahip olacak gelecegin kiiresel enerji portfdyiinde 6nemli bir paya sahip oludugunu
calismasinda anlatmistir. Yenilenebilir enerji kaynaklar: havuzunu gelistirdiklerine deginmistir. Sonug
olarak ise, enerji kaynaklarimin halihazirda kullanilmakta oldugunu, kullanimlarmin iyilestirilmesine
yonelik bilimsel gelismeler, gelecekle ilgili umut vadettigini anlatmigtir [27].

Vardar vd. 2014 yilinda yaptiklar1 calismasinda; “Renewable energy sources and Turkey” isimli
akademik makalelerinde Tiirkiye’de yenilenebilir enerji kaynaklarmin potansiyelleri iizerinde
durmuslardir [28].
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Alrikabi 2014 yilinda yapti$1 calismasinda; Yenilenebilir kaynaklar uygun maliyetli oldugunu, aym
zamanda da kullanici dostu oldugunu galismasinda anlamistir. Fosil yakitlar1 kolaylikla yenebilir
enerji kaynagi oldugunu eger tesvik edersek kirlilige sebep olan etmenleri engelleyebilecegimizi
calismasinda anlatmugtir. Ulke Ekonomisi arttirmaya katki saglayacagin anlatmistir [29].

Mathiesen vd. 2014 yilinda yaptiklar1 cahsmada; Metrikler arazi kullanimi, kaynak kullanilabilirligi,
verimlilik, maliyetler ve genel enerji sistemi entegrasyonudur. Temelli bu 6l¢limlere gore ulasimda
miimkiin olan her yerde elektrigin kullanilmasi gerektigi sonucuna varilmistir. Elektrigin uygun
olmadig1 diger alanlarda biyoenerji (bio) veya CO2 (syn) bazli yakitlar kullanabilecegini anlatmistir.
Buhar elektrolizinden elde edilen hidrojen ile gliclendirilen yakitlar kullanilabilecegini dile getirmigtir
[30].

Senal vd. 2015 yilinda yaptiklari calismasinda; Ulkemizde milli riizgar enerji santrali gelistirme
calismalar1 hizlandirilarak biiyiik gii¢ kapasiteli riizgar tiirbinleri ve tiirbin elemanlarinin {iretiminin
bir an 6nce gerceklestirilmesi gerektigini anlatmistir. Bu sebeple, yerli riizgar tiirbini teknolojisi alic1
ve saticilarina KDV ve gelir vergisi indirimleri saglanarak yerli {iretim daha fazla tesvik edilmesinin
onemli oldugunu anlatmis, boylece hem yerli riizgar tiirbin teknolojisinin gelisecegi hem de iilkemiz
ekonomik biiyiimesine biiyiik katki saglanacag: asla goz ard: edilmemesi gerektigi sonucuna varmistir
[11].

Dogan vd. 2015 yilinda yaptig1 calismasinda; Yerli kaynaklardan enerji talebinin karsilanmasinin
onemine vurgu yapimstir. Ayn zamanda, enerjiyi verimli kullanmanin da biiyiik bir 6neme sahip
oldugu belirtilmistir. Sanayi sektoriindeki enerji yogunlugunun azaltilmasi, 6zellikle demir celik,
¢imento, cam, petrokimya ve petrol sektorlerindeki tasarrufun Snemine vurgu yapilmistir. Ulasim
sektoriinde rayli sistemlerin ve toplu tagimanin tesvik edilmesinin, biiyiik Olgekli tesislerde
kojenerasyon sistemlerinin kullanilmasinin  ve vatandaslarin enerji tasarrufu konusunda
bilin¢lendirilmesinin 6nemine deginilmistir. Sonug olarak ise Tiirkiye'nin gelecege yonelik planlamalar
yaparken toplumun ihtiyaclarim1 dogru analiz ederek ekonomik ve sosyal kalkinma agisindan
surdiiriilebilir, biitiinsel bir yaklasim sergilemesi ve etkili bir enerji politikasi olusturmas: gerektigi
belirtilmistir [31].

Mohtasham 2015 yilinda yaptig1 calismasinda; Yenilenebilir enerjinin avantajlarini ve dezavantajlarimi
tizerine c¢alisma yapilmistir. enerji kaynaklarinin faydalarina dayanarak fosil yakitlar yerine
yenilenebilir enerjilerin kullanilmasinin {ilkemizin c¢evresel, sosyal ve ekonomik sorunlarinin
kontroliinde iyi bir ¢6ziim olacagini anlatmistir. Diinyanin kaynaklarini dagitirken ve tiiketirken
onlem almamuz gerektigini anlatmistir. Yenilenebilir enerji kullaniminin édiillendirici hale geldigi bir
ortam yaratmamiz gerektigini, yani vergi tesviki gibi kullanimlarla insanlar1 bunlar1 kullanmaya tesvik
etmememizin 6nemli oldugunu anlatmis ve ABD’deki 6rnegin sagladig yararlardan bahsetmis sonug
olarak ise, diger tilkelerde de yayginlastirilmasinin 6nemine deginmistir [32].

Torunoglu 2015 yilinda yaptig1 calismasinda; Giintimiizde enerji tiiketiminin hizla artmasina paralel
olarak alisilagelen enerji kaynaklarmin yakin bir gelecekte tiikenecegi bilimsel bulgularla ispatlanmis
bir gergek oldugunu calismasinda anlatmistir. Yenilenebilir enerjinin giintimiizde 1sitma, ulastirma,
elektrik tiretimi gibi bir¢ok alanda kullanilmakta oldugunu anlatmistir. Ama son yillarda yenilenebilir
enerji kaynaklarinin yerli nitelikli olusu, yakit maliyetinin diisiik olmasi, temiz ve gevreci ozellikleri
one c¢iktigini calismasinda deginmistir. Genel bir degerlendirmeye ¢alismasinda yer vermis, sonrasinda
Tiirkiye’de son donemde ve gelecekte enerji alaninda gerceklesmesi muhtemel projeler {izerinde
durmustur. Sonug olarak ise, dogadan aldigimiz kadar, yine dogaya kazandirmak kosulu ile, tek yonlii
yani doniistimsiiz dengeyi bozmazsak, ¢evreden aldigimizi yararlandiktan sonra yine aym o6zellikte
geri verirsek, dogal dengenin kurulmasma imkan ve zaman birakirsak, doga kendi kendini
yenileyebilir ve eksilen bilesenini telafi edebilecegini anlatmistir [33].

Kili¢ 2015 yilinda yaptig calismasinda; Giines enerjisine genel bir bakis, Tiirkiye’de gilines enerjisinin
son durumu, giines enerjisi potansiyelleri, iiretimleri, devlet tesvikleri, kullanim sahalar1 ve giines
enerjisi teknolojileri incelemistir. Boylece, yenilenebilir enerjilerdeki gelismelere katki saglanmasi ve
konuya yonelik bilinclenmenin arttirilmasit gerektigini ¢alismasinda amaglanmustir. Ulkemiz
yenilenebilir enerji kaynaklar1 bakimindan Avrupa’da lider olabilecek kadar iyi bir konuma sahip
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oldugunu calismasinda vurgulamistir. Yapilacak yeni kanuni diizenlemeler, ¢alismalar ve yatirimlarla,
bu yiiksek potansiyellerdeki kendi yerel kaynaklarimizi, teknolojimizi ve teknik kadrolarimizi hayata
gecirerek ve bilin¢glenmeyi artirarak enerjide 6nemli adimlar atilabilecegi sonucuna varmstir [34].
Celik 2015 yilinda yaptig1 calismasinda; Fosil yakitlar yerine kullanilabilecek ¢evre dostu, sinirsiz 6mre
sahip ve diisitk maliyetli yenilenebilir enerji kaynaklarinin Tiirkiye agisindan Gnemini ortaya
koymaktadir. Birinci boliimde enerji kaynaklarmmin tamimlarina, Ozelliklerine, avantaj ve
dezavantajlarma yer verilmistir. Tkinci boliimde yenilenebilir enerji kaynaklarinin Diinya ve Tiirkiye
agisindan potansiyeli, kurulu giicii ve yatirim maliyetleri incelenmistir. Son boliimde ise fosil yakitlar
ile yenilenebilir enerji kaynaklarmin {iretimi, tiiketimi, ithalattaki paylar1 ve yatirim maliyetleri
karsilagtirilarak analiz edilmistir. [35].

Mathiesen vd. 2015 yilinda yaptiklar1 ¢alismada; Yenilenebilir enerji kaynaklarinin mevcut veya
gelecekteki %100 yenilenebilir enerji kaynaklarina entegrasyonuna yonelik en diisiik maliyetli
¢ozlimlerin belirlenmesi amaciyla, bir kisinin hangi adimlar1 atmasi gerektigini agiklamistir. Akill
Enerji Sistemleri yaklagiminin kullanimm o6nemini belirtmistir. Makale de bunun neden ve nasil
yapilacagini anlatmistir [36].

Seker 2016 yilinda ¢alismasinda; Giintimiiz diinyasinin en énemli konularindan ve sorunlarindan biri,
enerji ve enerji kaynaklarmin hizli bir sekilde tiikkenmeye baslamasi, 6zellikle de fosil yakit olarak
adlandirilan komidir, petrol, dogalgaz gibi kendini yenileme 6zelligi olmayan kaynaklarin bilingsizce ve
hig tiikkenmeyecekmis gibi kullaniliyor olmasi hem bu kaynaklarmn titkenmeye baglamasma hem de
dogal cevrenin zarar gormesine ve ekolojik dengenin bozulmaya baslamasimna neden oldugu. Bu
calismada yenilenebilir enerji kavrami, yenilenebilir enerji kaynaklari, yesil pazarlama ve yenilenebilir
enerji kaynaklarinin pazarlanmasi degerlendirilmeye calisilmiglardir [1].

Han vd. 2017 yilinda yaptiklar: ¢alismada; Entegre yenilenebilir enerji kaynaklarina (RES) dayali bir
enerji sistemi tasarlamak ve igletmek igin optimizasyona dayali yeni bir yaklasim Onermeyi
amaclamisdir. Hedefe ulasirken 6ncelikle farkli kaynaklari (riizgar, giines, biyokiitle ve karbondioksit),
farkli enerji doniisiim teknolojilerini ve farkli enerji taleplerini (elektrik, hidrojen ve yakitlar) iceren
RES tabanli enerji tist yapisini olusturmay: planlamistir. Daha sonra ulastirma sektoriine enerji tedarik
sistemini tasarlamak ve analiz etmek i¢in karma tamsayili dogrusal programlamay1 (MILP) kullanarak
bir ag optimizasyon modeli gelistirmeyi hedeflemistir [37].

Heikki vd. 2017 yilinda yaptiklar1 ¢alismasinda; Yenilenebilir enerji kapasitesindeki artisin elektrik
hizmetlerinin mali performansini (FP) etkileyip etkilemeyecegi hakkindaki tartisma yapilmistir. Panel
lizerine yapilan bir veri ¢alismasi yapilmistir [38].

Asvényi vd. 2017 yilinda yaptig1 calismasinda; Yenilenebilir enerjinin hizmet sektoriinde ve ozellikle
turizm endiistrisinde giderek artan Onemi, yeni bir arastirma konusu haline geldigi konularina
deginmistir. Yenilenebilir enerji turizmde pek c¢ok agidan, oOzellikle de enerji verimliligi,
suirdiiriilebilirlik ve maliyetlerin azaltilmasi gibi konularda énemli bir rol oynadigini, ancak bugiine
kadar konuyla ilgili literatiiriin sistematik olarak derlenmis bir incelemesi ortaya cikmadigim
calismasinda anlatmis ve dolayisiyla bu ¢alisma, yenilenebilir enerjinin yenilenebilir enerji kullanimina
odaklanan arastirma yayinlarmin icerik analizi yoluyla literatiirdeki bu boslugu doldurmaya
calismugtir [39].

Karaca vd. 2017 yilinda yaptiklar: ¢alismada; Yenilenebilir enerji yatirim hedefinin gerceklestirilmesi
icin iilkenin sahip oldugu 6nemli bir potansiyel mevcut oldugunu, ancak bu potansiyelin hayata
gecirilmesi her {iyeden 6nce hiikiimetin yenilenebilir enerji kaynaklarmin yayginlastirilmas: yoniinde
atacagl adimlar ile miimkiin olunacagini calismasinda anlatmistir {40].

Ko¢ vd. 2018 yilinda yaptigi calismasinda; Enerji kaynaklarmin Diinya ve Tiirkiye igin
degerlendirilmesi incelemistir. Bu enerji kaynaklarinin kiiresel rezerv miktarlar1 ve buna bagh olarak
kalan Omiirleri, tiretim ve tiiketim degerler belirtilmis olup, bu kaynaklardan elde edilen enerjinin
tiretim oranlar ile tiiketim oranlari hakkinda karsilastirlmalar yapilarak, kurulu gii¢ miktarlari
hakkinda bilgi vermistir. Sonug olarak ise, genel olarak iilkemiz yenilenebilir enerji agisindan yiiksek
kaynak potansiyeline sahip oldugunu bununla birlikte Tiirkiye yenilenebilir enetji sistem kurulum ve
yatirnmlarinda daha ¢ok yabanci teknoloji ve kaynaklarma ihtiya¢ duymakta olup kurulum siireci
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maliyet bakimindan oldukga fazla olduguna bu yenilenebilir enerji potansiyeli degerlendirmek icin
devlet destegi ile yatirim yapilmasi saglanarak altyapi ¢alismalarimin ve bu kaynaklarin kullaniminin
arttirilmasi gerektigi sonucuna varmistir [3].

John vd. 2018 yilinda yaptiklari ¢alismada; Birincil enerji tedarikinde yakit kaynaklari arasindaki
karmasgik iligki Iklim degisikliginin azaltilmasi ve enerji sistemlerinin gelistirilmesi vurgu yapilmistir.
Orta Dogu'da enerji gelisiminin gelecegi konusunda biiyiik belirsizlik oldugunu anlatmistir. Bu
belirsizlik biiyiik Ol¢iide artan enerji talepleri ve bolgenin ekonomik durumuyla baglantili oldugunu
calismasinda dile getirmistir [41].

Paramati vd. 2018 yilinda yaptig1 calismasinda; Sanayi ve hizmet sektorlerindeki yenilenebilir enerji
tiiketiminin ve ekonomik faaliyetlerin dinamikleri iizerine caligsmistir, enerji-biiyiime baglantisim
ampirik olarak arastirmistir.

Bu c¢alismalar, bu iki degisken arasindaki baglantiy1 agiklamak i¢in dort hipotez kiimesini ortaya
koymustur. Hem yenilenebilir enerji tiiketimi hem de ekonomik biiyiime birbirini tetikliyorsa bu
duruma degiskenler arasinda cift yonlii (geri beslemeli) nedensellik dendigini agiklamis. Bu durumda
yenilenebilir enerji kullanimi ekonomik biiyiimede 6nemli bir rol oynamaktadir ve bunun tersi de
gecerlidir.

Eger nedensellik yenilenebilir enerji titketiminden ekonomik biiyiimeye dogruysa, yenilenebilir enerji
tiiketimindeki herhangi bir azalma ekonomik ¢iktiy1 engelleyecegini anlatmigtir [42].

Eren vd. 2018 yilinda yapktiklar: calismada, enerji arzinin giivenligi ve gevresel siirdiiriilebilirlik gibi
onemli sorunlar1 beraberinde getirdigini ve fosil yakitlarin yogun kullanimi iklim degisikligi gibi
biiyiik cevresel sorunlara neden oldugunu, ayni zamanda bu kaynaklarin jeopolitik gerilimlere de
katkida bulundugunu anlatmgtur.

Diinyanin enerji ihtiyacin1 karsilamak icin daha siirdiiriilebilir ve gesitli enerji kaynaklaria
yonelmenin 6nemine deginmistir [43].

Alper 2018 yilinda yaptig1 calismasinda; Giiniimiizde enerji talebinin hizla artmasina paralel olarak,
geleneksel enerji kaynaklarmin simirli olmasy, {iilkeleri enerji tiretim politikalarin1 degistirmeye ve
alternatif enerji kaynaklarini kullanmaya tesvik etmistir.

Bu amagla yapilan calismada, Tiirkiye'de yenilenebilir enerji kullanimi ile ekonomik biiyiime
arasindaki iliski ve iliskinin yonii, Bayer-Hanck egbiitiinlesme testi ve Toda-Yamamoto nedensellik
testi yardimiyla incelemistir. Yapilan nedensellik test sonuclarina gore, ekonomik biiyiimeden
yenilenebilir enerji kullanimina dogru tek yonlii bir nedensellik vardir ve Tiirkiye'de koruma hipotezi
gecerli olmustur [44].

Garcia-Olivares vd. 2018 yilinda yaptiklar1 ¢alismada; %100 yenilenebilir bir ekonominin, iklim
degisikligi, enerji glivenligi, slirdiiriilebilirlik ve kirlilik gibi kiiresel zorluklara kalict bir ¢6ziim
sunabilecegi tezini savunmustur. Ancak, mevcut ulagim sistemini doniistiirmenin, bu yenilenebilir
gecisin en zor yonlerinden biri oldugunu 6ne stirmiistir.

Calisma, fosil yakita dayali ulasim sistemlerine alternatif olarak onerilen veya kanitlanmis teknolojileri
ve sistemleri incelemekte ve bunlarin karbon sonras: déoneme gegisteki umutlarini teknolojik ve enerji
agisindan degerlendirmektedir. Analiz, %100 yenilenebilir tasimaciligin miimkiin oldugunu ancak
kaynak tiiketiminde belirsiz bir artigla tam anlamiyla uyumlu olmadigini belirtmektedir. Ayrica, her
ulastirma sektOriiniin bu geciste karsilasabilecegi baslica malzeme ve enerji kisitlamalarimi ve
engellerini detayli bir sekilde ele almistir [45].

Availar ve Yenilmez 2019 yilinda yaptiklari calismada, Diinya genelinde yasanan hava kirliligi, kiiresel
1sinma ve enerji giivenligi gibi sorunlar, diinyanin enerji altyapisinin, sifir emisyon iireten %100 temiz
ve vyenilenebilir enerjiye hizli bir sekilde doniismesini zorunlu hale getirdigini c¢alismasinda
deginmistir.

Yenilenebilir enerji kullanim1 diinya genelinde hizhi bir artis gosterdigine ve yenilenebilir enerji
tiiketiminde gerceklesen bu biiylime, sadece karbon emisyon azaltma zorunlulugunu yerine getiren
isletmelere degil ayni zamanda biiyiik perakendeciler de dahil olmak {izere kurumsal
organizasyonlarin da dahil oldugunu anlatmuistir.
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Perakendeciler marka degerini ve satis gelirlerini artirmak, enerji maliyetlerini azaltmak ve artan enerji
fiyatlarina yonelik riskleri en aza indirmek i¢in yenilenebilir enerjiye yatirim yapilmasi gerektigini
anlatmistir. Doga ve c¢evre dostu oldugu igin yenilenebilir enerji kaynaklari ekolojik olarak
nitelendirildigi ve yenilenebilir enerji mevcut kaynaklarin kullanimu ile tekrar tekrar iiretilebilen ve
stirdiiriilebilir olan bir enerji kaynag1 oldugu sonucuna varilmistir [46].

Kayisoglu vd. 2019 yilinda yaptiklari ¢alismasinda; Yenilenebilir enerji kaynag1 potansiyeli bulunan
tilkemizde, bu potansiyelin verimli bir sekilde degerlendirilmesi ve tiilkemizin enerji probleminin
¢ozlimiine katkida bulunulmasi gerektigini calismasinda anlatmistir. Yenilenebilir enerji sektorii
uluslararasi kural ve diizenlemeler cercevesinde yeniden yapilandirilmas: gerektigini anlatmustir.
Biiyiik oranda yabanci teknolojiye ihtiya¢ duyulan yenilenebilir enerji sektoriinde, teknik ekipmanlarimn
yerli tiretimi tesvik edilmesi gerektigine ve bizzat devlet tarafindan desteklenmesinin gerekli olduguna
calismasinda deginmistir.

Yenilenebilir enerji yatirimlarina gevre etkileri de hesaba katilacak sekilde gerceklestirilmesi
gerektigine deginmistir. Yenilenebilir enerji konusunda daha fazla bilgilendirme yapilmali ve bu
konuda farkindalik arttirilarak AR-GE calismalarina agirlik verilmesi sonuglarina varmistir [47].
Askin vd. 2019 yilinda yaptiklar1 calismada; Tiirkiye'nin sahip oldugu enerji portfdytiinii belirlemek
ve enerji arz1 giivenligi kapsaminda kars1 karsiya oldugu tehdit ve firsatlar {izerine bir degerlendirme
yapimugtir. Tiirkiye'nin enerjide disa bagimli olmasi, enerji arz giivenligi bakimindan, Tiirkiye'yi
ekonomik krizlere agik hale getirdigini calismasinda anlatmaistir.

Bu baglamda Tiirkiye enerji portfdyiinde yerli enerji kaynaklarina yonelmeli ve enerji politikalarinda
yenilenebilir enerji kaynaklarina 6ncelik verilmesi gerektigi sonucuna varilmistir [48].

Buonocore vd. 2019 yilinda yaptiklari ¢alismada; Siirdiiriilebilir Kalkinma Hedefleri ile anlamli bir
sekilde uyumlu hale getirilmelerine olanak taninirsa, Ulke diizeyindeki elektrik iiretimi ve kara
tasimaciligr verilerini kullanarak, yenilenebilir enerji yatrimlarinin  artirilmasinin - ve  kara
tasimaciligindaki gelistirmelerin, karbon emisyonlarini azaltma potansiyelinin degerlendirilmesi icin
basit ve kullanic1 dostu bir dizi 6lgiim gelistirilebilecegini calismasinda bahsetmistir.

Hava kirleticilerin emisyonlar1 ve bu emisyonlarin saghk tizerindeki olas: etkilerini degerlendirerek,
cevresel siirdiiriilebilirli§in saglanmasima yonelik adimlar atilmasi gerektigini agiklamigtir [49].
Hasanuzzaman vd. 2020 yilinda yaptiklar1 calismada; Farkli sektorlerin enerji talebinin iyi anlasilmasi,
bir iilkenin enerji planlamasi ve politikasi icin 6nemli bir bilesen oldugunu anlatmistir. Enerji talebi
niifus, kentlesme, sanayilesme, net sermaye geliri ve teknolojilerin gelisimi gibi farkli sosyoekonomik
faktorlere bagh olduguna deginmistir. Farkli sektorlerin enerji talebi hesaplama yontemleri anlatilip
calismalardan bahsedilmistir [50].

Aydogdu 2021 yilinda yaptigr c¢alismasinda; Enerji, giliniimiizde modern sanayi ve hizmetler
sektoriiniin hayati bir parcas: haline geldigi, enerjiye erisim, enerjinin maliyeti ve ¢evresel etkileri,
yenilenebilir enerjinin 6n plana ¢ikmasma ve bunun ulusal ve uluslararas: alanda desteklenmesine
neden olmas: konusuna c¢alismasinda anlatmustir. Bu destekler, yenilenebilir enerjinin ve enerji
verimliligin saglanmasi, teknolojinin gelistirilmesi ve yaygmlastirilmasi igin 6nem arz ettigine
deginmistir.

Yenilenebilir enerji ve enerji verimliligine yonelik destekler, hemen hemen biitiin {ilkeler tarafindan
uygulanmakta olduguna ve bu cercevede, bircok program ve yontem gelistirilmekte oldugunu ve
bunlarin farkh etkileri s6z konusu oldugunu, destekler kimi zaman yenilenebilir enerji iiretiminde
kullanilan makine ve ekipman {iretimini tesvik icin imalat sektdriine, kimi zaman dogrudan enerji
tiretimi igin enerji sektoriine, kimi zaman enerji titketiminde verimlilik saglamak icin sanayiye, kimi
zaman da hem enerji iiretimine hem de tiiketimine yoOnelik olarak konutlara ve tarim sektdriine
saglanmasi gerektigini anlatmistir [4].

Giillii vd. 2021 yilinda yaptiklari calismasinda; Diinya ve Tiirkiye genelinde enerji talebinin yiikselmesi,
rlizgar, giines, hidrolik, jeotermal ve biyokiitle gibi yenilenebilir enerji kaynaklarina olan ilgiyi hizla
artirmaktadir. Tiirkiye'de yenilenebilir enerjiden elektrik {iretiminin artmasinin istihdam {izerindeki
etkileri ve bu etkilerin yonii literatiirde daha fazla yer bulmaya baglamistir. Bu makalede, her bir alt
sektor icin istihdamin nicel etkileri, (JEDI) modeli kullanilarak incelenmistir. Ayrica, her alt sektor icin
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MW basina istihdam Olgiimlenerek hangi sektoriin istihdam acgisindan daha etkili oldugu
karsilagtirilmistir [51].

Binod vd. 2021 yilinda yaptiklar1 ¢alismada; Yenilenebilir enerjinin etkin entegrasyonunda akilli
sebekelerle artan enerji talebi yonetimini karsilanabilecegini ¢alismasinda anlatmistir. Artik artan
niifusun enerji talebini akilli teknolojiler kullanarak yonetilebilecegini ¢alismasinda dile getirmistir
[52].

Dstergaard 2022 yilinda yaptigr calismasinda; Yenilenebilir enerji kaynaklarinin uygulanmasi
kapsamindaki arastirmalarin durumunu ele almistir.

Yenilenebilir teknolojilerin durumuna, yenilenebilir enerji kaynaklarmmin siirdiiriilebilir kalkinma
hedeflerine ulasmadaki roliine, yenilenebilir enerji sistemlerinin siirdiiriilebilirli§ine yonelik
aragtirmanin durumuna ve son olarak yenilenebilir enerji teknolojilerinin diisiik karbonlu enerji
sistemlerine entegrasyonuna odaklanmistir. Yenilenebilir enerjiye dayali enerji sistemlerine gecis icin
onemli olan teknolojiler ve sistemler s6z konusu oldugunda literatiirdeki bosluklar1 doldurmaya
yonelik 6nemli bir arastirma ilerlemesi ortaya koymustur [53].

Giindiiz vd. 2022 yilinda yaptig1 ¢calismasinda; Gelir gruplaria gore siniflandirilmais iilkelerin, enerji
durumu incelemis, yenilenebilir enerji teknolojilerine olan yatkinliklari, giiglii ve zayif yonleri tespit
etmigler. Tiirkiye tizerinden degerlendirilmelerde bulunmuslar.

Universitelerdeki bilgi birikiminin, sektorde yer alan firmalarin sermaye giiciiyle birlesmesi, enerji
tiretimindeki verimliligi arttiracagim ve dnemini vurgulamiglardir. Dogal kaynaklari enerjiye gevirmek,
bugiin de gelecekte de yurt dis1 kaynaklardan temin edilen fosil kaynaklardan ¢ok daha iyi olabilecegi
ongoriilme bulgusunda bulunmuslardir [2].

Maaouane vd. 2022 yilinda yaptiklar1 calismada; Gelismekte olan iilkelerde, ulusal diizeydeki
kurumlar genellikle temel ulasim enerji verimliligi gostergeleri ile simnirli oldugunu c¢alismasinda
anlatmustir. Bu boslugu doldurmak igin 40 yapay sinir agin temel alan bir ulasim modeli gelistirip,
enerji verimliligine iliskin veriler Sosyoekonomik degiskenleri kullanarak bu gostergeleri tahmin
etmeye yoOnelik bir model gelistirilmesi iizerine ¢alismasinda anlatmistir [54].

Aliabadi vd. 2023 yilinda yaptiklar1 ¢alismada; Ulastirma sektorii, diinya capinda sera gazi
emisyonlarina artan katkisi nedeniyle enerji gegisini hizlandirma konusundaki tartismalarm
merkezinde yer aliyor; bu nedenle AB, Yenilenebilir Enerji Direktifi araciligiyla yenilenebilir enerjinin
ulasimda kullanimina yonelik baglayici hedefler belirlemistir. Bu hedeflerin ekonomik etkisini analiz
etmek icin biyo yakit ve elektrige dayali yakit seceneklerini, gesitli ulastirma sektorlerini ve gelecekteki
politika gerekliliklerini dikkate alan bir optimizasyon modeli gelistirmeyi calismasinda anlatmistir
[55].

Ahmet Kilmaz 2023 yilinda yaptig1 calismada, insanlik tarihi boyunca enerji kullanimi 6nemli
oldugunu, teknolojinin ilerlemesiyle enerji talebi arttigini dile getirmistir. Fosil yakitlarin titkenmesi ve
cevresel etkileri goz Oniine alindiginda, yenilenebilir enerji kullanimi 6nemini vurgulamistir. Gelecekte
akilli sebekelere gecis kaginilmaz oldugunudile teknolojinin entegrasyonuyla elektrik sistemleri daha
verimli hale gelecegini, yenilenebilir enerji ve akilli sebekelere gecis, gevreci elektrik tiretimini tesvik
edecegini anlatmistir [56].

Tablo 1. Literatiir Konu Dagilimlar

Konu

Yazar Ad1 Yil

Yenilenebilir Enerji
Enerji Kavrami
Enerji Kullanim

Enerji Potansiyeli
Enerji Verimligi
Ulasim Sektorii
Sturdiirtilebilirlik

Giines Enerjisi

Hidrolik Enerji

Riizgar Enerjisi
Jeotermal Enerji

Ozstimbiil, B. [13] 1999

Mahmud, Syed F. [14] 2000

Hayli, Selguk [15] 2001 X
Supachart Chungpaibulpatana vd.[16] 2003 X X

»
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Etemoglu, Akin vd. [12] 2004 X

Kumbur, Halil vd. [17] 2005
Kaymakg¢ioglu, Fatih vd. [18] 2005
Halim, Ceylan [19] 2005 X
Mathiesen, Brian [20] 2008 X
Kiilekci, Ozlem Candan [21] 2009 X
Al-Mofleh, Anwar vd. [22] 2009 X X
Abu-Taha, Rimal [23] 2011 X
Karayilmazlar, Selman vd. [24] 2011 «x
Erdal, Leman [25] 2011
Mahmutoglu, Murat [26] 2013 «x
Ellabban, Omar vd. [27] 2014 «x X
Vardar Ali vd. [28] 2014 X
Alrikabi, N. K. M. A.m [29] 2014 «x
Mathiesen, Brian vd. [30] 2014 X X
Dogan, Hikmet vd. [31] 2015 X X
Mohtasham, Javid [32] 2015 «x
Torunoglu Gedik, Ozge [33] 2015 X X
Kilig, Fatma Canka [34] 2015  x X
Celik, Selvi Nur [35] 2015
Mathiesen, Brian vd. [36] 2015 «x
Senal, Mahmut Can vd. [11] 2015 X
Seker A. [1] 2016  x
Han, Seulki vd. [37] 2017 x X X
Heikki, Lehkonen vd. [38] 2017 «x
Asvényi, Katalin vd. [39] 2017 x X X
Karaca, Cogkun vd. [40] 2017  «x
John E. vd. [41] 2018 «x X
Kog Alj, vd. [3] 2018 X X X X
Paramati, Sudharshan Reddy, vd. [42]. 2018 «x X
Eren Alper vd. [43] 2018 X
Alper, Findik Ozlem [44] 2018 X
Garcia-Olivares, Antonio vd.[45] 2018 «x X
Avcilar, Mutlu Yiiksel vd. [46] 2019 «x
Kayisoglu, Birol vd. [47] 2019 «x X
Asgkin, Elif vd. [48] 2019 «x
Buonocore, Jonathan J vd. [49] 2019 X X
Hasanuzzaman, M vd. [50] 2020 X X
Gullu, Mustafa vd. [51] 2021 X X X X
Aydogdu, Cagkan [4] 2021 x X
Binod Kumar Sahu vd. [52] 2021
Glinduz, Necla Kibra vd. [2] 2022 x X X
@stergaard, Poul Alberg, [53] 2022 x
Maaouane, Mohamed vd. [54] 2022 x X X
Aliabadi, Danial Esmaeili vd. [55] 2023 X X
Ahmet Kilmaz [56] 2023

Tablo 1'de goriildiigii lizere, literatiir calismalarinda ¢ogu enerji kavrami {izerine durulmustur. Son
zamanlarda yapilan literatiir ¢alismalarinin arttif1 gozlemlenmistir. Jeotermal enerji konusu gegmis
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senelerde daha ¢ok incelenmis olup giiniimiize yakin olan tarihlerde yapilan ¢alismalar farkl konular
tizerine yogunlasilmistir.

3. Sonug

Bu ¢alismada, hizmet sektoriinde yenilenebilir enerji kullaniminin avantajlari ele alinmis ve perakende
ticaret ile ulagtirma hizmetlerindeki potansiyel vurgulanmigtir. Giines enerjisi, riizgar enerjisi,
biyokiitle, biyoenerji ve jeotermal enerji gibi cesitli kaynaklar detayl sekilde incelenmis, sektorel enerji
talebinin belirlenmesi ve yonetimi konusunda onemli bulgular sunulmustur. Calismanin bulgulari,
hizmet sektoriinde yenilenebilir enerji uygulamalarinin yayginlastirilmasina yoénelik politika
onerilerini ve gelecege dair ongoriileri paylasilmigtir.

Literatiir incelemelerinde, siirdiiriilebilirlik ve enerjinin iiretimdeki rolii {izerine yapilan ¢alismalarmn
sinirhh oldugu gozlemlenmistir. Enerji kavrami iizerine yapilan calismalarin ¢ogunda, yenilenebilir
enerjiye genel olarak deginilmistir. Jeotermal enerji, ge¢mis yillarda daha fazla incelenirken, son
donem calismalarin farkli enerji kaynaklarina yogunlastigi goriilmektedir. Gelecek calismalar
kapsaminda, enerji yonetiminin siirdiiriilebilirlik baglaminda daha derinlemesine analiz edilmesi
planlanmaktadir. Bu dogrultuda, hizmet sektoriindeki yenilenebilir enerji kullaniminin uzun vadeli
etkileri ve bu alanlardaki politika gelistirme siireglerinin detayl bir sekilde incelenmesi yapilmasi
planlanmaktadir.

Yazar Katkilari: Kavramsallagtirma Y.O, MY, HK ve A.S.U. Metodoloji Y.O, MY. Big¢imsel Analiz A.S.U ve H.K.
Kaynaklar Y.O, MY, AS.U. Yaz1 orijinal taslak hazirlama A.S.U ve HK, gézden gecirme ve diizenleme Y.0, MY,
A.S.U Tiim yazarlar makalenin yaymlanan versiyonunu okudu ve kabul etti.

Finansman: Bu aragtirma disaridan fon almadi.

Cikar catismalar:: Yazarlar ¢ikar ¢atismasi beyan etmemektedir.
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