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PREFACE

The 5th INTERNATIONAL ENGINEERING AND TECHNOLOGY MANAGEMENT
SUMMIT, organized jointly by Istanbul Technical University and Bahcesehir Universit
was be held in Istanbul, Turkiye during October 19-21, 2023. While organizing our
engineering and technology management summits, we aimed to contribute to identifying
and finding solutions to business problems that arise in engineering applications and
technology use. We wanted to serve the field by analyzing these problems and solutions
by taking into account today's rapid changes and developments, discussing the future
situation and creating, increasing and diversifying the necessary environments to
accomplish them.

In the age we live in, we are faced with constantly and rapidly changing technological
advances and innovations, both as individuals and as businesses. At the same time, we
are experiencing environments of intense complexity and uncertainty, from global health
crises to economic turmoil, from climate changes to natural disasters.

We have to not only adapt to changes but also struggle and continue in uncertain
environments. Of course, the role of engineering and technology management in
overcoming these difficulties and disruptions, finding new horizons, possibilities,
solutions and creating new opportunities cannot be denied.

Therefore, we determined the theme of this year's summit as “ROLE of ENGINEERING
and TECHNOLOGY MANAGEMENT in TIMES of EXTREME UNCERTAINTY.”

We wanted to discuss the problems and possible solutions created by uncertain
environments with our valuable guests attending our summit in different perspectives
such as business world, technological, social and environmental dimensions.

The realization of this Summit undoubtedly required a lot of effort and support. We would
like to thank everyone who supported and contributed to our summit, the ITU and BAU
Rectors, the honorary chairman of our summit, the opening keynote speaker and the
invited speakers for their speeches. We would like to thank our moderators, authors,
academics, researchers, students, professionals and all participants, and also to each of
our organizing committee members.

The book covers the abstracts and full papers in English or Turkish as the authors
submitted to the summit. All submissions have been evaluated through a blind review
process. Hoping the online book will be enjoyable and useful to all who are interested in
research and studies and applications in the field of Engineering and Technology
Management.

Best Regards,

On be half of Organizing Committe
Prof. Dr. Ferhan Cebi
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A Hybrid Machine Learning Approach For Predicting
Flight Delays

Ibrahim Yilmaza!

2 Industrial Engineering Department, Ankara Yildirim Beyazit University, Turkey
'i.yilmaz@aybu.edu.tr

Abstract— The aviation sector's rapid growth has led to increased competition, forcing companies to balance operations with
cost, time, and delay. In unpredictable parameters, it's crucial for airlines to make informed decisions in flight operations to
avoid negative effects like undesired costs, time loss, and customer dissatisfaction. Therefore, studies have been conducted
to predict situations causing excessive costs in aviation industry. The study aims to develop a hybrid machine learning model
to predict flight delays using artificial intelligence techniques. The prediction of delays is crucial for passengers and airlines,
as it can minimize costs and save costs. Machine learning methods can predict delays, share past data with airport operators
and passengers, and take necessary precautions. This approach aims to improve service quality and customer satisfaction
without disrupting passenger plans. Precautionary measures can prevent flight delays from affecting each other. Time
management in the aviation industry is crucial due to interdependent elements and the need for harmony. Estimating flight
delays is essential, with reasons including carrier, late arrival, NAS, security, and weather delays. These elements must work
together for successful flight realization. This study focuses on analyzing data from airports and live delay information in
Turkey using big data analysis and machine learning methods. Despite multiple institutions contacting the researchers, no
joint work has been conducted. The KNN algorithm was used for regression and classification, resulting in more effective
results than previous studies. The study starts with delay causes and data analysis, then estimates delays based on these data
and feature selection. The study reveals the effects of parameters on delays with realistic rates, providing the most accurate
aircraft delay estimation based on the data.

Keywords— Aviation delay estimation, big data analytics, machine learning, KNN algorithm, feature selection
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A Hybrid System That Detects Abnormal Drops in
Availability of Product Groups

Anil Ozcan®!, Omer Zeybek??2
ab Migros Ticaret A.S., Tiirkiye

laniloz@migros.com.tr. %omerze@migros.com.tr.

Abstract— It is crucial for retail companies to monitor and accurately manage the out-of-stocks and availability of their
products or product group to maximize their profits. Assessment of out-of-stock instances is a labour-intensive process for
retailer. Existence of large variety of product and categories complicates this process and compels companies to divert more
workforce to surveillance of minimum required stock levels throughout every service point included in the organization. In
a supply chain management system, a hybrid analytical system can be deployed to utilise tracking of required product group
availability. In this study our objective is building an anomaly detection system based on calculated product availability and
provide warnings when an unexpected fall from expected level of availability occurs on sub-category level. Researchers
calculated the weighted average of product categories availability in service regions level and derived daily average level of
availability for each group from June 2022 to January 2023. Two different methods for identifying expected trend for each
category applied to series according to their trend stationarity characteristics. Since it’s expected that stationary process
would remain around long-term averages, a naive forecasting method is preferred for this group. On the other hand, for
series with significant trend in variance or average level, Light-GBM regression is used. While applying forecasting
algorithms to the series we rewind our data to t-15 and aim to nowcast last 15 days of availability level to test any significant
diversion from expected levels. System creates alarms for the series reporting remarkable fall compared to expected level
instantly. These flagged category groups are considered product groups that business units can concentrate on and should
be thoroughly examined.
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A Literature Review on Data Analytics: Tabular and
Graphical Analysis

Beyzanur Cayir Ervural®?

* Necmettin Erbakan University, Department of Aviation Management, Konya, Turkey
Ybe.ervural@erbakan.edu.tr

Abstract— Data analytics is a hot topic for most disciplines and companies because of its many advantages. Data analytics
applications have an effective prac- tice area and is an effective instrument in system improvements, resource opti- mization
and problem solving stages. In this study, studies on data analytics applications were examined in the literature and
statistically, qualitative/quantita- tive changes in application area, countries and years were presented in tables. The findings
showed the importance of the topic and its widespread and effective performance in recent years. The study can provide
insights for new application areas for practitioners and researchers working on this subject.

Keywords— Data analytics, Operations management, Literature reviews.
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A Mobile Application Design of Cancer Follow-Up Care
for Breast Cancer Survivors

Hossein Pourghaemi®!, Hatice Camgoz Akdag®?

2 Istanbul Technical University /Turkey

b Istanbul Technical University /Turkey
Thossein.pourghaemi@gmail.com. *camgozakdag@itu.edu.tr.

Abstract— This work designs a mobile application to assist breast cancer survivors in managing their follow-up care. Breast
cancer survivors encounter the challenge of tracking their follow-up appointments, which provide medical and psychological
support post-treatment. While existing digital solutions document and track follow-up care, they primarily target
professionals and care providers. To the best of our knowledge, no digital solution currently caters to patient use. Our
primary objective is to facilitate follow-up care and motivate breast cancer patients to continue their treatment. We design
a mobile application that generates a personalized follow-up care plan based on the latest literature. Patients can schedule
follow-up appointments, document and share complaints, and track lifestyle habits and interventions. Push notifications
remind patients of upcoming appointments, ensuring adherence to the follow-up plan. Furthermore, user data collected in
the long term serve as reliable information for forecasting optimal follow-up care plans for future breast cancer survivors.
Considering the application's target audience of non-professionals with limited medical knowledge, we employ simple
questions instead of medical terms. The application features user-friendly elements like checkboxes and drop-down menus,
offering a simple and intuitive patient experience. We conducted two semi-structured independent interviews with medical
oncologists to evaluate usability and gather suggestions. The interviews encompassed an overview of the application, its
benefits for breast cancer survivors, and sought feedback on user information.

Keywords— Breast Cancer, follow-Up Care, Cancer Survivorship, Personalized Care Plan, Appointments Tracking.
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A New Model of Innovation: TA FLAPERON

Merve KOCAMANY®, Betiil ALTUNTAS?*?, Eyiip CALIK®>¢ Duygu Aktay Kantaroglu*?,
Onur Jane>*®

Yalova Universitesi V23 , Turkey

Turkish Aerospace Industries, Inc.*° Turkey

mervkocaman@gmail. com®, betulaltunts@gmail. com?, ecalik@yalova.edu. tr¢

duygu. aktaykantaroglu@tai.com. tr%, onur. jane@tai.com. tr®

Abstract—TIn an increasingly competitive business environment, companies need individuals with an innovative mindset to
stay ahead of their competitors. In this paper we develop a model for an open innovation program, "TA Flaperon®, for
TAI (Turkish Aerospace Industries). In order to develop this model we have utilised three knowledge bases: Hackathons,
Innovation Competitions, and Open Innovation.

Hackathons are competitions organized in the field of technology and software development, encouraging participants to
come up with innovative and creative ideas. Hackathons, such as data dives, code festivals, hack days, sprints, or edit-a-
thons, are time-bound events that are increasingly attracting the interest of practitioners and researchers.

Innovation competitions have been designed to support the development of innovative ideas. A review of the literature
revealed the ""ldeaSprint™ model, which is inspired by these competitions and methodologies. This model can be applied
within the scope of both open innovation and internal entrepreneurship programs.

Open Innovation refers to the facilitation of the development activities related to innovation both within and outside the
organization, as well as the utilization of innovation outside the organization to expand markets.

As a result of reviewing three knowledge bases to determine current programs, and analysing these programs through
SWOT analyses, we have developed an open innovation model called ""TA Flaperon':

The first step of our open innovation model is to identify the organization's needs for innovation. The second step involves
issuing calls to members through a platform regarding these needs. In the third stage, members present their ideas and
solutions. In the fourth step, the platform manager evaluates the ideas based on specific criteria. In the subsequent stage,
authorized individuals within the organization evaluate all the solutions, eliminate unsuitable ones, and select the most
appropriate solutions that meet their expectations. In the final stage, the participant with the best solution is rewarded.

Keywords— Innovation, Open Innovation, Innovation Competitions, Hackathons, Innovation Model
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A Novel Model for Assessment of Industry 4.0 Maturity in
Defense Industry

Ahmet Can Ataman?l, Bilge Varol®2, Gul Tekin Temurc?

®Netas Telecommunication Inc., Istanbul 34912, Turkey

® Faculty of Engineering, Turkish-German University, Istanbul 34820, Turkey
°Faculty of Engineering and Natural Sciences, Bahcesehir University, Istanbul 34353, Turkey

1acanataman@gmail.com 2bilge.varol@tau.edu.tr 3gul.temur@eng.bau.edu.tr

Abstract— Technological developments have led to radical changes in all areas of life. The defense industry is also one of
the sectors that experiences these radical changes. Defense qualifications, which have a great proposition on the part of
countries' independence and political powers, require large investments for countries that do not want to have an
outsourced defense system. Developed countries have made great strides in this respect, but the changing circumstances
have increased their tendency towards defense systems, where technological developments are closely tracked and applied.
Within the scope of this research, firstly, the effects of digital transformation on the defense industry are examined. Then,
an Industry 4.0 maturity model including five main criteria (strategy, management and organization, human and R&D
culture, product and technology, operation) is proposed with a novel multi-criteria decision making (MCDM) approach
called hesitant fuzzy analytic hierarchy process (HFAHP). This approach, in which fuzzy logic is used, is chosen to handle
the high uncertainties in the structure of the problem. Later, a real-life case study application is conducted in a pioneer
company in Turkey. The results of this study show that strategy has the highest importance followed by product and
technology, operation, human and R&D culture and management and organization.

Keywords— Defense industry; Industry 4.0; Digital transformation; Maturity assessment; Multi criteria decision making;
Hesitant fuzzy analytic hierarchy process.
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Abstract— Antibiotic resistance occurs when bacteria evolve to withstand the effects of antibiotics, reducing the effectiveness
of treatment medication. Estimation of antibiotics resistance holds importance, as antibiotic-resistant infections can spread
rapidly and knowledge in antibiotic resistance allows healthcare providers to make informed decisions. However, this is a
challenging task because there are very limited open data sets to work on, containing systematic measurements. In this work,
we propose machine learning-inspired estimation of resistance of five specific types of antibiotics on different poultry
environments and created confidence percentages in which tell us how accurate the program is for a specific type of
antibiotic. The analysis in this work highlights that a variety of factors impact antibiotic resistance in poultry; however, an
informative prediction using a model such as the one proposed in this paper would assist in proper planning and usage of
antibiotics in terms of effectiveness and necessity.

Keywords— Machine learning, Antibiotics, Resistance
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Abstract— This study covers the improvement activities to be carried out in the processes of a company operating in the
Organized Industrial Zone of the province of Elazig, which produces panel doors in the manufacturing sector, with the help
of a sanding machine, until the doors are sanded, transported by walkers after sanding and placed in the cleaning/ventilation
machine. In this context, in order to evaluate the current situation, observations were made at the factory within certain
days and the relevant observations were recorded via video. Then, under the current status title, the processes are shown
both visually and temporally. It has been determined that the business spends an average of 55.23 seconds for the
aforementioned processes. Then, a method study aiming to change the positions of the relevant processes in order to improve
the production processes in the enterprise and a time study study to minimize the losses in the loading processes were carried
out. As a result of the study, the three-stage sanding, loading on walkers, and transport-loading processes of the
cleaning/ventilation machine were reduced to one step and the average time was reduced to 35.28 seconds. From this point
of view, it has been determined that the new model will provide a 36% gain to the enterprise and increase efficiency.

Keywords— Work Study, Method Study, Time Study, Manufacturing, Efficiency
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Abstract— Additive Manufacturing (AM) has revolutionized industrial processes, offering unprecedented design freedom
and optimization potential. However, challenges persist in part design, production planning, and process efficiency. This
study introduces a heuristic-based guideline for effective part decomposition and presents an advanced algorithmic
approach to calculate key AM parameters, including build time and total processing time. Focused on the widely used
Fused Deposition Modelling (FDM) technique, we develop an enhanced build time equation that accounts for layer height,
layer width, and printing speed, resulting in more accurate estimates. We demonstrate the practicality of our approach
through an illustrative example that showcases its applicability in real-world scenarios.

Keywords— Additive Manufacturing, Heuristic Decomposition, Algorithmic Approach, Fused Deposition Modeling
(FDM), Build Time, Total Processing Time, Production Planning.
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Abstract— Retail companies monitor inventory stock levels regularly and manage stock levels based on forecasted sales to
sustain their market position. The accuracy of inventory of stocks is critical for retailers to initiate winning strategy. As a
part of strategy building process many companies prioritize detection and prevention of inaccuracies in inventory stock can
stem from customer theft, damage or spoilage of products, incorrect shipments due to personnel errors, or incorrect stock
entries. It is impossible to detect these problems through inventory counting. In the long term sustaining a busy inventory
counting schedule would require extensive labour force and limit profitability. The aim of this study is to prevent incorrect
entries made by the distribution center and/or store to monitor stock movements accurately. Our study also minimize
deficiencies caused in other business processes such as inventory and automatic order due to data quality problems. This
study aims to detect faulty stocks using machine learning methods by using data collected from one of Tiirkiye’s largest
supermarket chains. By employing actual inventory stock data, multiple machine learning algorithms such as Isolation
Forest, Local Outlier Factor, One-Class Support Vector Machine have been applied to detect abnormal stock values. This
study investigates problems in real-life data, such as missing and extreme values in the data, etc. shows how to handle it.
Experimental results show the performance of machine learning methods in detecting anomalies in low and high level
inventory stock.

Keywords— Machine learning, anomaly detection, retail, inventory stock, data quality
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Abstract— Technology management uncertainty is at an all-time high due to many reasons. Many areas of life seem to be
chaotic and long held norms in a technology manager’s role have been upended creating extreme environments. One key
factor impacting technology managers is the extreme uncertainty of employability for existing technology experts in various
technology fields. The recent explosion of artificial intelligence (Al) adoption has caused managers to completely rethink
staffing, resources, application development, infrastructure and more. For many, it seems the foundation of job security in
the technology industry, a programming career, has been cracked. Career programmers and technology managers
themselves are facing uncertain conditions requiring adaptation or risk being swallowed into the abyss of technological
career obsoletion. The term Al could be anything from generative Al to complex designs of problem-solving agent
algorithms. This work suggests an unconventional application of the A* search algorithm to connect existing low value skills
with current high value ones by considering relevant soft skills as small town locations on a map. For the purpose of this
offering the newly proposed A* search algorithm adaptation will be referred to as Racer-One.

Keywords— A* Agent, Artificial Intelligence, Technology Management, Al Search Agent, Technology Reskilling, Al
Uncertainty
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Abstract— Historically, electric freight vehicles faced skepticism due to perceived impracticality and high costs for long-
distance journeys. However, recent research suggests a shifting paradigm. Owing to advancements in electric vehicle
technology and mass production, the future may reveal a different narrative. Electric vehicles, once considered less suitable
for extended transport, are now emerging as a promising solution to mitigate transportation-induced air pollution.
Numerous studies, conducted globally, yield varying insights into the impact of electric freight vehicles on logistics, spanning
technological, managerial, and operational dimensions, as well as key parameters influencing their adoption. This article
provides an extensive literature review to reveal the factors fostering the widespread adoption of electric freight vehicles.
Our objective is to raise awareness of their unemployed potential within the long-haul transportation sector, highlighting
their crucial role in emissions reduction and the advancement of sustainable transportation solutions.

Keywords— Electric Freight Vehicles, Greenhouse Gas Emissions, Life Cycle Cost, Transportation.
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Abstract— The development of space technologies and the opportunities offered by the space economy cause space traffic to
increase rapidly. Thousands of satellites are expected to be launched into space in the coming years. Metal, plastic, glass and
paint residues are all small space debris objects. There are many studies in the literature on the capture of large space debris.
However, the number of studies on small space debris is very small. In this study, we are inspired by frogs, which develop
various strategies to capture their prey in nature. With their sticky tongues, frogs can quickly capture their prey in the blink
of an eye. Frogs owe this ability to the physical properties of their tongue and the chemical properties of their saliva. Inspired
by this strategy, we propose a new model for capturing small space debris. We believe that this model will be useful in the
space industry.

Keywords— Space Debris, Frog Tongue, Space Technologies
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Abstract-The Stirling engine has several advantages over traditional internal combustion engines, such as high efficiency,
low emissions, and quiet operation. It can run on various heat sources, making it a versatile and sustainable technology with
a long lifespan and minimal maintenance requirements. The cooling system in a Stirling engine is critical, affecting its
efficiency, power output, and operating temperature range. Nanofluids, suspensions of nanoparticles in a base fluid, have
emerged as a promising alternative due to their enhanced thermal properties. Studies have shown that nanofluids can
significantly improve the performance of Stirling engines, leading to higher thermal efficiency and power output. By
suspending nanoparticles in a base fluid, the thermal conductivity of the resulting nanofluid can be significantly enhanced,
leading to improved heat transfer rates within the engine. Nanofluids can also operate at lower temperatures, allowing for
the use of cheaper and more readily available heat sources. A comparative study between conventional cooling fluids and
nanofluids revealed a significant improvement in the thermal performance of Stirling engines with the use of nanofluids,
about only 1%. Nanofluids exhibit improved thermal conductivity compared to conventional cooling fluids, which allows for
better heat dissipation and can lead to a significant increase in the thermal efficiency and power output of Stirling engines.

Keywords: Thermal exchange, Stirling engine, cooling fluid, nanofluid
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Abstract— This paper explores the synergy between Artificial Intelligence (Al) and digital signage, focusing on how Al-
driven image analysis can enhance its impact. We delve into three main areas: demographics analysis, emotion detection,
and attention tracking, all vital for effective digital signage. The study presents a thorough review of the literature,
highlighting key trends and developments in integrating image analysis with digital signage. Additionally, we provide an
overview of existing image analysis packages suitable for addressing digital signage challenges.

To aid decision-making, we offer a formal comparison of these image analysis models, outlining their strengths and
weaknesses in the context of digital signage. In summary, this paper sheds light on the potential of Al-powered image analysis
in boosting the effectiveness of digital signage. It serves as a practical guide for those looking to implement image analysis
solutions in this domain and suggests future research directions.

Keywords— Digital Signage, Artificial Intelligence, Image Analysis

16



International Engineering and Technology Management Summit 2023—- ETMS2023
Istanbul Technical University & Bahgesehir University

Corporate Sustainability Maturity Model Development
Aysegul Arisoy®!, Ecesu Bekki®?, Melike Kapisuz®?, Dilara Yigit®*, Alper Camci®®,
Gul Tekin Temur®6

2 Engineering Management Department, Bahcesehir University, Turkey
b Industrial Engineering Department, Bahcesehir University, Turkey

laysegul.arisoy@bahcesehir.edu.tr. ?ecesu.bekki@bahcesehir.edu.tr.
‘melike.kapisuz@bahcesehir.edu.tr. dilara.yigit@bahcesehir.edu.tr.
Salper.camci@bau.edu.tr. ®gul.temur@bau.edu.tr.

Abstract— Corporate sustainability is becoming an increasingly important component of institutional growth. Amongst the
most difficult issues for companies in today’s world is navigating their evolution into ideal sustainable organizations.
However, every suitability level necessitates a unique set of factors for each corporate structure. Therefore, this research
proposed a corporate sustainability maturity model (CSMM) that organizations might employ to perform self-assessments,
define their present level of sustainability maturity, and progress into mature sustainable organizations. This proposed
research in corporate sustainability studies predict a business sustainability maturity model as an inventive method to help
firms evolve for sustainable growth. This approach allows almost every organization to analyse its stance in terms of the five
stages of sustainability maturity and, as an outcome, construct an optimized and effective strategic planning along its pattern
of interactions and impact to advance towards greater levels of sustainable development. The proposed maturity framework
is built on the premise that sustainable corporate governance is an ongoing procedure of advancement in which a corporation
will consistently aspire to attain its objective of sustainable development through continuous operation of improved
performance, with each new cycle proceeding to the next phase at an elevated stage of corporate sustainability vision. The
mentioned model is thus adaptive in order to include changes along the process and facilitate its own growth in response to
the business’s and its network partnerships’ performance forward towards the sustainability objective by giving an out-of-
the-box viewpoint. The philosophy of the research methodology was backed by the impact analysis via cause-and-effect
identifications.

Keywords— Corporate Sustainability, DEMATEL, Maturity Model, Sustainability, Sustainable Development
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Abstract— Digitalization stands out as a significant catalyst for organizational evolution. Even when companies successfully
integrate new technologies and implement changes, digital transformation initiatives often face a high risk of failure. This is
primarily because not all employees readily embrace all planned changes. Consequently, organizations encounter substantial
challenges in achieving successful change implementation. The corporate culture plays a pivotal role in the outcome of digital
technology initiatives, with many such initiatives faltering due to cultural misalignment. Organizations are reshaping their
cultures to navigate this complex terrain to align with attributes like interactivity, agility, speed, and connectivity. This
cultural shift is essential for triumphing in the demanding journey of digital transformation. The onset of the Covid-19
pandemic acted as a catalyst for numerous organizations to intensify their pursuit of digital transformation. Companies
swiftly advanced their technological endeavors, introduced sweeping process alterations, and revisited their cultural
paradigms to facilitate change management in today's evolving business landscape. A fundamental question emerges: can
the adoption of digital technologies foster a culture that supports digital transformation? In this context, the culture of
change becomes increasingly critical. It signifies the extent to which an organization is dedicated to the continual
enhancement of methods, technologies, and practices. Embracing a new culture of participation marked by minimal barriers
to generating shared knowledge is attainable through a changing culture in the digital sphere. Nevertheless, despite its
growing significance in the digitalization journey, organizations seem to face difficulties in enhancing their change culture.
Developing a “change culture” is a critical success factor in the digital transformation process.

Culture represents the foremost factor in upholding core values and ensuring employee engagement with minimal resistance.
Suppose the presence of certain digital competencies in employees becomes an accepted requirement. In that case, it will be
easy to build a culture of change in the context of digitalization: Digital skills developed through collaboration and
networking are digital knowledge, information management, digital communication, networking, continuous learning,
strategic vision, network leadership, customer orientation. It is commonly assumed that a stronger change culture within
organizations leads to a higher likelihood of continued usage of new digital technologies. Some factors limit the facilitating
role of change culture in the digital transformation process such as the “uncertainty avoidance” dimension of national
culture.

Employees’ insecurity about the future to handle extreme uncertainty can be diminished through designing a change culture.
Given that digital technologies are best described as a continuous state of change, influenced by occasional bursts of
transformation they can introduce uncertainties into organizations. Therefore, it becomes crucial to gain insights into the
nature of these uncertainties and how best to manage them. Organizations should redesign the change culture to handle
extreme uncertainty in the context of digitalization.

Considering the literature on digitalization, it can be seen that the importance of organizational culture and digital culture
in the digitalization process are examined. The explanation of the elements and correlates of “change culture” in the
digitalization process are missing in the literature. In this study, what affects the culture of change in the context of
digitalization and the effective elements in building the culture of change to handle extreme uncertainty are mentioned.

Keywords— digitalization, digital culture, culture of change, resistance to change, uncertainty
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Abstract— Customer churn, often described as the tendency for customers to discontinue their engagement with a company
within a specific timeframe, has emerged as a substantial concern and a primary obstacle encountered by numerous
companies on a global scale. Customer potential is very important for the continuity of companies. Therefore, this study
focuses on customer churn prediction. The primary objective of this research is to develop a model capable of accurately
predicting customer churn. To achieve this objective, the e-commerce customer churn problem is addressed as a
classification problem. In this context, a deep learning methodology based on data preprocessing has been developed. Firstly,
Unequal distribution of classes in the data was eliminated using SMOTE analysis, and then the developed deep learning
algorithms were applied on the original data and the preprocessed data. In this study, e-commerce dataset taken from Kaggle
platform was applied. The experimental results show that recommended mehodology successful results have been achieved
in predicting customer churn. With SMOTE analysis, the accuracy rate of the unequal distribution of classes in deep learning
methods has been increased. The effectiveness of the proposed method has been shown in comparisons with machine learning
methods. Finally, the results demonstrate the significance of accurate customer churn forecasts for strategic planning.

Keywords— Customer Churn, Prediction, Deep Learning, Machine Learning, SMOTE
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Abstract— The concept of Fuzzy Pythagorean refers to the application of fuzzy logic principles to the Pythagorean theorem.
Clustering is an algorithmic technique that integrates fuzzy logic components, and the Pythagorean means to categorize data
points into distinct clusters. This approach is particularly advantageous in scenarios where conventional crisp clustering
techniques may not be suitable, such as instances where data points exhibit membership in many clusters to variable extents.
Fuzzy Pythagorean Clustering is especially advantageous in scenarios when data points demonstrate diverse levels of
resemblance to various clusters. This procedure enables a more intricate portrayal of cluster affiliations than conventional
crisp clustering techniques such as K-means. This methodology can be employed across several domains, such as pattern
recognition, image segmentation, and data analysis, whereby managing uncertainty and incomplete memberships is
paramount. Maintaining customer retention is of paramount significance for corporations.

Given that user acquisition expenditures are expended to include customers in the system, it is crucial for users to remain
within the system and generate revenue to enhance the company's profitability. To improve this rate, corporations undertake
specific campaigns or engage in the calculation of user acquisition costs. Companies with a substantial client base must
engage in customer segmentation, as customers may possess qualities that make them eligible for multiple segments. Fuzzy
clustering techniques can be employed as an alternative to traditional clustering approaches. This study aims to utilize the
fuzzy Pythagorean clustering approach to enhance the accuracy of predicting user retention in the system.

Keywords— Fuzzy logic, Clustering, Fuzzy Pythagorean Clustering, Customer Retention Prediction, Classification
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Abstract— This paper segments small business customers using a modified RFM method and K-Means.
Segmenting customers is hard for small businesses since they usually have a smaller number of customers
hence less data. This article shows that they can segment their customers with simple algorithms as well. The
resulting clusters may not be distinguishable, but it still may give marketing and business professionals a
starting point to start allocating their resources and target segments.

Keywords— customer segmentation, RFM analysis, K-means, B2C, early-stage apps
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Abstract— Gait disorders are significant health issues that can arise, particularly due to neurological conditions or accidents.
Objectively evaluating and monitoring these disorders using traditional methods is challenging. Therefore, using advanced
technological tools, such as the Kinect v2 Xbox One camera sensor supported by Machine Learning methods, can provide
doctors with opportunities for more in-depth gait analyses. In this study, the body angles of subjects while walking for a
specific duration were recorded using two Kinect camera sensors. The angular data are complemented by data from a
smartwatch. The collected data were processed using supervised machine-learning techniques. The resulting models provide

insight into gait disorders objectively instead of traditional subjective observational therapies. As such, our research presents
a novel tool for the detection of gait disorders.

Keywords— Kinect, sensor, artificial intelligence, machine learning, MS
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Abstract— The rapid changes in the digital economy today have brought about an increasing interest among investors in
blockchain-based crypto assets. This study focuses on the use of a multi-criteria decision-making (MCDM) approach to make
effective decisions in the crypto asset investment process. In this context, the determination, weighting, and subsequent
evaluation of criteria and alternatives are planned to be carried out using fuzzy logic-based MCDM methods. In the proposed
model, a criterion structure comprising 3 main criteria and 13 sub-criteria is defined. The main criteria are identified as
financial performance, risk factors, and technical-based factors, while the sub-criteria, including security, potential return,
transaction speed and market volatility, are determined through literature review and expert opinions. These selected
criteria are designed to encompass various aspects of crypto asset investment. For determining criterion weights and ranking
alternatives, Fuzzy Weighting, Fuzzy TOPSIS, SWARA, DEMATEL, and similar MCDM methods are employed. Expert
opinions and surveys are utilized as fundamental data sources for the application of fuzzy logic-based methods. Thus, the
relative importance of criteria and preference rankings among alternative crypto assets are obtained. In conclusion, this
study aims to enhance the decision-making process in the crypto asset investment by ensuring a more sound and knowledge-
based approach. The utilization of a fuzzy logic-based multi-criteria decision-making approach provides investors with a
more objective guidance and the potential to mitigate risks. However, it should be noted that this study serves as a scientific
guide, not an investment advice.

Keywords— Cryptocurrency, Fuzzy SWARA, Fuzzy DEMATEL, Fuzzy TOPSIS, Investment Criteria for Cryptocurrency
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Abstract— The digital transformation emphasized among industries has become vital in the modern era, with logistics
companies at the forefront in adopting innovative technologies to enhance their operations. The significance of this study lies
in its contribution to guiding logistics companies in their digitalization journey and enhancing their understanding of
Industry 4.0 and preparing their path towards Industry 5.0 principles. This study presents a detailed maturity model
specified to assess the digitalization readiness of logistics companies, employing an approach of dimensions to evaluate key
features of their digital initiatives. The Digitalization Maturity Model (DMM) encompasses dimensions related to different
aspects of industry 4.0 implementation. The developed model will apply among a logistics company, and the digital maturity
is analysed and rated across various sub-dimensions.

Keywords— Industry 4.0, Digitalization, Maturity Model, Industry 5.0, Logistics
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Abstract— The prediction of earthquakes is a critical field of study in seismology and geophysics due to their substantial
risks to human lives and infrastructure. The conventional approaches to earthquake prediction frequently depend on
historical data and empirical models, which exhibit restricted accuracy and lead times. In recent times, the use of machine
learning methodologies has surfaced as a promising approach for enhancing earthquake prediction capabilities. One of the
key benefits of machine learning is its capacity to effectively evaluate extensive and heterogeneous datasets, encompassing
seismic waveforms, geographical data, and historical records about earthquakes. By utilizing these data sources, machine
learning models can discern concealed patterns and connections, thereby offering significant insights into the anticipation of
earthquakes and the spatial and temporal distribution of seismic occurrences. In addition, machine learning algorithms have
demonstrated potential in real-time seismic monitoring systems, facilitating the implementation of early warning
mechanisms and expediting reaction techniques. These systems can offer crucial seconds to minutes of advanced warning,
potentially preventing loss of life and reducing damage in locations susceptible to earthquakes. The dataset used in this study
consists of earthquake data that occurred in Turkey between 1915 and 2023, taken from the Kandilli Observatory of Bogazigi
University. Traditional and ensemble learning approaches were applied for future earthquake prediction. The results of
these algorithms were compared briefly.

Keywords— Earthquake prediction, machine learning, ensemble learning, cross-validation
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Abstract— We study the impact of uncertainty in economic policy on firms’ overall ESG performance and whether
the market competition has a moderating effect on this relationship. Heterogeneous structure of cross country ESG
scores and global increase in the economic policy uncertainty over the last decade heighten the need for a
comprehensive analysis of the relationship between the two. Therefore, we extend previous analyses including 40
developed and developing economies, covering both the pre-post COVID-19 period of 2006 to 2022. We find that the
relationships between ESG, economic policy uncertainty and competition are not country development level specific.
Corporate overall ESG performance improves facing increasing economic policy uncertainty. While, ineffective to
ESG alone, higher competition intensifies the impact of economic policy uncertainty on corporate ESG performance.
Results are consistent with the stakeholder theory both for developing country firms and a larger group of developed
country firms.

Keywords— ESG, CSR, WPI, Economic Policy Uncertainty, Market Competition, Corporate Social Responsibility
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Abstract— The importance of renewable energy sources has a great impact on environmental sustainability, energy security
and economic development. Unlike energy production based on fossil fuels, renewable energy sources do not harm the
environment, reduce greenhouse gas emissions and play a critical role in the fight against climate change. Moreover, the
integration of the renewable energy sector and digital technologies ensures that the energy sector is more efficient,
sustainable and safe. This increases energy security by securing energy supply while supporting environmental sustainability
goals. Therefore, the importance of this integration plays a great and indispensable role in the energy sector of the future. In
addition, identifying the emerging digital technology that the industry needs is supportive in decision processes in terms of
managerial and practical industry applications. Therefore, this study aims to determine which technology is more important
in the renewable energy sector. In total 8 different emerging digital technologies are presented in this study, and fuzzy
DELPHI method is employed to evaluate them. According to the results, Internet of Things, Artificial Intelligence (Al) &

Machine Learning (E2), and Big Data Analytics are found as the most important technologies for the renewable energy
sector.

Keywords— Emerging Digital Technologies, Renewable Energy, Fuzzy DELPHI, Digital Transformation
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Abstract— Additive manufacturing offers several advantages in terms of cost and design flexibility compared to production
by traditional machining. However, the high initial investment costs of selective laser melting (SLM) machines used in the
production of metal components necessitate the effective use of these facilities. Studies in this field have appeared in the
literature recently and have been taken into consideration even by more researchers. However, the number of studies
focusing on energy is quite limited. In this study, a mixed integer programming model is proposed for the energy-efficient
scheduling of SLM machines. The developed model has been coded in Python and executed using Gurobi Optimizer.
Computational tests have been carried out following the demonstration of the problem characteristics and the solution ability
of the model through a numerical example. The performance of the developed model has been tested through data sets in
different sizes and complexity levels created by considering the parameters related to the machines used and the parts
produced. Since the study aims to ensure the effective use of both environmental resources and production systems, it will
have an important effect in both real-life applications and literature, especially in terms of sustainability.

Keywords— Batch scheduling, additive manufacturing, energy consumption, mathematical modelling,
optimization
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Abstract— Industry 4.0 is reshaping manufacturing firms' business models through the adoption of cutting-edge
communication, information, and intelligence technologies (Ibarra et al., 2018; Rufimann et al., 2015). These technologies,
such as additive manufacturing, artificial intelligence, big data analytics, blockchain, cloud computing, industrial internet of
things, and simulation, have the potential to drive innovation, competitiveness, and sustainability within industrial systems
(Dalenogare et al., 2018; Bai et al., 2017; Muller et al., 2018; Stock and Seliger, 2016). A critical element gaining significant
attention in Industry 4.0 is digital twin technology, enabling virtual representations of physical assets and processes. These
digital twins enable real-time monitoring, predictive maintenance, optimization, and informed decision-making by
leveraging data and simulation models. In the context of Industry 4.0, digital twin technology holds the promise of
revolutionizing industries. Successful integration of ontologies, data analytics, and simulation models is vital for effective
digital twin systems. However, challenges related to data integration, interoperability, and standardization must be
addressed. A specific use case involves developing a digital twin for the preheating, oven cabinet, and topcoat painting
processes in tractor body production at the TurkTraktdr factory. The primary goal is to enhance process monitoring and
improve operational efficiency. Implementing the digital twin and process automation will enable TlrkTraktdr to maintain
continuous operation of the proposed Robotic Automation Process in the production line, ensuring high-quality parts.
Applying the same methodology and digital twin across the production line could lead to improved process quality, meeting
customer demands promptly and sustainably. This optimization of production schedules and cost reduction will provide key
advantages for TUrkTraktor.

The case study is based on the findings of the ITEA4 18023 Oxilate project. (https://itead.org/project/oxilate.html)

Keywords— digital twinning, process automation, industry4.0, operational efficiency, predictive maintenance, optimization,
informed decision-making
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Abstract— The Stirling engine is a promising alternative to traditional internal combustion engines due to its high efficiency
and low emission characteristics. However, the efficiency of Stirling engines is limited by the heat transfer losses between the
hot and cold sides of the engine. The regenerator, a heat exchanger that stores and releases thermal energy during each cycle,
plays a crucial role in reducing these losses and improving the engine's thermal efficiency. By using a regenerator, the Stirling
engine can achieve higher thermal efficiency, lower fuel consumption, and reduced environmental impact, making it an
attractive option for various applications such as power generation, transportation, and heating/cooling systems. The
performance improvement of Stirling engines is a topic of interest, and the design of the Stirling regenerator plays a crucial
role in this regard. In this study, we present a theoretical approach to enhance the Stirling thermal performance using a 2D
numerical investigation based on the MVCEF numerical method. The Navier Stocks equation coupled to energy equation
are both discretized for the fluid zones and the porous zone (i.e., Stirling regenerator). We compare two cases under identical
thermal and dynamic boundary conditions: a classical unique regenerator and a multi sub-regenerator. Our results show
that increasing the number of sub-regenerators enhances the thermal performance of the Stirling engine. We demonstrate
that a minimum of three sub-regenerators with homogenous geometrical and physical properties can provide the desired
efficiency. Our findings suggest that multi sub-regenerator is a key solution to achieve higher Stirling engine efficiency.

Keywords— Stirling engine, Stirling regenerator, porous medium, Sub-regenerator, Thermal performance.

30



International Engineering and Technology Management Summit 2023—- ETMS2023
Istanbul Technical University & Bahgesehir University

Exoskeletons In Manufacturing Ergonomics: Acceptance
And A Research Agenda

Oguzhan Erding

Bahgesehir University, Istanbul, Turkey

oguzhan.erdinc@bau.edu.tr

Abstract—The traditional definition of industrial ergonomics; “fitting work to human,” is challenged by exoskeleton

technology in manufacturing environment. Exoskeletons are wearable support equipment that reduces the biomechanical
load on workers’ musculoskeletal system. Exoskeletons are used to increase the force that workers can apply, and to protect
the body from adverse effects of common ergonomic risks in manufacturing such awkward postures, excessive force exertion,
and manual handling. This promising technology, which attempts to “fit human to work requirements,” can change the
industrial ergonomics landscape substantially, if it proves effective, as well as usable in natural work environment. While
some studies show the potential of exoskeletons in minimizing the effect of ergonomic risks and enabling worker to carry out
physical tasks which are beyond human capabilities, other studies highlight the problems in using them in practice, such as
anthropometric fit and comfort issues. The present study introduces exoskeletons as a new manufacturing technology, and
discusses the potential changes they would bring to manufacturing ergonomics.

Keywords— Industrial ergonomics, manufacturing, exoskeletons
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Abstract— Technological innovation and entrepreneurship are the cornerstones of the development in today's complex and
uncertain environment. One of the most important technological developments of recent years is the development of of Web
3.0 technologies like blockchain, decentralized networks, virtual and augmented reality, etc. The aim of this paper is to
explore the relationship between individuals' knowledge about web 3.0 technologies and their familiarity with the complex
thinking styles like systems thinking and design thinking, and their entrepreneurship drive. A survey instrument was used
to collect data and later analyzed to assess statistical relationships between the variables. Results of the analysis suggests that
individuals with knowledge about web 3.0 technologies are more likely to have higher entrepreneurship drives and
propensity to establish their own businesses. One major implication of this paper is that learning about Web 3.0 technologies
increases one’s drive to create new business ventures.
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Abstract— The developments in information and communication technologies (ICT) have brought about radical changes for
society and industry. Especially the growth and globalization of digital technologies like the Internet of Things, Artificial
Intelligence (Al), and robotics towards the end of the 20th century initiated a transformation process in social and economic
life. Digital transformation has also affected all sectors. Agriculture sector was one of the sectors that changed considerably
due to the smart technologies. Smart agriculture practices were deemed to be important to achieve United Nation’s
Sustainable Development Goals. Hopefully, good examples of Smart Agriculture practices were developed in Kasaplar
Village, Aydin, Turkey. This research aims to investigate the reasons behind smart agriculture practices. Furthermore, a
mixed research method is used to learn the affects of smart agriculture applications in Kasaplar Village.

Keywords— Smart Agriculture, Kasaplar Village, Tabit, Vodafone Farmers’ Club
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Abstract— Climate change poses one of the greatest threats to humanity. Rising global temperatures are disrupting weather
patterns and increasing the frequency and intensity of extreme weather events. One of the main contributors to climate
change is the emission of carbon dioxide (CO2) from human activities such as the burning of fossil fuels. Accurate prediction
of future CO2 emissions is critical for developing effective climate policies and mitigation strategies.

Machine learning algorithms show promise for modelling complex environmental systems and predicting CO2 emissions.
One algorithm that has performed very well is Random Forest. Random Forest uses an ensemble of decision trees to capture
nonlinear relationships between input variables. This capability makes it well suited to understanding climate change, which
results from interactions between environmental, economic, and social factors.

We applied Random Forest to predict CO2 emissions based on socioeconomic factors. The dataset contained national-level
time series data on employment, population, and CO2 emissions in million metric tons (Mt) of carbon dioxide equivalent.
Random Forest was chosen for its high accuracy on large, multivariate datasets such as this one. Our Random Forest model
achieved an exceptionally high R-squared value of over 0.98 compared to actual historical CO2 emission levels. The result
shows that the model fits the training data well. The small difference between the predicted and actual values shows that
Random Forest can discover complicated relationships between emission patterns.

Socioeconomic factors clarify the link between human activities and environmental repercussions in our research. Strong
model performance suggests policy analysis possibilities. It might assess how economic and demographic situations impact
future emissions routes with precision. Overall, machine learning methods like Random Forest are promise for climate
change decision assistance.

Keywords— Climate Change, CO2 Emissions, Random Forest, Socioeconomic Factors, Prediction Accuracy
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Ozet— Guiniimiizde teknolojinin ¢ok hizh bir sekilde gelismesi dzellikle havacilik sektorii gibi projeleri uzun vadelere yayilan
sirketlerde bir belirsizlik unsuru olusturmaktadir. Bahse konu olan belirsizlik, biitceleme, insan kaynagi, yatirim ve is birligi
gibi proje asamalarinda planlama yapilmasini zorlastirmaktadir. S6z konusu belirsizligin yarattid1 en biiyiik risklerden biri,
ozellikle uzun vadeli projelerde, rekabet avantajini gelisen teknoloji karsisinda kaybetmis bir iiriin iiretmis olmaktir. Bu
nedenle rekabetci ortam icerisinde bulunan simirh kaynak sahibi sirketlerin, teknoloji yol haritalarinda bulunan teknoloji
konularindan gelecekte yiiksek etkiye sahip olabilecek olanlari analitik bir sekilde belirleyecek karar destek mekanizmasina
ihtiyac1 bulunmaktadir.

Bu ¢alismada farklh tiir hava araci iiretim kabiliyetine sahip bir havacilik sirketinin teknoloji yol haritasinda bulunan
teknoloji konularinin ¢ok boyutlu olarak ele alinmasi ve dnceliklendirmesine yonelik gelistirilen metodoloji sunulmaktadir.
Onceliklendirme metodolojisinde, kriter agirhklandirma metodolojisi olan FUCOM (Full Consistency Method) ve konu
alternatiflerini birbirleri arasinda siralama metodolojisi olan TOPSIS (Technique For Order Preference By Similarity To
An Ideal Solution), kullamlarak teknoloji konular1 belirlenen kriterlere gore siralanmaktadir. Kriterlerin belirlenmesi
asamasinda literatiir taramalar1 yapilmis ve sirket icerisindeki alan uzmanlari ile nihai kriter seti olusturulmustur. Kriter
seti icerisinde; cift kullamim, hedef market, ihrac lisansi ve kisitlayici uluslararasi diizenlemeler, islevsellik, teknoloji hazirhik
seviyesi (THS), platform, rekabet gibi parametreler degerlendirmeye alinmistir. Gelistirilen 6nceliklendirme metodolojisi
yatirim planlamalar1 ve AR-GE projelerinin baslatilmasi asamasinda analitik bir karar destegi saglamaktadir.

Anahtar Kelimeler - Teknoloji Yol Haritasi, THS, FUCOM, TOPSIS, Onceliklendirme, Karar Verme, Karar Destek Sistemi
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Abstract— To investigate the feasibility of recovering exhaust heat from an internal combustion engine using a Stirling
engine as a cogeneration device, a specific heat exchanger is required. This heat exchanger transfers heat from exhaust gas
to the Stirling engine's working fluid (nitrogen). In this paper, we perform theoretical energetic analyses of this heat
exchanger and describe its performances based on energetic and exergetic parameters. We introduce a new exergetic
parameter, called the exergetic effectiveness, which allows for a comparison between the real and ideal heat exchanger,
considering the Second Law of Thermodynamics. We also present a global analysis of the exergetic flux associated with the
heat exchanger inserted in the micro-CHP system. This analysis shows how exergy destruction is distributed among the
different components of the system and can help identify areas for improvement and optimization. Our results provide
insights into how to improve the efficiency of the system by minimizing exergy destruction in its different components.

Keywords—heat exchanger, optimization, exergetic analysis, pressurized nitrogen
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Abstract— Methane emissions from agriculture present an urgent issue within the framework of global climate change.
These emissions, which act as powerful greenhouse gasses, play a significant role in amplifying the warming effect on Earth's
atmosphere. Such warming has profound consequences for both ecosystems and human societies. Accurate prediction of
these emissions represents not just a scientific challenge but also a crucial step towards enlightened policymaking, sustainable
agricultural practices, and effective climate change mitigation strategies. The intricate nature of these emissions, subject to
many influencing factors, demands sophisticated modelling techniques. Machine learning, renowned for recognizing
patterns within intricate datasets, emerges as a promising approach. In this context, Support Vector Regression (SVR) stands
out due to its capability to set decision boundaries rooted in empirical data. Yet, the efficiency of SVR models hinges greatly
on the choice of optimal hyperparameters. To address this challenge, genetic algorithms came into play to refine the
hyperparameters of the SVR model. Using attributes such as population and agricultural employment, an endeavour was
undertaken to forecast agricultural methane emissions. The results obtained showed significant potential. The enhanced
SVR model, optimized through the use of genetic algorithms, achieved an impressive R? value of 0.9286, highlighting
remarkable predictive accuracy. Overall, this study advances agricultural and environmental science by presenting a new
methodological approach. It shows how SVR and genetic algorithms can improve the prediction of agricultural methane
emissions. More than just a technical milestone, this research illuminates a path for subsequent initiatives to curtail the
detrimental effects of agricultural methane emissions and highlights the pivotal role of cutting-edge modelling in the ongoing
fight against climate change.

Keywords— Methane emissions, Agriculture, Support Vector Regression (SVR), Genetic algorithms, Climate change
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Abstract— Effective waste management, particularly for municipal waste, is crucial for ensuring economic, environmental,
and social sustainability. Waste-to-Energy (WtE), a method that transforms waste into electricity or heat energy, is a
significant approach to mitigate municipal waste. In this study, we developed a multi-objective mixed integer programming
model to determine the optimal locations of Waste-to-Energy (WtE) facilities. The three objectives of the mathematical model
were as follows: (1) minimizing total costs, including investment cost of incineration facility, transportation cost, and
operating costs; (2) maximizing energy generation; and (3) minimizing greenhouse gas emission. The proposed model
integrates constraints related to the monetary equivalence of objectives, facility location, capacity limitations, mass and flow
balances across municipalities, transfer stations, recycling centers, and landfills. We applied this model to a practical scenario
in Istanbul, Turkey, demonstrating its real-world applicability.

Keywords— Incineration, mathematical model, municipal solid waste, waste management, waste to energy (WtE).
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Ozet— Bir perakende ve e-ticaret isletmesi icin depo yonetimi siireglerinin etkinliginin artirilmasi, hem miisteri hizmet
diizeyinin hem de finansal performansin iyilestirilmesi a¢isindan kritik 6neme sahiptir. Bu dogrultuda, toplam maliyet
icerisinde en biiyiik paya sahip olan siparis toplama siirecinde yapilacak iyilestirmeler isletmelere 6nemli maliyet, hiz ve
esneklik avantajlar1 sunacaktir. Bu calismada, ilk olarak, bir perakende isletmesinden alinan gercek hayat verileri ile
toplayicilara atanacak siparislerin gruplanmasi probleminin ¢6ziimii icin k-ortalamalar ve bulamik c-ortalamalar
algoritmalar1  gibi kiimeleme algoritmalar1 kullanilmistir. Kiimeleme algoritmalarinin performansi Silhoutte indeksi
kullanilarak degerlendirilmistir. Daha sonra, siparis toplama probleminin ¢6ziimii icin bir matematiksel model
gelistirilmistir. Modelin NP-Zor yapisindan dolay1 genetik algoritma esash bir ¢oziim yaklasmm 6nerilmistir. Onerilen
yaklasimin etkinligi, tasarruf ve en yakin komsu algoritmasi gibi sezgisel yaklasimlar ile karsilastirilarak degerlendirilmistir.
Sayisal sonuclar, dnerilen kiimeleme algoritmalar: ve genetik algoritma esash melez yaklasimin tasarruf ve en yakin komsu
algoritmasi gibi sezgisellerden daha iyi sonug¢ verdigini gostermektedir.

Anahtar Kelimeler— Perakendecilik, Siparis Gruplama, Siparis Toplama, K-Ortalamalar, Bulanik C-Ortalamalar, Genetik
Algoritma
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Abstract—During COVID-19 pandemic, numerous studies have examined employee performance as a major determinant of
organizational success. In such hard times, there was no noticeable focus on engineers’ performance despite their critical
roles and increased responsibilities. Thus, this research is initiated to explore the pandemic impact on engineers’
performance. Survey data from 100 engineers have been analyzed using Partial Least Square Structural Equation Modeling
(PLS-SEM), reliability and validity of the constructed model have been ensured using a recently proposed measurement
model quality assessment method. The results suggest a total positive impact of COVID-19 pandemic on engineers’
performance through Organizational Change, Work-Life Balance, Job Satisfaction and Stress as mediator variables. The
level of stress experienced by the examined engineers has been found to increase the performance rather than the opposite
expectation, and more experienced and non-married engineers are observed to have relatively increased performance than
others

Keywords—COVID-19, Engineer Performance, Employee Performance, Organizational Change, Partial Least Square
Structural Equation Modeling (PLS-SEM)
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Abstract— This Public transportation plays an important role in sustaining mobility in cities. With the changing conditions
such as political changes, technological developments, passenger behaviors, etc., directly affect the system. To understand
and handle changing conditions, external analysis is applied to the systems. PESTLE analysis is applied as an external
analysis with a fuzzy approach for public transportation in this study. The Intuitionistic Fuzzy Set was used for fuzzy AHP
to discover the importance level of PESTLE criteria by transportation experts which are political, economical, social,
technological, legal, and environmental. Regarding findings the most important criterion is social factor, the second one is
technological issues. This study will guide transportation authorities and operators to adapt with respect to changing
conditions.

Keywords— PESTLE analysis, Fuzzy AHP, Intuitionistic Fuzzy Set, public transportation
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Abstract— The main difference between intermittent demand and non-intermittent demand is having zero values for some
time periods which are designated as intervals to make it a time series. As a general usage, one interval value is selected for
software packages to be used for all stock keeping units (SKU). When demand distribution is analyzed on a SKU basis, if
the demand frequency is higher than the selected interval of the time series then it would be fast moving demand. On the
contrary, it is slow moving or intermittent demand while the demand frequency is less than the designated time interval. It
can be assumed that all demand distributions are intermittent according to real-time demand incidents since there is not a
stationary interval in real-life examples. It is aimed with this paper to use a relatively new method to forecast expected
demand and expected occurrence in the next forecasting period for automotive spare parts. Intermittent demand
forecasting is sustained to be started with Croston in 1972 which is derived from single exponential smoothing. In this
method, trend and seasonality are ignored and it is accepted to be positively biased. To eliminate these deficiencies new
methods have been introduced, e.g., Holt-Winter, Syntetos&Boylan Approximation (SBA) and Teunter, Syntetos and
Babai (TSB). In this study, Croston’s method, SBA and TSB methods are used for intermittent demand forecasting of
automotive spare parts and evaluated comparatively based on forecast error types. Mean squared error, root mean
squared error and mean absolute error are calculated in terms of forecast error for this study.

Keywords— Intermittent demand, forecasting, time series, demand interval, spare parts, aftermarket.
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Abstract— Selection of the most suitable radiotherapy device is a very critical decision for a hospital. In the realm of
oncology, radiotherapeutic apparatus encompasses a diverse array of technological modalities, each distinguished by its
distinctive attributes, functionalities, and factors to be taken into account. This study aims to select the most suitable
radiotherapy device for healthcare institutions. Hesitant fuzzy AHP was used as the preferred method to handle ambiguity,
and vagueness in such a complex decision-making problem where, also, hesitant preferences are provided by decision
makers. The proposed hierarchical decision model consists of five main criteria such as technical characteristics; training,
installation, and utilization; warranty, and maintenance; economic; and brand’s features. A real-world case study is
presented to elaborate the use of proposed model and methodology. Following a rigorous evaluation conducted with
specialists having diverse expertise, the paramount factor that surfaced in the process of selecting a radiotherapy device was
found to be the technical characteristics.

Keywords— Medical Device Selection, Hospital, Radiotherapy Device, Multi-criteria decision making, Hesitant Fuzzy AHP

43



International Engineering and Technology Management Summit 2023—- ETMS2023
Istanbul Technical University & Bahgesehir University

Reflections on the Effects of Spatial Planning from The
Perspective of Disaster Prevention and Control Planning

Berna CALISKAN

Department of Civil Engineering, Istanbul Technical University, TURKEY

caliskanberl8.itu.edu.tr

Abstract— The consequences of globalization bring about the fact that the world is becoming a place where urban planning
has primarily focused on the economy, function, and aesthetics of urban areas, and paid insufficient attention to disaster
prevention and mitigation. When disaster strikes suddenly, infrastructure and transport systems are likely to be affected.
Moreover, the lack of access, coordination, and standardization of emergency medical or infrastructure resources can
negatively influence decision-making and execution capabilities. In this sense, “urban resilience” appears as a wide-ranging
concept dealing with various social, economic, cultural, environmental and spatial dimensions. Turkey’s biggest disaster
affected 10 out of the 81 provinces, which contain the hometowns of 13.4 million people and 3.3 million households,
approximately 16 percent of Turkey’s total population in February 2023. It has become urgent to plan disaster prevention
considerations to be incorporated in urban planning including land use plan and earthquake-resistant design regulation, etc.
This paper examines awareness and understanding of the protecting environments for disasters by building urban resilience
in Istanbul Metropolitan area for sustainable development.

It has become urgent to incorporate disaster prevention considerations in urban planning, including land use plans and
earthquake-resistant design regulations, etc. This paper examines awareness and understanding of protecting environments
from disasters by building urban resilience in the Istanbul Metropolitan area for sustainable development. The study
presents the role of spatial planning in building a resilient city by geographic information system-based assessment in ArcGIS
environment specifically for the context of natural hazards in the urban environment. The context of the hazard has a
significant impact on vulnerability since it shapes individual effects and behaviors, history, politics, culture, geography,
institutions, and natural processes. For instance; land use, public infrastructure, the difficulty bearing in the population, and
prior exposure to dangers can fall under this category. Previous approaches to urban development have focused on spatial
planning that provides for the economic and physical expansion of the city, but have not incorporated protection against
disasters. Urban cities are uniquely well placed to take a more agile and resilient approach to their future planning and need
to shift their focus to more people-oriented planning and urban renewal. The spatial interaction of urban resilience is helpful
to define the interventions essential to designing and building the adaptation of the built environment. Results demonstrate
how mapping resilience aids the spatial planning decision-making processes, indicating where and what interventions are
necessary to adapt and transform the system.

Keywords— urban resilience; spatial planning; disaster prevention; spatial mapping; decision-making
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Abstract— This research explores the important area of product retrieval in the automotive sector, specifically

emphasizing remanufacturing as an eco-friendly alternative. We identify the need for effective product recovery methods
and explore various recovery options. We examine the process of remanufacturing, highlighting its importance for both
environmental sustainability and the economy, all while drawing comparisons with traditional manufacturing methods.
We provide a thorough analysis of previous research and insights related to product recovery, elucidating the current state
of knowledge in this field. We analyze the automotive sector, presenting implications of leading automakers such as
Mercedes-Benz, BMW, Volkswagen, Toyota, Volvo, Ford, and Renault. These implications shed light on their
remanufacturing activities and initiatives, illustrating their commitment to sustainable practices and the circular economy.
We aim to offer valuable insights into the practical application of remanufacturing and its role in product recovery
methods within the automotive industry by examining major industry players. Additionally, it addresses common
challenges faced during remanufacturing processes. By exploring these topics, this research contributes to a deeper
understanding of remanufacturing as a crucial element in sustainable product recovery within the automotive sector. It
highlights potential benefits not only for the environment but also for the economy.

Keywords— Product recovery, remanufacturing, automotive industry
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Abstract— In the ever-evolving landscape of project management (PM), the integration of Artificial Intelligence

(Al) has emerged as a transformative force. Al-based project management, or Al-PM, leverages machine
learning, data analysis, and automation to enhance various aspects of project planning, execution, and
monitoring. Al also plays a pivotal role in risk management and contingency planning, aiding in the
identification and mitigation of potential obstacles. Furthermore, Al facilitates the automation of routine tasks,
streamlining project workflows, and improving efficiency. It fosters collaboration and communication through
natural language processing (NLP), and it supports decision-making processes with advanced decision support
systems (DSS). While Al holds immense potential in project management, ethical considerations, data privacy,
and the need for human-Al collaboration should not be overlooked. In conclusion, Al-based PM represents a
paradigm shift in the field, offering organizations the tools to achieve greater project success rates and maintain
competitiveness in a dynamic business environment. Under current conditions, with the complexity in risks and
uncertainties, resource controls, schedule, stakeholder and scope management reaching a significant level,
research shows that using artificial intelligence in project management will provide many benefits to project
managers. This article explores the multifaceted role of Al in PM, investigating its core components,
applications, benefits, and challenges. The article emphasizes the power of Al in providing data-driven insights,
predictive analytics, and real-time monitoring, all of which enable project managers to make informed decisions
and optimize resource allocation.

Keywords— Artificial Intelligence, Project Management, Al Based Project Management
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Abstract—Son yillarda otomotiv sektoriinde yapilan yasal diizenlemeler ile araglarda diisiik emisyon oran beklentisi
artmistir. Otomotiv sektoriinde araclarda diisiik emisyon saglayacak cesitli cahsmalar yiiriitiilmektedir. Bu ¢calismalardan
bir taneside aracta agirhk azaltma veya hafifletme calismalaridir. Bu calismada metal malzemeye alternatif yiiksek
dayanima sahip ve agirhik hafifletme calismalarina katki saglayacak plastik malzemeden strut tip amortisoriin koruyucu
govde kapag tasarim gerceklestirilmistir. Yapilan plastik malzeme arastirmasinin sonucunda Pa6é ve Pa66 plastik
malzemesi referans alinarak metal malzeme ile koruyucu govde kapagi ile Ansys sonlu elemanlar yontemi ve dmiir testi ile
karsilastirilmali olarak tasarim dogrulama calismasi yapilmistir. Yapilan calismalar neticesinde metal (ERD6222-DD11) ve
Pa66 malzemelerden tasarlanan kapaklarin 40000 cevrimde omiir beklentisini ve 28450 N basma kuvvetine dayanim

sartlarini sagladig: goriilmiistiir. Maliyet ve agirhk tasarrufu olarak Pa66 malzemenin kullanilmasi daha avantajh oldugu
goriilmiistiir.

Keywords— Termoplastik, Kaliplanabilir Tasarim, Hizh Prototipleme, Sonlu Elemanlar Analizi, Omiir Dayanim
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Abstract—TIn an internal combustion engine (ICE), approximately two-thirds of the energy production by the engine-
combustion is lost. It is striking to note that only 30% of the energy contained in the fuel is used to propel a vehicle, while
the rest is dissipated as heat through the cooling system and primarily through the exhaust, which wastes over approximately
35% of the initial energy. This is the major challenge of the ICE, and several manufacturers are seeking solutions for energy
savings and reducing environmental impact. With this in mind, we have conducted a study that addresses at least one
significant challenge: how to recover the thermal energy waste and convert it into mechanical energy through cogeneration.
Several solutions are possible, but our choice has focused on Stirling engines, which have demonstrated better efficiency
compared to combustion engines and theoretically approach the efficiency of turbines. Implementing such a system is
challenging, requiring highly specific components and a substantial investment. For the current state of progress, an
installation of micro-cogeneration mainly composed of an international combustion engine (ICE), a Stirling engine et a HHO
generator is considered. 7 cases of fuel mixture (% E95, % E85, % HHO) at the inlet of the ICE are simulation. A comparison
between the 7 cases of fuel mixture is detailed in this paper. The effect of every mixture-case on the performances of the ICE
is also discussed.

Keywords— internal combustion engine, micro cogeneration, energy transition, energy optimization, hydrogen.
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Abstract— Digital transformation has emerged as a focal point in the organizational landscape in the past few
years, signalling a shift in effective operations and competitive advantage. This study dives into the diverse world
of digital transformation, with a particular emphasis on the seamless integration of modern digital technology.
These technologies include artificial intelligence, big data analytics, cloud computing, the Internet of Things,
and other advancements targeted at changing many aspects of corporate operations, strategies, and ethos, as it
explores the impact of digital transformation on sustainability, focusing on economic, environmental, and social
aspects.

Keywords—Digital Transformation; Sustainability, Technology Management, Digitalization.
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Abstract—Despite the rapid development of additive manufacturing (AM) technology, manufactured components encounter
still the challenges of durability, reliability, as well as repeatability. This situation is especially resulted from numerous
process parameters, which increase the complexity and lead to defects during manufacturing. Artificial Intelligence (Al) and
specifically Machine Learning (ML) tool appears to be a prospective solution to deal with the challenges and forecast the
defects in AM applications. There is increasing evidence of the advantages of these models in AM assisting the design and
discovery of the materials, process improvement, and shining a light on quantitatively predicting the properties of additively
manufactured parts. ML and Al algorithms clarify the process of the transition of materials from design to manufacturing.
They can enable AM systems to be more reliable and autonomous by optimizing the process parameters for each layer
manufactured and model data-driven correlations between processes, properties, and structures. They can benefit AM
technology by providing the rapid production of designed models and removal of process errors. However, they have some
shortcomings that hinder their applications in AM. This paper attempts to provide insight into the recent progress, future
study trends, and potential of ML applications in AM in terms of analysis of strengths, weaknesses, opportunities, and threats
(SWOT).

Keywords— Additive manufacturing; Artificial intelligence; Machine learning; Opportunities; Strengths; Threats;
Weaknesses
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Abstract— The importance of environmentally friendly business activities has been increasing day by day. One of the issues
that has gained importance recently is green supply chain management. Thanks to green supply chain management,
businesses structure their supply chain activities in a way that causes less harm to the environment. In addition, businesses
that successfully carry out green supply chain management activities can gain a competitive advantage over their
competitors. In order to analyze the effects of green supply chain management practices and competitive advantage on
business performance, this study examines the mediating role of competitive advantage in the effect of green supply chain
management practices on business performance. Within the framework of this aim, a survey has been conducted to
businesses operating in the automotive sub-industry registered with Konya Chamber of Industry (KCI). Findings obtained
as a result of the analysis show that green supply chain management practices and competitive advantage have a positive
and significant effect on business performance, and that competitive advantage plays a mediating role between green supply
chain management practices and business performance.

Keywords— Green Supply Chain Management Practices, Competitive Advantage, Performance, Business Performance,
Automotive Sub-Industry

51



International Engineering and Technology Management Summit 2023—- ETMS2023
Istanbul Technical University & Bahgesehir University

The Role of Culture in The Implementation of Strategic
Leadership in Technological Innovation in The Egyptian
National Railway

Mina Makinl:2 Rita Goyal 2P, and Mehtap Hisarchiklilar 3:C

'PhD researcher at Coventry University, United Kingdom
2 Assistant Professor at Coventry University, United Kingdom
3 Assistant Professor at Coventry University, United Kingdom

aMakinm3@coventry.ac.uk, Pad0037@coventry.ac.uk, cadl527@coventry.ac.uk

Abstract— Strategic leaders are constantly pursuing innovative ideas for improving performance of their organisations. The
quest has intensified with technological developments in different areas. Strategic leaders’ success in obtaining creative
technological innovations and successfully implementing them, has been a subject of several scholarly research. The extant
knowledge claims that the effectiveness of strategic leadership is shaped by the national culture in which organisations are
set. However, the existing literature is limited to studies in the impact of culture on strategic leaders and how that in turn
affects technological innovation, predominantly in the established economies such as the US and the UK. The role of national
culture in effectiveness of strategic leaders in technological innovation in large and complex public sector organisations in
emerging economies is poorly understood. Through this study set in the context of Egyptian National Railways (ENR) the
authors set the agenda of exploring the role of the national culture in strategic leadership’s effectiveness in technological
innovations. The ENR is a suitable context for the study as the field has experienced a substantial amount of technological
innovation within the past 5 years in a region where very little study of culture has been conducted. The paper’s contributions
are four-fold. First the paper sets the agenda of future research in the intersection of strategic leadership technological
innovation and facilitates creation of new knowledge on a topical research area. Second the understanding of innovations in
research methods that can be valuable to other researchers. Third is the contribution to literature by exploring the latest
research on the impact of culture on the implementation of strategic leadership of technological innovation whilst researching
the case of the Egyptian national railway which is a new industry. The fourth contribution is to industry by advising outcomes
of academic research on how national culture impacts the strategic leaders.

Keywords— National Culture, Organisational Culture, Strategic Leadership, Technological Innovation, Egyptian National
Railways
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Abstract— The accelerated growth of industrial activities has led to a growing concern about heavy metal pollution.
Therefore, there is an urgent need to develop effective solutions for remediation. Among the plethora of heavy metals, lead
(Pb(I1)) is of particular concern due to its adverse effects on human health and natural ecosystems. To address this pressing
problem, our study focused on the development and evaluation of a novel composite material, CMC-PEG300- LA @ZIF-8.
This composite material synergistically combines the advantageous properties of hydrogels and metal-organic frameworks
(MOFs) and aims to circumvent the individual limitations of MOFs in terms of capacity, stability, and reusability.

To quantify the effectiveness of the CMC-PEG300- LA @ZIF-8 composite in removing Pb(ll), our study relied heavily on
predictive modeling. From a data set of 724 entries, 20% were reserved for testing. For this modeling, we used the Random
Forest algorithm and optimized the hyperparameters to n_estimators=110, max_depth=14, and min_samples_split=2. The
results of this rigorous evaluation were promising, with a mean square error (MSE) of 1.58 and an R? value of an impressive
0.998.

This high-resolution modeling and compelling results not only highlight the potential of the CMC-PEG300- LA @ZIF-8
composite in real-world applications, but also demonstrate the power of machine learning in materials science research. The
results of this study, encompassing the development, modeling, and evaluation aspects, are likely to make a significant
contribution to the literature and provide insights and methods that could inform future research and applications in the
field of heavy metal remediation.

Keywords— Heavy metal pollution, Lead remediation, CMC-PEG300-LA @ZIF-8, Predictive modeling, Metal-organic
frameworks.
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Abstract— In the recent years, organic phototransistors (OPTs) and gas sensors have attracted considerable
interest due to their unique capability of delivering flexible and wearable (photo)sensor modules for various
applications in the rapidly growing field of flexible electronics. Compared to conventional photodetectors and
inorganic phototransistors, OPTs have an advantage of low-cost fabrication when it comes to their low
processing temperature, as well as their mechanical flexibility and versatile chemical functionality of the organic
materials. OPTs and gas sensors structure is identical to that of an organic field-effect transistor (OFET), where
the channel layer simultaneously plays the sensing role. The three-electrode geometry of an OPT controls and
amplifies signal, while reducing noise and hence improves photosensitivity by simply adjusting the gate voltage
(VG). Recent advances on OPTs have been particularly focused on detection in the ultraviolet (UV) and near
infrared (NIR) regions. Numerous research has been dedicated to NIR sensors for medical diagnostics, for
instance, pulse oximetry or monitoring blood pressure. Herein, we proposed novel, low-power, highly sensitive,
sustainable OFETs, OPTs and gas sensors based on naturally occurring, biodegradable and low-waste materials.
We applied and modified aloe vera (aloin) and cellulose as natural dielectric materials to operate devices at low
voltages. For the active material, we synthesised a selection of DA polymers based on thieno-thiophene (TT) and
naphthalene diimide (NDI) and metal phthalocyanine, to verify their electrical and sensing performances. The
dielectric layers are separately characterised in parallel-plate capacitors and electrical and sensing of the OFETs
are fully tested. We believe that these natural, low-waste OFET devices can be used as gas, chemical and
photoactivated light-receiving, sensing devices with low-operating voltage and good environmental and bias
stress stability.
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Abstract--Workflows can exert significant influence in facilitating adaptable and dynamic interactions among systems.
Workflow management is crucial for enhancing the productivity, reducing errors, and improving the overall efficiency of
organizations. Novel tools are required for researchers to effectively manage the growing complexity of industrial operations.
Process mining is a data-driven approach for analyzing the actual processes based on the digital traces of transactions. This
study proposes the key aspects and the future directions of workflow management using process mining, addressing novel
algorithms and applications.
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Abstract—During building fires a safe and effective evacuation route is important for reducing casualties, and this topic has
been a long-term focus of emergency management. When choosing a safe evacuation route, many factors must be considered
due to the complex structures of buildings and the uncertainty of building fire processes. But it is difficult to get some reliable
conclusions only using fire codes or relying on traditional methods. Therefore, a lot of software has been developed to
calculate the evacuation times and simulate the evacuation behaviour. These models estimate starting from the estimated
time of evacuation from the building to the distribution of the use of individual evacuation routes, to the impact of the
spreading of fire on evacuees. Also, some evacuation modelling software take into account psychological interactions between
evacuees. Consequently, the development of evacuation models is indispensable for proper safety assurance in designed and
constructed buildings.

Keywords— Evacuation, Modeling Method, SIMULEX, BuildingEXODUS, Fire

I INTRODUCTION

In recent years, urban population and urbanization level increase quickly in our country. In a big city, one has to be
in crowded places every day: on public transport, at crowded events, at food and beverage outlets, at work. This fact
creates the problem of mass evacuation of people in emergency situations. Undoubtedly, conducting real experiments
in this task requires significant financial and organizational difficulties [1].

Most safety considerations regarding the evacuation of a building are taken on the basis of rules prescribed in fire
codes [2]. The Turkish fire code was enacted in 2002. Rules involve the minimum width of escape routes, the maximum
undivided width of emergency stairs and the travel distances with/without sprinkler systems, specify exit numbers and
widths and the evacuation adequacy in terms of a simple procedure adopting occupant flow rates based on occupant
density. However, these rules and design principles may not be sufficient to explain the complex interaction between a
vast numbers of variables affecting the evacuation process. Also, the characteristics of a fire can differ from building
to building and occupants can demonstrate distinctly different behavioural patterns and physiological characteristics
[2].

Providing easy evacuation routes is the most important fire safety feature in a building. Loss of life depends on
speedy evacuation as proven in many occasions [2]. Modelling of the process of evacuation of people from premises
is quite new and one of the most promising tools for planning the organization of pedestrian flows in emergency
situations, for predicting problems arising during the evacuation of people, and ultimately for saving human lives [3].
Performance-based codes allow the incorporation of the latest research findings for a fire safe design and avoid major
defects originating from simplistic approaches and restrictive rules.

Evacuation calculations are increasingly becoming a part of performance-based analyses to assess the level of life
safety provided in buildings [4]. The use of advanced computer models for the analysis of evacuation problems in
buildings under fire conditions has become an increasingly important research area [2].

To achieve a more realistic evacuation calculation, engineers have been looking to evacuation computer models to
assess a building’s life safety. Currently, there are a number of evacuation models to choose from, each with unique
characteristics and specialties. A concern with current evacuation models is whether they can accurately simulate the
unique scenarios that accompany a certain type of building. Another concern is how a user would know which model
to choose for his/her design [4].

Day by day, more and more evacuation models are developed and many of the current models are constantly being
updated by developers. In 2005, a comprehensive model review of 28 historical and current egress models was
completed by Kuligowski in order to select the appropriate evacuation model. The model review provides information
on model purpose, availability, modeling method, model structure and perspective, methods for simulating movement
and behavior, output, use of fire data, use of visualization and CAD drawings, etc.

57



International Engineering and Technology Management Summit 2023—- ETMS2023
Istanbul Technical University & Bahgesehir University

The models are organized in the review by modeling method; movement models, partial behavioral models, and
behavioral models.

A list of the models in the review is:

e Movement models: FPETool, EVACNET,Takahashi’s Fluid Model, PathFinder, TIMTEX, WAYOUT,
Magnetic Model, EESCAPE, EgressPro, ENTROPY Model, and STEPs.

e Partial Behavioral models: PEDROUTE/PAXPORT, EXIT89, Simulex, GridFlow and ALLSAFE.

e Behavioral models: CRISP, ASERI, BFIRES-2, buildingEXODUS, EGRESS, EXITT, VEgAS, E- SCAPE,
BGRAF, EvacSim, Legion and Myriad.In the review there are Tables which details the general organization
of the categorical data for each model and focus on the specific features of each model.

This report provides model users with the information to narrow down choices on the appropriate model to use for
specific projects.

Fire evacuation models are used to investigate the safety conditions of a given building, which have been studied
extensively. Models in use include EVACNET4, EXIT 89, ELVAC, and HAZARD in the United States; STEPS,
CRISP, and EXODUS in the United Kingdom; the FIERA system in Canada; FIERWIND and EGRESSPRO in
Australia; and EVACS in Japan [5].

Human behaviour is a considerable effect on fire evacuation. In past research, human behaviour has been modelled
during evacuation, including choice of escape routes and situational responses and numerous methods for examining
the behaviour of escaping occupants and evacuees are presently available.

Another important research topic is underground areas. The risks of utilizing underground space are mounting, when
a fire occurs in these underground environments, the smoke movement severely hinders evacuation, which can lead to
serious casualties, and threatened public safety. Therefore, fire evacuation is a critical consideration in any fire safety
engineering design. The challenge of fire evacuation in complex underground comprehensive buildings increases due
to large space depth, irregular changes,and dense crowds. What’s more, evacuation time in this process is obviously
different from that of above-ground buildings. Thus, particularly ascending evacuation in such settings has been the
focus of several studies; other factors, such as architectural characteristics and emergency signage, were also evaluated.
Ji et al. (2014) analysed the evacuation capability of fire-protection walkways in spacious underground buildings.
Mossberg et al. (2021) concluded that the evacuation system design of underground metro stations could affect the
choice of exits (i.e., the choice between taking stairs or elevators to an exit). Choi et al. (2014) reported a considerable
difference between the speed of ascending and descending evacuation. Delin et al. (2017) demonstrated that the
increased depth of underground spaces is a physical factor that reduces ascent speed, thereby adversely affecting
ascending evacuation efficiency. Chen et al. (2018) indicated that visibility, gender, and floor had an effect on the
evacuation speed of vertical stairs. Wang et al. (2021) conducted that crowded becomes a key factor determining
evacuation time after the number of evacuees increased by 50.0%, and the unbalanced use of exits increased the
evacuation time. (Li and Xu, 2020) suggested that exit design and facility layout may be useful for decreased evacuation
time. Ronchi (2020) proposed that humans tend to “satisfy rather than optimize” in evacuation process. Feng et al.
(2021) analysed the evacuation demand during a toxic gas dispersion process, and created an underground space risk
assessment model for toxic gas leaks. Li et al. (2023) investigated the evacuation-path-selection model of real-time fire
diffusion [5].

1. LITERATURE RESEARCH

In the literature research, there are many studies using different modeling in fire evacuations. A few articles are
presented below as examples.

Modelling the Evacuation of a High-Rise Office Building in Istanbul: The study concentrates on two issues: firstly,
what methodology should be pursued to accurately model an evacuation problem and the derivation and extent of
parameters needed to fully utilise the potentials of the advanced computer models, in this case, the buildingEXODUS;
the second issue is an investigation of the evacuation behaviour in a high-rise office building in Istanbul.

An extensive number of parameters have been reported to influence the evacuation efficiency. These can be categorised
into four main groups:

physical characteristics of a building,
behavioural characteristics of occupants,
physiological characteristics of occupants and
fire characteristics of environment.

It is found that exit knowledge and the preferences of occupants can severely slow down the evacuation process.
Fires closer to the ground floor increase the death toll significantly. Failure in the activation of the sprinkler system or
the absence of the system altogether can have disastrous effects on the loss of life[6].

Human Behaviour and Evacuation Time for Large Underground Comprehensive Buildings During Fire Risk
Process: This paper aims to research the effect of different parameters on the underground comprehensive buildings’
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overall evacuation time. Here, evacuation experiments were conducted in the Guangzhou East Railway Station Plaza,
a large underground comprehensive building in Guangdong, China, with the plaza occupants as the participants. The
evacuation factors, namely evacuation time and evacuee-selected evacuation routes, were evaluated using empirical
equations and evacuation modelling software (EVACNET 4 and composite occupant evacuation model). The
experimental data were used to verify the empirical equations and evacuation models and to modify specific empirical
parameters. The effect on escape route judgement and selection under emergency situations was analysed. The results
demonstrated that direct access to outdoor exits could considerably reduce evacuation time[5].

Simulation of the Evacuation Process at Various Economic Facilities Using the Anylogic Software Product: The
article deals with the problem of evacuation of people in case of emergency situations. The experimental model was
developed using the AnyLogic simulation tool. An office space was chosen as the object of research, where the
evacuation mode was simulated and the experiment was conducted. The average evacuation time of each person and
the total exit time, as well as the intensity of the human flow at the entrance and exit of the building are calculated. A
hypothesis about the influence of time of day on the duration of evacuation was put forward and proved. They test the
hypothesis that evacuation during the day takes on average longer than in the morning. To test the dependence of the
evacuation duration on the time of day, 10 simulations were performed in the morning and afternoon.They found that
the average evacuation time in the afternoon is longer than in the morning [3].

Evaluation of the Regulations for Shopping Centers with Atrium in the Context of Fire Safety and Simulatting the
Means of Egress by the Way of Sample Projects: The study aims to propose a method regarding fire safety needs that
can be used in design phase of shopping centers with atriums. For this, evacuation and egress principles in bodies of
law (TS and BYKHY) from USA (NFPA) and Europe (BS and BR) were reviewed and analyzed comparatively. The
appropriateness of performance criteria, which had been obtained from the body of law analysis, was tested in a
simulation study via sample projects. With the simulation model, the study aims to obtain results for a building in
design phase due to determination and control of egress. For obtaining required results, the designs are simulated for a
few times via making appropriate changes. Simulations indicated that, both buildings cannot be egressed in
predetermined period of time. The changes that were made in designs gave progressive results. Under the illumination
of these progresses, the thesis proposes a method that can be used in design phase. In this study they used SIMULEX
model as a simulation tool [6].

Safety Evacuation in Building Engineering Design by Using Buildingexodus: The aim of present work is to study
safety evacuation under the condition of combustion of dust layer in a certain teaching- Lab building by using
BuildingExodus tool. It focused on the effect of number of exits and people within the building on the time of
evacuation. The simulation can be used for the design on building fire protection and prevention, or safety management
of such buildings. The simulation results were shown that the evacuation process would become much easier with the
increase of exits and decrease of population. It was found that there was a linear relationship between number of
population and time of evacuation [7].

Waiting Time in Emergency Evacuation of Crowded Public Transport Terminals: In this paper, waiting time during
emergency evacuation in crowded public transport terminals was studied. A waiting time index was proposed to
quantify jamming at the exits. An airport terminal with fire safety provided by performance-based design was taken as
an example to illustrate the concept. Two evacuation models, buildingeEXODUS and SIMULEX, were applied to study
emergency evacuation in the terminal under crowded conditions. Different occupancy levels in local codes were
considered under fire and normal conditions in the departure hall. The results demonstrated that Waiting time can be
reduced by selecting the right exits and staircases. Optimal use of all exits and staircases in a building is important.
However, the exits and staircases are difficult to have a simultaneous maximum flow . Selection of exits and staircases
depends on the awareness of its existence through visual contact. Therefore, the departure hall in the airport terminal
should be provided with clear exit signs. On the other hand, appropriate public announcements can ensure that the
occupants can recognize the location of exits and staircases in case of an emergency. Inadequate exit width will restrict
the flow capacity and result in inconvenience and forming queues. For a wider exit, crowd density in a queue can be
reached to give a shorter waiting time. A narrower exit would constitute a greater flow density but the freedom of
movement for occupants in a queue would decrease. Critical value of exit width should be determined to ensure
maximum flow rate for minimizing the waiting time [8].

I11. CONCLUSIONS

In special occasions and conditions, evacuation to the first safety zone as soon as possible is a powerful way to
ensure the safety of people’s lives, that is, the study of the phased evacuation of building is also of great practical
significance. If the crowd fails to escape from a building in time, due to failure of obstacles’ avoidance or wrong exit
selection, people may be injured and killed. Therefore, safety evacuation of a group of pedestrians from the hazardous
areas is still a major issue. In a certain building, due to the absence of data from real evacuations, a suitable modeling
or simulation method may be required in order to analyse how the complexities of the building layout may effect a
potential evacuation of the occupants. After that, some measures can be taken to evacuate people from the danger zone
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through exits within the shortest possible time, and to help evacuation missions to be carried out efficiently and
effectively.
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Ozet—Endiistri 4.0 ve Blokzincir, tedarik zinciri yonetimini devrim niteliginde déniistiiren ve bu alandaki 6nemli sorunlara
¢oziim sunan iki kritik teknoloji olarak one ¢ikmaktadir. Endiistri 4.0, iiretim ve lojistik siireclerini dijitallestirerek,
sensorler, blyutk veri analitigi ve otomasyon araclariyla tedarik zincirini daha hizh, esnek ve veri odakl hale getirmektedir.
Bu, envanter yonetimi, talep tahmini ve lojistik planlama gibi kritik alanlarda daha iyi kararlar almay1 ve miisteri taleplerine
daha hizh yanit verme yetenegini artirmaktadir. Ote yandan, Blokzincir teknolojisi, tedarik zincirini daha giivenilir ve seffaf
hale getirmektedir. Uriinlerin ve bilesenlerin kaydi dagitik bir defterde giivenli bir sekilde saklandig icin sahtecilik riskini
azaltmakta ve iiriinlerin kokenlerini kolayca izlenebilir hale getirmektedir. Akilli soézlesmeler araciligiyla islemler
otomatiklestirilebilmekte ve veri giivenligi artmaktadir. Tedarik zincirinin etkinligini artirmak ve giivenilirligini saglamak
icin Endistri 4.0 ve Blokzincir, giiniimiiziin karmagik ve Kiiresel tedarik zinciri ortaminda vazgegilmez araglar haline
gelmistir. Bibliyometrik analiz, bilimsel literatiirii inceleyerek arastirma egilimlerini, yazarlarin etkisini ve atif iliskilerini
anlamak icin kullanilmaktadir. Bu ¢aliyjmanin amaci, Blokzincir Teknolojisi, Tedarik Zinciri Yonetimi ve Endiistri 4.0
kavramlarina yonelik yapilan arastirmalarin gelisimini ve bu alandaki calismalarin genel goriiniimiinii incelemektir. Bu
baglamda, Blokzincir Teknolojisi, Tedarik Zinciri Yonetimi ve Endiistri 4.0 kavramlarina odaklanan mevcut literatiiriin
bibliyometrik analizi ile bu alandaki egilimlerin ve bosluklarin belirlenmesi amaclanmistir. Analiz icin Web of Science veri
tabaninda yer alan ve 2012 ile 2023 yillar1 arasinda yayimlanmis farkh tiirdeki eserler kullanilmistir.

Anahtar Kelimeler— Blokzincir Teknolojisi, Tedarik Zinciri Yénetimi, Endistri 4.0, VOSviewer, Bibliyometrik Analiz
I. GIRIS

Endiistri 4.0 ile birlikte akademik ¢aligma konularina yeni kavramlar yer almaya baglamistir. Bu kavramlardan
biri olan Blokzincir teknolojisi, Endiistri 4.0'in gerektirdigi dijitallesme ve otomasyonu destekleyerek tedarik
zincirini daha seffaf, glivenilir ve verimli bir sekilde yonetmeye olanak tanimasi bakimimdan 6nem tagimaktadir.

Caligsma, blokzincir teknolojisi, tedarik zinciri yonetimi ve Endiistri 4.0'm kesisimi iizerine mevcut literatiirii
kesfetmeyi amaglayan bibliyometrik bir analiz sunmaktadir. Bu analiz, VOSviewer yazilimini kullanarak, bu
alandaki temel arastirma egilimlerini, etkili yazarlari ve ortaya ¢ikan temalar belirlemek i¢in kapsamli bir akademik
yayn setini sistematik olarak analiz etmektedir. Bibliyometrik analiz sayesinde, arastirmanin mevcut durumunu
ortaya ¢ikarmayi, arastirma bosluklarini belirlemeyi ve bu disiplinler arasi alanin gelecekteki yonelimlerine 151k
tutarak arastirmacilar, uygulayicilar ve politika yapicilar i¢in degerli bilgiler saglamay1 amaglamaktadir.

Calismanin kavramsal ¢ergeve boliimiinde Blokzincir Teknolojisi ve Endiistri 4.0°1n, Tedarik Zinciri Y6netimi
lizerindeki etkilerine yer verilmistir. Uygulama bdliimiinde bibliyometrik analiz agiklanmig, Web of Science veri
tabaninda yapilan sorgu kelimlerine ve bu kelimelerle yapilan sorgu sonuglarina dayali olarak gerceklestirilen
bibliyometrik analiz sonuglarina paylasilmistir. Calismanin sonu¢ boliimiinde elde edilen bibliyometrik analiz
sonuglart 151¢1nda arastirmacilar, uygulayicilar ve politika yapicilara oneriler ele alinmustir.

Il. KAVRAMSAL CERCEVE

Blokzincir teknolojisi, tedarik zinciri yonetimi ve Endiistri 4.0 son yillarda literatiirde biiytik ilgi géren birbiriyle
baglantili li¢ kavram olarak karsimiza ¢ikmaktadir. Merkezi olmayan bir dijital defter teknolojisi olan blokzincir
teknolojisi, tedarik zinciri yonetimi de dahil olmak {izere ¢esitli sektorlerde devrim yaratma potansiyeline sahiptir [1].
Tedarik zinciri yonetimi, son miisterilere verimli bir sekilde hizmet vermek igin firmalar igindeki ve arasindaki
faaliyetlerin koordinasyonunu icermektedir [2]. Ote yandan Endiistri 4.0, dijital teknolojilerin imalat ve Gretim
stireclerine entegrasyonunu ifade etmektedir [3].
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Blokzincir teknolojisinin tedarik zinciri yonetiminde uygulanmasinin, tedarik zinciri operasyonlarinda seffafligi,
izlenebilirligi ve giivenligi artirma potansiyeli bulunmaktadir [4]. Blokzincir teknolojisi iirlinlerin gercek zamanl
takibini ve izlenmesini saglayabilmekte, tedarik zinciri ortaklar1 arasinda giiveni ve isbirligini artirabilmekte ve
maliyetleri ve riskleri azaltabilmektedir [5]. Blokzincir teknolojisi ayrica iiriinlerin mensei hakkinda bilgi saglayarak,
veri biitiinliigiinii temin ederek ve temsilcilikleri zorlayarak siirdiiriilebilir tedarik zinciri yonetimi uygulamalarinin
gergeklestirilmesine katkida bulunabilmektedir [4].

Dijital doniisiim ve otomasyona odaklanan Endiistri 4.0, tedarik zinciri yonetiminde blok zinciri teknolojisinin
benimsenmesi igin verimli bir zemin saglamaktadir [6]. Blokzincir teknolojisinin Endiistri 4.0'a entegrasyonu, tedarik
zincirindeki farkli paydaslar arasinda giivenli ve seffaf veri paylagimini ve isbirligini miimkiin kilabilmektedir. Ayrica
tedarik zinciri siireglerinin otomasyonunu ve optimizasyonunu gelistirerek iiretkenligin ve rekabet giiciiniin artmasin
saglayabilmektedir [7].

I1l. UYGULAMA
A. Verive Analiz

Bibliyometri, bir alanin giincel durumu hakkinda nicel veriler elde etmek ve akademik trendleri izlemek igin
kullanilan analitik bir metottur [8]. Bu metot, sistematik literatiir taramasindan farklidir ve bilimsel performansi
6lgmek i¢in niimerik gostergeleri kullanmaktadir [9]. Bibliyometrik analizler, llke, yazar, Universite ve dergi
iiretkenligini degerlendirmek, gii¢lii ve zayif aragtirma alanlarim belirlemek, literatiirdeki bosluklar1 tanimlamak, is
birligi aglarin1 ortaya ¢ikarmak, potansiyel firsatlari incelemek ve bir alandaki ¢iktilarin etkilerini 6l¢mek igin
kullanilmaktadir [10]. Bu analizler, arastirmacilara alandaki gelismeleri takip etme ve kararlarini verme konusunda
degerli bir rehberlik sunmaktadir [11]. Sistematik bir literatlir incelemesinin baglangic asamasi olarak da
kullanilabilen bibliyometrik analiz, aragtirmalarin temel bir bileseni haline gelmistir. Bilimsel metrikler ve veriler,
aragtirmacilara alanlar1 hakkinda somut bilgilere sahip olma imkani sunmakta ve bu da bilimsel ¢alismalarin daha
veri odakli hale gelmesine katki saglamaktadir [12].

Literatiirde ¢cok sayida bibliyometrik analiz arac1 kullanilmaktadir. Bu ¢alismada VOSviewer programinin tercih
edilme nedeni, diger bibliyometrik analiz araglarina gore islevsellik agisindan avantajlara sahiptir ve bu
ozellikleriyle diger bibliyometrik analiz araclarinin 6niine gegmektedir. Ozellikle literatiirdeki degisimleri, iliskileri
ve yeni kavramlart kesfetme amaci giiden arastirmacilara onemli kolayliklar sunan bir program olarak
degerlendirilmektedir. Ayrica, VOSviewer, veri setlerinin gorsellestirilmesi, haritalanmas1 ve ¢ok boyutlu analizi
gibi karmasik islemleri ger¢eklestirmek igin kullanicilarina genis imkanlar sunmaktadir. Bu nedenle, bu ¢aligmada
VOSviewer'n kullanilmasi, arastirmanin amacina ve analizlerin derinligine katki saglamak i¢in yapilmis bir
tercihtir.

Bu ¢alismada, Blockchain (Blokzincir), Industry 4.0 (Endiistri 4.0) ve Supply Chain Management (Tedarik
Zinciri Yonetimi) gibi kavramlari incelemek icin Web of Science veri tabaninin tercih edilmesinin arkasindaki
neden, bu veri tabaninin arastirmalarin giivenilirligi ve nitelikli sonuglar elde etme agisindan sagladig1 avantajlardir.
Web of Science veri tabani, ileri diizey veri analizi i¢in gelismis arama gostergelerine sahip olmanin yani sira
bilimsel yayinlarin yayin etigi standartlarina uygunlugunu denetlemek igin ¢esitli kontrol mekanizmalarini
kullanmaktadir. Bu 6zellikleri sayesinde, Web of Science veri tabani, disiplinler aras1 genis bir veri koleksiyonuna
erigim saglama ve bu kavramlarla ilgili giivenilir kaynaklari igerme konusunda uygun bir segenek sunmaktadir.

14.09.2023 tarihinde, “blockchain”, “blockchains”, “block-chain”, “CHAIN OF BLOCKS”, “BLOCK
CHAINS”, “BLOCK CHAIN”, “INDUSTRY 4.0”, “INDUSTRY 407, “INDUSTRY 4”, “fourth industrial
revolution”, “4th industrial revolution”, “SCM”, “Supply Chain Management” “SC”, “Supply Chain” anahtar
sozciikleriyle Web of Science’da “tiim alanlar” secilerek yapilan aramada 652 sonuca ulasilmistir. Ancak Endiistri
4.0 kavrami 2011 yilinda ortaya ¢ikan bir kavram oldugu i¢in 2011 yili dncesi yayinlar analize dahil edilmemis ve
toplamda 639 yaymn ile analiz yapilmistir. Yillara gore en eski 2012 ve en yeni 2023 olmak tizere farkli
disiplinlerden 367 dergi makalesi basta olmak tizere, 183 bildiri, 88 derleme makale, 53 erken erisim makale, 6
kitap bolimii ve 1 editoryal igerige ulasilmistir. Yayinlarin agirlikli olarak; 291 yayin ile mithendislik, 231 yayin
ile bilgisayar bilimleri, 121 yayin ile is ekonomisi 89 yayin ile yoneylem arastirmalari, 64 yayin ile ¢evre bilimleri
disiplinlerinde oldugu goriilmektedir. Ulasilan veriler, ortak yazar analizi, yazar atif analizi, lilke atif analizi,
kurumlarin atif analizi, anahtar s6zciik analizi, metinlerin bibliyografik eslesme analizi, yazarlarin bibliyografik
eslesme analizi ve yazarlarin es atif analizli bakimindan incelenmistir.
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1) Ortak Yazar Analizi

Ortak yazar analizi, arastirmacilarin isbirligi aglarini anlamak ve 6nemli baglantilar1 belirlemek amaciyla
kullanilmustir [13]. Bu analizde, en az 1 yayin ve en az 1 atif kriterleri ile birlikte bir ag haritasi olugturulmustur.
Analiz sonucunda, 10 kiime olustugu goriilmektedir. Toplam 91 yazardan olusan 10 kiimede 284 baglant1 giicii ve
256 baglant1 bulunmaktadir. Ortaya ¢ikan 10 kiime i¢inde en yiiksek baglanti sayisina sahip olan yazar 23 baglanti
ve 27 baglant1 giiciiyle Yigit Kazangoglu olarak ortaya ¢ikmaktadir. Yaymlar en fazla atif alan yazarlar olan
Alexandre Dolgui (1028 atif), Dmitry Ivanov (1003 atif), Boris Sokolov (939 atif) bu 10 kiime icinde yer
almamaktadir. Ayrica en ¢ok yayin iireten yazarlar olan Alexandre Dolgui (7 yayin), Sudeep Tanwar (7 yayin),
Zhang Yu (6 yaym), Yigit Kazangoglu (6 yayimn) ve Abdo Hassoun’den (6 yayin) yalnizca Yigit Kazancoglu bu 10
kiime igerisinde yer almaktadir.

SEKIL |
ORTAK YAZAR ANALIZi

2) Yazar Atf Analizi

Yazarlarin atif analizi, en az 1 yayin ve en az 1 atif kriteri kullanilarak olusturulan ag haritasi ile incelenmistir.
Bu analiz, atif iligkilerini belirlemek ve atif aglarin1 ortaya ¢ikarmak amaciyla gerceklestirilmistir [14]. Analiz
sonuclarina gore, birbiriyle baglantili oldugu goriilen 992 yazar iizerinde ¢alisilmis ve bu yazarlar arasinda toplamda
33 farkli kiime ve 8404 atif baglantis1 tespit edilmistir. Toplam baglanti giicii ise 10538 olarak hesaplanmistir. Atif
analizi sonuglarina gore, en fazla atif alan yazarlar sirasiyla 1028 atif ile Alexandre Dolgui, 1003 atif ile Dmitry
Ivanov ve 939 atif ile Boris Sokolov olarak belirlenmistir. Bu ii¢ yazar, toplam baglant1 giicti agisindan Abdo
Hassoun’un ardindan 2,3 ve 4. Siralarda yer almaktadir.
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3) Ulke Atf Analizi

Ulkelerin atif analizi, en az 1 eserin yaymlandig1 ve en az 1 atif aldig kriterler temelinde bir ag haritast
olusturmak amaciyla gergeklestirilmistir. Bu analiz, yayinlarin kaynak tilkelerine gore aldiklari atiflar1 incelemek
ve lilkeler arasi akademik iliskileri anlamak igin yapilmistir [15]. Analiz sonuglarina gore, 76 iilke {izerinde
calisilmis ve bu iilkeler arasinda 11 farkli kiime ve 705 atif baglantis1 belirlenmistir. Toplam baglanti giicii ise 3856
olarak hesaplanmistir. Ulke atif analizi sonuglarina gére, en fazla atif alan iilkeler sirastyla 3086 atif ile Hindistan,
2772 atif ile Ingiltere ve 2456 atif ile Cin Halk Cumhuriyeti olarak belirlenmistir. Bu iilkelerden, Hindistan ve
Ingiltere toplam baglant1 giicii agisindan da ilk iki sirada yer alirken iigiincii sirada Fransa yer almaktadir. Ayrica,
eser say1s1 bazinda siralamada ise 116 yayn ile Hindistan, 112 yayn ile Cin Halk Cumhuriyeti, 71 yayn ile Ingiltere
one ¢cikmaktadir.

SEKIL 11
ULKE ATIF ANALIZzi
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4)  Kurumlarin Anf Analizi

Kurumlarin atif analizi, bir kurum tarafindan en az 1 eserin yayinlandigi ve en az 1 atif aldig1 kriterler temelinde
bir ag haritas1 olusturmak amaciyla gergeklestirilmistir. Bu analiz, kurumlar arasindaki akademik etkilesimleri ve
atif iligkilerini incelemeyi hedeflemektedir [16]. Analiz sonuglarina gore, 603 kurum iizerinde ¢alisilmig ve bu
birimler arasinda 25 farkli kiime ve 4970 atif baglantis1 belirlenmistir. Toplam baglant1 giicli ise 7319 olarak
hesaplanmistir. Atif analizi sonuglara gore, en fazla atif alan yayinlarin kurumlar sirastyla 1003 atif ile Berlin
School of Economics and Law, 670 atif ile Centre national de la recherche scientifique (CNRS) ve 623 atif ile
University of Johannesburg olarak belirlenmistir.

SEKIL IVV
KURUM ATIF ANALIzZi
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5) Anahtar S6zcik Analizi

Anahtar sézcuk analizi, Blockchain (Blokzincir), Industry 4.0 (Endustri 4.0) ve Supply Chain (Tedarik Zinciri)
kavramlariyla ilgili yayinlarin anahtar sozciiklerini incelemek amaciyla gergeklestirilmistir. Bu analiz, belirli bir
konu veya disiplin hakkindaki literatiiriin anahtar kelimelerini ve 6nemli temalarin1 belirlemek igin kullanilmaktadir
[17]. Analiz sonuglarina gore sorguda kullanilan sézciikler harig, en sik kullanilan anahtar sézciikler sirasiyla 47
tekrar ile "sustainability" (strdurlebilirlik) 43 tekrar ile "internet of things" (nesnelerin interneti), 35 tekrar ile
"smart contract" (akilli s6zlesme) ifadelerini icermektedir. Sorguda kullanilan sézciikler hari¢ toplam baglanti giicti
acisindan en giiglii ifadeler ise 268 baglant1 giicii ile "sustainability" (stirdiiriilebilirlik), 247 baglant1 giicii ile
"internet of things" (nesnelerin interneti), 174 baglant1 giicli ile "smart contract" (akilli sézlesme) olarak
belirlenmistir. Bu analiz, post-truth kavraminin literatiirdeki onemini ve bu kavramla iligkilendirilen anahtar
kavramlar anlamak amaciyla gergeklestirilmistir. Analiz sonuglari, post-truth'un sahte haberler, sosyal medya ve
bilim gibi alanlarla nasil baglantili oldugunu gostermektedir.

SEKIL V
ANAHTAR SOZCUK ANALIZzi
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6) Metinlerin Bibliyografik Eslesme Analizi

Metinlerin bibliyografik eslesme analizi, bagimsiz iki kaynagin ayni esere atifta bulunma durumunu ifade eder
ve bu atif iligkilerini incelemek amaciyla gergeklestirilmistir [18]. En az 1 atif almig olan metinler arasindan segilen
ve aralarinda baglantilar bulunan 503 yayin iizerinde yapilan analiz sonucunda, 6 farkli kiime, 35434 atif baglantisi
ve 85329 toplam baglant1 giicli elde edilmistir. Bu analiz sonuglarina goére, en fazla bibliyografik eslesme olan
yayinlar sirasiyla 669 alinti ile "Ivanov (20179a)," 563 almt1 ile "Ghobakhloo (2018)," ve 363 alint1 ile "Kamble
(2019)" olarak belirlenmigtir. Toplam baglanti giicliniin en yiiksek oldugu eserler ise 2277 baglanti giiciiyle
"Lohmer (2022)", 1673 baglant1 giiciiyle "Mendhurwar (2023)" ve 1618 baglanti giiciiyle "Kayike1 (2022)" olarak
siralanmaktadir.

65



International Engineering and Technology Management Summit 2023—- ETMS2023
Istanbul Technical University & Bahgesehir University

SEKIL VI
METINLERIN BiBLIYOGRAFIK ESLESME ANALIzZi
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7) Yazarlarn Bibliyografik Eslesme Analizi

Yazarlarin bibliyografik eslesme analizi, en az 1 eser yayinlamis ve en az 1 atif almis yazarlarin metinlerini
incelemek amaciyla gergeklestirilmistir. Bu analiz, yazarlar arasindaki atif iligkilerini ve bibliyografik eslesmeleri
anlamak ve yazarlarin literatiirdeki etkisini degerlendirmek amaciyla yapilmistir [15]. Analiz sonuglarina gore,
1714 birim yazar iizerinde calisilmis ve bu yazarlar arasinda 24 farkli kiime, 435084 atif baglantist ve 1692278
toplam baglanti giicii belirlenmistir. En fazla bibliyografik eslesme alan yazarlar ise sirasiyla sirasiyla 1028 atif ile
Alexandre Dolgui, 1003 atif ile Dmitry Ivanov ve 939 atif ile Boris Sokolov olarak belirlenmistir.

SEKIL VII
YAZARLARIN BIBLiYOGRAFIK ESLESME ANALIZi
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8) Yazarlarm Esatif Analizi

Yazarlarin ortak atif analizi, bir yayinda atif yapilan farkli kaynaklar (co-citation) incelemek amaciyla
gerceklestirilmistir [15]. Bu analiz, atif esigi olarak segilen minimum 10 atif ile segilen 625 birim iizerinde
yapilmistir. Analiz sonuglarina gore, 5 farkl kiime, 96012 atif baglantis1 ve 299453 toplam baglant1 giicii tespit
edilmistir. En fazla ortak atif yapilan yazarlar sirastyla 248 atif ile Ivanov, 170 atif ile Kamble ve 160 atif ile Kshetri
olarak belirlenmistir.
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SEKIL VI
YAZARLARIN ESATIF ANALIzi
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IV.SONUGC VE DEGERLENDIRME

Calisma, "Blokzincir Teknolojisi, Tedarik Zinciri Yonetimi ve Endistri 4.0” Kavramlar1 (zerine yapilan
caligmalarin bibliyometrik analiz sonuglarini sunmaktadir. Elde edilen bulgular, ilgili literatiiriniin énemli bir
Ozetini sunarak bu alanin mevcut durumunu ve gelisimini a¢iga ¢ikarmaktadir.

Ortak yazar analizi, bu alandaki arastirmacilarin igbirligi aglarimi ve iliskilerini daha iyi anlamalarina yardime1
olmus, farkli yazar gruplarinin varligini ve 6nemli baglantilar ortaya ¢ikarmaktadir. Yazar atif analizi, alandaki
onde gelen yazarlar ve atif iligkilerini vurgulamakta, Alexandre Dolgui, Dmitry lvanov ve Boris Sokolov gibi 6nde
gelen arastirmacilarin katkilarmi gostermektedir. Ulke atif analizi, kiiresel diizeyde bu konulara olan ilgiyi ve
etkilesimi belirlemekte, Hindistan, ingiltere ve Cin Halk Cumhuriyeti'nin bu alandaki 6nde gelen iilkeler oldugunu
gostermektedir. Kurumlarin atif analizi, Berlin School of Economics and Law, Centre national de la recherche
scientifique (CNRS) ve University of Johannesburg gibi kurumlarin bu alanda etkili olduklarini ortaya
cikarmaktadir. Anahtar kelime analizi, aragtirmacilarin bu konulari daha fazla odaklanarak incelemelerini
saglayacak onemli anahtar kelimeleri vurgulamaktadir. Metinlerin bibliyografik eslesme analizi ve yazarlarin
bibliyografik eslesme analizi, benzer ¢aligmalart ve potansiyel isbirligi firsatlarini tanimlamaktadir. Yazarlarin
esatif analizi, ortak atif iliskilerini inceleyerek bu alandaki aragtirmacilar arasindaki etkilesimi ve igbirligi firsatlarini
ortaya koymaktadir. Bu bulgular, bu konularda ¢alisma yapmay: diigiinen arastirmacilara, akademisyenlere ve
profesyonellere yol gosterecek ve gelecekteki aragtirmalara katkida bulunacaktir.
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Abstract—This paper presents a study focused on creating a comprehensive list of competencies derived from extensive
literature research and real-industry sources. It emphasizes the importance of integrating competency management into
the innovation management system within organizations, particularly in innovative companies. Competency management
plays a critical role in various aspects, including recruitment, talent retention, performance, and project management.
While traditionally associated with specific departments, this research argues that competency management should
concern all departments to align with a holistic definition of innovation. The study's goal is to identify critical competencies
for top management's strategic decisions (mission and vision), ultimately improving human resource utilization, employee
motivation, and competency development planning. Additionally, the research introduces a different aspect of including
behavioral competencies alongside technical ones in the competency index. The methodology involves survey research and
case analysis, resulting in a comprehensive list consisting of 7 categories and a total of 52 competency that companies can
utilize in their operations.

Keywords— Competency management, Organizations, Innovation, Index

I. INTRODUCTION

Creating an innovation-focused culture has become a top priority for forward-thinking companies due to increasing
competition and technological advancements [1]. In this dynamic environment, competency management plays a vital
role by defining jobs and tasks comprehensively [2]. Organizations often adopt universally applicable competencies,
but successful competency models also prioritize competencies aligned with corporate strategy for a competitive
advantage [3]. In the modern business landscape, internal competency lists have diverse uses, especially in
recruitment, rotation, performance enhancement, and project management. While these competencies are highly
prized across functions, their management is often confined to HR. Developing a competency-driven HRD strategy
covers key areas like recruitment, learning, organizational growth, and performance management [4]. Research shows
that these competency lists are infrequently updated and rarely customized for specific job profiles, even though they
evolve over time due to various factors [5] Competency lists significantly vary depending on industry and
organizational culture, underscoring the need for a systematic approach to competency management. The aim of the
study is to present a comprehensive competency list that encompasses technical and social skills for innovative
companies. It emphasizes a holistic approach, cross-functional collaboration, and an innovation mindset. This list is
derived from a literature review and industry expert insights, focusing on aligning competencies with the company's
mission and vision for project portfolios.

Il. LITERATURE REVIEW

Advancements in technology, expanding market presence, and economic fluctuations are factors contributing to a
more competitive business landscape. This heightened competition has made it easier and faster for customers to
access products, but it also brings some disadvantages. With increased competition comes a wider array of choices,
making it essential to manage this process systematically. Competency mapping involves identifying the core
strengths of a company or institution, as well as the skills needed for various roles, which can vary due to multiple
factors [5] Additionally, research suggests that competencies are crucial not only for current needs but also for future
planning. Mapping competencies involves considering potential challenges, career growth opportunities, and
organizational development [6]. In another part of the study by [6] it was found that successfully achieving an
organization's mission and objectives requires a specific set of competencies. The core concept of competency
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mapping involves linking competencies to potential risks, career advancement, and the overall growth of the
organization. While there is a general consensus on the significant potential value of competency-based strategies,
it is also acknowledged that the success of their implementation varies among different organizations [7].

1l. METHODOLOGY
The thesis study employs three different research methods. First, an open-ended survey was conducted with real-
industry professionals. Next, the competencies collected from the literature review and the open-ended survey
underwent a frequency analysis, leading to the finalization of the index. To ensure validation, a closed- ended survey
was administered to academicians to evaluate the final competency list.

TABLE |
THE OVERVIEW OF THE RESEARCH STUDY
Study Date Description
Literature Review February 2021  |Relevant articles in the literature were reviewed, and competency lists containing
competencies and categories were examined. 2240 competencies were obtained.
Open-End Questionnaire |April 2022 7 HR and innovation experts in innovative firms answered three open-ended questions,

starting broadly and becoming more specific, listing 10 competencies in their responses.
Frequency Analysis  |April-May 2022 |Initially, 2240 competencies from the literature review and 169 from the open-ended survey
\were reduced to 228 competencies by Academicians group 1 using a frequency analysis
method.

Survey Partl&?2 May 2022 IAcademicians Group 2, experts in their fields, evaluated the 228 competencies through a
survey. The final index was then created by Academicians Group 1, reducing it to 65
competencies.

Focused Group Study |October 2022 /A list of 65 competencies in 7 categories was discussed in an online meeting with a focus
group of 8 individuals. Academic group 1 reduced the competencies to 52 while keeping the
|7 categories unchanged

At the beginning of the research, innovation competencies were sought by conducting a literature review, and a
comprehensive competency index was aimed to be achieved. "L" in parentheses represents competencies from
literature, and "S" indicates competencies from industry experts.

Cognitive
! Competency Index
Analytical Thinking (L)(S)
Curiosity (L)S)
Imagination (L)
Active Learning Skills / Lifelong Leaming (L)(S) a
Multi- Tasking (L)
Proactivity (LXS)
Complex Problem Solving (L)(S)
Self-Efficacy (L)
Strategic Thinker (L)
System Thinking (LXS)
Reskilling/ upskilling (S)

Communication

Ability To Persuade (L)(S)
Active Listening (L)
Intercultural Communication Competence (L)
Cross-Cultural Collaboration And Cohesion (L)

“«

» = “ Technical / Methodis
Leadership _— <
Social & Emoti Machine Learning (LXS)

Achievement Orientation (L)
v Conflict Negotiation (L)

Create Vision And Strategy (L)(S) technology advancements(L)(S)

Mobilize People & Motivating Others (L)

Plan (L)

Researching And Reading (L)(S) processes (LXS)

Role Modelling (L)(S)
Self-Discipline (L)

Updating job knowledge with
Adapting And Responding To Change (L)(S)
Cooperation (LXS)

Empathy (L)(S)

Ethic (L) Innovation & Creativity

Optimizing/improving business

Resilience (LXS)
Self-Awareness (L) Failure Tolerance (L)

Flexibility (LXS) Creativity (LXS) :
Stress Management /Tolerance (L)(S) Critical Thinking (L)(S) Self- Confidence (LXS) \
Time Management (L) Networking (L)XS)
[Tolerance To Change And Uncertainty (L)(S) Rescarch Skills (L)(S) —
Teamwork /Cross Functional Teamwork(L)(S) Digital
Reflecting Customer Expectations /Customer
Focus(LXS) Big Data Analytics (LXS)

Coding (LXS)

Cybersecurity (L)
Programming (L)(S)
Technology Design (LX(S)
Artificial Intelligence (LXS)
Digital literacy (L)S)

FIGURE 1 TAXONOMY DETAILS OF COMPETENCY LIST

The survey studies were prepared for implementation on a 1-5 Likert scale, and online Zoom meetings were conducted
for the evaluation of the final list.

IV.FINDING

A.Open-Ended Survey
Firstly, the open-ended question was conducted to 7 HR and innovation specialist and the questions aimed to collect
competencies, progressing from general to individual, exploring critical competencies for the company,
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competencies for individuals, and finally, innovation competencies. Based on SPSS correlation analysis, a significant

relationship (correlation coefficient of 0.692) exists between individual and organizational competencies.
TABLE Il
THE OVERVIEW OF THE RESEARCH STUDY

IC lnc ol
Individual Comptencies (IC)  [Pearson Correlation 1 -0,047 .692**
Sig. (2-tailed) 0,829 0,004
N 60 24 15
Individual Innovation Pearson Correlation -0,047 1 -0,341
Competencies (11C) Sig. (2-tailed) 0,829 0,334
N 24 40 10
Organizational Pearson Correlation .692** -0,341 1
Competencies (OI) Sig. (2-tailed) 0,004 0,334
N 15 10 34

B. Frequency Analysis
The most frequently mentioned competencies were visualized using the Keyword Cloud Tool, which displays
competencies in larger font sizes if they occur more frequently, and in smaller font sizes if they are repeated 1-2 times.
ability | t

I communication
competence
creativity
data
development

innovation T
knowledge
leadership

management

skills

thinking

FIGURE 2 VISUALISATION OF THE COMPETENCIES
C.Survey

The survey was done in two stages: one with a Likert scale ranging from 1 to 5 to rate each competency, and the other
with a separate group (Academicians Group 2) consisting of 4 academics from the first group (Academicians Group
1). Academicians Group 1 analyzed the survey conducted on Academicians Group 2 and simplified the list from 228
competencies to 65, conducting an internal survey using a 1-5 Likert scale.

D. Focused Group Study
The list, reduced to 65 competencies, was finalized after surveys. In the next step, the online Zoom meeting with 7
industry professionals aimed to:

« Analyze each competency in detail and discuss its importance in innovation management.

« Decide whether to include or exclude each competency from the list.

« Reach a consensus on the appropriate categorization of each competency.
The 65-competency list created by Academic Group 1 was evaluated in two online meetings with 7 industry experts.
After review and considering input, Academic Group 1 decided to remove several competencies for various reasons.
This process reduced the list to 52 competencies while keeping the 7 category sections unchanged.

V. CONCLUSION

In today's fast-paced tech and innovation era, competencies play a vital role in various fields, especially in industries
where they impact processes like recruitment and project management. These processes, typically managed by HR
departments, should ideally affect all employees across a company. Recognizing the need
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within the innovation chain encompassing mission, vision. This study aimed to establish a comprehensive competency
list. This list was developed based on literature and input from industry experts, refined through feedback, and
finalized as 7 categories with 55 competencies for industry use. Based on the findings, companies can benefit in
various areas, such as improving employee engagement, optimizing recruitment processes, promoting cross-
functional collaboration in projects, and enhancing factors like rotation and performance.

TABLE Il
THE ACTIONS OF THE COMPETENCY LIST FOR REORGANIZATION BY ACADEMIC GROUP 1

Main Competency Group Competency List-1* ICompetency List-2** lAction

Cognitive IAnalytical Thinking lAnalytical Thinking No change
Conceptual Thinking - Eliminated
Curiosity Curiosity No change
Entrepreneurial Mindset - Eliminated
Imagination Imagination No change
IActive Learning Skills / Lifelong Learning IActive Learning Skills/ Lifelong Learning  [No change
Multi-Tasking Multi-Tasking No change
Proactivity Proactivity No change
Complex Problem Solving IComplex Problem Solving No change
Self-Efficacy Self-Efficacy No change
Strategic Thinker Strategic Thinker No change
System Thinking System Thinking No change
Reskilling/ upskilling Reskilling Seperated

Upskilling

Social & Emotional IAdaptability/Flexibility Flexibility Seperated
IAdapting And Responding To Change |IAdapting And Responding To Change No change
Cooperation ICooperation No change
Empathy Empathy No change
Ethics Ethics No change
Initiative/Proactivity - Eliminated
Resilience / Endurance Resilience / Endurance No change
Self Awareness Self Awareness No change
Self Control - Eliminated
Stress Management /Tolerance Stress Management /Tolerance Seperated
ITime Management Time Management No change
[Tolerance To Change And Uncertainty Tolerance To Change And Uncertainty No change
Trustworthiness - Eliminated

Innovation Failure Tolerance Failure Tolerance No change
Communication Competencies - Eliminated
Creativity Creativity No change
Critical Thinking Critical Thinking No change
Idea Generation - Eliminated
Networking Networking No change
Research Skills Research Skills No change
ITeamwork /Cross Functional Teamwork ITeamwork /Cross Functional Teamwork No change
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TABLE Il (CONT.)

Entrepreneurial  And  Commercial |- Eliminated
[Thinking
Reflecting Customer Expectations  |[Reflecting Customer Expectations |No change
Customer Focus Customer Focus

Communication IAbility To Persuade |Ability To Persuade No change
lActive Listening IActive Listening No change
Behavioural Flexibility - Eliminated
Holistic Thinking - Eliminated
Intercultural Communication |Intercultural Communication Competence No change
ICompetence
Cross-Cultural ~ Collaboration And  |Cross-Cultural Collaboration And Cohesion  [No change
Cohesion

Leadership IAchievement Orientation IAchievement Orientation No change
Conflict Negotiation Conflict Negotiation No change
Create Vision And Strategy Create Vision And Strategy No change
Mobilize People - Eliminated
Motivating Others Motivating Others No change
Plan Plan No change
Promote Innovation And Guide | Eliminated
Change
Researching And Reading Researching And Reading No change
Role Modeling Role Modeling No change
Self-Development - Eliminated
Self-Discipline And Self- Confidence  [Self-Discipline Seperated

Self- Confidence

Digital IAdvanced Robotics - Eliminated
Big Data Analytics Big Data Analytics No change
Cloud Computing - Eliminated
Coding Coding No change
Computer Usage - Eliminated
Cybersecurty Cybersecurty No change
Programming Programming No change
[Technology Design Technology Design No change
Digital Literacy Digital Literacy No change

\Artificial intelligence |Addition

Technical Machine operation skills Machine operation skills No change
Increased Job Knowledge Due To (Increased Job  Knowledge Due To |No change
IAutomated Processes IAutomated Processes
Process optimization / understanding Process optimization / understanding No change
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Ozet— Bu ¢alisma, cevresel siirdiiriilebilirlik kapsaminda Tiirkiye'nin performansim 2022 Cevresel Performans
Endeksi (EPI) raporu iizerinden degerlendirmeyi amacglamistir. EPI'nin ii¢ ana Kriteri olan "iklim Degisikligi",
"Cevresel Saghk" ve "Eko-sistem Canlhihg1" acilarindan Tiirkiye'nin durumu diinya genelinde ve Dogu Avrupa
bolgesinde karsilastirmali bir sekilde analiz edilmistir. Ayrica, 2012 yili ile 2022 yili arasindaki degisim de
incelenerek Tiirkiye'nin ¢evresel performansindaki gelismeler ve gerilemeler degerlendirilmistir. Elde edilen
bulgular, Tiirkiye'nin 2022 yilinda genel cevresel performans endeksine gore diinya genelinde 172. sirada yer
aldigim gostermektedir. Ozellikle "Iklim Degisikligi" ve "Eko-sistem Canlihig1" kriterlerindeki diisiik puanlar,
Tiirkiye'nin ¢evresel siirdiiriilebilirlik konusundaki zayif performansim1 vurgulamaktadir. Tiirkiye 10 y1l 6ncesi
ile karsilastirldiginda, cevresel saghk konusunda gelisme gosterdigi ancak iklim degisikligi ve ekosistem
canliligl alaninda gerileme yasadig1 goriilmiistiir.

Anahtar Kelimeler— Cevre Performansi, EPI, Cevresel Siirdiiriilebilirlik, iklim Degisikligi, Eko-sistem Canlilig

A Study on Comparison of Turkey with Eastern European Countries
within the Scope of Environmental Performance Index

Abstract— This study aims to evaluate Turkey's performance within the scope of environmental sustainability
through the 2022 Environmental Performance Index (EPI) report. Turkey's situation is comparatively analyzed
from a global and Eastern Europe perspective based on EPI's three main criteria: ""Climate Change,"
"Environmental Health," and ""Ecosystem Vitality." Additionally, changes between the years 2012 and 2022 are
examined to assess developments and setbacks in Turkey's environmental performance. The findings indicate
that in the 2022 overall environmental performance index, Turkey ranks 172nd globally. Particularly, low scores
in the "Climate Change™ and "Ecosystem Vitality'" criteria underline Turkey's weak performance in
environmental sustainability. When compared to its status a decade ago, Turkey has shown progress in
environmental health, but a decline is observed in the fields of climate change and ecosystem vitality.

Keywords— Environmental Performance, EPI, Environmental Sustainability, Climate Change, Eco-system
Vitality

I. GIRIS

Uzun yillardan beri diinya ikliminde diizenli degisimler yasamistir ve yasanmaya da devam etmektedir.
Daha ¢ok atmosferik i¢ dengeye bagli olarak, uzaydan gelen radyoaktif parg¢aciklar, meteor yagmurlari,
volkanik patlamalar veya diinyadaki manyetik kutuplarin yer degistirmesi etkenlerinden dolay1 diinya
surekli olarak iklim degisikligine maruz kalmistir[1]. Tim bu dogal faktorlerin diginda diinyada iklim
degisikligi ilk kez insan eliyle ve sanayi devrimi ile birlikte ortaya ¢ikan atiklarin, sera gazlarinin etkisiyle
daha da arttif1 saptanmistir[2]. Bu etkenlere ek olarak insanlarin sebep oldugu karbondioksit salinimi
nedeniyle kiiresel 1sinma tetiklenmis ve diinya giderek 1sinmaya baslamis bu durum ise iklim degisikligine
sebep olmustur[3], [4]. Giinlimiizde diinyanin ve insanligin kars1 karsiya kaldig1 en 6nemli olas1 felaket
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kiiresel 1sinma olarak tanimlanmaktadir. Kiiresel 1sinmanin en énemli sebebinin ¢evrenin ve doganin temiz
ve siirdiiriilebilir kullanilamamasi1 ve ¢evrenin kirletilmesi oldugu kabul edilmektedir[5].

Cevre kirliligi tizerinde etkili olan faktdrler igerisinde ilk siralarda, kontrolsiiz niifus artis1 ve sanayilesme
gelmektedir[e]. Niifus artisina bagli olarak insanlarin artan talebi kapsaminda isletmeler daha ¢ok tiretim
yapabilmek icin hammadde ve dogal kaynaklari israf ederek kullanmaya baslamislardir. Ancak yapilan
bilimsel calismalar gdstermektedir ki; kit kaynaklarin kullanimi ve kiiresel 1sinmanin 6niine gegebilmek
icin hem bireysel anlamda, hem isletme bazinda hem de devlet diizeyinde herkesin ortaklasa kaynaklarin
korunasi, doganin ve ¢evrenin korunmasi konusunda hep birlikte ¢gaba gdstermesi oldukga gereklidir[7].
Artan bu talepler sonucunda, zaman igerisinde ¢evrenin korunmasi ve kontroli i¢in farkli faaliyetler
yapilmaya baglanmistir. Bunlardan one ¢ikanlardan birisi ¢evre performans endeksi (Environmental
Performance Index) ¢alismasidir[8].

Cevresel Performans Indeksi; diinya genelinde iilkelerin cevreyi koruma  performanslarini
degerlendirmek ve iilke siralamalarini belirlemek iizere yapilan, sonuglari yillik raporlar halinde sunulan,
uluslararas1 kurumlarca hesap edilip takip edilen bir ¢alismadir[9]. ik kez kiiresel ¢evre yonetim girigimi
tarafindan 1998 yilinda gevre performansina yonelik bir sunum ile baslanmis, daha sonra 2000, 2001, 2002
ve 2005 yillarinda Yale Cevre Hukuku ve Politikasi Merkezi ile Uluslararasi Yer Bilimleri Bilgi Ag1
Merkezi (CIESIN) ortaklig1 ile Diinya Ekonomik Forumu ve Avrupa Komisyonu Ortak Arastirma
Merkezi’nin de katkilar1 almarak Cevre Siirdiiriilebilirlik Indeksi arastirmalar1 yapilmistir. Akabinde, 2006
yilina gelindiginde ise; bu ¢aligmalar her iki yilda bir olacak sekilde 2006, 2008, 2010, 2012, 2014, 2016,
2018, 2020 ve 2022 yillarinda diizenli olarak tekrarlanmistir[10], [11]. EPI, yillar igerisinde aragtirma
kapsamini ve kriterlerini gelistirmis, son olarak 2022 yilinda 180 {ilkenin 3 ana kriter ve 11 alt kriterde
gevre performansina ait verileri toplamis, hesaplamis ve yaymlamistir. Yayinlanan bu veriler tilkelerin
resmi makamlarindan, uydu ve izleme istasyonlarindan, Birlesmis Milletler ve diger uluslararasi
kuruluslarin yayinladig: giivenli kaynaklardan bilimsel ve kamuya agik verilerden olugmaktadir[s].

Yapilan bu ¢alismada, oncelikle konuyla alakali giincel kaynaklar ve ilgili literatiir tarama c¢aligmasi
yapilmistir. Daha sonra Cevre Performansi indeksi verileri kapsaminda Tiirkiye nin hem bélgesel hem de
diinya genelindeki konumu incelenmis, ¢evre performansint belirleyen 3 kriter (iklim degisikligi, ¢evre
sagligi, eko-sistem canlilig1) lizerinden performans puanlari belirlenmistir. Son olarak Tiirkiye’nin 10 y1l
Oncesine gore ¢evresel performans durumu 2022 yili durumu ile karsilastirilmistir.

Il. LITERATUR ARASTIRMASI

Caligma konusu ile ilgili yerli ve yabanci kapsamli bir literatiir arastirmasi yapilip one ¢ikan bazilar
asagida sunulmustur.

Adeel-Farooq vd. [12] yaptiklar ¢aligmada, ekonomik bilyiime, enerji tiikketimi ve kentlesme gibi bazi
kontrollii degiskenlerin gelismekte olan bes ASEAN iilkesinin (Malezya, Endonezya, Tayland, Vietnam ve
Filipinler) 2003-2016 donemindeki genel ¢evresel performansi tizerindeki etkilerini incelemislerdir.
Calismadan elde edilen bulgulara gore, finansal gelismenin bu iilkelerin ¢evresel performansini olumlu
yonde etkiledigini ve bununla birlikte, enerji kullanim1 ve kentlesmenin, bu tilkelerin ¢evre performansi ile
negatif bir iliskiye sahip oldugunu tespit etmislerdir.

Dogan [13] yaptig1 calismada, gayri safi yurt i¢i hasilada diinya sirlamasinda ilk elli siraya giren OECD
ve AB iiyesi yirmi dort ilkenin gevresel performanslarini, Iklim Degisikligi Performans Endeksi (CCPI) ve
Cevresel Performans Endeksi (EPI) icerisinde yer alan kriterleri de dikkate alarak ¢ok kriterli karar verme
yontemlerinden CRITIC ve MABAC yontemleriyle 6lgmiistiir. Calismadan elde edilen bulgulara gore,
EPI'ye gore en iyi performansi gosteren iilke Finlandiya; CRITIC - MABAC ydnteminde Isveg olurken,
her iki analizde de en kotii performansi gosteren iilke Tiirkiye olmustur.

Akandere [14] yaptig1 ¢alismada, Lojistik Performans Endeksi (LPI) ve Cevresel Performans Endeksi
(EPI) puanlarin1 2014-18 donemi i¢in karsilastirmali olarak degerlendirmistir. Calisma sonucunda,
Portekiz, Slovenya, Italya, Singapur, Yunanistan, srail, Rusya, Malezya Urdiin ve Romanya’nin LPI ve
EPI skorlarinin yiiksek ve basarili iilkeler oldugu saptamistir. Ayrica Cin, Hong Kong, Hindistan,
Endonezya, Tayland, Vietnam, Kenya, Myanmar ve Pakistan LPI ve EPI skorlarinin diisiik seviyede olmasi
sebebiyle performans degerlendirmesinde en az basaril tilkeler oldugu ileri stirtilmiigtiir.

Fu vd. [15] yaptiklari ¢alismada, uluslararas1 yaptirimlarin ¢evresel performans tizerindeki etkisini, 2002—
2016 donemi ve 22 devlet i¢in panel modelini kullanarak analiz etmislerdir. Caligmadan elde edilen
bulgulara gore, genel olarak ABD ve AB lilkelerine ekonomik yaptirimlar uygulanmasinin, gevre
performansii disiirdiigiinii ve ¢evre performansi lizerinde 6nemli 6lgiide olumsuz bir etkiye sahip
oldugunu ileri siirmiislerdir.

Bek [10] yaptig1 ¢alismada, Isvigre ve Tiirkiye’nin gevresel performanslarii Cevresel Performans
Endeksine gore karsilastirmig ve bu karsilagtirma sonucunda Tiirkiye’nin ¢evresel gostergelerinin diisiik
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siralarda olmasinin sebepleri tartistlmistir. Calisma sonucunda, Tiirkiye’nin ¢evre performansinin birgok
iilkenin gerisinde kaldigi, ayrica agir metaller alt kriteri haricinde diger kriterlerin hepsinde diisiik
performans gosterdigi ileri siiriilmiistiir.

Karaman [16] yaptig1 ¢alismada, AB iiyeligine aday olan Tiirkiye nin ¢evre performansini EPI verileri
kapsaminda AB iilkeleri ile karsilagtirmali olarak incelemistir. Caligma sonucunda, Tiirkiye’nin bulundugu
cografya nedeniyle cevre tahribatina bagli sonuglardan en kotii etkilenen iilkelerden birisi oldugu ileri
surilmistir.

Ozkan ve Ozcan [11] ¢alismalarinda OECD iilkelerinin gevresel performanslarmi 2015 yili verilerine
gore, Veri Zarflama Analizi yontemiyle degerlendirmislerdir. Ayrica, EPI kriterlerinden ¢evre sagligi ve
ekosistem canliligi kriterlerine gore de analizler yapilmigtir. Caligma sonucunda, Avustralya, Kanada,
Cekya, Macaristan, izlanda, irlanda, Israil, italya, Giiney Kore, Liiksemburg, Meksika, Polonya, Slovakya,
Slovenya, Tiirkiye, Ingiltere ve ABD’nin gevre performansi yoniiyle etkin iilkeler oldugunu tespit
etmislerdir.

Shahabadi vd. [17] yaptiklar1 ¢aligmada 2000-2012 déneminde segilen OPEC (lkelerinde ¢evresel
performans endeksini etkileyen faktorleri, panel veri yaklasimimi kullanarak incelemislerdir. Elde ettikleri
bulgulara gore, OPEC iilkelerinde yonetisim endeksi, internet kullanicilar ve dogal kaynak bollugu endeksi
degiskenlerinin cevresel performans endeksi iizerinde pozitif ve anlamli bir etkiye sahip oldugu ve GSYIH
basina karbondioksit emisyonunun negatif ve anlamli bir etkiye sahip oldugu belirlenmistir.

das Neves Almeida ve Garcia-Sanchez [18] yaptiklari ¢alismada farkli 6zellikleri tespit etmek {izere
Cevresel Performansin Bilesik Endeksini (CIEP) ve Cevresel Performans Endeksini (EPI)
karsilagtirmiglardir. Calismadan elde edilen bulgulara gére, bu endekslerin farkli yontem ve degiskenler
kullanilarak gelistirildigi, ancak yaklagik %20 oraninda aymi degiskenleri paylastiklari belirlenmistir.
Ayrica bu iki endeksle yapilan iilke siralamalarinda da %21 oraninda farklilik bulundugu belirlenmistir.

Hsu vd. [19] yaptiklar ¢alismada, 2012 yili EPI ve Trend EPI ¢alismalarindan alinan verileri ile kiiresel
politika hedeflerine yonelik ilerlemeyi Ol¢miislerdir. Bu kapsamda c¢aligmada, Suyun insan sagligi
lizerindeki etkiler, Biyolojik Cesitlilik ve Habitat, Ormancilik, Balik¢1lik ve iklim Degisikligi ve Enerji
kriterleri ele alinmistir. Calismadan elde edilen sonuglara gore, ¢evresel hedeflerdeki ilerlemenin iilkeye,
bolgeye ve konuya gore esit olmadigi belirlenmistir.

11l. METODOLOJI

A. Arastirmanin Amaci

Bu arastirmanin amaci; Cevre Performansi Indeksi (EPI) kapsaminda 2022 yilina ait bulgular 1s131inda
Tiirkiye’nin hem bodlgesel hem diinya genelindeki durumuyla ilgili olarak 3 kriter (iklim, ¢evre saghgi,
ekosistem sagligi) ve 11 alt kriter ile karsilagtirmali olarak analiz edilip ayn1 zamanda Tiirkiye’nin genel ve
ti¢ kriter ile ilgili mevcut durumu 10 y1l 6ncesi ile karsilastirmaktir. Buna bagli olarak Tiirkiye’nin ¢evresel
performanst ile ilgili mevcut durumu hakkinda bir degerlendirme yapmaktir.

B. Arastirmada Kullanilan Veriler

Arastirmada kullanilan veriler EPI’nin her iki yilda bir web sitesinde yaymnladigi 2022 endeks
raporlarindan alinmig olup, bu endekste 3 ana kriter, 11 alt kriter ve daha alt dizeyde 40 kriter
bulunmaktadir.
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Sekil 1. Cevre Performans Endeksi Kriter ve Alt Kriteri (Wolf vd., 2022)

Sekil 1 ile EPI’nin kriter ve alt kriterleri gosterilmistir. Buna gore 2022 yili EPI analizleri “Iklim
Degisikligi”, “Cevresel Saglik” ve “Eko-sistem Canliligi” olmak iizere {i¢ ana baghk altinda
degerlendirilmistir. EPI genel raporunun ortaya ¢ikmasinda her bir kriterinin yiizdelik bir 6énem pay1
bulunmaktadir. Buna gére, “iklim Degisikligi” kriteri %38’lik bir énem payma gére degerlendirmeye
alinmustir. “Cevresel Saglik” kriteri ise %20°lik bir 5nem payina sahiptir. Son olarak “Eko-sistem Canlilig1”
kriteri %42°1ik bir 6nem payina sahiptir.

Cevresel Performans Endeksi, yukarida belirtilen kriter ve alt kriterler 1s18inda iilkelerin g¢evresel
siirdiiriilebilirlik konusuna iliskin tiim faaliyet, girisim ve diizenlemelerini tek bir yiizdelik puanina
indirgeyerek tiim iilkelerin bagari siralamasini yapmaktadir. Yine hem kriterler hem de alt kriterler
kapsaminda tiim iilkelerin hem genel puanini ¢ikarmakta hem de iilkelerin kendi bulunduklar1 bolgeler
acisindan degerlendirilmesine olanak tanimaktadir. Bu kapsamda EPI ile Kiiresel Bati, Latin Amerika ve
Karayipler, Eski Sovyet Ulkeleri, Asya-Pasifik Bélgesi, Orta Dogu, Sahra-alti Afrika, Giiney Asya ve
Tiirkiye’nin de iginde bulundugu Dogu Avrupa olmak fiizere 8 bolge ayr1 ayn kendi iclerinde
degerlendirilmistir. Yapilan ¢calismada Tiirkiye nin ¢evre performansi inceleneceginden iginde bulundugu
Dogu Avrupa Bolgesine ait bulgular hem EPI genel puani agisindan hem 3 ana kriter puani agisindan
bolgesel olarak incelenecek ve 10 yillik siiregteki gelisimi de grafik iizerinde degerlendirilip
yorumlanacaktir.

C. Verilerin Analizi

Arastirma kapsaminda EPI 2022 raporunda yer alan 3 kritere ait bulgular ve Tiirkiye’nin 10 y1l 6ncesi
ile karsilagtirmasina ait bulgular ayrintili olarak incelenmistir. Daha sonra genel anlamda bir karsilastirma
yapabilmek icin rapor dahilinde sunulan istatistiksel gostergeler Excel 2016 programi kapsaminda bar
grafigi yardimiyla ayrintili sekilde analiz edilip sonuclar gosterilmistir.

IV. BULGULAR

Bulgular boliimiinde ¢alismanin amaci ve metodolojisi kapsaminda oncelikle Tiirkiye’nin gevresel
performans endeksi 2022 verilerine gore diinya genelindeki performans durumu incelenmigtir. Daha sonra
Tiirkiye’nin, bulundugu Dogu Avrupa bdlgesi igerisindeki ¢evresel performans durumu EPI’ye ait 3 genel
kriter dogrultusunda incelenmistir. Ayrica Tiirkiye’nin 2012-22 dénemi 10 yillik ¢evresel performansi ile
mevcut durumu kargilastirilmistir. Son olarak EPI analizlerinde kullanilan 11 alt kriter kapsaminda
Tiirkiye’nin Dogu Avrupa bdlgesine kiyasla karsilastirma analizleri yapilmistir.
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D. Tiirkiye 'nin EP1 2022 Kapsaminda Diinyada ve Bolgedeki Durumu

EPI 2022 kapsaminda Tiirkiye 40 gosterge ile 6l¢iilen ve 3 kriter bagligi altinda toplanmus 11 alt kriterden
olusan analizin genel sonucuna goére 180 iilke arasindan 26,3 puan alarak 172°nci olmustur. EPI’nin ¢
kriter olan “Iklim Degisikligi”, “Cevresel Saghk” ve “Ekosistem Canliligi’ndan” elde ettigi puanlara
bakilacak olursa; Tklim Degisikligi kriterinde Tiirkiye 21,5 puan ile 180 iilke igerisinde 166’nc1 olmustur.
Cevresel Saglik kriterinde 47,8 puan ile 60. sirada yer almistir. Son olarak Ekosistem Canliligi’nda ise 20,3
puan ile 176’nc1 olmustur.

Genel puanlardaki durum tespitinden sonra Tiirkiye’nin Dogu Avrupa Ulkeleri ile olan genel, “Iklim
Degisikligi”, “Cevresel Saglik” ve Ekosistem Canlilig1 kriterlerindeki sonuglari degerlendirilmistir.
Oncelikle Tiirkiye’nin diger Dogu Avrupa Ulkeleri ile olan karsilastirmali analiz sonuclar1 asagida Sekil 2
yardimiyla gosterilmistir.
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Sekil 2. Tiirkiye’nin EPI 2022 Kapsaminda Dogu Avrupa Ulkeleri ile Genel Karsilastirilmast

Sekil 2 incelendiginde, Slovenya (67,3), Estonya (61,4) ve Latvia (61,1) gibi Ulkeler genel analiz
sonucunda yiiksek puanlar alirken Tiirkiye, diinya genelinde 26,3’liik puaniyla 180 iilke arasinda 172’nci
olurken “Dogu Avrupa Bolgesi” icerisinde ise 19 iilke arasinda sonuncu olmustur.

E. Tiirkiye 'nin EP1 2022 Kapsaminda Iklim Degisikli Kriterine Gore Performans Analizi

Genel karsilagtirma analizinden sonra Tiirkiye’nin Dogu Avrupa Ulkelerine kiyasla “Iklim Degisikligi”
kriterine ait bulgular Sekil 3’de gorsellestirilerek iilkeler karsilagtirmali olarak analiz edilmistir.

69.8

52.5
52.3
48.1
47.1
45.1
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38.8

Sekil 3. Tiirkiyenin EP1 2022 Kapsaminda Tklim Degisikligi Kriterine Gore Dogu Avrupa Ulkeleri ile Performans Karsilastirmast
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Sekil 3 incelendiginde, Kuzey Makedonya (69,8), Slovenya (62,9) ve Litvanya (58,6) listede iklim
degisikligi konusu ile ilgili bolgedeki en sorumluluk alan devletler olarak goze ¢arpmaktadir. Genel sonug
bulgularma gore 26,3 ile son sirada yer alan Tiirkiye “Iklim degisikligi” kriteri kapsaminda da Dogu Avrupa
Ulkeleri arasinda 21,5 ile sonuncu sirada yer almaktadir. Buna gére Tiirkiye iklim degisikligi ile miicadele
konusunda bolgedeki diger devletlere gore ¢ok zayif kalmaktadir.

F. Tiirkiye 'nin EP1 2022 Kapsaminda Cevresel Saghk Kriterine Gore Performans Analizi
“Iklim degisikligi” analizinden sonra asagida Sekil 4 aracihigiyla Tiirkiye’nin diger Dogu Avrupa
Ulkeleri ile “Cevresel Saglik” kriteri yoniiyle performans karsilagtirmasi gosterilmistir.
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Sekil 4. Tiirkiye’nin EPI 2022 Kapsaminda Cevresel Saglik Kriterine Gére Dogu Avrupa Ulkeleri ile Performans Karsilagtirmasi

Sekil 4 incelendiginde, ¢evresel saglik bakimindan Kibris (73,8), Estonya (71,8) ve Yunanistan (71,5)
iilkelerinin ilk siralarda yer aldig1 goriilmiistiir. Tiirkiye ise 47,8’lik puantyla diinya genelinde 60’1nc1 sirada
yer alirken Dogu Avrupa Ulkeleri kapsaminda 19 iilke arasindan 11’inci sirada yer almaktadir. Buna gore
Turkiye c¢evresel saglik konularinda koti olmasa da temel anlamda gelisime ihtiyag oldugunu
distindiirmektedir.

G. Tiirkiye 'nin EPI 2022 Kapsaminda Eko-Sistem Canliligi Kriterine Gore Performans Analizi

“Cevresel Saglik” analizinden sonra asagida Sekil 5 araciligiyla Tiirkiye’nin Dogu Avrupa Ulkeleri ile
“Eko-Sistem Canlilig1” kapsamindaki karsilastirilmas1 gosterilmistir.
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Sekil 5. Tiirkiyenin EPIT 2022 Kapsaminda Eko-Sistem Canlilig1 Kriterine Gére Dogu Avrupa Ulkeleri ile Performans
Kargilagtirmast
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Sekil 5 incelendiginde, eko-sistem canliligi bakimindan Slovenya (72,7), Slovakya (66,3) ve Hirvatistan
(65,6) tilkelerinin ilk siralarda yer aldig1 goriilmiistiir. Tiirkiye ise 20,3’liik puaniyla diinya genelinde 180
iilke arasinda 176’mc1 sirada yer alirken Dogu Avrupa Ulkeleri kapsaminda 19 iilke arasindan sonuncu
sirada yer almaktadir. Buna gore Tiirkiye eko-sistem canliligi bakimindan bolgedeki diger devletlere
kiyasla ¢ok kotii bir durumdadir.

H. Tiirkiye 'nin EPI 2022 Kapsaminda Cevre Performansinin 2012-22 Dénemindeki Gelismeleri

Asagida Sekil 6’daki grafikte Tiirkiye’nin ¢evre performansi genel puanina ve ii¢ ana kritere gore
2012-22 donemindeki 10 yillik gelisimi EPI puanlarina gore grafiklendirilmis ve yorumlanmistir.
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Sekil 6. Tiirkiye nin Cevre Performansindaki 2012-2022 Dénemindeki Gelismeleri

Sekil 6 incelendiginde, Tirkiye, Eko-sistem canliligi kapsaminda 2012 yilinda 22 puanina sahipken,
2022 yilina gelindiginde 20,3 puanini alarak gerileme yagamistir. Ancak g¢evre sagligi konusunda 2012
yilinda 40,7 puanina sahipken 2022 yilinda 47,8 bir puan elde ederek yiikselme yasamustir. iklim
degisikligine kars1 koyma konusuna gelindiginde ise 2012 yilinda 24,7 puanina sahipken 2022 yilinda 21,5
puan alarak yine gerileme yasamustir. Son olarak ii¢ ana Kriterinin birlikte degerlendirildigi genel sonug
durumunda ise 2012 yilinda 26,8 puanina sahipken 2022’ye gelindiginde 26,3 puan elde ederek genel
anlamda cevresel siirdiiriilebilirlik bakimindan gerileme yagamistir.

SONUC ve ONERILER

Diinya tarih boyunca ¢esitli iklim degisikliklerine maruz kalmis ve siirekli yasami zorlayici etkenlerle
bas etmistir. Ozellikle meteor yagmurlari ve volkanik patlamalar sebebiyle olusan bu zorlayict durumlarin
hepsi dogal sebepler sonucu ortaya ¢ikmig ve diinya tarafindan zamanla dogal olarak temizlenmistir[10].
Ancak sanayi devrimi sonrast biiyiik bir hizla diinya bu kez insan eliyle yapay bir sekilde kirletilmeye
baglanmustir. Karbondioksit salimmmindaki artis, kontrolsiiz niifus artigi, sanayilesme sonucu endustriyel
faliyetlere bagl olarak olusan zararli atiklarin dogaya bilingsizce atilmasi gibi faaliyetler ile diinya adim
adim kirletilmigtir. Buna bagli olarak zaman igerisinde ¢evre bilinci tasiyan insanlar ve sivil toplum
kuruluglari devletleri de ikna ederek ¢evrenin temizlenmesi ve siirekli kontrol edilmesi i¢in ¢aligmalara
baglamislardir[2]. Bu kapsamda ¢evrenin siirdiiriilebilir olmasi1 6zellikle gelecek kusaklar i¢in ciddi 6nem
arz ettiginden en 6nemli gevre faaliyeti olarak goriilmiistiir[20]. Zaman igerisinde gevre faaliyetlerinde
yasanan artiga bagli olarak tiim diinyay1 belirli araliklarla diizenli olarak takip eden ve gevresel
stirdiiriilebilirligi amag edinen faaliyetler ortaya ¢ikmistir. Cevresel faaliyetler icerisinde en dnemlilerinden
birisi olan Yale Universitesinin 2006 yilinda baslattigi Cevresel Performans Indeksi (EPI) ¢aligmasi,
diinyadaki tim Ulkeleri kapsayan ¢evresel siirdtrilebilirlik performansini 6lgmektedir(g].

EPI 2022 kapsaminda yapilan analizlerden elde edilen bilgilere gore Tiirkiye genel ¢evresel performans
sonucu itibariyle 100 iizerinden 26,3 puan alarak 180 iilke arasinda 172’°nci sirada olup ayrica Dogu Avrupa
tilkelerine kiyasla 19 iilke arasindan sonuncu olmustur. Buna gore Turkiye genel cevresel performans
acisindan ¢ok kotii bir durumdadir. EPI’nin {ig¢ temel kriteri diinya geneline ve Dogu Avrupa bolgesine gore
incelendiginde Tklim Degisikligi kriteri kapsaminda Tiirkiye, 21,5 puan alarak diinya genelinde 166°nc1
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olurken Dogu Avrupa bolgesinde 19 iilke arasindan sonuncu olmustur. Buna gére Tiirkiye Iklim Degisikligi
konusunda ¢ok kot bir konumdadir. Cevresel Saglik kriteri kapsaminda ise 47,8 puan ile diinya genelinde
60’1nc1 sirada yer alirken Dogu Avrupa bolgesinde 19 iilke arasindan 11’inci sirada yer almigtir. Buna gore
Turkiye Cevresel Saglik agisindan diger kriterlere gére daha iyi bir konumdadir. Son olarak Eko-sistem
Canlilig1 kriteri kapsaminda ise 20,3 puan diinya genelinde ile 176’nc1 olurken Dogu Avrupa bolgesinde
ise 19 iilke arasinda sonuncu olmustur. Buna gore Tirkiye Eko-sistem Canliligi konusunda ¢ok kotu bir
konumdadir.

EPI’nin genel ve bolgesel sonuglarindan sonra Tiirkiye nin 2012-22 dénemi bulgularina gére genel ¢evre
performanst 2012 yilinda 26,8 puan iken 2022 yilinda diislis yasayarak 26,3 puana inmistir. Buna gore
Tiirkiye genel ¢evre performansi acisindan kotii bir durumdadir. iklim degisikligi kriterinde ise 2012 y1linda
26,8 puan iken 2022 yilinda 21,5 puana diismiistiir ve sonug olarak iklim degisikligi konusunda Tiirkiye
koti bir durumdadir. Cevre sagligi kriterine gore 2012 yilinda 40,7 puan alirken 2022 yilinda 47,8 puana
yikselmistir. Buna gore Turkiye gevre sagligi konusunda iyi bir konumdadir ve kayda deger bir yiikselis
yasamugtir. Son olarak Eko-sistem canliligi kriterine gore 2012 yilinda 22 puana sahipken 2022 yilinda
20,3 puana diismiistir. Buna gore Tiirkiye son on yilda daha da gerileyerek Eko-sistem canliligi konusunda
koti bir performans sergilemistir.

Genel bir degerlendirme yapilacak olursa Tiirkiye siirdiiriilebilir ¢cevresel performansi agisindan 2022
yilinda ¢ok zayif bir noktada oldugu goOriilmekte, diinya siralamasinda 172°nci iken 19 Dogu Avrupa tilkesi
arasinda da sonuncu siradadir. Ozellikle cevresel saghk Kriteri konusunda nispeten iyi bir konumdayken,
iklim degisikligini 6nleme faaliyetleri ve eko-sistem canliigim artirici faaliyetler kriterinde ¢ok zayif
kalmistir. Bu iki kriter agisindan gosterdigi zayiflik genel EPI performansini da bilyiik dl¢iide etkilemis ve
diinya genelinde bu kadar geri kalmasinda ki baslica sebep olmustur. 2022 yilindaki durumuna ek olarak
10 y1l 6ncesi ile karsilastirildiginda ise gevresel saglik konusunda gelisim gostermisken iklim degisikligini
onleme faaliyetleri ve eko-sistem canliligimi artiric1 faaliyetler kriterleri kapsaminda gerileme yasadigi
gozlemlenmistir.

Oneriler;

. Caligma sadece EPI 2022 yil1 verilerine gore yapilmustir. ileride galismanin kapsami genisletilerek
daha 6nce yapilmig analiz raporlari ile karsilastirma analizleri yapilabilir.

. EPI kapsaminda 3 kriter degerlendirilmistir. Daha sonraki yapilacak ¢aligmalarda buna ek olarak
11 alt kriter de arastirmaya eklenerek Tiirkiye nin durumu daha kapsamli olarak incelenebilir.

. Tiirkiye nin durumu ¢aligmada sadece genel performans ve Dogu Avrupa bolgesindeki iilkelere
ile karsilagtirilarak yapilmustir. Ileride farkli bélgeler kullanilarak Tiirkiye’nin durumu daha detayli
incelenebilir.
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Ozet— Endiistri 4.0 olarak adlandirilan dénem, dijital doniisiimiin ve endiistriyel otomasyonun hizla yayildig
bir cagdir. Bu ¢ag, isletmelerin sadece rekabet avantajlarimi koruma ve verimliliklerini artirma amaciyla degil,
ayn1 zamanda cagin gereksinimlerine hizla uyum saglama ihtiyaciyla da sekillenmektedir. Endiistri 4.0 ¢caginda
isletmelerin ¢agin gereksinimlerine uymak amaciyla etkilesim halinde bulundugu kavramlarin arasinda ayrik
olay simiilasyonu (DES), dijital ikizler ve is siirecleri yonetimi (BPM) bulunmaktadir. Bibliyometri, bilimsel
bilgi paylasim araclarinin matematiksel ve istatistiksel tekniklerle incelenmesini saglayan bir inceleme alamdir.
Bu ¢calismanin amaci, endiistri 4.0, ayrik olay simiilasyonu (DES), dijital ikizler ve is siirecleri yonetimi (BPM)
arastirma temalarinin bir arada ele alindig1 akademik ¢alismalarin bibliyometrik analiziyle bu alanlardaki
arastirmalara kapsamh bir bakis sunarak gelecekteki arastirmacilara rehberlik etmek ve daha fazla calismanin
yolunu a¢mak icin kaynak olusturmaktir. Calismada 05.09.2023 tarihinde Web of Science veri tabaninda
yapilan sorgu ile elde edilen 105 birimlik veri seti ile kullanilmistir. Analizler VOSviewer program ile
yapilmistir. Analizler arasinda ortak yazar analizi, yazar atif analizi, iilke atif analizi, kurum atif analizi,
anahtar kelime analizi, metin bibliyografik eslesme analizi ve yazarlarin es atif analizi yer almaktadir.

Anahtar Kelimeler— Endiistri 4.0, Ayrik Olay Simiilasyonu, Dijital ikizler, DES, is Siirecleri Yonetimi, BPM,
Bibliyometrik Analiz

. GIRIS

Dijitallesme, hayatimizin gesitli yonlerinde devrim yaratarak diinya ¢apinda endiistrileri, ekonomileri
ve toplumlar1 derinden etkilemektedir. Dijitallesme, bir sirketin birden fazla faktoérdeki performansini
iyilestirmek ve yeni is firsatlarina erisim saglamak i¢in dijital teknolojiyi benimseme siireci seklinde
tanimlanmaktadir. [1]. Tarih boyunca imalat sektorii 6nemli degisimler yasamis, her sanayi devrimi
tiretim prosediirlerinde ve toplumsal yapilarda derin degisimlere yol agmistir. Endiistri 4.0 dijital
dinyaya gecisin ve endiistriyel otomasyonun yaygilastigi bir cagdir [2]. Endiistri 4.0'a gegis siireci,
yeni teknolojilerin benimsenmesini ve {irlinler, siiregler, hizmetler, is modelleri, organizasyonel yapilar
ve stratejiler de dahil olmak lizere endiistrilerin gesitli yonlerinin dontisimiinii igermektedir [3].
Endiistri 4.0'a ge¢is siirecinde isletmeler, rekabet avantajlarini korumak, verimliliklerini arttirmak ve
cagin gereksinimlerini karsilamak amacryla dijital trendlere yonelmektedirler [4]. Bu dijital trendler
arasinda ayrik olay simiilasyonu (DES), dijital ikizler ve is siiregleri yonetimi (BPM) arastirma temalari
da yer almaktadir.

Caligsma, Endiistri 4.0 ¢agindaki bu kritik kavramlarin, yani Ayrik Olay Simiilasyonu (DES), Dijital
Ikizler ve Is Siiregleri Yonetimi (BPM) temalariin bilimsel literatiirdeki 6nemine ve bu temalarin
bibliyometrik analizine odaklanmaktadir. Analiz, bu kavramlarin akademik diinyadaki yayginligini ve
etkisini anlamak, gelecekteki arastirmacilara yol gdstermek ve bu alanlarda daha fazla calismanin
yolunu agmak i¢in tasarlanmistir. Calismanin kavramsal ¢erceve boliimiinde Ayrik Olay Simiilasyonu
(DES), Dijital ikizler ve Is Siirecleri Yonetimi (BPM) temalarinin Endiistri 4.0 cagindaki énemine yer
verilmistir. Analiz ve bulgularda bibliyometrik analiz agiklanmakta, Web of Science veri tabaninda
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yapilan sorgu sonucglarina dayali olarak gerceklestirilen bibliyometrik analizlerin sonuglari
bulunmaktadir. Caligmanin devaminda bu sonuglarin isletmelere ve akademisyenlere saglayabilecegi
perspektifler ele alinmaktadir.

Il. KAVRAMSAL CERCEVE

Ayrik Olay Simiilasyonu (DES), bir sistem veya siireci meydana getiren belirli olaylarin, islemlerin
veya etkilesimlerin ayrik, zamansal adimlar halinde modellenmesini ve simiile edilmesini amaglayan
matematiksel ve bilgisayar tabanli bir modelleme teknigi olarak tanimlanmaktadir [S]. DES, karmagik
sistemleri anlamak, analiz etmek, optimize etmek ve olasi senaryolari olusturarak gelecegi tahmin
etmek i¢in kullanilmaktadir [6]. DES kavrami, farkli senaryolarin ve stratejilerin degerlendirilmesini
kolaylagtirarak sirketlerin bilin¢li kararlar almasim1 ve gelecek icin plan yapmasini saglamasi
bakimindan, yeni teknolojilere adaptasyonun kritik 6nem tasidigi endiistri 4.0 ¢aginda 6nemli bir
kavram olarak karsimiza ¢ikmaktadir [7]. Ayrik olay simiilasyonu ve dijital ikiz kavramlar: cesitli
benzerlikler tagimaktadirlar. Botin-Sanabria ve digerlerine (2022) [8] gore dijital ikizler, gercek
diinyadaki muadilinin davranigini, 6zelliklerini ve niteliklerini sanal ortamda taklit eden bir tiir dijital
kopya olarak tanimlanmaktadir. Bu kavramlarin her ikisi de ger¢ek diinya sistemlerini ve siireglerini
taklit eden sanal modeller olusturmaktadirlar. Ayrik olay simiilasyonu, sistemlerin zaman igindeki
davraniglarin1 modellemek ve analiz etmek igin ayrik olaylar1 kullanmaktadir [9]. Dijital ikizler ise
gercek sistemlerle gergek zamanli olarak senkronize edilen fiziksel sistemlerin dijital kopyalaridirlar
[10]. Her iki yaklagim da karmasik sistemlerin dinamiklerini ve davranislarini yakalamak i¢in
matematiksel modelleme ve simiilasyon tekniklerine dayanmaktadir. Buna ek olarak her iki yaklagim
da sistem performansinin analizini ve optimizasyonunu da saglamaktadir [11] [12]. Endiistri 4.0
caginda dijital ikizler, liretim siireclerinin optimize edilmesinde, verimliligin artirilmasinda ve
maliyetlerin diistiriilmesinde 6nemli bir rol oynamaktadirlar [13]. Ayrica bu ¢agda dijtal ikizler,
isletmelerin fiziksel varliklarinin bilgisayar ortaminda analize imkan saglayan karsiliklart olmasi
bakimindan &nem kazanmaktadirlar [7]. "Is Siirecleri Yénetimi (BPM), isletmeler tarafindan is
siireclerini tasarlamak, modellemek, yiiriitmek, izlemek ve optimize etmek i¢in kullanilan sistematik bir
yaklagim” olarak tanimlanmaktadir [14]. Kasim, Tatic, Haracic ve Haracic'e 2018°de [15] yaptiklar1
calismada BPM’in verimliligi artirmak, maliyetleri diistirmek ve miisteri memnuniyetini artirmak gibi
belirli hedeflere ulagmak i¢in isletmelerin is yapma bi¢imlerini yonetmeyi ve iyilestirmeyi i¢eren bir
yaklagim oldugunu vurgulamiglardir. Bir baska deyisle BPM, siiregleri daha etkili ve verimli hale
getirmeyi amaglayan bir dizi faaliyet ve metodolojiyi kapsamaktadir [16]. Sara Castro ve Leonor
Teixeira'ya [17] gore Is Siirecleri Yénetimi (BPM), isletmelerin endiistriyel siireclerini optimize edip
otomatiklestirmelerini ve veriye dayali kararlar almalarini sagladigi i¢in Endiistri 4.0'da biiyiik 6nem
tasimaktadir. Buna ek olarak BPM, isletmelerin Endiistri 4.0 teknolojileri ve kavramlarin getirdigi
degisikliklere uyumunu ve verimli kaynak kullanimi saglamaktadir [18].

. UYGULAMA

A. YOntem

Bibliyometrik analiz, kayitli bilginin 6zelliklerinin ve egilimlerinin incelenmesi, bilimsel ve aragtirma
alanlarinin yapilarinin analizi, arastirma faaliyetlerinin degerlendirilmesi i¢in kullanilan bir yontemdir. Bu
analiz yontemi, belirli belgelerin veya yayinlarin yazar sayilari, yayimlandiklari dergiler, konulari gibi
birtakim 6zelliklerin niceliksel olarak analiz edilmesini saglar [19]. Bibliyometrik analiz, literatiirdeki
gelismeleri ve trendleri belirlemek, arastirma alanlarini haritalamak, 6nemli yazarlart ve kurumlari
tanimlamak gibi amaglarla kullanilmaktadir [20]. Bibliyometrik analizin bir diger kullanim amaci da
aragtirma alanindaki bosluklar1 ve gelecekteki arastirma egilimlerini belirlemek i¢in de kullanilmaktadir
[21].

B. Arastirmanin Amaci

Calismanin amac1 endiistri 4.0 (industry 4.0), kesikli olay simiilasyonu (discrete event simulation), dijital
ikiz (digital twin) ve is silirecleri yonetimi (business process management) temalarmin birlikteligi ile
gergeklestirilen akademik ¢aligmalarin bibliyometrik olarak incelenmesidir. Bu inceleme, bu dért 6nemli
aragtirma temasinin ayni anda yer aldig1 ¢aligmalara yonelik olarak elde edilen nicel verileri ve niimerik
Olgtim gostergelerini kullanarak gergeklestirilmistir. Analiz sonuglari, bu temalara ayn1 anda odaklanan
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akademik arastirmalarin sayisini, dagilimini ve etkisini gostererek arastirmacilara bu alanlarda kapsamli bir
anlayis sunmay1 amaglamaktadir. Ayrica, bu analizler, gelecekteki arastirmacilara rehberlik etmek ve bu
alanlarda daha fazla caligmanin yolunu agmak i¢in kaynak olusturmayi amaglamaktadir.

C. Veri ve Analiz

Bu ¢aligmada, endiistri 4.0 (industry 4.0), kesikli olay simiilasyonu (discrete event simulation), dijital
ikiz (digital twin) ve is siirecleri yonetimi (business process management) temalarinin ortak kullanimina
odaklanilmistir. Caligmada bu temalarla ilgili giivenilir kaynaklara erisim saglamak amaciyla Web of
Science (WoS) veri tabani tercih edilmistir. Web of Science, bu temalarla ilgili arastirmalar i¢in farkli
disiplinlerden genis veri koleksiyonuna erigim saglamasi, bilimsel kaliteyi ve dogrulugu 6n planda tutan
yayin etigi ile en uygun veri tabanlarindan biri olarak kabul edilmektedir. Ayrica, bu ¢alismada analizler
icin VOSviewer programi kullanilmistir. VOSviewer, literatiirdeki gelismeleri, baglantilar1 ve yeni
kavramlari kesfetmek i¢in islevsel bir aragtir. VOSviewer verilerin gorsellestirilmesi, haritalanmasi ve ¢ok
boyutlu analizi imkanlart sunmakta, bu da veri setlerinin derinlemesine incelenmesine olanak
saglamaktadir.

Caligmada, 05.09.2023 tarihinde endiistri 4.0 (industry 4.0), kesikli olay simiilasyonu (discrete event
simulation), dijital ikiz (digital twin) ve is slirecleri yonetimi (business process management) arastirma
temalari, anahtar s6zciik olarak Web of Science veri tabaninda “tiim alanlar segilerek “(all=(discrete event
simulation) or all=(des)) and (all=(digital twin) or all=(digital shadow) and all=(business process
management) or all=(bpm)) and (all=(industry 4.0) or all=(industry 4) or all=(forth indsturial revolution)
or all=(4th industrial revolution))” sorgusu ile arama yapilmis ve yapilan aramada 105 sonuca ulagilmustir.
Sorguya gore, en eski ¢alisma 2017, en yeni ¢aligsma ise 2023 tarihlidir. Farkli disiplinlerden olan bu 105
calismanin 53’1 makale, 47’si bildiri, 1’1 erken erisim makale ve 1’1 de editoryel igeriktir. Yayinlar agirhikli
olarak muhendislik (55), bilgisayar bilimleri (32), otomasyon kontrol sistemleri (30), yodneylem
arastirmalari (12) disiplinlerinde yer almaktadir. Elde edilen veriler ortak yazar analizi, yazar atif analizi,
iilke atif analizi, kurum atif analizi, anahtar s6zciik analizi, metin bibliyografik eslesme analizi, yazarlarin
es atif analizli bakimidan incelenmistir.

1) Ortak Yazar Analizi: Khasseh, Soheili ve Mousavi Chelak'a (2017) [22] gore ortak yazarlik agi
analizi, bilimsel ¢aligmalarda yazarlarin isbirligi ve iligkilerini incelemek i¢in kullanilan bir yontemdir. Bu
analiz, yazarlarin birlikte calisma sikligint  ve bilimsel aglarini anlamak i¢in kullanilmaktadir [23].
Caligmada ortak yazar analizi, en az 1 yayin ve en az | atif kriterlerini kullanarak en fazla baglantili ve is
birligi yapan yazarlar1 tamimlamak amaciyla bir ag haritasi olusturulmustur. Analize gore, en fazla
baglantiya sahip olan 15 yazar tek bir kiimede birlesirken, bu yazarlar arasinda toplamda 105 baglanti
bulunmaktadir. Bu kiimeyi olusturan 15 en baglantili yazarin her biri toplamda 14 baglantiya sahiptir. Ote
yandan, bu temalarda 818 atifla en ¢ok atif alan Jan Henjes, Matthias Karner, Werner Kritzinger, Wilfried
Sihn ve Georg Traar analizin sonuglarina gére en baglantili yazarlar arasinda degillerdir. Benzer sekilde,
bu temalarda 3 yayinla en ¢ok yayin iireten Giovanni Lugaresi ve Andrea Matta da en baglantili yazarlar
arasinda yer almamaktadirlar.
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2) Yazar Atif Analizi: Yazar atif analizi, bilimsel ¢aligmalarin etkilesimlerini ve énemli yazarlari
belirlemek, calisma alanindaki atif aglarini anlamak ve gelecekteki arastirma ig birligi firsatlarini kesfetmek
amactyla onemli bir ara¢ olarak kullanilmaktadir [24]. Yazar atif analizi, atif aglarini tespit etmek amacryla
en az 1 yaymn ve en az 1 atif kriterini kullanarak gerceklestirilmigtir. Bu analiz, bilimsel ¢aligmalarda
yazarlarin birbirlerine referans verme ve etkilesimlerini anlamak igin yapilmustir. Analiz sonucunda,
birbiriyle baglantili oldugu gézlemlenen 117 birim {izerinde ¢alisilmis ve toplamda 22 ayr1 kiime ve 546
baglant1 tanimlanmistir. Bu baglantilarin toplam baglanti giicii 547 olarak hesaplanmistir. En fazla atif alan
yazarlar, 818’er atif ile Jan Henjes, Matthias Karner, Werner Kritzinger, Wilfried Sihn ve Georg Traar
olarak belirlenmistir. Bu ii¢ yazarin baglanti giiciiniin herbiri ise 50 olarak hesaplanmustir.

SEKIL VII
YAZAR ATIF ANALIZI
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3) Ulke Atf Analizi: Ulke atif analizi, bilimsel ¢alismalarin iilkeler aras1 etkilesimlerini, bilimsel is
birligi potansiyelini ve bir iilkenin diger iilkelerle olan akademik iligkilerini degerlendirmek ve gelecekteki
is birligi firsatlarini tanimlamak icin 6nemli bir ara¢ olarak kullamlmaktadir [25]. Ulke atif analizi,
yayinlarin mensei iilkelerine gore aldiklar atiflar1 incelemek amaciyla bir iilkenin en az 1 eser yaymlamasi
ve 1 atif almasi kriterleri ile gergeklestirilmistir. Bu analiz, iilkeler arasindaki bilimsel etkilesimleri ve is
birligini anlamak i¢in kullanilan énemli bir aragtir. Analiz sonucunda, birbiriyle iliskilendirilen 20 gézlem
birimi {izerinde ¢aligilmis ve bu birimler arasinda 7 farkli kiime ve 35 baglanti tespit edilmistir. Bu
baglantilarin toplam baglant1 giicii ise 49 olarak hesaplanmugtir. En fazla atif alan iilkeler sirasiyla
Avusturya (842 atif), ingiltere (188 atif) ve Amerika (135 atif) olarak belirlenmistir. Toplam baglant: giicii
bakimindan ise ilk ii¢ siray1 Avusturya (26 baglanti), Almanya (10 baglant:) ve italya (9 baglantr) almistir.

Eser sayis1 acisindan ise Almanya (18 eser), italya (11 eser), Amerika (10 eser) ve Ingiltere (10 eser)
siralamada One ¢ikmustir.

SEKIL VI
ULKE ATIF ANALIZi
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4) Kurum Atnif Analizi: Kurum atif analizi, bilimsel kurumlarin arasindaki is birligi potansiyelini, bir
kurumun bilimsel etkisini ve diger kurumlarla olan akademik baglantilarin1 degerlendirmek ve gelecekteki
is birligi firsatlarin1 belirlemek i¢in dnemli bir aractir [26]. Kurum atif analizi, bir kurumun en az 1 eser
yaymlamasi ve 1 atif almasi kriterleriyle gergeklestirilmis ve kurumlar arasi atiflara dair bir ag haritasi
olugturmak amaciyla 50 birim {izerinde analiz yapilmistir. Analiz sonucunda, en fazla esere sahip olan ilk
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3 kurum sirastyla Politechnic of Milan University (5 eser), Monterrrey Technology University (3 eser) ve
Munich Technical University (3 eser) olarak belirlenmistir. En fazla atif alan (818 atif) ve en yiiksek
baglanti giiciine (22) sahip olan yayin Austria Fraunhofer University'ye aittir. Analiz sonucunda toplamda
16 farkli kiime ve 78 baglanti tespit edilmis, toplam baglant: giicti ise 79 olarak hesaplanmustir.

SEKIL VIV
KURUM ATIF ANALIZi
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5) Anahtar Sozcuk Analizi: Anahtar kelime analizi, belirli konularin literatiirdeki 6nemini ve ilgili
anahtar kelimeler arasindaki iligkileri ortaya koymak agisindan bibliyometrik agidan dnemli bir aragtir [27].
Anabhtar kelime analizi, en az 2 kez tekrarlanma kosuluyla baglantili 53 birim arasindan gergeklestirilmis
ve Endiistri 4.0 (industry 4.0), Kesikli Olay Simiilasyonu (discrete event simulation), Dijital Tkiz (digital
twin) ve Is Siirecleri Yénetimi (business process management) temalart ile iliskilendirilen anahtar kelimeler
tizerinde odaklanmistir. Bu analiz, belirli anahtar kelimelerin bilimsel literatiirdeki sikligini ve etkisini
degerlendirmek icin kullanilmistir. Sonuglar, Digital Twin (Dijital 1kiz) kavramimin 47 tekrarla en ¢ok
kullanilan anahtar kelime oldugunu géstermektedir. Bu anahtar kelime, bu temalar arasindaki énemli bir
kavrami yansitmaktadir. Analiz sorgusunda yer almayan diger anahtar kelimeler arasinda ise Smart
Manufacturing (Akilli Uretim) 7 tekrar, Internet of Things (Nesnelerin Interneti) 4 tekrar ve Cyber-Physical
Systems (Siber Fiziksel Sistemler) 4 tekrar ile 6ne ¢ikmaktadir. Toplam baglanti giicii gbz Oniine
alindiginda, Digital Twins (Dijital ikizler) 96 birimle en yiiksek baglant: giiciine sahip anahtar kelime
olarak belirlenmistir. Analiz sorgusunda yer almayan diger anahtar kelimeler arasinda ise Smart
Manufacturing (Akilli Uretim) 17, Artificial Intelligence (Yapay Zeka) 16, Internet of Things (Nesnelerin
Interneti) 12 ve Zero-Defect Manufacturing (Sifir Hatali Uretim) 12 ile en yiiksek baglant1 giiciine sahip
kelimeler olarak 6ne ¢ikmaktadir.

SEKIL V
ANAHTAR SOZCUK ANALIZI
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6) Metinlerin Bibliyografik Eslesme Analizi: Bibliyografik eslesme analizi, bagimsiz iki kaynagin ortak
bir esere atif yapmasi durumunu ifade etmektedir. Bu analiz, bilimsel ¢aligmalar arasindaki etkilesimleri,
one ¢ikan eserleri ve literatiirdeki 6nemli baglantilar1 belirlemek i¢in kullanilmasiyla arastirmacilara 6nemli
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bir perspektif sunmaktadir [28]. En az 1 atif almig olan eserlerin se¢ilmesiyle gergeklestirilen bu analizde,
birbirleriyle baglantili 64 eser incelenmis ve bu eserler arasinda 10 farkli kiime ve 635 baglant1 tespit
edilmistir. Toplam baglanti giicii ise 1071 olarak hesaplanmistir. Analiz sonucunda, en fazla bibliyografik
eslesme ile 818 atif alan Kritzinger (2018) adli yayin 6ne ¢ikmistir. Ayrica, toplam baglant1 giicliniin en
yiiksek oldugu eserlerden biri de Son (2022) adli yaymndir.

SEKIL VI
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7) Yazarlarin Es Atif Analizi: Yazarlarin es atif analizi, bilimsel ¢aligmalarda ayn1 yazarlarin veya yazar
gruplarinin ayni kaynaklara atif yapilmasi durumunu ifade eder ve bu analiz, bilimsel literatiirdeki yazarlar
arasindaki etkilesimleri ve is birligini incelemek i¢in 6nemli bir aragtir. Yazarlarin es atif analizi, bilimsel
literatiirdeki is birligi potansiyelini ve bir yazarin diger yazarlarla olan akademik iligkilerini anlamak i¢in
kullanilir. Aynm1 zamanda, belirli bir konu veya aragtirma alanindaki 6nde gelen yazarlar1 tanimlamak ve
ilgili ¢aligmalar1 belirlemek icin dnemli bir aragtir [28]. Atif sayist minimum 5 olarak belirlenerek
gerceklestirilen bu analizde, birbirleriyle baglantili 32 birim incelenmis ve bu birimler arasinda 3 farkli
kiime ve 348 baglant1 tespit edilmistir. Toplam baglant1 giicli ise 655 olarak hesaplanmistir. Analiz
sonuclarina gore, en fazla ortak atif yapilan yazarlar Kritzinger (21 atif), Tao (19 atif) ve Rosen (14 atif)
olarak belirlenmistir. Baglant giicli bakimindan ise Tao (104 baglant1), Kritzinger (89 baglant1) ve Rosen
(64 baglanti) en yiiksek baglanti giiciine sahip yazarlar olarak 6ne ¢ikmaktadir.

SEKIL VI
YAZARLARIN ES ATIF ANALIzi
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IV.SONUC VE DEGERLENDIRME

Calisma “Endiistri 4.0, Ayrik Olay Simiilasyonu (DES), Dijital ikizler ve Is Siiregleri Y&netimi
(BPM)” arastirma temalarinin bir arada yer aldig1 akademik ¢aligmalarin bibliyometrik goriiniimiinii
sunmaktadir. Bu sonuclar, alanla ilgilenen arastirmacilar ve karar vericilerin ihtiyag duyabilecegi
bilgileri igermektedir. Calismanin bulgularina dayali nemli noktalar asagidaki gibidir;

15 yazarin yogun is birligi i¢inde oldugu tespit edilmistir. Bu yazarlarin herbiri diger yazar ile
ortalama 14 baglantis1 bulunmaktadir. En fazla atif alan yazarlar arasinda bu baglantili yazarlarin yer
almamasi, atif sayilarinin is birligi diizeyi ile her zaman paralel olmadigini vurgulamaktadir. Bu sonuca
bagli olarak, aragtirmacilarin yalnizca en ¢ok atif alan yazarlarla degil, ayn1 zamanda is birligi yaptiklari
meslektaglarima da dikkat ederek ortak c¢aligma yapma girisimlerinde bulunmalarinin 6nemi
anlagilmaktadir.

Analiz, Jan Henjes, Matthias Karner, Werner Kritzinger, Wilfried Sihn ve Georg Traar gibi yazarlarin
bu alanda en fazla atif alan yazarlar oldugunu gostermektedir. Bu yazarlar ¢aligmada kullanilan
arastirma temalarinda 6nemli bir etkiye sahiptirler.

Caligmanin arastirma temalarinda; Avusturya, Ingiltere ve Amerika gibi iilkelerin bu alanda 6ne
¢iktigimi goriilmektedir. Kurumlarin arasindan ise, Politechnic of Milan University, Monterrrey
Technology University ve Munich Technical University gibi kurumlarin bu alanda etkili oldugunu
ortaya konulmustur.

Dijital Ikiz kavrami, bu alandaki en sik kullanilan anahtar kelimedir. Ayrica, Akill Uretim,
Nesnelerin Interneti ve Siber Fiziksel Sistemler gibi kavramlar da ¢aligmanin arastirma temalar
bakimindan énemlidir. Bu analiz, akademisyenlere bu anahtar kavramlart ve bu kavramlar arasindaki
iligkileri incelemeleri i¢in bir yol haritast sunmaktadir.

Analiz sonuclarma gore; Kritzinger (2018) ilgili arastirma temalarinda en fazla atif alan eser oldugu
ve toplam baglanti giiciiniin en yliksek oldugu eserlerden biri olan "Son (2022)" adli ¢alismanin da bu
temalarda dikkat cektigi gosterilmistir.

Yazarlarin es atif analizi, yazarlar arasi is birligi potansiyelini ve akademik iliskileri incelemektedir.
Bu analiz, Kritzinger, Tao ve Rosen gibi yazarlarin bu alanda 6ne ¢iktigini ve yiiksek baglanti giiciine
sahip oldugunu gostermektedir.
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Abstract— Proje basari kriterlerinden maliyet, siire ve kalitenin yaninda paydasin yarari ve memnuniyetini
onceleyen yonetim anlayis1 kapsaminda, iiretim siireci boyunca ortaya c¢ikan ¢atismalarin yonetilmesi ve
¢0ziimii, etkin bir paydas yonetiminde hayati 6neme sahiptir. Paydaslar olarak bireyler, paydas gruplar1 ve
organizasyonlarin birbirlerinden ¢ok farkh 6zellik ve motivasyonlara sahip olmalari, ayrica karmagsik yapilar,
catisan ¢ikarlar ve beklentileri nedeniyle proje yasam dongiisii boyunca aralarinda gesitli catismalarin ortaya
cikmasi dogaldir. Etkin bir paydas yonetiminde, hedeflenen proje basarisina ulagsmak icin, karsilasilan
belirsizlikler, catismalar, uyumsuzluklar, zamana bagh degisimler ve diger problemlerin ¢6ziimii; (1)
zamaninda farkedilerek ve etkili sekilde miidahale edilmesi, (2) paydaslarin tammlanmas1 ve aralarindaki
iliskilerin dogru analizi, (3) uygun paydas yonetim stratejilerinin belirlenmesi, (4) etkili ¢atisma ¢6ziim
tekniklerinin uygulanmasi, (5) etkin ve siirekli iletisim ve iliski yonetiminin benimsenmesi, (6) siirekli kontrol
ve (7) yeterli deneyim ve yetkinlikte iyi bir liderlik ile miimkiindiir. Karmasik bir davramsgsal siire¢ olan
catismalarin dogru ve etkin yonetildikleri siirece, her zaman olumsuz sonuclari olmayabilecegi gibi, aksine
iiretim performasmin gelisimine katki saglayabilecegi goriilmektedir. Bu makalede, literatiir arastirmasi
iizerinden paydas yonetiminde catismalarin tiirleri ve yapisi, sinifflandirilmasi, nedenleri, ¢6ziim teknikleri ve
uygulanabilecek onerilere yer verilmektedir. Orgiit ici ve dis1 cevresel etkenler, paydaslarin yapisi, catismanin
dogasi, nedenleri tam olarak anlasildiktan sonra ¢catismalar giderecek ¢oziimler belirlenecektir. Yaygin olarak
uygulanan catisma ¢6ziim teknikleri ; (1) vazgecme, birakma, (2) miizakere, (3) arabuluculuk, uzlasma, (4)
uzman ve bilirkisi degerlendirmesi, (5) hakemlige bagvurma (7) dava agma gibi hukuki suregler olmak tzere
degerlendirilmektedir. Paydaslar arasinda olumlu ve yapic1 iliskilerin gelistirilmesi ve c¢atismalarin
giderilmesinde ; etkin iletisim, bilgi paylasimi, giiven tesisi, ama¢ ve hedeflerin ortiismesi, kontrat veya
sozlesmelerin uygunlugu anahtar eylemlerdir.

Anahtar kelimeler —Proje basarisi, Paydas yonetimi, Catisma yonetimi, Catisma ¢oziim teknikleri, iletisim ve
gliven

. GIRIS

Paydas yoOnetiminin temel amaci, bir projenin basariyla tamamlanmasinda paydaslarin destegini
saglamak ve proje eylemlerini “paydaslari zorlamak yerine problemleri kararlilikla ¢dzerek” yiiriitmektir
[1]. Bu nedenle iletigim, bilgi paylasimi, sorunlarmn hafifletilmesi ve/veya ¢éziimi ile iligkileri dengeleme
proje yoneticilerinin siirekli tizerinde durmalar1 gereken oncelikli gorevleridir. Karmasiklik, belirsizlik
ve ¢ok sayidaki paydasin dinamik yapisi, etkili paydas yonetim siirecini gerektirir. Paydaslar, birbirleriyle
karsilikli iligki ve bagimliliklari ile karsi kargiya kaldiklar: sorun ve algilar iizerinden bir ag sistemi iginde
yeralmaktadirlar. Paydas ve paydas gruplarinin birbirleriyle etkilesimleri, proje suresince program,
oncelikler, teknik konular ve hatta kisilikler tizerinden ¢atigsmalara neden olur. Birgok aragtirmaci tarafindan
“gozardi edilen ve yetersiz paydas yonetimi” projelerin basarisiz olmasinin baglica nedenlerinden biri
olarak gorilmektedir [2],[3],[4].[5].[6].[7].[8]. Bazi arastirmacilar, paydaslarin projeye karsi istek ve
ihtiyaglari, ¢ikarlari, ilgi ve endigeleri dikkate alinmadigi takdirde genel proje basarisinin olumsuz
etkilendigini ifade etmektedirler [9]. Paydas yonetiminin sadece birey olarak paydaslari degil , aym
zamanda proje karmasgikliginin nedeni olarak belirtilen paydaslar arasindaki iligkileri de dikkate almasi
gerektigini belirtmektedir[10],[11]. Paydaslara odaklanmadan ve etkin bir sekilde yonetilmemeleri
durumunda, proje basarisini saglamanin zor oldugunu iddia etmektedirler [12].
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[13] tarafindan ileri siiriilen ve literatiirde sik sik alintilanan [5],[14], [15] “alti-agsamali paydas yonetim
siire¢ yaklagimi “ dort temel adim ile kategorize edilebilir; (1) paydas tanimi ,(2) paydas analizi ve
degerlendirme, (3) paydas yonetim stratejileri gelistirme ve (4) performans kontroll. Paydas ve paydas
gruplarinin karmasik yapisi, birbirleriyle etkilesimleri ve kurduklar iligki aglari, degisimlere karsi
takindiklari tutumlarin farkliligi; program, oncelikler, teknik konular ve hatta kisilikler {izerinden proje
yonetiminde karsilagilan belirsizlikler ve catismalarin kaynagidir. Diger bir deyisle,hareket ve davranislar
bir sekilde engellendiginde veya herhangi bir neden ile bir digerinin performans: daha az etkili hale
getiriliyor ise paydas ve/veya paydas gruplarn ¢atisma ig¢indedirler [16]. Kisaca ¢atisma, paydaslarin
biribirlerini olumsuz etkiledikleri anda baglayan bir siirectir.

Il. PAYDASLAR ARASINDA CATISMA YONETIMI

Biitiin toplumlar, topluluklar, organizasyonlar ve kisiler arasindaki iligkiler, karsilikl etkilesim halinde
olduklar siirecin herhangi bir aninda mutlaka ¢atismaya maruz kalirlar [17]. Catismalar ilk baksta,
proje lizerinde olumsuz etkiye sahip gibi goriinebilirler fakat ger¢ekte, dogru bir ¢atigsma yonetimi ile yikici
etkileri yapici yone dogru evrilebilir. Fonksiyonel ¢atigma, iiretim siirecinin geligmesine yapict etki ederek
beklenenden daha iyi sonuglar alinmasina neden olabilir. Diger taraftan, fonksiyonel olmayan ¢atigma
ilerlemeyi Onler, Uretim sirecine olumsuz etki yaparak yetersiz sonuglara ve yikici etkiye neden olur.
Bununla beraber, fonksiyonel bir ¢atigma iyi yonetilmedigi takdirde icinden ¢ikilmaz bir duruma neden
olabilir.

Catisma kavrami ve Paydas Iliskileri

Catigsmalarin baglica nedenlerini; kisiler arasi iligki becerilerinde zayiflik, iletisim eksikligi, ¢6ziim
olusturma ve cevapvermede Yetersizlik, yeterince duyarli olmama ve etik olmayan ya da firsatc
davranmislar olarak tarif etmektedir [18]. Temelde, catisma durumu kaynak yetersizligi ve muhalif diistince
ve duygular sonucu olup, yapisinda taraflarin karsilikli bagimliliklari, enazindan taraflardan birinin algisi
ve karst durug/zitlik gibi ii¢ bileseni kapsamaktadir. Catigmalar, en genis anlamiyla paydas ve paydas
gruplarinin birbirlerinin goriis ve diislincelerini kavrama konusunda isteksizlik ve yetersizliklerinin bir
sonucu olarak degerlendirilebilir [19]. Basarili bir catigma y6netiminde anahtar, catigmanin degisen ¢esitli
etkenlerinin neden ve nasil ortaya ¢iktigini tam olarak anlamaktir [20],[21].

Paydaslar arasindaki ¢atigmalarin degerlendirmesi dort temel faktor lizerinden yapilir, bunlarin ilk Gigii
catigmaya organizasyon icinden, sonuncusu distan gelen etkilerdir:

» Paydasin  tipi ve gicl, Ozellikleri, paydas  simiflandirmast ve iliskileri (i¢ /dig
paydaslar,otorite/kamu/ yiiklenici)

*  Proje evreleri (baslangig, gergeklestirme, bitirme vs.)
»  Catigmanin tipi, yapisi ve evresi ( davranis, veri, ihtiyaglar,degerler,6rtiik, potansiyel, sirecler vs.)
*  Projenin legal ve kurumsal kapsami ( kamu, 6zel, ¢evresel, ulasim, gelisimle ilgili vs.)

Catigsma durumunda, paydaslarin verdikleri reaksiyona bagli olarak, aralarindaki iliskiler; (1) birlestirici,
(2) ¢ogulcu, ve (3) zorlayici olarak tanimlanmaktadir .Buna gore; birlestirici bir iliski yapisi muhtemelen
az sayida ve benzer degerlere sahip paydasin sdzkonusu oldugu, c¢atisan taraflarin amag¢ ve hedefler
tizerinde anlastigi, buna ragmen ¢atigmanin yine de varoldugu durumlara isaret eder. Cogulcu bir iligski
yapisinda, paydaslardan herbiri digerinin deger sistemini paylasmaz ya da anlasamazlar, taraflar amag ve
degerler tizerinde uzlagsalar da, paydaslardan higbiri baskin degildir. Paydaglar arasindaki zorlayici bir
iliskide, taraflar ortak bir deger sistemini paylasmazlar, paydaslardan biri kendi degerlerini domine edecek
yeterli giice sahiptir ve diger paydaslari zorlar.

Catisma yonetiminin basarisi; proje, paydaslar ve ¢atismanin yapisi ile bunlarin birbirleriyle etkilesimi
ve agagida belirtilen alt1 temel adim iizerinden dogru bir sekilde degerlendirilmesine baglidir.

=  Catigmanin boyutlari, evresi, tipi ve tehditin tanimlanmasi,

= Sosyal ihtiyaclar, algilar, sebep-sonug iligkileri ve durumun altindaki olgularin belirlenmesi,
=  Biitlin paydaslarin giigleri, ¢ikarlari, korkular1 ve ihtiyaclarinin tanimlanmasi,

= YoOnetim siirecine tiim taraflarin dahil edilmesi,

= Uygun ¢atisma yonetimi, ¢dziim stratejilerinin belirlenmesi, kural ve prensiplerin segilmesi,
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= CoOziim stratejilerinin uygulanmast,
= Catigma yOnetiminin basarisinin dl¢iilmesi,

Yukaridaki asamalarin en 6nemlisi paydas analizidir. Boylece paydaslarin tanimlanmasi, 6nem ve
onceliklerinin belirlenmesi, her bir paydasin proje iizerindeki pozitif ya da negatif etkilerinin tahmin
edilmesi  saglanmaktadir. Bu analiz sonuglari, etkili catigma yonetim strateji ve teknikleri ile
prosediirlerinin gelistirilmesi, basariyla uygulanmasinda engelleyici faktorlerin azaltilmasi ve olasi
catigmalarin minimize edilmesi i¢in zamaninda gerekli miidahalelerin yapilmasinda etkili olur. Paydaslar
arasindaki potansiyel ve olasi ¢atigmalari 6nceden tahmin etmek, ¢atisma 6ngoriisii ve ¢atisma yonetimi
bakimindan 6nemli bir adimdir.

Catismalarin Suiflandirilmasi

Catigmalar yasal, politik ve kurumsal ¢ergeveler, ekonomik siirlamalar ve baskilar, kiiltiir ve sosyal
yapi, paydas ¢ikarlari, teknik bilgi seviyesi , cevresel ve tarihi arka plan gibi faktorlere bagli olarak gesitli
sekillerde ortaya ¢ikmaktadir. Bu nedenle, ¢atisma ¢oziimiinde ilk adim, ¢atigmanin analiz edilmesi,
catigma tipleri ve nedenlerini detayli bir sekilde irdelemektir. Tablo I’de gatigmalar tip, tipoloji, seviye,
neden ve konularina gore belirtilmektedir.

TABLO [IX. CATISMALARIN SINIFLANDIRILMASI

Catismalarin smiflandirilmast
Tip Iyi tanimlanmis Catigsmanin keskin sinirlari varsa ve kisitlamalar
catismalar iyi tanmimlanmigsa, soruna net ¢oOziimler
bulunabilir.
Belirsiz, muglak Acik olmayan hedefler, 6lgiilemeyen Onemli
catigmalar degiskenler,taraflarin  agikga tanimlanmayan
degerleri, ¢oziimleri saptamak zordur.
Tipoloji | Acik gatigmalar Herkes tarafindan bilinir.
Gizli ¢atigmalar Sadece bazi kisilerce bilinir.
Ortiik gatigmalar Catisma ylizeye ¢iktiginda, birsey statiikoyu
degistirirse bilinir.
Seviye Arasinda Bireyler Bireyler arasindaki ¢atigmalar, grup ve org.
(inter) Gruplar arasindaki ¢atigmalara neden olabilir.
Organizasyonlar
Icinde Bireyler Birey icindeki catisma psikolojinin konusudur.
(intra) Gruplar Catigma, sinirh grup/organizasyon. iginde kalir.
Organizasyonlar
Nedenler | Bilissel Biligsel Ayni durum, veri iizerinden farkli sonuglar
cikarma, degerlendirme farki
Sosyo- duygusal | Hedefler/gikarlar Faydalarin ~ paylasimi,  birseyin  olumsuz
sonuglarini reddetme, dig maliyetlerin finansi gibi
konular 6ne ¢ikar
Normative Etik ve moral prensipler, degerler, davranis ve
normlar
Mliskiler Paydas davraniglart ve kisilikleri {izerinden
ortaya ¢ikan catigmalar
Temel Hedefler/ ihtiyaclar/ Taraflar arasinda, ihtiyaclar, ¢ikarlar , hedefler
konular cikarlar arasinda uyumsuzluk algisi bulunur.
Farkli grup/org. tarafindan ayni soruna farkli
Sregler yaklagimlar, ¢6ztimler getirilir.
Paydaslarmm toplumun sosyal, yasal ekonomik,
Yapisal sorunlar kiiltirel yapisi igindeki konumu ve giicii ile
ilgilidir.

Catigmalar da projelere benzer sekilde  belirli bir yagam dongiisiine sahip dinamik olaylardir, 6yle ki
bir asamada ortaya ¢iktiktan sonra bir sonraki asamaya evrilirler. Genel olarak her ¢atisma icin dort evre
tamimlanir. lk olarak, ¢atisma baslangigtan tirmanisa dogru ilerler, daha sonra bir siire kontrol altinda
devam eder, hafifleyerek son asama olan bitis ve ¢oziime ulagir (Groton, 1997).
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ML CATISMA COZUM TEKNIKLERI

Bir ¢atigsmanin i¢inde olan taraflar, ilk olarak bir anlasmazligin dava ya da tahkim gibi anlagsmali olmayan

bir siiregle veya dogrudan miizakere veya ¢atisma onleme teknikleri gibi daha isbirlikei yollarla ¢oziiliip
¢oziilmeyecegine karar vermelidir. Catisma ¢6ziim teknikleri agsagida belirtilmektedir (Moura ve Teixeira,
2010).

Vazge¢me, birakma, stireg igerisinde bir taraf ¢catigmayi siirdiirmekten vazgegme karari alabilir. Bunun
nedenleri, olumlu sonuca ulasmada beklentinin diisiik olmasi, ticari sebepler, iddianin zayifligi, sorunun
yeteri kadar 6nemli gériilmemesi, pasiflik vb. nedenler olabilir. Diger taraftan ¢atismadan uzak durma
ya da kaginma, paydaslarin biribirleri ile karsi karsiya gelmedikleri, sorunu gérmezden gelmeyi ve
zamana birakmay tercih ettikleri bir durumdur. Cikarci davraniglar goriilmemekle beraber igbirligi de
kabul edilmez. Bu nedenle, paydaslar arasinda diyalogun tesvik edilmesi ¢atismanin Gtelenmesini ve
daha da blyumesini dnler.

Miizakere, ¢ok bilinen ve masrafsiz bir yontemdir. Iyi bir miizakere siirecinde dort ozellik
kargilanmalidir; (1) dogruluk, (2) liyakat, (3) bilgelik/dirayet ve (4) istikrar. Bu yontemin temelinde
uzlasma motivasyonu vardir ve rekabete dayali ve igbirligine dayali olmak {izere baslica iki ana
yaklasim goriiliir. Rekabete dayali yaklasimda, taraflardan biri digerinin istek ve ihtiyaglarina
duyarsizdir ve kazan-kaybet durumu sozkonusudur. Isbirligine dayal: yaklasimda ise olabildigince her
iki tarafi memnun edecek bir kazan-kazan durumu 6ngorilir [22]. bu yaklagimda bes temel bilesene
dikkat ¢ekmektedir; (1) kisileri problemin kendisinden ayr1 tutmak, (2) pozisyonlara degil ¢ikarlara
odaklanmak, (3) karsilikli kazanglar i¢in segenekler iiretmek, (4) objektif kriterleri gozoniine almak, (5)
anlagmada en iyi alternatifleri dikkate almak.Sekil.I ‘de miizakere yonteminde ¢atigmayi ele alis bigimi
gorilmektedir.

SEKIL I. MUZAKERE YONTEMI

A
Evst rekabet isbiligi
kzzan kayhet kazen kazan
bir taraf udasma
mamnumyati
szkmma sartlara uyum
Eaybet-kaybet kavbet-kazan
Havir - - -
H,g_}ru_' D‘lé!:l.’ taraf Evat

memnumyati

Arabuluculuk ve uzlagma, kokeni binlerce yi1l dncesine dayanan bir yontem olup, ¢atigmayi ¢ézmeye
yardimct olacak tarafsiz , bagimsiz ve nétr ii¢iincii bir kisi ya da taraf devreye girer. Arabulucunun
gorevi,catigma konusunda taraflara danigmanlik yaparak, karar vermeyi kolaylastirmaktir. Arabulucu
sadece bir danisilan gibi degil siirecin yoneticisi olarak da hareket edebilir. Uzlagma bazi durumlarda
daha proaktif bir yaklagimi ifade eder, taraflar arasindaki iletisim giliglendirmek, sorun hakkinda
tavsiyelerde bulunmak gibi. Bu yontem, informal ve baglayici olmayan bir yaklagimdir.

Uzman (bilirkisi) degerlendirmesi, uzmanlik gerektiren spesifik bir sorun ile ilgili ¢atigmalarda,
bagimsiz bir uzman goriisiine bagvurulur. Ekspertiz konusu agik¢a ve detayli olarak ele alinip, uzman
karari taraflarca karsilikli olarak kabul edilmeli, baglayici olmalidir. Sorunu giderecek program, maliyet
ve diger etkenler ortaya konmalidir. Arabulucunun bir uzman olmasia gerek yoktur, fakat teknik ve
uzmanliga dayali sorunlarda mahkemelerde de bilirkisi goriigiine basvurulur.

Hakemlige bagvurma, goniillillik esasina baglh bir yaklagimdir, mahkeme ve yasal yollara gére daha
siire ve maliyet olarak daha avantajlidir. Hakem sec¢iminde taraflara 6zgiirlik sunar, alinan kararlar
baglayici niteliktedir. Siireg, her bir tarafin kendi sectigi hakem ve ortak anlagma ile belirlenen bir
hakem olmak tizere ¢ kisilik bir hakem heyeti s6zkonusudur. Hakemler, gerektiginde tanik ve uzman
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goriisii ile taraflarin ifadelerine bagvurabilirler. Bu yontemin avantajlari, esneklik, ekonomi, ¢abukluk,
gizlilik, se¢me 6zgiirliigli tanimast , kesin ve nihai olusudur.

= Dava agma, yasal yollara bagvurup, anlagsmazlik ve ¢atigma durmunun kanun ve hukuk 6niinde ¢6ziime
kavusturulmasidir. Her {ilkenin kendi hukuk sistemi i¢inde siireg ilerler.Uzman ve bilirkisi goriiglerine
bagvurulur.

Catigmalarin ¢ézlimiinde, sorunun kaynagina inerek, nedenlerini ve paydas motivasyonunu anlamak ,
etkin ve siirekli iletisimi saglamak , gatigsmalari ortaya ¢ikmadan 6nlenmeleri bakimindan 6nemlidir. Akova
ve Ak, (2015) , catigmalara kalici ¢oziimler olarak; (1) problem ¢6zme yaklasimi, (2) kaynaklarin
arttirilmast, (3) yapisal degisiklikler, (4) ¢atigsmaya taraf olan kisileri degistirme, (5) davraniglart degistirme
ve (6) kapsamli amagclar belirleme gibi 6nerilerden sézetmektedirler.

Catisma Coziimiinde Iletisim ve Given

Etkin ve siirekli iletisim, tim proje yonetim siirecinde oldugu gibi paydas yonetimi i¢in de hayati
onemdedir. Projenin erken evrelerinden baglayarak paydaslar arasinda karsilikli iletisim yollarmi agik
tutmak, ¢atigmaya neden olabilecek sorunlarla ilgili paydaslarin ikna edilmesi ve biribirleriyle diyalog
halinde empati kurmalarin1 saglar.Boylelikle, paydaslar kazan/kaybet pozisyonu yerine, isbirligini
Onceleyen , yaratici problem ¢ézmeye odaklanarak, bilgi ve fikir paylasimi i¢inde birlikte ¢alisma ortami
saglarlar. Paydaglarla iletisim kurma bicimleri, katilim seviyesine gore enazdan en yoguna dogru
paydaslarin ; bilgilendirilmesi, bilgi toplamasi, danisilmasi, katiliminin saglanmasi, sinirli diyalog ve son
olarak acik diyalog ile tiim krarlarda yeralmasi.

Iletisimin yanisira, paydaslar arasindaki iliskilerde giiven, catismalarin ortaya ¢ikmadan oOniine
gecilmesinde 6nemli bir kriterdir. Rousseau ve dig.(1998)' e gore giiven; (1) davranislarda isbirligini saglar,
(2) organizasyonel adaptasyonu tesvik eder, (3) catismalarin zararlarini azaltir, (4) krizlere daha etkili
karsilik verilmesini destekler, (5) eylem ve davraniglarin maliyetini azaltir. Boylelikle, giiven daha formal
kontrol yontemleri yerine gegebilecek bir faktor olarak gdrilebilir [23]. Gliveni olusturan faktorler,
giivenilir davraniglar, amaglarin Ortiismesi, dogruluk, uzmanlik, proje hedeflerine ulasma arzusu, iyi
iletigim, kararlilik, samimiyet, iyilik ve comertlik olarak siralanmistir [24].

IV.SONUC

Projelerin basariyla tamamlanmalarinin en 6nemli kosulu kit olan kaynaklari rasyonel sekilde yoneterek,
siirecte yeralan tiim paydaslarin memnuniyeti ve projeye katilimlarinin saglanmasidir.Bunun i¢in dikkat
edilmesi gereken konu, yetkin bir proje yonetim ekibi ile etkin bir paydas yonetimi iizerinden paydaslar
arasindaki iliskileri catigmalara yer vermeyecek sekilde dogru analiz etmektir. Proje amaclarinin dogru ve
net olarak ortaya konmasi, paydas tanim ve degerlendirmelerinin tam olarak yapilmasi, proje yasam
dongiisii boyunca degisen kosullara bagli olarak ortaya cikabilecek catigmalari 6nceden tahmin edip,
zamaninda gerekli 6nlemlerin alinmasi, paydaglari basartya odaklanmalarini saglayacak sekilde motive
etmek, giivene ve isbirligine dayal iligkiler gelistirmelerine ortam hazirlamak, olas1 ¢atigmalar1 enaza
indirecektir. Bununla beraber, projelerde karsilagilan karmasiklik, belirsizlik, ekonomik, politik, sosyal
kosullardaki degisimler birtakim ¢atismalar1 kag¢inilmaz kilmaktadir. Sonug olarak, ¢atismanin yapisini,
nedenlerini, dahil olan paydaslarin dogasimi dikkate alarak uygun catisma yonetim teknikleri ve
prosediirlerini uygulamakla ¢atismay1 basartyla yonetmek s6zkonusu olacaktir.
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Abstract— Mobile phones are no longer luxury consumption and become a technological device used by
everyone. Mobile phone designs and equipment are differentiating with the ever-changing and developing
technology. In the study, features used in mobile phone design were weighted by using the Best Worst Method,
which is one of the multi-criteria decision-making methods. Best Worst Method, which distinguishes the method
used from other multi-criteria decision-making methods, is carried out with fewer questions. User opinions were
compared by aggregating them with Arithmetic Mean, Geometric Mean and Borda Count Methods. The
material of the study was collected from university students in the 18-24 age group through a questionnaire. The
main criteria of the study, which consists of 5 main and 21 sub-criteria, are as follows: Operational Hardware,
Multimedia Hardware, Software Features, Dimensional Design Features, Communication and Communication
Channels. As a result of the study, it was revealed that young users do not consider dimensional design features
such as Weight and Shape while emphasizing operational and multimedia hardware such as Processor, RAM,
and Rear Camera Quality.

Keywords— Multi Criteria Decision Making, Best Worst Method, Feature Selection, Mobile Phone, Customer
Preference

|. INTRODUCTION

Mobile phones have become indispensable accessories and necessities in all areas of life. With the
developing technology every day, the features sought in mobile phones and the designs in demand are
changing. Especially after the 2000s, with the development of 3G technology and mobile applications,
internet usage by phone has increased and the number of users accessing the internet with mobile phones
has exceeded the number of users accessing the internet with computers approximately 5 years ago. This
situation has pushed mobile phone manufacturers to have a greater share in the market by further developing
their products, and also caused the formation of a new sector for mobile application developers. In
summary, the widespread use of 3G, internet and mobile applications has led to the development of mobile
phone perception and even today it is called a smartphone. This development has caused the priority and
purpose of using mobile phones to go beyond the target of making voice calls. These days, mobile phones
are widely used for e-mail, social media, data transfer, health records, education, etc. via mobile
applications in addition to voice communication. Therefore, companies put different types and features of
devices on the market in order to reach their customers in the smartphone market and increase their market
shares, and the competition among companies continues in this regard. In order to increase the market share,
the importance of each feature of the phones offered to the market with various features should be measured
separately in terms of customer perception. This situation explains why this topic has attracted many
researchers' attention recently and various studies have been conducted on the subject. In these studies,
various features of mobile phones have been considered ([1], [2], [3], [4], [5], [6], [7]).

In this era when the most important and strict followers of technology and fashion are young people,
designs and features are shaped according to the thoughts of young individuals. In this study, therefore,
prioritization has been made for mobile phone features. In other words, this study aims to define the factors
that affect young users' phone preferences. For this, the data of the study were collected from university
students aged 18-24 through a questionnaire. In the questionnaire, 5 main criteria including Operational
Hardware, Multimedia Hardware, Software Features, Dimensional Design Features, Communication, and
Communication Channels and 21 sub-criteria are considered among 6 main criteria and 45 sub-criteria after
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feature selection was made based on pre-questionnaire results cited from the paper. Including these features,
27 questions were prepared in accordance with the Best Worst Method. The Best Worst method, which is
one of the brand-new multi-criteria decision-making methods, stands out as it requires fewer questions,
especially in structures with many comparisons. Best Worst Method was developed in 2015 by Jafar Rezaei
[8]. Since its introduction, it has been used in the literature in many different fields such as economy,
business, education, but it has not been used for feature selection before. The feature set was weighted with
the Best Worst Method in this study.

The rest of this paper is organized as follows; a literature review is given in Section 2. Section 3 and
Section 4 presents the methodology used in the study and its application, respectively. Finally, concluding
remarks and further studies are mentioned in the Conclusion Section.

Il. LITERATURE REVIEW

Despite the widespread use of mobile phones in our daily life, mobile phones, which made their mark in
the last two decades and include smartphones, have been the focus of researchers with different study
subjects. Various studies have also been carried out in order to understand the user expectation and
perception towards mobile phones and define their design features, rather than their technological
infrastructure [9], [10]. Some of the leading studies are as follows;

Singh et al. [6] published a paper regarding selecting the best mobile phone under a fuzzy environment.
They utilized a Kano Model, Fuzzy AHP and TOPSIS approaches. Mobile phone criteria are firstly
categorized in terms of Kano Model. Thereafter, fuzzy AHP is used for the purpose of weighting criteria.
The output of this step is used as input to the fuzzy TOPSIS method for ranking all the criteria. Customer
requirements are prioritized, and alternative mobile phones are compared in this study.

Erdem et al. [7] proposed a new method for Mobile Phone selection criteria weighting instead of
traditional AHP. Their proposed approach enables weighting with a smaller number of interview questions.
Likewise, as the Best-Worst method is the competitive alternative of the AHP for weighting criteria, we
employ the Best-Worst method to this problem. Firstly, their large-scale hierarchy is minimized by an
interview. The interview is done with 100 participants seeking whether these criteria are considered
important or not. After this feature selection is completed, we end up with 21 sub-criteria.

Divyaa et al. [11] investigated mobile phone features and emphasized the importance of usability of
mobile phones for software quality. AHP is used for usability assessment by weighting criteria. Afterwards,
weights are verified with the Entropy method. They conducted a case study regarding usability assessment
of the mobile phones. It is found out that the proposed hybrid AHP-Entropy method is useful for weighting
and ranking mobile phone alternatives.

Buyulkozkan and Giileryuz [12] used a Multi-Criteria Decision-Making approach to the mobile phone
selection problem. Since the selection of mobile phones is not a simple problem, they use intuitionistic
fuzzy sets in the TOPSIS method. A case study is presented in the paper regarding the application of
intuitionistic fuzzy sets.

Cebi and ilbahar [10] published a paper regarding mobile phone design using fuzzy Kano model. An
interview has been done with 118 young adult individuals. Thus, mobile phone design requirements and
expectations of users are determined. The prominent features in the ranking of importance because of the
study are as follows; "Having high screen resolution and quality", "High storage space", "High processing
power", "Long battery life", "High camera quality", "High design and production quality", "Easy to use"
and "To have advanced security features". Design features such as "water resistance", "Big screen”, "Mobile
wallet service", "Voice recognition feature" were ranked at the bottom in terms of importance.

Wu and Ho [13] investigated mobile phone design by taking environmental technical features into
consideration and using the fuzzy-based quality function deployment method.

Ozbek et al. [14] and Chen et al. [15] analysed the smartphone usage behaviour of consumers using the
technology acceptance model in their study.

Torfi et al. [16] published a paper for selecting the best mobile phone alternative among a set of possible
options. Firstly, they calculate weights of criteria based on decision makers’ opinion using Fuzzy AHP.
Secondly, using Fuzzy TOPSIS, alternatives are ranked based on their criteria scores. Using a fuzzy
approach, they overcome the problem of vagueness and uncertainty in the decision makers’ opinions.

Isiklar and Biiyiikozkan [17] utilized AHP and TOPSIS combination for mobile phone selection. They
prioritize mobile phone features with AHP and evaluate alternatives with the TOPSIS method. They applied
a case study in Turkey ranking the most popular 3 phone alternatives among young people at the time. As
a result, user related criteria namely brand, excitement and functionality are found to be the most important
features in the eye of decision makers.
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As seen from previous studies, TOPSIS and AHP are the most used techniques for mobile phone
alternatives and criteria selection. This can be an issue when a large sized criteria hierarchy is constructed
since AHP requires all the dual comparative matrices. It leads to an enormous number of interview
questions that we do not need time for. It also can lead to inconsistent results since decision makers get
overwhelmed with lots of questions. It is also seen from previous studies that Best-Worst Method is not
used in any of the studies regarding mobile phone feature weighting. So it can be said that this study brings
a novelty to this problem.

IH.METHOD

Best-Worst Method is a newly developed Multi Criteria Decision Making (MCDM) technique. It was
proposed in the year of 2015 by Jafer Rezai [8]. It takes expert opinion for a certain subject and turns it into
an evaluation using mathematical calculation as other MCDM techniques do. What makes it unique and so
popular is that Best Worst Method can draw conclusions with a smaller number of interview questions to
the decision maker. In this method, decision makers are required to choose best and worst criteria among
the criteria pool in terms of importance. Unlike Analytic Hierarchy Process, Best-Worst Method can
calculate weights by means of only two row comparison matrices. First row represents the importance level
of the best criteria to the other. Second row represents the importance of others to the worst criteria. After
the interview is completed a linear programming model that calculates factor weights is built and solved.
Linear programming models optimize weights and make sure that decision maker opinion and weights are
parallel. Objective function of this model is consistency ratio. If the consistency ratio is high, then it is
drawn that the decision maker’s answers are inconsistent and therefore unreliable. According to Isildar [18],
the Best-Worst Method consists of five steps listed below.

Step 1: Firstly, best and worst important criteria is determined

Step 2: Criteria comparisons are made based on best and worst criteria determined previously
Step 3: Ag and Aw importance vectors constructed based on decision maker’s answers

Step 4: Linear programming model where w weights are decision variable is built

Step 5: Considering constraints, linear model is solved and weights are obtained

Terms;

€ : Consistency ratio

Wy : Weight of best criteria

Wy, : Weight of worst criteria

Agj . Importance of best criteria over others
Aj : Importance of other criterias over worst

Linear model by Rezai [8] is given below. Equation 1 is the objective function to minimize. It also
represents the consistency ratio. We used a threshold value proposed by Liang et al. [19]. If objective
function value is greater than this certain threshold value for any phase in the interview, that interview is
discarded. Model constraints are given as equation 2, 3, 4 and 5. Equation 2 and 3 make weights and
importance vectors correlated with each other. Equation 4 ensures that all weights must add up to 1.
Equation 5 is the non-negativity constraint for all the weights.

min € 1)
subject to:

|Ws — ApW;| <& forallj 2
W, — AjwWy | < e forallj (3)
W =1 4)
W; =0 forallj (5)

IV. APPLICATION

The main and sub criteria set of the study were selected from the study by Erdem et al. [7]. The study
starts with 6 main criteria and 45 sub-criteria. These are Operational Hardware, Multimedia Hardware,
Software Features, Dimensional Design Features, Environmental Design Features, Communication and
Communication Channels. After that we conducted a pre-study interview with 100 individuals. Each sub-
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title is asked to the interviewers whether it represents an importance to them or not. According to the results
of the survey conducted, sub-titles that are less than 25% of importance have been removed. For this reason,
the environmental design features were excluded because all the sub-criteria and main criterion values were
less than 25% significance. The sub-criteria under the removed main title are as follows, respectively;
"Mechanical Home Screen Button", "Dual SIM Card Slot", "Standard Headphone Jack", "Fast Charging",
"Wireless Charging", "Screen Pen" and "Keys that Facilitate the Use of Media Tools". In addition, the
"Expandable Memory Capacity” and "Upload and Download Speed" sub-criteria in the main title of
Operational Hardware have been removed. “Optical Zoom”, “Led Flash ", “Multiple Microphone ** and
"Radio " sub-criteria were removed from the main criteria of Multimedia Hardware because they are below
the threshold importance. The sub-criteria extracted from the main title of Software Features are as follows;
"Smart Assistant”, "Sports and Health Package", "Diary", "Personal Notifications / Directions / Reminders",
"Multi-user Feature" and "Free Navigation Software". Only the "Plug-In Battery" sub criterion has been
removed from another main title, Dimensional Design Features. The last main criterion, Communication
Channels, took its final form after removing the “Infrared Sensor”, "NFC", "Gyroscope" and
"Accelerometer” sub criteria. Most of the subtitles removed are nowadays accepted as standard on every
phone, so young users do not see them as prominent features. After they are taken out, the remaining
consists of 5 main criteria and 21 sub-criteria. The main headings and the sub-headings of the feature set
formed as a result of these arrangements are as follows; Operational Hardware: Processor, RAM, Graphics
Card (Resolution-Page Refresh Rate), Battery Capacity, Internal Memory Capacity; Multimedia Hardware:
Rear Camera Quality, Front Camera Quality, Stereo Speaker (High Quality Sound); Software Features:
Media Player, Communication capability with other devices (screen / data sharing / management with other
devices such as TV), Advanced Security (Fingerprint Reader, Iris scanner, Face Recognition); Dimensional
Design Features: Weight, Screen Size, Shape (Square-Oval-Curved), Material (Plastic-Metal), Water and
Dust Resistant, Shockproof Glass; Communication and Communication Channels: Bluetooth Version, Wi-
Fi Version, USB Type, GPS. The details of the hierarchical structure created for mobile phone feature
selection are given in Figure 1.

Selection of Mobile Phone Features

| J } }

Communication and
—1Cperational Hardware, —{Multimedia Hardware —1 Software Features — Dxmer;swonal Design — Communication
eatures
Channels
—> Processor > Reaor::ai:?era —» Media Player 3 Weight —» Bluetooth Version
Communication
> RAM [ea{ 'ELOAMER I>{ Capabiity with >  screensize > wifi Version
i Other Device
(¥ Graphics Card | Stereo Speaker —»| Advanced Security > Shape | USB Type
> Battery Capacity > Material —>| GPS
Internal Memory Water and Dust
Capacity Resistance

> Shockproof Glass

Figure 1 Hierarchy of Mobile Phone Feature Selection Problem

Best-Worst Method is applied to the selected features. Interview is constructed and shared with target
individuals in an online way. Face-to-face interviews could not be done due to the severe pandemic that we
are facing. 5 main criteria groups are voted separately by the decision maker. As soon as in group and
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inter-group questions are answered, the linear model to obtain weights is constructed. Model is solved in
the Excel environment by solver add-in. When inconsistent surveys are taken out, we end up with 3
consistent surveys. These 3 results are found to be similar in terms of factor weights. Aggregation of
multiple decision makers’ opinions, the borda count, arithmetic mean and geometric mean methods are
used and compared.

V.CONCLUSION

Young users direct the market in products such as mobile phones where technological developments are
closely followed. The study, which prioritizes mobile phone features using the Best Worst Method, was
therefore carried out with young users. Participants who were found to be inconsistent as a result of the
consistency calculation in the questionnaire consisting of 27 questions answered were eliminated. Almost
half of the participants are at the age of 19-21. Male participants are the majority of interviewers by 60%.
Besides, 30% of the participants are from the 22-24 age categories. This shows us that the study’s target is
young individuals who live in Turkey. Details of the age distribution of the participants are given in Figure
2.

Age

30%

m 18 and under = 19-21 22-24 25 and above
Figure 2 The Age Distribution of The Participants

The price range they are willing to pay for a mobile phone is $360-840 by the majority of 60%. The rest
30% answered this question as $180-360. The distribution of the range of price that participants are willing
to pay for the phone is given in Figure 3.

Available Mobile Phone Budget

60%

= $180 and under = $180-360 = $360-840 = $840-1200 = $1200 and above
Figure 3 The Distribution of The Range of Price

Opinions for main criteria and sub criteria were determined by 3 different aggregation methods. These
are Arithmetic Mean, Geometric Mean and Borda Count Methods. Details of the table containing the
weights of the main criteria are given in Figure 4.
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Comparison of Three Aggregation Methods for Main Criteria
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Figure 4 The Weights of the Main Criteria

Details of the weights of the sub criteria are shown in Figure 5. In line with the answers given by the
participants who gave consistent answers and obtained by using 3 different aggregation methods, the two
most important features were Processor and RAM, respectively, while the most insignificant features were
USB Type, Bluetooth Version, Screen Size, Water and Dust Resistant, Shape and Weight.

Comparison of Three Aggregation Methods
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Figure 5 The Weights of the Sub Criterias

However, features such as Rear Camera Quality, Wi-Fi Version, Internal Memory and Media Player are
among the other features that young users pay attention to. Considering the results at the level of Main
Criteria, the most important and insignificant feature has not changed depending on the aggregation method.
According to users, the most important feature that should be found in mobile phones is Operational
Hardware and the most insignificant feature is Dimensional Design Features.

As a result of the study, it is seen that the features that stand out with the weighting coincide with the
features of popular mobile phones that have been put on the market. It is reflected in the results that young
people pay attention to operational hardware such as Processor and RAM and do not care about the features
that the market has reached an average standard such as Weight and Shape features.
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VI.FUTURE WORKS AND LIMITATIONS

The limitation of this study is that we do not consider the interactions among the mobile phone features.
Therefore, to show the interdependencies among the features and effects on young users’ perceptions, other
methods such as “Analytic Network Process” and “Decision Making Trial and Evaluation Laboratory” may
be used. Furthermore, the study and Best Worst Method regarding interviews can be conducted with a
higher number of users in the future. It can also be repeated with a more comprehensive and up-to-date
feature set with the addition of new features. In addition, a separate study can be conducted with users at
the age of 20s and 40s interval. Then the results can be compared in order to distinguish generation
expectations. Since Best-Worst Method mostly used and appropriate for one expert, Bayesian Best-Worst
method can be applied in order to bring together multiple experts’ opinions.
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Abstract— Climate crisis, deepening day by day, is an undeniable reality that increasingly affects our daily lives.
The changes we make in our daily lives hold significant importance in this regard. It is crucial for individuals to
individually embrace opting for more sustainable modes of transportation for the environment's sake. In this
context, this study aims to comprehend the attitudes and priorities of diverse groups within the intensifying
climate crisis, an undeniable and increasingly impactful reality in our lives. The study strives to holistically
understand varying group perspectives, using these insights as a foundation for tailored strategies that address
specific contexts and aspects of the climate crisis. In this regard survey was conducted which involved 298
participants. Cluster analysis was carried out in line with this survey. As a result of this analysis, distinct clusters
were formed. Prominent differentiations among these clusters mostly revolve around the variable of "'security."
Keywords—Cluster Analysis, Survey, Climate Crisis, Individual Behavior, Attitude, Transportation.

I. INTRODUCTION

The existence of the climate crisis is an undeniable reality today, and it is deepening and becoming more
complex with each passing day [1], [2]. In daily life, individuals are directly exposed to the effects of the
climate crisis, which they experience in the forms of droughts, floods, wildfires, and so on [3]. As humanity,
we have long held the belief that the impacts of the climate crisis would only manifest in the future.
However, it is evident that this is not true. We are currently living through the climate crisis in the present
moment. In addition to the ecological impact of these natural events, we are also witnessing social,
economic, and health effects, experiencing them on a global [4], [5], [6].

Adoption in environmental sustainability has been studied in various different fields. Some of these
include green power [7], [8], [9], everyday life [10], green information system (IS)/information technology
(IT) [11], [12], mobility [13], [14], [15], agriculture [16], green food [17], and sustainable apparel product
[18], [48].

In the present day, when we look at the level of the climate crisis, efforts are predominantly being
undertaken by organizations and countries, with fewer initiatives on an individual basis. However, the
undeniable contributions of individual efforts should not be disregarded. It should be remembered that
change starts with the individual. The behavior of individuals shapes the behavior of organizations.

This study aims to comprehend the attitudes and priorities of diverse groups within the intensifying
climate crisis, an undeniable and increasingly impactful reality in our lives. Recognizing the vital role of
our daily choices, adopting environmentally sustainable modes of transportation individually emerges as
crucial. The study strives to holistically understand varying group perspectives, using these insights as a
foundation for tailored strategies that address specific contexts and aspects of the climate crisis.

. LITERATURE REVIEW

When it comes to the issue of climate crisis, the awareness of individuals holds significant importance.
Someone who is not aware of the climate crisis cannot take action in this regard. This mechanism operates
similarly within the realm of climate change beliefs. Climate change beliefs encompass perceptions
regarding the timing, human influence, magnitude, and level of threat associated with climate change [19].
[19] have identified a strong relationship between personal environmental norms, environmentally sensitive
behavior , and climate change beliefs [19]. Even if individuals are exposed to the climate crisis, their lack
of awareness about it comes to light [20]. This, in turn, affects climate change beliefs.
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It is a fact that the economy is built upon consumption, and this consumption is increasing day by day.
[16] state that the main paradigm lies between environmental preservation and high consumption. The
climate crisis has triggered a reshaping of global social life, economy, and daily routines. When it comes
to environmental preservation, we can approach the subject from various perspectives. These include:

e Individual Adoption Perspective to Environmental Sustainability

e Individual Adoption in Our Daily Life in Terms of Environmental Sustainability

e The Importance of Household Perspective and Childhood Period

e The Place of Information System (IS) and Information Technology (IT) in Environmental
Sustainability

e The Status of Individual adoption in Environmental Sustainability in Terms of Micro Mobility
and Transportations

The increase in annual anthropogenic greenhouse gas emissions attributed to transportation between
2000 and 2010 ranks among the top three, accounting for 11% of the total (IPCC 2014). When these rates
are examined, it becomes evident that the significance of transportation in this context is substantial and
should not be overlooked.

Micro Mobility presents a potential solution to the challenges posed by carbon emissions and air quality
issues, particularly prominent in urban areas. By enhancing public transportation and addressing the need
for short-distance travel, it can effectively reduce the reliance on private vehicles. This approach has
garnered acknowledgment from numerous city administrations as a significant component of transitioning
to a low-carbon environment.

Additionally, it should be noted that individuals tend to adopt activities learned during their childhood,
such as conserving water, turning off lights, and reducing consumption, by internalizing these actions as
habits. These behaviors, established early in life, endure as lifelong habits, adapting and integrating new
practices over time. This observation emphasizes the pivotal role of childhood experiences in shaping one's
adaptive behaviors [48].

Table 1 displays the constructs derived from the literature along with their respective references. These
variables are compatible, aware, concern, internal influence, external influence, innovativeness, social
norm, responsible, incentive, regulation, ease of use, useful, attitude.

On the other hand, security, transparency, infrastructure, involve and safety are the constructs
encountered in the in-depth semi-structured interviews that were included in the research.

TABLE X: RELATED CONSTRUCTS AND PUBLICATIONS

Constructs Publications

Attitude [21], [22], [12], [7], [11], [23], [24], [18], [25], [26], [27], [28], [29], [30], [9], [31], [32],
[33], [36],

Awareness [23], [12], [7], [13], [34], [35], [25], [31], [36], [24], [37], [21].

Compatibility [38], [47], [61], [9], [8], [23], [13].

Concern [28], [44], [45], [30], [36], [33], [26], [23].

Ease of Use [43], [42], [22], [17], [39].

External influence | [17].

Innovativeness [15], [42], [40], [41], [32], [8].

Internal influence [17].

Incentive [24], [37], [27], [40], [21].

Norms [34], [25], [35], [7]1, [26], [27], [28], [21], [31], [13], [32], [24], [33], [39], [22], [61], [12],
[18]

Responsibility [34], [35], [25], [29], [31],

Regulation [23].

Usefulness [22], [43], [39], [46], [42], [41].

Il. METHODOLOGY

A literature search was conducted on the Scopus database using keywords like “environmental
sustainability,” "individual," "adoption,” "micro mobility," "climate change," and "adoption theories." After
reviewing the resulting list of articles based on abstracts and titles, a selection of articles for further reading
was made. Initially, 460 articles were reviewed, and eventually, 146 articles were read in detail, with
additional articles sourced from various research and literature. A construct-taxonomy was developed based
on insights from 136 articles. For a concise overview of our study's methodology, please refer to Table 2.
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TABLE XI: SUMMARY OF METHODOLOGY

Study Date Description
Literature Review May, Keywords were searched from the Scopus database. 460 articles were
and Folder/files 2020 reviewed, 146 articles were read in detail. Construct taxonomy was created

from 136 articles.
Communicate with Jul, 2021 | Online interviews were conducted with different experts.
Experts

Interviews Dec, The interview was conducted by asking 7 participants who are of different
2021 demographics 8 gquestions.

Prepare The Survey | Sep, 2022 | The questionnaire questions on Transportation-Micro Mobility in

Questions Environmental Sustainability began to be prepared.

Pilot 1 Jan, 2023 | The first survey pilot study of 100 questions was implemented and analyzed.

With the data obtained as a result of these analyzes, a new survey study pilot
2 questionnaire was created

Pilot 2 Feb, 2023 | Pilot 2 study of 100 questions, which was organized with the feedback of
Pilot 1, was applied to 12 people. Reliability analysis was performed.
Quantitative Study Apr, A main questionnaire consisting of 80 questions was prepared with the data
2023 of the pilot 2 study. And applied to 296 people.
Analysis Apr, May | With the data collected after the survey, Reliability Analysis, Cluster
2023 Analysis, and Descriptive Statistics were made.

After examination and preparations, the final survey was conducted. A total of 80 questions were
administered, inclusive of demographic inquiries. Among these, 64 questions were evaluated using a 5-
point Likert scale ranging from 1 (disagree) to 5 (agree). Additionally, there were 2 multiple-choice
questions and 4 open-ended questions. The survey was conducted via Google Forms and took participants
approximately 10-15 minutes to complete. It was disseminated across diverse online platforms such as
WhatsApp, email, and Instagram. The survey garnered participation from 296 individuals across various
demographic backgrounds.

Following data cleaning, the analysis phase commenced. The SPSS statistical software was employed
for analysis purposes. Initially, reliability analyses were conducted. Subsequently, cluster analysis and
descriptive statistics were carried out.

V. FINDING

A. Descriptive Statistics

Table 3 presents descriptive statistics summarizing data from 296 participants. Generally, the averages
for "Awareness" and "Concern" are quite high, while the average for "Use" is more moderate, suggesting
participants may not be taking significant actions based on their awareness and concerns. "Safety" has the
lowest average, indicating participants may not have significant reservations about using bicycles in traffic.
On the other hand, "Transparency," "Regulation,” and "Usefulness" appear to be important attributes for
participants. In summary, although awareness and concern levels are high, translating them into concrete
actions may be a challenge, and participants generally do not have major safety reservations about bicycle
use in traffic. Additionally, transparency, regulation, and usefulness seem to hold particular significance

for participants.
TABLE XII: DESCRIPTIVE STATISTICS

N Mean Minimum Maximum Std. Deviation
Concern 296 4,71 1.00 5.00 0.71
Aware 296 4.68 1.00 5.00 0.67
Regulation 296 4.63 1.00 5.00 0.76
Useful 296 4,59 1.83 5.00 0.60
Transparent 296 4.56 1.00 5.00 0.75
Innovate 296 4.39 1.00 5.00 0.92
Attitude 296 4.26 1.00 5.00 0.80
Influence_Ext 296 4.09 1.00 5.00 1.01
Incentive 296 3.93 1.00 5.00 1.07
Involve 296 3.83 1.00 5.00 1.08
Influence 296 3.74 1.00 5.00 0.94
Use 296 3.66 1.20 5.00 0.83
Responsible 296 3.58 1.33 5.00 0.67
NormSocial 296 3.47 1.00 5.00 0.99
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Reaction 296 3.31 1.00 5.00 1.24
EoU 296 3.30 1.00 5.00 0.80
Influence_Int 296 3.21 1.00 5.00 1.14
Infrastructure 296 3.17 1.00 5.00 1.26
Cost 296 2.91 1.00 5.00 1.32
Safety 296 1.87 1.00 5.00 1.30

B. Clusters

Initially, cluster analysis was performed employing the variables compatible, security, aware, concern,
internal influence, external influence, social norm, responsible, transparent, infrastructure, incentive,
involve, regulation, safety, ease of use, useful, and attitude. The analysis was conducted with groups of 4
clusters. The results from the fourth clusters are detailed below, along with their designations and
corresponding behavioral patterns.

The number of members of their groups is twelve, ninety-seven, sixty-one and one hundred twenty-
six, respectively. Their names are Neutral-Impartial, Autonomous Advocates, Progressive Prioritizes,
Comprehensive, respectively (table 4). The result of the cluster analysis is illustrated in figure 1. Table 5
illustrates the demographic distribution of these cluster groups.

The first cluster was designated as the "Neutral-Impartial” group. Predominantly consisting of single
men aged between 36 and 45, this cluster lacks significant differentiation in any particular factor, as their
values tend to cluster around the mean. Notably, infrastructure and compatibility values are relatively
lower compared to other factors.

The second cluster was identified as the "Autonomous Advocates™ group. Comprising mostly of
single women aged between 26 and 35, this cluster places limited significance on external people.

Instead, they prioritize regulations and the transparency of those regulations. And also security is
important for them too. Usefulness, along with transparency, holds considerable importance for this
group.

The third cluster was titled "Progressive Prioritizes". Predominantly formed by married women aged
between 36 and 45, this cluster exhibits generally average values for most factors. However, the ease of
use, security, and infrastructure factors are particularly conspicuous due to their notably lower values. The
key distinction from the fourth cluster lies in the considerably lower value of the security factor. And the
Compatible factor is important for them.

The fourth cluster was labeled as the "Comprehensive" group. Predominantly consisting of single
women aged between 26 and 35, this group demonstrates predominantly elevated values, signifying a
robust awareness and active engagement. However, their scores for infrastructure and ease of use are
comparatively lower when contrasted with the prominence of other factors. This engaged group places a
high emphasis on security and alignment with their lifestyles. Moreover, individual opinions play a
significant role, with factors such as Transparency, Incentives, Usefulness, and Regulations holding

considerable importance.
TABLE XI11: FINAL CLUSTER CENTERS FOR FOUR CLUSTERS

1 Neutral-Impartial | 2 Autonomous Advocates [ 3 Progressive Prioritizes {4 Comprehensive
Compatible 2.00 3.00 5.00 5.00
Security 3.00 4.00 2.00 5.00
Aware 3.08 4.57 4.86 4.82
Concern 2.83 4.56 4.88 4.92
Influence_Int 2.04 2.43 3.42 3.81
Influence_Ext 2.00 3.32 4.46 4.71
NormSacial 2.19 2.88 3.64 3.96
Transparent 2.83 4.29 4,58 491
Infrastructure 2.03 3.24 311 3.26
Incentive 2.08 3.49 3.81 4.50
Involve 2.42 3.16 4.07 4.37
Regulation 2.50 451 4.69 4.90
EoU 3.08 3.28 2.92 3.52
Useful 3.26 4.33 4.72 4.86
Attitude 2.73 3.88 4.39 4.63
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TABLE XIV: DEMOGRAPHIC DISTRIBUIONS OF FOUR CLUSTERS

Neutral- Autonomous Progressive Comprehensive Total
Impartial Advocates Prioritizes
Number of 12 97 61 126 296
People
Gender
Female 17% 55% 61% 73% 62%
Male 75% 45% 39% 25% 37%
Non- specify 8% 0% 0% 2% 1%
Age
15-25 17% 18% 20% 19% 19%
26-35 17% 52% 16% 35% 36%
36-45 33% 12% 33% 24% 22%
46-55 17% 16% 21% 17% 18%
56-65 17% 1% 10% 3% 4%
66 or above 0% 1% 0% 2% 1%
Marital
Married 42% 37% 57% 48% 46%
Single 58% 63% 43% 52% 54%

In conclusion, the cluster analysis has provided valuable insights into different groups of individuals
based on their attitudes and priorities. This information can be useful for tailoring strategies and approaches
when addressing various concerns or promoting certain aspects in contexts related to the variables under
study. The identified clusters provide a nuanced understanding of how different factors influence different
groups, allowing for more targeted and effective interventions or communications. Table 6 shows the

1 Neutral-impartial

== 2 Autonomous Advocates
== 4 Comprehensive

3 Progressive Prioritizers

Compatible
Attitude Security
Useful Aware
EoU Concern
Regulation Influence_Int
Involve Influence_Ext
Incentive NormsSocial

Infrastructu@ansparent

FIGURE 6: FOUR CLUSTERS RESULTS

V. CONCLUSION

cluster groups and how these groups should be treated.
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TABLE XV: CLUSTER GROUPS AND BEHAVIORS

Cluster Labels How to Behave

Neutral-Impartial 1 The emphasis should be placed on systems that prioritize transparency, ease of use,
and usefulness. It's essential to approach this group in a balanced manner.
Autonomous Advocates 2 | Itis vital to emphasize the significance of transparent and useful regulations.
Employing a security-focused approach is indispensable for effectively addressing
their concerns.

Progressive Prioritizes 3 | Security may not be the top priority. In this context, it's essential to focus on
transparency, regulation, and usefulness. Finding solutions that align with their
lifestyles is of paramount importance.

Comprehensive 4 It's essential to employ an approach that is considerate and respectful. It's crucial to
develop and offer security-focused solutions, while also providing information
about transparency and incentives. Furthermore, dedicated efforts should be made
to implement user-friendly solutions.

In the four clusters, the most substantial variation is found in the "security” variable, the "Progressive
Prioritizes™ and "Comprehensive" clusters. Additionally, it is noteworthy that one group in the four-
cluster analysis, the "Neutral-Impartial” group, appears to be relatively disconnected or distinct from the
others.

Turning our attention to another demographic, predominantly composed of single men aged between
36 and 45, it becomes vital to emphasize systems that are transparent, ease of use, and useful. It should be
treated in a balanced way. In contrast, when targeting a group primarily formed by married women aged
between 36 and 45, security might not be of utmost importance. In this context, placing emphasis on
transparency, regulation, and usefulness takes precedence. It is important to find solutions that are
compatible with their lives.

Predominantly consisting of single women aged between 26 and 35, the "Autonomous Advocates" group
places great importance on certain principles that should guide interactions with them. To establish effective
engagement with this group, it is crucial to respect their autonomy and uphold their core values.
Emphasizing transparency and demonstrating a commitment to well-defined regulations are central to
meeting their expectations. Additionally, adopting a security-focused approach is essential to address their
concerns adequately. Highlighting transparent and useful regulations is crucial. By recognizing and valuing
these key factors, one can foster more meaningful and productive interactions with the "Autonomous
Advocates" group.

Furthermore, when considering the cluster predominantly comprising single women aged between 26
and 35, highlighting transparent and useful regulations is crucial. This group places a high priority on
security. To effectively engage with this group, it is crucial to adopt a considerate and respectful approach.
Security-focused solutions should be developed and offered, alongside providing information about
transparency and incentives. Additionally, efforts should be made to implement user-friendly solutions.

When deriving implications from these groupings, it's crucial to take these differences into account.

For limitations, firstly, there exists an imbalance in the gender distribution among participants, with a
higher representation of female participants compared to males. This gender skew might influence the
generalizability of the findings, potentially introducing a bias in the observed attitudes and priorities.

Secondly, the study's geographical scope is confined solely to participants within the borders of Turkey.
Consequently, the outcomes may not be universally applicable, as cultural variations and regional
differences in attitudes and behaviors can play a substantial role in shaping the results.
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Abstract— Customer satisfaction is an important factor for the success of businesses to be sustainable. At this
point, evaluating customer reviews is one way of understanding customer satisfaction. This study is conducted
to evaluate and analyze customer comments about the service quality of agents working in a customer service
department of a fast air cargo transportation company. Firstly, the text mining approach of sentiment analysis
is used in the study to determine the opinion or attitude of the customers. Sentiment analysis, which has become
popular in recent years, includes natural language processing, textual analysis, and classification of opinion, as
well as understanding the opinion or attitude from the text. Then, by using machine learning classification
algorithms such as Naive Bayes, Random Forest, Logistics Regression and Support Vector Machine, positive
and negative emotion classification of the review text is made. Finally, the performance of classification
algorithms is compared using accuracy, recall, precision and F-score. Numerical results show that the Support
Vector Machine model produces higher accuracy rate, recall, precision and F-score than other classification
algorithms.

Keywords— Sentiment Analysis, Customer Reviews, Machine Learning, Classification Algorithms, Support
Vector Machine

I INTRODUCTION

In today's globalized and interconnected world, the express air cargo industry plays a pivotal role in
facilitating the swift and efficient movement of goods and packages across borders. As consumers
increasingly rely on e-commerce and demand faster shipping solutions, the quality of services provided by
express air cargo companies becomes a critical determinant of customer satisfaction and loyalty. Customer
feedback, expressed through online reviews and opinions, has emerged as a valuable source of information
for businesses to assess their performance and make data-driven decisions.

The ability to discern and interpret the sentiments expressed in customer reviews is paramount for
express air cargo companies seeking to enhance their service quality and customer experience. Sentiment
analysis, a subfield of Natural Language Processing (NLP), offers a powerful approach to automatically
analyze and extract sentiments from textual data. By applying sentiment analysis techniques to customer
reviews, businesses can gain valuable insights into the overall satisfaction level of their clientele, identify
areas for improvement, and make data-driven business decisions to retain existing customers and attract
new ones.

In this study, a comprehensive sentiment analysis of customer reviews for an express air cargo company
has been presented. The primary objective of this study is to assess the sentiment polarity of customer
feedback, classifying reviews as positive, negative or neutral. By leveraging state-of-the-art NLP
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techniques, the aim is to delve into the sentiments expressed by customers to customer service agents and
reveal the underlying factors influencing their perceptions of the company's services.

The remainder of this paper is organized as follows: In the next section, a thorough literature review is
conducted, highlighting relevant studies on sentiment analysis and NLP methodologies in the context of
customer feedback and review analysis. In the third section, the sentiment analysis techniques employed in
this study are delved into, and the chosen methodology's which include logistic regression, random forest,
support vector machine and naive bayes rationale are discussed. In the fourth section, the results of the
sentiment analysis are presented, illustrating the distribution of sentiments and offering insights into
customers' overall satisfaction levels. Finally, the implications of these findings for the express air cargo
company's business strategy and customer relationship management are further discussed.

. LITERATURE REVIEW

Sentiment analysis, also known as opinion mining, is a field of natural language processing (NLP) that
aims to identify and classify subjective information from text documents. The objective of sentiment
analysis is to determine the sentiment polarity, i.e., positive, negative, or neutral, expressed in a given piece
of text. Various computational methods and machine learning algorithms have been applied to sentiment
analysis, ranging from rule-based techniques to more sophisticated deep learning models [1]. Despite the
progress made in sentiment analysis for customer reviews, several challenges persist. One significant
challenge is the accurate detection of sentiment in reviews that contain sarcasm, irony, or other forms of
subtle sentiment expression. Traditional methods may struggle to capture such nuanced sentiment [2].
Different approaches have been proposed for the classification of customer reviews in the context of
customer service. Rule-based techniques utilize predefined rules and linguistic patterns to identify
sentiment-bearing words and phrases within the text. These methods often rely on sentiment lexicons or
dictionaries that assign sentiment scores to words [3]. Additionally, the understanding of sentiment within
the appropriate context and the incorporation of domain-specific knowledge can further enhance sentiment
analysis models [4]. In another comparative study of classification algorithms were used in sentiment
analysis. The performance of popular machine learning algorithms has been analyzed, including Naive
Bayes, Support Vector Machines (SVM), Random Forest, and Logistic Regression. These algorithms have
been evaluated using different evaluation metrics and datasets, providing insights into their strengths and
weaknesses. The article concludes by discussing the sustainability of various algorithms for different
sentiment analysis scenarios and datasets [5]. The integration of multimodal information, such as text,
images, and audio, holds promise for capturing richer insights into customer sentiment [6]. Machine
learning-based approaches have gained popularity in sentiment analysis tasks, including the classification
of customer reviews. These approaches employ supervised learning algorithms to train models on labeled
datasets, where each review is annotated with its corresponding sentiment label. Support Vector Machines
(SVM), Naive Bayes, Random Forests, and more recently, deep learning models such as Recurrent Neural
Networks (RNNs) and Convolutional Neural Networks (CNNs) have been used for customer review
classification [7]. A sentiment analysis research focussing on the evolution of research methods and topics
is presented. It combines keyword co-occurrence analysis with a community detection algorithm. Their
connections between research methods and topics over the last two decades are compared and analyzed [8].
A critical evaluation of different modules of a sentiment analysis framework has been carried out while
discussing various shortcomings associated with existing methods or systems. Based on the content of the
data, potential multidisciplinary application areas of sentiment analysis are suggested [9].

1. METHODOLOGY

Logistics regression, random forests, support vector machine and naive bayes are introduced in this
section.

A. Logistic Regression

Logistic regression is a statistical analysis method used to estimate the relationship between a dependent
variable with two or more categories and one or more independent variables. In this study, binary logistic
regression was used. In binary logistic regression, the dependent variable is binary qualitative data with a
value of 1 (one), indicating that an event occurred, and a value of 0 (zero), indicating that an event did not
occur. The mathematical form of the logistic regression model can be defined as follows [10, 11]:
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In this equation, fo, 1 and f, are function parameters. The formula can be edited as follows:

Inli:ﬂo+ﬁlxl+ﬁ2xz+"'+ﬂnxn
-p

O]
The expression In(p/(1-p)) is the logit of p. In logistic regression analysis, the probability of the values
of the dependent variable is estimated. Model parameters are estimated using the maximum likelihood
approach.

B. Random Forest Algorithm

In classification and regression problems, bagging or bootstrap aggregation is a technique for reducing
the variance of an estimated predictive function. Bagging seems to work especially well for high-variance,
low-bias procedures like trees. For classification, a committee of trees each votes on the predicted class.
Random forests are an important modification of bagging that creates a large collection of uncorrelated
trees and then averages them. The performance of random forests on many problems is very similar to
powering and is easier to train and tune. As a result, random forests are popular and implemented in various
packages. Hastie et al. [12] provides detailed information about random forests.

C. Support Vector Machine

Support Vector Machine is a machine learning algorithm used to separate data points into two or more
classes. The main goal is to try to find a hyperplane, separating data points from different classes as best as
possible and as far as possible. The wider this maximum distance, expressed as margin, the better the
separation of two or more classes. An advantage of SVM is that nonlinear datasets can also be processed
using various kernel functions. This problem can be written as a constrained optimization problem [13]:

Min <
2

st Y, —®(o,%)-b<e
. O(w,x)+b —y<e

®3)
D. Naive Bayes

Naive Bayes classifier is a statistical classification model based on Bayes theorem that has remained
popular over the years. It is particularly suitable if the dimension p of the feature space is high, making
density estimation unattractive. As seen in Equation (4), the naive Bayesian model assumes that given a
class G = j, the features Xy are independent [12]:

00 =] f(X)
@

E. Confusion Matrix
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We need to evaluate how accurate the predictions obtained in the classification problems are. The
performance of the model can be interpreted using confusion matrix. Some measurements are made using
components such as True Positives (TP), True Negatives (TN), False Positives (FP) and False Negatives
(FN) in the confusion matrix and they have different metric values [14].

True Positives (TP): Samples with a positive true value and correctly predicted as positive by the algorithm.
In other words, it refers to the number of samples that the algorithm correctly predicts as positive.

False Positives (FP): Examples with a negative true value but predicted as positive by the algorithm. In
other words, it refers to the number of samples that the algorithm incorrectly predicts as positive.

True Negatives (TN): Samples with a negative true value and correctly predicted as negative by the
algorithm. In other words, it refers to the number of samples that the algorithm correctly predicts as
negative.

False Negatives (FN): Samples with a positive true value but predicted as negative by the algorithm. In
other words, it refers to the number of samples that the algorithm incorrectly predicts as negative.

The following performance measures can be calculated using the confusion matrix:

Accuracy Rate: It refers to the correct classification rate. It is the ratio of the samples that the model
predicts correctly to the total data set, as depicted in Equation (5).

TP+TN
Accuracy =
TP+TN+FP+FN
Q)
Recall: It expresses the ratio of true positives in all positive samples, as depicted in Equation (6).
Recall = L
TP+FN
(6)

Precision: Refers to the proportion of true positives in all positively predicted samples, as depicted in
Equation (7).

TP
+FP

Precision =
(7

F-Measure (F1-Score): One of the metrics frequently used to measure the performance of classification
model is the F- measure, which gives the harmonic average of the precision and recall values, as depicted
in Equation (8).

2 x Precision x Recall
Precision+Recall

F-Measure =

(®)

V. APPLICATION
F. Data Set

We stated that we would use customer comments in our study and then apply the mentioned machine
learning methods. In this section, the details of the data we use for these operations are mentioned.
In this study, a JSON dataset containing 397 data samples was examined and analyzed. The text field of
Object data type contains customer comments, and the study was progressed by focusing on this text field.
When developing a machine learning model using a dataset, an independent dataset is needed to evaluate
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the training process and performance of the model. For this purpose, the data set is divided into training
and test data, and the training data represents 80% of the total data set, while the test data constitutes 20%
of the total data set.

G. Libraries

Python libraries; They are pre-written pieces of code or modules that contain ready-made functions,
classes and data structures. This section details the libraries used in the study.

JavaScript Object Notation (JSON)

JSON is a text-based data format and the JSON library is used to read, write and process JSON data. The
first function of the JSON library, which consists of 2 basic functions, is dumps() and the other function is
loads(). In this study, the loads() function in the JSON library was used to convert our data in JSON structure
into Python data structures.

Numerical Python (NumPy)
Another Python library we use is the NumPy library. NumPy, a mathematics library, is used for scientific
calculations and makes it possible to make faster and easier calculations.

Matplotlib

Data visualization is an important step to make our complex data more understandable and increase the
understandability of the data. There are many different Python libraries for visualizing data: matplotlib,
plotly, bokeh, seaborn or pydot. Matplotlib, one of these data visualization libraries, is used in our model.

Pandas

Pandas facilitates data processing, cleaning, consulting and analysis, especially on data frames and series.
Pandas, which has methods similar to those in NumPy, can also work with different data types, while
NumPy works with the same data types.

Natural Language Toolkit (NLTK)
NLTK, a Python library developed for use in the field of natural language processing (NLP); It can be used
to perform many NLP tasks such as text analysis, language modeling and language classification.

String

Another Python library used in the study is the String library. Thanks to the String library, which is
frequently used for text processing, text mining and language processing applications, operations can be
performed on text data to make our code more effective and readable.

H. Classification Models

After our data set in JSON format was converted into a table-like structure to enable further analysis,
data cleaning steps were carried out. Data cleaning is a critical step in the data analysis process, where
missing data is examined, outliers are identified, duplicate data is removed, and data type conversions are
performed. After the data cleaning step, tokenization and normalization methods were applied for the text
column containing customer comments in the data set. The tokenization method enables text data to be
divided into smaller and more meaningful pieces and converted into a more processable and analysable
format. The normalization method is used for the process of cleaning and standardizing text data.
Afterwards, sentiment analysis was used to decide with what emotional state the customer review texts
used in the research were written. Finally, Random Forest, Logistic Regression, Support Vector Machine
and Naive Bayes algorithms were applied in this study. The performance measures of the proposed
classification models are given in Table 1:
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TABLE XVI
PERFORMANCE MEASURES OF THE PROPOSED CLASSIFICATION MODELS
Accuracy | Precision | Recall F-Measure
Random Forest Classifier 0.825 0.857 0.957 0.904
Logistic Regression 0.858 0.858 1.000 0.924
Support Vector Machines 0.863 0.863 1.000 0.926
Naive Bayes Classifier 0.850 0.861 0.986 0.919

According to the performance results, the support vector machine has the highest accuracy rate and
F1-score, but the other classifiers also catch high performance values.

V. CONCLUSION

In this study, customer comments were studied in order to understand and analyze customer satisfaction.
A JSON dataset was used in the study and 397 data samples were analyzed. After performing the steps of
cleaning, transforming and making the data suitable for the model, sentiment analysis was applied to detect
the emotional state from the text field containing customer comments. In the continuation of the study,
stages such as tokenize, remove stopwords, stemmer, lemmatizer and vectorization, which are natural
language processing text processing processes, were applied. Finally, random forest, logistic regression,
support vector machine and naive bayes algorithms were applied, and the accuracy rate, precision, recall
and F-scores of these algorithms were examined to learn the success of the model. Numerical results show
that the Support Vector Machine model produces higher accuracy rate, recall, precision and F-score than
other classification algorithms. On the other hand, satisfactory results were obtained with all classification
models.
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Abstract— In this study, impact entrepreneurship and investment are examined in detail. It has been observed
that Turkey is at an early stage in terms of impact entrepreneurship when compared to Europe. Impact-oriented
funds, platforms and support programs have been researched in Turkey. In the in-depth interviews with
industry experts, suggestions on what institutions, the state and incubation centers can do to increase impact
investments in Turkey were compiled. In the interviews, it was concluded that duties such as raising awareness
in the sector should be attributed to incubation centers. According to the participants, institutions should
support startups both financially and in terms of creating cooperation. The government, on the other hand,
should provide financial support to all other stakeholders of the ecosystem, develop incentive mechanisms,
standardize the definition and measurement of impact, and set targets for institutions.

Keywords—Startup, Impact Investing, Entrepreneurship, Venture Capital, Corporate Venture Capital, SDG

I. INTRODUCTION

In this study, startup investments in Turkey, the share of impact-oriented investments in these
investments, the support given by the government to startups and investors, the activities of the private
sector, impact-oriented investment funds, and the attitudes of active stakeholders in the ecosystem were
examined. Comparisons were made by finding out how the subjects studied in Turkey were shaped in
Europe.

Information was gathered by conducting in-depth interviews with experts on the subject. By
finding the obstacles in front of increasing investments, solution proposals will be developed from a
scientific point of view. While developing solution proposals, the advantages to be obtained for the state,
startups and investors and the risks to be taken will be taken into consideration.

Il. LITERATURE REVIEW

A. Definition of Impact Investing

Impact investing is an approach that aims to create social, economic and measurable impact in
addition to financial return. [1] Impact investments can provide resources for projects aiming to solve
important problem areas around the world such as sustainable agriculture, renewable energy, microfinance,
accessible and affordable education, health and right to housing. Being talked about for the first time by the
Rockefeller Foundation in 2007, impact investing accelerated after 2010. [2] Especially with the
Sustainable Development Goals (SDG) declared by the United Nations in 2015, a paradigm shift took place
in the world of investment and the impact investment model began to spread rapidly. The United Nations
has 17 SDGs expected to be completed by 2030 and 169 related goals. [3]

Impact investing differs from ESG-focused investments in that it aims to make society think
positively. While impact investments aim to create economic and social value, ESG investments try to
reduce the losses caused by companies. [2]

Philanthropy refers to the donation of resources to the needy and is non-profit. There are often
social or religious motivations behind it. CSR is the creation of influence within companies. It aims not to
make profit, but to have the image and reputation of the institutions. [1]
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B. Market Size of Impact Investments
With a compound annual growth rate (CAGR) of 17.8%, the global impact investing market
increased from $420.91 billion in 2022 to $495.82 billion in 2023. At a CAGR of 17.8%, the impact
investing market is projected to reach $955.95 billion in 2027. [4]

According to the market share of managed impact investment assets in the world, asset managers
are in first place with 51%, and development investment banks / institutions are in second place with 27%.
The rest of the market includes banks, financial institutions, pension funds, insurance companies,
foundations and philanthropists. The geographical distribution of impact investments in the world is 42%
of total managed assets in North and South America, 14% in Africa and 10% in Europe. In the countries
neighboring Tirkiye, 2% of the total managed assets are distributed in the Middle East and North Africa
region, and 6% in Eastern Europe, Russia and Central Asia. [5]

Health, sustainable agriculture and food are the areas that invest the most in impact investing. In
addition, renewable energy, housing, microfinance and education are the main areas. According to the
research of the Global Impact Investment Network, impact investments are mostly concentrated in the USA
and Canada (40%) in the world. EU countries (14%) follow them. [6]

C. Impact Startups
According to Impact Hub, impact startups are a core element of social innovation, and the growth
of the impact economy depends on startups' growth and reach. This is why many startup investors are also
interested in impact startups. [7]

The economic crisis experienced all over the world in 2022 also reflected on startup investments
and the amount of funding decreased by 36% compared to 2021. Despite this, impact startup investments
decreased by 25% to 57 Billion USD. When global VVC investments are examined, it is seen that 79 Billion
USD is invested in fintech startups, 78 Billion USD in health startups, and 44 Billion USD in transportation
startups. Among impact investments, the largest amount was 80% to climate startups, worth $44 billion. In
2023, it is predicted that the investments of the circular economy, biodiversity and wind energy startups
will accelerate. [8]

D. Financial Side of Impact Startup Investments

One of the biggest problems impact startups face is the start-up funding needed to get started.
Traditional investors may prefer to invest in startups that promise more financial returns than investing in
the impact area. [9] In fact, looking at the statistics, there are many successful examples of impact startups
in terms of high ROI. According to University of California research, the average return on investment
(median) for typical startups is 7.4%, while for impact investments it is around 6.4%. Impact investing is
mostly done by institutional rather than angel investors. [6] Some impact technology unicorns that emerged
from developing countries such as Vedantu (Education, India), Konfio (Finance, Mexico), Andela (Work
Placement, Nigeria) in the world only in 2021 can be given as concrete examples. More than 50 impact
unicorns appeared in the world in 2021. Valuations of impact startups increased more than 12 times from
2017 to 2021. Also, according to the 2020 GIIN Annual Impact Investors Survey, 88% of global impact
investors say their financial expectations have been met or exceeded. [10]

E. General Situation of Turkish Entrepreneurship Ecosystem

According to the Turkish Startup Ecosystem 2023 Q1 Report published by Startups.watch, there
was a decrease in startup investments in the first quarter of 2023 compared to the previous quarter. 55
startups in Turkey received an investment of 56 Million USD, which corresponds to an 89% decrease
compared to the same quarter of the previous year. According to the number of deals, games, SaaS, IoT,
fintech and energy startups received the most investment, while according to the amount of investment,
Saas, retail tech, Al, image process and games were in the top 5, respectively. Tirkiye was able to take
place in the 2nd league in the European leagues. While no country could take part in the champions league,
UK, Germany and France took part in the super league. In the MENA region, Israel, Saudi Arabia and
United Arap E. took place in the super league, while Tirkiye became the first country in the 1st league.
[11]

F. Number of Impact Startups in Turkiye
When filtering sustainability among the startups registered to startups.watch, one of the
entrepreneurship ecosystem databases actively used in Turkey, 151 startups are listed. 5 of these startups
are in the dead category. 67 of the startups were founded in 2020 and beyond. This may be an indication
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that the issue of sustainability has increased in importance in recent years. Impact filtering is not possible
in the database. 111 startups are listed under cleantech, 424 startups in edutech, 825 startups in health, 126
startups in smarty city.Since the ESG filter cannot be positioned directly, it should be noted that startups
serving impact may be found under different filters.

G. Selected Investors and Incentives Focused on Impact Startup Investments in Tirkiye

Founder One: Founder One is a next-generation mutual fund investing in early-stage impact
startups. The fund size is 300 Million TL. The fund period is 10 years, the average initial investment amount
is 500,000 TL, and its geographical focus is Turkey. It has invested in 5 startups so far. [12]

Fark Labs: Fark Labs is a CVC focused on human rights, prosperity & social inclusion, education,
smart, clean agriculture, animal health, welfare, circular economy, water stewardship, upcycling, &
sustainable food. [13]

Arya Women Investment Platform: It aims to create success stories with women entrepreneurs
and investors, and to show that women's participation in the economy is an opportunity, to ensure that more
women have capital, starting from Turkey, and women take place in decision making and stronger positions.
[14]

Regional Venture Capital Financial Support Program for Impact Investment in 2022: Within
the scope of the 2022 Call for Proposals, Ankara Development Agency provided a total of 250 million TL
support with the program for impact investment. The aim of the program is to support sustainable regional
VC implementation based on public-private partnership in order to provide financial support to startups.
[15]

I1l. METHODOLOGY

While the study was conducted, impact investments in European countries were investigated first.
Then, it was decided to compare Italy, which is in the best place, with Turkey. Number of Impact Focused
Institutional Investors, Total number of Startup Investments of Institutional Investors, Total Number Exits
of Institutional Investors, Total Number of Individual & Angel & Angel Group, Total Number of
Accelerator & Incubator were chosen as the comparison criteria.

Data is pulled from Crunchbase. Family investment office, VC, PE, Micro VC, CVC, Family
investment office are selected from Crunchbase's filters while determining institutional investors. While
determining the investors in Tirkiye, the headquarter was determined as Turkiye, and for those in Italy, the
headquarter was determined as Italy. While determining the industries of the investors, it has been noticed
that the impact investing and social impact filters are insufficient. For this reason, different filters have been
added that may be relevant to the 17 SDGs. Added filters are: healthcare, education, water, water
transportation, sustainability, energy, infrastructure, smart cities and smart home. The two countries were
compared in the light of the data obtained.

The fact that Turkey is worse, except for one criterion, necessitated research on areas that could
be developed. For this reason, semi structured interviews were conducted with industry experts. The topics
discussed were shaped around the following questions:

1. Institution type & Interviewee title:
2. Have you made an impact-oriented startup investment before?
a. Ifyes, in which area did you invest in impact? (health, agriculture, food, etc.)
b. If yes, what were your main motivations when investing in impact?
3. Is the financial return you expect from impact investments on par with the financial return you
expect from other investments?
Do you plan to make impact-oriented investments in the future?
In investment interviews, do you ask entrepreneurs in which areas they have an impact, or do you
research them after the interview?
6. In investment interviews, do you ask entrepreneurs which SDGs they contribute, or do you
research them after the interview?
How would you evaluate the impact investments made in Turkey?
8. The number of institutions making impact investments in Turkey is less than half of those in Italy.
What can investors / incubators / government do to increase this number?

o>

~
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IV. RESULTS AND DISCUSSION

H. Impact Investing in European Countries
Impact investments of countries in Europe, which is the geographically closest region to Turkey,
were investigated. According to Evpa's Investing for Impact Report, 88% of impact investments in Europe
are made by 4 countries. These countries are Belgium, Spain, France and Italy, with 11%, 23%, 26% and
28% shares in impact investments, respectively. Stakeholders and definitions are directly quoted [16]:
1. Financial institutions: e.g. traditional and ethical banks investing in impact investment vehicles
2. Individual investors (retail/mass merchandising): e.g. individuals investing through employee
saving schemes, like 90/10 funds in France
3. Institutional investors: e.g. pension funds or insurance companies investing in impact investment
vehicles
4. State or local public funds: e.g. an entity linked to the public at any level (from municipality to
government) investing in impact investment vehicles
5. EU funding: e.g. InvestEU financial resources channelled through implementing partners in
impact investment vehicles
6. Individual investors (high net worth/merchant banking): e.g. individuals with at least $1
million in liquid financial assets investing in impact investment vehicles
Foundations: e.g. foundations investing their endowments in impact investment vehicles
8. Corporations: e.g. corporations investing their financial resources in impact investment vehicles

~

As shown in Table 1, The percentage of actors serving the impact investment in each country is
quite different. While 55% of investments are made through state funds in Belgium, 71% of investments
are made by individuals in Spain. In France and Italy, the investments of financial institutions have a share
of 32% and 64%.

Table 1: Top 4 Countries in Europe in terms of Impact Investments

Countr | Country’ | Financia | Individu | Instituti | State or [ EU Individu | Foundati | Corporat
y sratioin | | al onal local funding | al ons ions

Europea | institutio | investors | investors | public Investor

n impact | ns -1 funds S -2

investme

nts
Belgium | %11 %4 %8 %16 %55 %2 %22 %1 %2
Spain %23 %5 %71 %3 %5 %2 %4 %2 %8
France %26 %32 %31 %20 %2 %9 %3 %2 %1
Italy %28 %64 %27 %2 %5 %1 %1 %0 %0

It was decided to compare Italy with Turkey both in terms of total investment and the high share
of financial institutions in Europe. For this purpose, the number of institutional investors making impact
investments in the two countries, the number of startup investments made by the institutions, the number
of exits, the number of individual investors, and the number of acceleration centers and incubation centers
were compared.

Table 2: Comparison of Italy and Turkey in terms of Impact Startup Investors

Country Number of | Total number | Total Total Number of | Total Number
Impact of Startup | Number Exits | Individual & Angel & | of Accelerator
Focused Investments of | of Angel Group & Incubator
Institutional Institutional Institutional
Investors Investors Investors
Italy 137 2414 326 71 34
Turkiye 63 1044 49 118 12
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While incubators are institutions where entrepreneurs who are not yet productized, who are at the
idea stage or whose products have emerged, implement or grow their ventures, accelerators are the
programs in which the startups that have started or have reached a certain stage take place. [17] While the
number of these hosting impact startups is 12 in Turkey, it is 34 in Italy. Looking at the investor institutions
side, it is seen that 137 institutions in Italy invested in 2414 startups and exited 326, while in Turkey 63
institutions invested in 1044 startups and exited 49.

Especially the fact that the exit numbers in Turkey are far below those in Italy may not have
convinced investors about the financial return of impact initiatives yet. The fact that both the number of
institutions and the number of startups they invest in Italy is more than twice that of Turkey is a clear proof
that investors in Italy show more interest in impact initiatives.

On the other hand, it is seen that 71 angel investors in Italy and 118 angel investors in Turkey
make impact investments. The data shows the interest of individuals in impact investments in Turkey is
higher.

I. Interview Printouts

First of all, the participants were asked whether they had made an impact investment before. The
companies that all of the participants are affiliated with have previously made impact investments and/or
included impact startups in their programs. Different areas such as education, health, construction,
upcycling, creating benefits for disadvantaged groups were encountered. All of the participants declared
that they will continue to invest and support impact startups in the coming period. These two responses
prove that companies that currently make impact investments in Turkey will continue to invest and the
ecosystem will develop.

When the participants were asked about their motivations while making impact investments, it
was seen that the motivations of incubation centers and institutions differed at some points. Incubation
centers have supported impact startups to expand their businesses and enable some of them to expand
abroad. In CVCs, on the other hand, improving corporate reputation, increasing innovation, advocating
equality, and environmental concerns came to the fore. Participants emphasized that impact investments
have now become a necessity and that impact investments are of great importance in order to change the
course of the world. Among the motivations of CVCs, there is also the concern to support entrepreneurs at
points where institutions cannot try and where the room for action is narrow under uncertainty and
difficulty, and to pave the way for them to make trial and error. Although the motivations of VVCs are very
similar to CVCs, they can be added differently to create benefits for the world, support social and
environmental development, and make sustainable products accessible to everyone.

Only 14% of respondents said that the financial return they expect from their investment in impact
startups is the same as they expect from other startups. All the remaining investors expect lower financial
returns from impact startups and stated that the higher the impact, the more they would be willing to lower
their financial expectations. Incubation centers have also customized the metrics they follow while
developing interventions for impact startups. For example, instead of income growth, it examines metrics
such as social growth and partner acquisition.

Most of the participants indirectly ask about the impact startups have created in their conversations
with startups, or they do not ask because they can get it. Different stakeholders can be benefited from in
this process, for example, some incubation centers take the TUBITAK BIGG assessment and measure the
impact. There is an effect created in an institution's default question set. An institution can ask specialized
questions by developing its own impact measurement methods. An institution makes the ESG evaluation
after the interview.

Looking at the impact from the SDGs perspective, around 30% of respondents approach the issue
in terms of the SDGs. These participants consist of institutions and CVCs. Some of the VCs and CVCs
state that SDGs are easy to fill, not the main determining factor.

All of the interview participants think that investments in impact startups in Turkey should
increase. This is one of the rare issues where different players in the industry agree on impact startups.
Participants think that investments made in Turkey are at an early stage and that investments will increase
as startups write success stories. Another point that is emphasized is that the definition of which startups
are called impact startups is not clear and greenwashing is being done. Participants believe that there should
be standardization in this regard. These joint comments from different types of institutions underscore the
importance of accurately defining impact.

Interview participants were asked what institutions, incubators and the government can do to
increase impact startup investments in Turkey. First of all, half of the participants pointed out that the
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definition of impact should be made correctly when answering this question. Participants emphasized the
importance of cooperation in matters that institutions and CVCs can do. Institutions should help startups
that will create value for themselves in the long run in their fields of activity, even if not financially, in
terms of business development and partnership. Because the participants think that the investment potential
of startups has increased thanks to cooperation. This recommendation makes sense, as investors consider
the number of customers and partnerships as a metric when evaluating startups. About 30% of the
participants emphasized that targets, OKRs should be set for investment and support activities in impact
startups and that impact measurements should be made together with reliable sources. Since it is difficult
to develop subjects that cannot be measured, it is rational for the participants to emphasize the goal.
Incubation centers, on the other hand, stated that institutions can orient themselves, for example, they can
request impact-oriented demo days. This recommendation shows that different players in the ecosystem
can influence and support each other.

All of the participants think that incubation centers should raise awareness of both startups and
investors about impact. This shows that incubation centers constitute the first step of the system.
Participants see the ways of raising awareness as conveying to startups how they can indicate their impact
aspects and how they should be presented to investors. For this, they argue that training, seminars and
networking events should be organized. On the other hand, participants think that incubation centers can
raise awareness of investors by triggering institutions, designing special programs and organizing demo
days. In addition, they believe that organizing joint programs with incubators abroad that are successful in
impact will be a vision development activity.

Finally, the participants stated that the state's influence is very high in increasing impact-oriented
startup investments in Turkey. All participants believe that financial support from the state to institutions
is essential. Financial supports may be primarily through taxation. institutions and investors see paying less
or no tax when they invest in impact startups as a great incentive mechanism. VVCs state that impact-oriented
funds should be established by the state. CVCs think that the government should set targets for institutions
and that a motivation mechanism based on a reward and punishment system should work. He argues that
the minimum impact investments to be made with the regulations should be determined and their
measurements should be carried out, and the measurement should be standardized by the state, and thus
greenwashing should be prevented. As an example of good practice in the interviews, it was shown that the
government grants as much as a certain percentage of the investment amounts of the startups that receive
investment in France. It was mentioned that a similar model could be realized in Turkey. It is believed that
giving a certain percentage of the investment received by the impact startups to the startups in cash as a
grant or long-term and low-interest loan by the government will increase impact entrepreneurship. In
addition, it was commented that state institutions should open many more calls such as the TUBITAK
BIGG Green Growth Call and the definition of impact in these calls should be very clear. When the
comments on government supports are considered holistically, government supports can be beneficial for
institutions, individuals, incubators and start-ups. It has been concluded that the impact power will be much
higher than all other stakeholders in the ecosystem.

V. CONCLUSION

In the study, it has been determined that despite the development of the entrepreneurship
ecosystem in Turkey in recent years, we are still at the beginning of the way in terms of impact investing.
The fact that impact startups are generally at an early stage and that no clear success story has been written
in Turkey yet is an indication that we are at the beginning of the road.

As a result of the interviews, it has been realized that incubators, CVCs, VCs and institutions have
an interest in impact startups and will continue in the future. In most of the interviews and in the answers
to the different questions asked, the definition of impact entrepreneurship and the difficulty of measuring
impact were mentioned. Especially on the institutional side, greenwashing can be done because the effect
is seen as an institutional reputation. Therefore, ecosystem stakeholders see the cornerstone of investments
in impact startups as defining and measuring impact.They believe that the government has a responsibility
in this matter, and that its standardization and targets should be determined by the state. It is quite clear that
the state must exist as an authority in terms of defining inter-institutional competition and rewarding good
practice examples.

On the other hand, incubation centers are considered as the first link in terms of ecosystem
stakeholders and they should take part in raising awareness of both institutions and startups. The fact that
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impact entrepreneurship is at an early stage in Turkey increases the importance of incubation centers
because as the startups progress in stages, their ties with incubation centers may weaken.

Institutions, on the other hand, have an intermediate level task that will not only provide financial
support to startups, but also develop them such as cooperation, opening a POC area, and mentoring. At this
point, the important thing is to produce mutual benefits in harmony with the strategic goals of the institution.

In the continuation of this study, the statements made by all stakeholders participating in the
interview in order to measure the level of consistency can be compared and scored with the annual reports.
If the study is desired to be developed, opinions of different types of stakeholders can be obtained. For
example, the pool can be expanded by making interviews with technology transfer offices and angel
investors.
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Abstract— The dual earthquakes, that occurred in Kahramanmaras, Tiirkiye in 2023, resulted with severe
devastation and loss of life and demonstrated that natural disasters have profound effects on communities’ lives.
Disasters bring social and economic instability. These devastating incidents damage infrastructure, disrupt
supply chains, and lead to income losses. All these impacts and people's struggles to rebuild their lives create
consequences such as uncertainty and forced displacement. Following such disasters, recovery interventions
play an essential role in alleviating the effects of destruction and facilitating the reconstruction process through
applying engineering and technology management. From this point forward, this literature review aims to
examine the role of engineering and technology in improving the recovery interventions after the disasters. In
other words, this review explores the utilizations of technology management in communication, coordination,
and data management, as well as the applications of engineering resolutions in rebuilding destroyed
infrastructure and enabling search and rescue efforts. By investigating the achievements and impacts of these
interventions, this review aims to shed light to the importance of engineering and technology in recovery efforts
and emphasize the necessity for ongoing research and innovation in these fields for better disaster resilience in
the future.

Keywords—engineering, technology, disaster resilience, disaster recovery, dual earthquakes, Turkiye

I. INTRODUCTION

Natural disasters present substantial challenges for societies with uprooting lives and posing difficulties
for recovery and resilience efforts. In the records of Tirkiye's history, the year 2023 will always be
remembered as a pivotal chapter, distinguished by a seismic torment that painfully challenged the readiness
and response capacities of Southeast region of the country. Two devastating earthquakes of magnitude 7.7
and 7.6 occurred consecutively in the region at 04.17 local time on February 6, 2023, and 11 provinces
were affected by the severe damage it left behind: Kahramanmaras, Adana, Sanliurfa, Gaziantep,
Diyarbakir, Hatay, Malatya, Adiyaman, Osmaniye, Elaz1g and Kilis [1].

The dual earthquakes resulted with a heavy toll, affecting approximately 16 million individuals, with 9.1
million facing direct impacts [2] and a tragic loss of over 50,000 lives [3]. Immediately after the incident,
the Turkish Government stated a three-month state of emergency in the region and released a fourth-level
alarm, concurrently appealing for international assistance [4]. The destructive potential of seismic events
was starkly reminded by the devastating double Tirkiye earthquakes of 2023 and underlined the
irreplaceable role that engineering and technology play in disaster recovery.

Following devastating earthquakes around the earth, prompt utilization of engineering and technology
solutions appeared as the foundation of the rescue and recovery efforts [5]. In addition, these building back
interventions, made possible by technology and engineering possibilities, also contribute to the establishing
resilience future by integrating risk reduction measures into reconstruction and development plans.

This article aims to comprehensively investigate the effectiveness and potential of engineering and
technology-focused interventions specific to earthquake disasters in increasing resilience and accelerating
recovery following seismic events. With the awareness raised by the 2023 dual earthquakes, this article
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underlines the important role of engineering and technology management in facilitating recovery worldwide
and provides a systematic review of the relevant literature.

Il. DEPLOYMENT OF TECHNOLOGY IN RECOVERY INTERVENTIONS

The integration of advanced technologies in the field of disaster management has led to a radical
transformation in the field of recovery interventions. This chapter highlights the crucial role technology
plays in improving the efficiency and effectiveness of recovery efforts.

Information and communication technologies (ICTs) present a high importance in the disaster response
and recovery process, especially in mitigating the negative consequences of natural disasters. Specifically,
the increased usage rates of mobile phone and internet coverage make them irreplaceable tools in this
context.

Mostly during the response phase, ICTs facilitate the coordination of emergency response efforts in
search and rescue operations [6]. Additionally, during the recovery phase, ICTs contribute to damage
assessment, monitoring the progress of reconstruction efforts, and effective communication with affected
communities. Mobile phones, particularly, facilitate prompt communication between aid providers and
affected communities, facilitating the timely dissemination of necessary information [7].

Geographic Information Systems (GIS) are another technological opportunity that portrays a significant
role in all four phases of emergency management: mitigation, preparedness, response, and recovery [8]. In
the process of mitigation, GIS plays an active role in risk assessment and planning of long-term mitigation
strategies, identifying areas susceptible to floods, hurricanes, and other hazards. It facilitates the
development of evacuation plans, identification of shelter locations, and prepositioning of resources during
the preparation phase. In the response phase, GIS allows monitoring the progress of the disaster,
coordinating the response and comprehensive detection of damage. GIS is used for public communications
as part of recovery efforts [8]. Additionally, GIS is effective in creating evacuation vulnerability maps,
identifying areas at highest risk during evacuations. Therefore, GIS serves as a powerful tool to support
emergency management at government levels after disasters [9].

ROVs (Remotely Operated Vehicles (ROVs) have great potential in post-disaster responses as easy-to-
deploy vehicles. Their role in enhancing disaster recovery operations by safely and effectively examining
damaged infrastructure, searching for victims, and delivering aid to remote areas is essential [10].

Since their emergence, drones have played a key role as indispensable tools in disaster management.
Drones are very effective technologies for assessing damage after disasters, monitoring the recovery
process, and supporting reconstruction efforts. More specifically, in disaster recovery, drones have the
capacity to inspect infrastructure for damage, monitor the status of repairs, and facilitate the transportation
of essential supplies to disaster-affected areas [11].

Strong indicators such as the important role of communication technologies in empowering and
informing affected individuals, improving data-based decision-making with GIS, and increasing the
efficiency of search and rescue operations with robots and drones underline the indispensable realm that
technological tools occupy in today's world, which is extremely vulnerable to disasters. The integration of
these technologies into recovery processes not only accelerates recovery but also reinforces their overall
effectiveness in mitigating the consequences of disasters.

I11. ENGINEERING SOLUTIONS IN RECOVERY PHASE

The earlier chapter has efficiently demonstrated that technological solutions hold an essential role as
vital tools in relieving the acute impacts in the aftermath of catastrophic disasters while simultaneously
advancing recovery undertakings. This chapter sheds light to the domain of ground-breaking engineering
methods applied in the wake of such disasters and underlines the importance of these approaches in
restoring damaged infrastructure, rebuilding housing, and improving search and rescue efforts.

One of the most urgent and priority requirements during the disaster recovery period is the restoration
of main infrastructure. Earthquakes seriously damage or completely destroy community infrastructure such
as roads, bridges, schools and public buildings [12]. Innovative engineering solutions are cornerstones in
facilitating this process, offering the opportunity for rapid and effective recovery. Moreover, engineering
technologies have the potential to expand their scope beyond just rescue to include disaster preparedness
and mortality reduction. In line with this, engineers are constantly working to pioneer new technologies
that have the potential to accelerate society's recovery after disasters [12].

In this context, advanced construction techniques such as prefabrication and modular construction are
very useful in post-disaster recovery processes to accelerate the reconstruction of infrastructure [13]. In
other words, container structures designed to be self-sufficient in terms of water, energy and waste disposal
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have a very important place in post-disaster interventions with their durability, reusability, and ability to
adapt to multiple layouts [13]. Additionally, container structures used as storage units in humanitarian aid
logistics represent a potential breakthrough in the effectiveness of disaster relief operations by allowing
effective and close aid delivery [14].

Itis included in the recovery process of earthquake-resistant concrete and steel structures, which play an
important role in extending the life of the infrastructure rebuilt after earthquakes and reducing sensitivity
to future seismic events [15]. Among these engineering innovations, concentrically braced steel structures
emerge as a widely adopted structural system in regions with high risk of seismic activity. These structures,
consisting of a network of steel columns, beams and braces, skilfully absorb the lateral loads resulting from
earthquakes by transmitting them to the columns and beams [15]. These engineering advances not only
accelerate recovery but also support the development of disaster-resilient communities.

Another emerging inevitable challenge following earthquakes is loss of shelter, often leaving significant
numbers of people vulnerable and displaced. Engineering solutions again occupy a pivotal place as critical
tools in overcoming this challenge by developing both temporary and permanent housing solutions.
Resourceful designs such as container houses and modular structures are quickly implemented, especially
during the emergency period, easing the provide shelter to people [16].

To construct earthquake-resistant buildings that can withstand future seismic events, it is inevitable to
call on engineering expertise in long-term housing solutions. When designing earthquake-resistant
structures, engineering methods increase the safety and durability of these residences by integrating
pioneering seismic strengthening techniques such as base isolation and energy dissipative systems into the
structures [17]. Therefore, engineering solutions enable the conditions accelerating return to normality and
building resilience in disaster-affected communities while minimizing the risks of future displacement.

In the immediate aftermath of earthquakes, search and rescue teams are often in a race against time to
save lives trapped under rubble. Engineering genius comes into play as an invaluable enabler in increasing
the efficiency and effectiveness of these life-saving efforts. In these extremely difficult times, usage of
advanced technologies such as unmanned aerial vehicles (UAVS) have gained importance in increasing
search and rescue capabilities. UAV technology allows tracking of victims, significantly increasing the
efficiency of these operations. The user-friendly design and easy adaptability of these technologies are just
a few of the features that make them so important in search and rescue interventions [18].

Moreover, engineering leverages the potential of smart infrastructures for the compilation and regular
tracking of meaningful information in disaster areas. In other words, geotagged images collected from
earthquake-affected areas are subjected to deep learning methodologies, allowing accurate clustering of
these images to identify survivors amidst the rubble. Characterized by very high rates of accuracy and
reduced computational resource usage, this application of image analytics is very efficient in effective
disaster response operations, especially in smart urban environments [19].

These solution channels offer innovative and facilitating ways in crucial areas such as infrastructure
rehabilitation, housing provision and increasing search and rescue efficiency. The damage caused by the
2023 Kahramanmaras double earthquakes and the lessons learned from this catastrophe underlined the
important role of engineering expertise in community restoration and building resilience in the face of
difficulties and served as very important reminders for field studies. Engineering solutions also play an
important role in optimizing logistics and aid delivery mechanisms. Moreover, innovative work in
transportation engineering, such as the development of vehicles specifically designed for disaster areas, has
increased the efficiency of mobilization of material and personnel movement [20].

Il. UTILIZATION OF ENGINEERING AND TECHNOLOGY MANAGEMENT IN 2023 KAHRAMANMARAS
EARTHQUAKES

In this chapter, the technologies and engineering approaches instrumentalized in search, rescue and
recovery efforts carried out in the region following the Kahramanmarag dual earthquakes are discussed.
The comprehensively prepared report published by ThinkTech [21] reveals the essential role played by
technological innovations in responding to the earthquakes. Numerous technological products and
engineering systems have been utilized in disaster management from the following first minutes of these
devastating incidents. The technologies and engineering products have been mobilized in the post-
earthquake interventions and delivered services through this utilization in the earthquake region include
[21]:
Reconnaissance, Surveillance, and Imaging Systems:
o Direction and quantity determination with the Behind-the-Wall Radar Device.
¢ Image taking with UAVs.
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e High resolution image recording with EKS-2WX collar cameras.
o Image transfer with the Solar Powered Domestic Camera System.
Search and Rescue Support and Coordination:
o UAVs for detection, search and rescue support, and coordination activities.
Large area mapping with the Rapid Mapping Pod integrated into the UAV Platform.
UAVs for search and rescue and ensuring public order.
Swallow type UAVs for intelligence, reconnaissance, and surveillance activities.
Stick cameras for search and rescue activities in wrecks.
Satellite images for preliminary damage assessment studies.
Proton Elic RB-I M-4 underground imaging device to determine the location of those trapped
under the rubble.
¢ UAVs to coordinate reconnaissance, detection, and search and rescue efforts in the earthquake
zone.
Communication Systems:
e Gendarmerie Integrated Communication and Information System to ensure uninterrupted
communication.
e  Base stations integrated into UAVs for communication support.
e Satellite Communication Terminals to meet communication needs in the region.
e Mobile base stations dispatched to the region to provide communication support.
Energy Storage Systems:
e Fixed and Portable Energy Storage Systems and Solar Energy Stations to meet energy needs.
Transportation Systems:
o UAVs (Fly BVLOS Technology) for load and material transportation activities.
e Unmanned Ground Vehicles (UGVs) for casualty or material transportation activities.
Decision Support Systems:
e Computer vision and image evaluation capabilities for damage and change detection studies.
e  Open Software Network to support search and rescue support and coordination activities [21].
In addition to these, carbon dioxide detectors that are capable to detect very quiet breathing under rubble,
even if survivors cannot make a sound, were also used in post-earthquake response in Turkiye [22].
Furthermore, the AFAD Satellite Scanning System analysed the debris fields in detail and planned
accordingly, and this system was mobilized in the field after the earthquake using the necessary software
to perform object-based image analysis, texture analysis, and create new two- and three-dimensional maps
and aerial photographs [22]. Moreover, Heat-Sensitive Debris Scanning Cameras (Thermal Cameras),
which can identify people under debris by detecting their body temperature, was also one of the
technologies utilized in post-earthquake rescue efforts [22].
As clearly demonstrated in this section, technologies and engineering systems played a pivotal role in
the response to the Kahramanmaras earthquakes. These technologies helped rescuers to track survivors
instantly and efficiently, to assess damage, and to provide essential services to earthquake victims.

I11. IMPLICATIONS AND FUTURE RESEARCH

This study underlines the important role of technological innovations and engineering solutions in
disaster response coordination, information management, aid distribution and recovery processes.

The relevant literature review also reveals that technology and engineering are invaluable to the efforts
of government and humanitarian response providers in disaster situations. shows its significant impact.
After disasters, technological innovations facilitate coordination and information management at the
maximum level, while engineering solutions contribute to accelerating logistics processes and
infrastructure reconstruction. Moreover, the incorporation of all these engineering initiatives and
technological innovation principles into disaster recovery and recovery efforts contributes to the rebuilding
of communities, supporting resilience against future disasters.

This paper aims to underline the critical importance of technology and engineering in early recovery
interventions after natural disasters, while also making some calls for future field studies. Because
understanding the indispensable role of technology and engineering is crucial for both policy makers,
disaster management institutions and humanitarian aid organizations.

First of all, recognition of the important role of technology and engineering in post-disaster recovery
processes brings with it the need to regularly invest in research, development and education in these areas.
Both governments and relevant organizations should prioritize the development of technological and
engineering capacity within disaster response teams.
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Additionally, integrating technology and engineering expertise into disaster management strategies
should be a priority for disaster-prone regions. To improve their ability to respond quickly and effectively
to future disasters, governments should collaborate with local and international partners to develop and
implement comprehensive disaster preparedness plans that draw on these disciplines.

The rapidly advancing technology and engineering environment offers numerous possibilities for
developing early disaster recovery strategies. To benefit from the effects of technology and engineering in
disaster management at the highest level and to explore innovative ways, researchers, practitioners, and
policy makers should make concerted efforts.

Using artificial intelligence (Al) and machine learning algorithms to improve disaster risk assessment
and response coordination is a promising path. Researchers also see endless potential for artificial
intelligence (Al) in disaster risk communication, helping to improve early warning systems, situational
awareness, and overall communication effectiveness [23].

The development of innovative materials and construction techniques continues in the field of
engineering. Engineers can continue to contribute to the field by developing renewable energy sources and
resilient infrastructure designs to increase the disaster resilience of societies.

The literature review reveals many promising avenues for future research in the context of technology
and engineering in early response to disasters, and it will be inevitable for academic research to
simultaneously develop and increase in this field, which will obviously constantly develop. recovery.

1\V. CONCLUSION

In the realm of disaster management, technology and engineering have emerged as dynamic catalysts for
transforming the rescue and recovery efforts. Existing literature review has illustrated their essential roles
in emergency and recovery phases of disaster response and the following rebuilding of communities with
focusing future resilience.

Aftermath of the disasters, the impact of technology is definite, with its ability to facilitate concurrent
data sharing, effective communication, and resource allocation, organizing the coordination of
governmental interventions as well as humanitarians.

Artificial intelligence has the potential to revolutionize the effectiveness of communication technologies,
improved early warning systems, resource allocation and aid responsibility.

Engineering methods are also the main solutions used in post-disaster recovery efforts with innovative
approaches to the restoration of post-disaster infrastructure, durable housing design and disaster risk
reduction. Advanced engineering methods have proven to be one of the cornerstones of disaster
management in terms of providing durable materials, sustainable construction techniques and infrastructure
opportunities.

Future periods offer a wealth of new research opportunities. These are studies that will focus on human-
centered technology designs, interdisciplinary collaborations, and long-term durability. To be more
prepared for natural disasters and to overcome them with as little damage as possible, it is essential to
improve the social infrastructure and living spaces and increase the disaster resilience of societies, and this
should be the theme that inspires future studies.

As a result, the dynamic interaction of technology and engineering has strong potential to open many
possibilities as the global society faces the growing challenges posed by natural disasters. To build more
resilient societies, we can ensure that the lessons learned from past disasters guide us towards a safer, more
resilient future through continued innovation, research, and collaboration.
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Abstract— OZ

Bu calismada ugucu kiil, 6giitiilmiis yiiksek firin ciiriifu ile alkali ve su ile polimerlistirilerek ikame olarak geopolimer
betonun mekanik 6zellikleri {izerine etkisi arastirilmigtir. Geopolimer harglar Cayirhan C smifi ugucu kiilii, CEN
referans kumu,gelik lif ile sodyum hidroksit ve igme suyu kullanilarak geopolimer 4M,6M,8M olarak aktive edilmistir.
Karigim oranlar agirlikg¢a, kum/ugucu kiil oran1 3 , su/ugucu kiil oran1 0,44 ve sodyum/ugucu kiil oran1 0,08 olarak
referans alinmis olup bu degerler dgiitiilmiis yiiksek firin clirufunun %5,%10,%15,%20,%25 ikamesiyle karisim
molaritesi 4M,6M,8M olacak sekilde teste alinmigtir. Hazirlanan karigimlar, 3 giin, 7 giin ve 28 giin siiresince giin 15151
kiirii ve 47°C sicaklikta kiir edilerek deneylere tabi tutulmustur. Ayrica esdeger karigimlar 3 giin, 7 giin, 28 giin
stiresince gilin 15181 sicakliginda kiire tabi tutulduktan sonra toplamda kiir siiresi 7 glin olacak sekilde laboratuar
ortaminda (25+2°C ve bagil nemi %35+5) havada kiir edilmis olup, deneylere tabi tutulmustur. Alkali ile aktive edilen
ucucu kiil referansh ve giitiilmiis yiiksek firin clirufunun %5,%10,%15,%20,%25 ikamesiyle elde edilen harglarin ;

Basing Dayanim Testleri (3 Glinliik)
Basing Dayanim Testleri (7 Glinliik)

ozellikleri 6l¢tilmiistiir.

Ogiitiilmiis yiiksek firm ciirufunun artmasiyla dayamimlarin énemli oranda etkilenerek arttigi belirlenmistir. Sonug
olarak, 47°C’lik 1s1l kiir ile 15,493 MPa mertebesinde basing dayanimina ulagilmustir.

Anahtar sozciikler: Geopolimer beton, egilme dayanimi, 6giitiilmiis yiiksek firmn ciirufu, ugucu kiil
GIRIS
Beton, diinyada en ¢ok kullanilan ve tiiketilen madde olarak ge¢mektedir. Beton kullaniminin olumlu
yonleri kadar olumsuz yonleri de goz ardi edilmemelidir. Betonarme yapilarin yikilmasi sonucu olusan
ingaat yikint1 atiklar1 yeniden kullanima uygun degildir. Ayrica bu atiklar bulunduklari ¢evreyi de olumsuz

yonde etkilemektedir. Bu etkenler aragtirmacilart atiklarimin degerlendirilmesi konusunda caligmalar
yapmaya tesvik etmistir (Mak vd, 2019; Liu vd., 2022; Lai vd., 2016; Yuan vd., 2013; Liu vd., 2020).

Yapi malzemeleri alaninda yapilan gelismeler neticesinde ¢imento yapi malzemeleri arsinda en seckin
yerini korumaktadir.Ozellikle bu roliin glopbal alanda yesil sistemde kullanilabilecek bazi énemli
ozelliklere sahip olmasi1 gerekmektedir. Ciinkii betonun yap1 malzemesi olarak kullanilmasinda g6z 6niinde
bulundurulmasi gereken son yillarin en 6nemli bileseni karbon izi ortaya ¢ikmaktadir. Ornegin, beton
hammaddelerinden olan ¢imentonun iiretim stirecinde bir ton klinker elde edebilmek i¢in yaklasik 850 kg
CO2 dogaya salinmaktadir (Puertas vd., 2008). Bu durumun sonucu olarak ¢imento yerine ikame edilen
malzemeler kullanilma istegi artmigtir. Cimento yerine kullanilabilecek malzemeler atik yonetimine de
yardimci olurlar. Atik yonetimi ve farkli karigimlar son zamanlarda geopolimer tiretimi konusunda énemli
bir yaklagsma agis1 olusturmaktadir.
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Geopolimerler, daha yesil bir beton arayisindaki ilk ¢abalardan birini temsil eder. ilk olarak Joseph
Davidovits tarafindan dnerilen geopolimer beton terimi, simdi aliiminosilikattan daha genis bir alkali aktive
baglayici ¢esidi ile ilgilidir (Zhang vd., 2013). Ugucu kiil, atik cam tozu, yiiksek firin ciirufu ve silis dumani
gibi yliksek hacimli endiistriyel atigin entegrasyonu nedeniyle, geopolimerler hem yontem hem enerji hem
de CO2 emisyonlari agisindan beton iiretiminin ¢evresel ayak izini nemli 6l¢iide azaltmanin bir yolu olarak
gorilmektedir. (Collivignarelli vd., 2021).

Geopolimerler aliiminosilikat esaslt malzemelerin ¢esitli alkali aktivatorler ile aktive edilmesi sonucu
uretilirler. Bu aktivatorler genellikle sodyum silikat (Na2SiO3), sodyum hidroksit (NaOH), potasyum
hidroksit (KOH) zaman zaman birlikte ya da tekil olarak kullanilirlar (Somna vd., 2011; Ravikumar and
Neithalath, 2012; Silva de Vargas vd., 2014).

Geopolimer ana igerigi ise aliiminyum silikat (baglayic1), kum ve agregalardir.

Geopolimer karigimlarda aliimina silikat olarak genelde puzolanik 6zellik gdsterme potansiyeli bulunan
malzemeler kullanilmaktadir. Geopolimerlerin ozellikleri puzolanin kimyasal igeriginden etkilenir.
Ornegin puzolan igerisinde bulunan CaO su ile reaksiyona girebilir ve geopolimerlerin mekanik
ozelliklerini artiran kalsiyum silikat hidrath bilesikler olusturabilir (Diaz, 2010).

Ca oranina gore farkli sekilde jel yapilar1 olusabilmektedir. Ca iceriginde (sodyum aliimina silikat
hidrat) N-A-S-(H) jelleri, yiiksek Ca igeriginde de (kalsiyum aliimina silikat hidrat) C-A-S-H jelleri
olusmaktadir. Geopolimer fiiretiminde katki maddeleri kullanildigi i¢in hidratasyon 1silar1 portland
¢imentosu gore daha diisiiktiir. Ayrica geopolimerler yiiksek basing dayanimi ve asitlere karst yiiksek
diren¢ gostermesi nedeniyle bircok alanda kullanilmaktadir (Patankar vd., 2015; Al-Akhras, 2006).

Bu ¢alismada yerel Cayirhan C smifi ugucu kiiliiniin alkali aktiflestirilmesi yontemi ile ¢imento yerine
baglayic1 olarak kullanilabilirligi ve geopolimer baglayicinin lego beton imalatinda kullanilabilirlik
potansiyeli arastirilmistir. Ugucu kiil referansli dyfc katkili karisimin alkali ve giin 15181 1s1s1 ile
aktiflestirilerek geopolimer harcin basing dayanim durumu arastirtlmistir.

MATERYAL VE YONTEM
J. Materyal

1) Ugucu Kl

Ucucu kiil Cayirhan Termik Santralinden temin edilmistir. C sinifi ucucu kiiliin kimyasal 6zellikleri
Tablo 1'de verilmistir. Sug6zii ugucu kiili, SiO2+A1203+Fe203 degerinin %70min ilizerinde olmasi ve
CaO miktarinin %10'dan az olmasi nedeniyle F sinifi (diisiik kirecli) ugucu kiil sinifina girmektedir. Ugucu
kiiliin tanecik yogunlugu 2390 kg/m3 ve inceligi (>45um) %12 dir. 28 ve 90 giinliikk aktivite endeksi
sirastyla %78,20 ve %93,80 dir.

Tablo 1. Ugucu Kiiliin Kimyasal Kompozisyonu (%).

Oksit SIOZ A|203 FeZOg CaO 503 NaZO S.CaO Cl- KK

Ucucu Kl 40.16 22.07 9.1 21.47 212 0.88 0.90 0.0108 0.40

2)  Ogiitiilmiis Yiiksek Firin Cirufu
Calismada Eregli Demir Celik Isletmesinden temin edilmis Yiiksek Firin Ciirufu (YFC) kullanilmistir.

Tablo 2. OYFC’nin Kimyasal Kompozisyonu (%).

Kimyasal SiO; Al,O3 Fe,04 CaO MgO SO; Na,O K,0 Cl- K.K
Kompozisyonlar
Yiiksek Firin 41,49 16,34 0,61 29,26 7,68 1,90 0,80 1,10 0,01 0,17
Cirufu
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3) Karisim Suyu

Geopolimer harcin karigiminda TS EN 196-1 standartlarina uygun sebeke suyu kullanilmstir.

4) Kum

TS EN 196-1 standartina uygun maksimum agrega boyutu 2 mm olan Rilem Cembureau standart kumu

kullanilmistir.

Tablo 3. Kum Graniiliimetrisi ve Sinir degerleri

Tane Biiytikligii (mm)
Ozellik

0,08 0,16 0,5 1,0 1,6 2,0
Kalan (%) 99 87 72 34 6 0
Sinir (%) 9=+1 87+5 675 335 75 0

5) Aktivator

Geopolimer karisimin aktivatorii olarak sodyum hidroksit (NaOH) kullanilmistir. Su ile NaOH

karistirllarak 4,6 ve 8 molaritede ayarlanmistir.

Tablo 4. Sodyum Hidroksit (NaOH) Kimyasal Ozellikleri

Ozellikler Sodyum Hidroksit
Molekil Formulu NaOH

Molekdl kitlesi (g/mol) 40

NaOH (%) >97

Na2CO3 (%) <1

Cl (%) <0.01

SO4 (%) <0.01

Pb (%) <0.002

Al (%) <0.002

Fe (%) <0.002

K. YOntem

1) Geopolimer Karigimi

Harglar CEN referans kumu, Cayirhan C simifi ugucu kiilii, sodyum hidroksit ve igme suyu kullanilarak
¢imentosuz olarak iretilmislerdir. Har¢ karigimlari referans olarak agirlik¢a, kum/ugucu kiil orant 3,
su/ugucu kiil oran1 0,44 ve sodyum/ugucu kiil orant 0,08 olacak sekilde hazirlanmis ve Tablo 5'de

verilmistir.
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Tablo 5 Geopolimer Har¢ Karigim Malzeme Miktarlar1 (g).

Molarite Kum Ucucu Kiil Oyfc NaOH Su

M 1350 450 0 36 216,9
4aM 1350 427.5 22.5 36 216,9
4M 1350 405 45 36 216,9
M 1350 382.5 67.5 36 216,9
4M 1350 360 90 36 216,9
6M 1350 450 0 54 2129
6M 1350 427.5 22.5 54 212,9
6M 1350 405 45 54 212,9
6M 1350 382.5 67.5 54 2129
6M 1350 360 90 54 212,9
8M 1350 450 0 72 208,8
8M 1350 427.5 22.5 72 208,8
8M 1350 405 45 72 208,8
8M 1350 382.5 67.5 72 208,8
8M 1350 360 90 72 208,8

Hazirlanan karigimlar harg kaliplar ile birlikte 3 giin ve 7 giin siiresince giin 15181 ve 47°C sicaklikta 8
saat kiir edilerek, kaliptan ¢ikarilan numuneler oda sicakligina kadar sogumasi beklenerek deneylere tabi
tutulmustur. Ayrica esdeger karisimlar 3 giin ve 7 giin siiresince giin 15181 ve 47°C sicakliinda kiire tabi
tutulduktan sonra kaliptan c¢ikarilarak toplamda kiir sliresi 7 giine tamamlanacak sekilde laboratuar
ortaminda (254+2°C ve bagil nemi %35+5) havada kiir edildikten sonra deneylere tabi tutulmustur.

Alkali ile aktive edilen ugucu kiil harglarin lizerinde basing dayanimi deneyleri gergeklestirilmistir. TS
EN 1015-11 dogrultusunda 40x40x160 mm numuneler {izerinde yiiriitiilen dayanim 6l¢iimlerinde, tek
noktadan yilikleme deneyi altinda har¢ numunenin kirildig: gerilme degeri, egilme dayanimi olarak alinmus;
egilme deneyinden ¢ikan kirtlmis numunelerin ¢imento test presinde 40x40 mm baglik altindaki kirilma
degeri ise basing dayanimi olarak degerlendirilmistir. Egilme deneylerinde her bir karisim i¢in 3 adet
prizma numune kullanilmis, basing deneylerinde ise egilme deneyinden geriye kalan 6 adet yarim prizma
teste tabi tutulmustur.

L. Bulgular
1) Basing Dayanimi
Calismada hazirlanan geopolimer har¢ numunelerin egilme dayanimlar $ekil 4, 5 ve 6° da sunulmustur.
Tablolarin timiinden goriilecegi lizere molarite ve OYFC katkisi artik¢a geopolimer harcin basing dayanimi
onemli 6l¢iide artmaktadir. 4M,6M ve 8M’lik 8 saat 1s1l kiir siiresinden sonra %25 OYFC katkili harg

karisiminin harg basing dayanimi, 3 ve 7 giinliik beklemeden sonra sirasiyla en yiiksek degerleri , 9.010,
10.736, 12.076 MPa degerlerine ulagsmustir.
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Sekil 1: Molarite,1s11 kiir ve dyfc katkisinin 3 giinliik basing dayanimina etkisi.

Sekil 1'den de gorildiigii lizere 3 giinlik ortalamalarda Oyfc

katkis1 ve molarite arttikga basing

dayanimlarin ytikseldigi goriilmektedir. Bununla birlikte zaman igerisinde bu artislarin da 6nemli 6lgiide

arttig1 anlasiimaktadir.
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Sekil 2: Molarite,1s11 kiir ve dyfc katkisinin 3 giinliik basing dayanimina etkisi.

Sekil 1'den de goriildiigli iizere 3 giinlik ortalamalarda Oyfc

katkis1 ve molarite arttikca basing

dayanimlarimn yiikseldigi goriilmektedir. Bununla birlikte zaman icerisinde bu artislarin da énemli dlciide

arttig1 anlasilmaktadir.
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Sekil 3 Molarite ve OYFC katkisinin 7 giinliik basing dayanima etkisi.

Ayni esdeger numunelerin uygulanan 4M,6M ve 8M “lik 8 saat 1s1l kiir siiresinden sonra %25 OYFC
katkilt har¢ karisimimin harg basing dayanimi Sekil 2’den goriilecegi iizere, 7 giinliik beklemeden sonra
sirastyla en yiiksek degerleri , 11.969 , 14.352 ve 15.493 MPa degerlerine ulagsmustir.

SONUGCLAR VE ONERILER

Ugucu kiil ile iiretilen geopolimer harcin basing dayanimlarinin molarite ve OYFC katkisinin artmasiyla
genel olarak arttig1 goriilmiistiir. Bunun nedeninin ise geopolimerizasyon reaksiyonlarinda OYFC nin
icerisinde barindirdig1 yiiksek CaO bilesigi ve reaksiyonda molaritenin reaksiyon sentezini artirmasiyla
devam etmesinden kaynaklanmasi olarak gosterilmektedir. Bununla birlikte test siiresi arttik¢ca bu dayanim
artiglariin da 6nemli dl¢giide arttig1 ve belli bir zaman sonra durdugu anlagilmaktadir. Bunun sebebi ise
alkali aktivatorlerin jelleri olusturacak malzemelerinin ortamda kalmamasi ile agiklanabilir.C sinifi ugucu
kiil baglayicisinin eksik yonleri olan aliiminat ve kalsiyum oksit ayrica karigima ikame edilerek daha yiiksek
basing dayanimi elde edilebilecegi ¢caligmalarda goriilmiistiir.

_ Sonug olarak, sodyum hidroksit ile ugucu kulu aktive ederek elde edilen geopolimer, 47°C'lik 8M %25
OYFC ikameli 8 saat 1s1l kiir ile 7 giinliik 15,493 MPa mertebesinde basing dayanimina ulagmustir.
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Tiirkiye’deki Arastirma Universitelerinin Akademik
Performanslarinin URAP 2014-2023 D6nemi
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Ozet— Son yillarda iiniversite sayisinin artmasiyla birlikte iiniversitelerin basarilarim ve gelisimlerini
degerlendiren iiniversite siralamalar1 olduk¢a onemli olmustur. Universite siralamalarmm, akademik
degerlendirme i¢in kullanilan dogrulanabilir verilere dayali bir iiniversitelerarasi siralama sistemi aracihigiyla
farkh parametreler ve parametre agirhklar belirler. Universitenin diinya siralamasinda mzh yiikselisi, bu
konuya akademik, 6grenci ve veli ilgisinin artmasi, 6grencilerin gercek isteklerini yansitmamasi ve akademik
iiretkenligi yeterince yansitmamasina baghdir. Bu kapsamda yapilan ¢alisma, Tiirk iiniversitelerinin bu
siralama sistemlerinde iist siralarda yer almak i¢in ne yapmasi gerektigini belirlemeye yonelik olup kiiresel ve
ulusal verilere dayanmaktadir. Calismada, Tiirkiye’deki arastirma iiniversitelerinin  akademik
performanslarinin diinya ortalamalarina ve kriter agirhklarmma gore 2014-2023 donemi degerlendirilmesi
yapimis ve sonra birbirine yakin sirada bulunan alt1 iiniversitenin performanslari kriter agirhklarina gore
karsilagtirmali olarak incelenmis ve rekabet dncelikleri belirlenmistir. Ayrica, bu alt1 iiniversitenin 2015-2021
donemi itibariyla Kriter puanlarindaki degisimler incelenerek gerekli yorumlamalar yapilmistir. Calisma
sonucunda, arastirma iiniversitelerinin 2018-22 déneminde bilgi Uretme performanslarinda siirekli bir yiikselis
oldugu, performans ortalamalarinin Tiirkiye ve Diinya ortalamalarinin iistiinde oldugu belirlenmistir. Ayrica
Tiirkiye’deki 20 arastirma iiniversitesinin kriter puani ortalamalarindan en yiikseginin toplam atif miktari
kriteri oldugu ve en diisiigiiniin ise toplam bilimsel dokiiman iiretme kriteri oldugu belirlenmistir.

Anahtar Kelimeler— Universite siralamalari, Bilimsel Uretkenlik, Yiiksekogretim, Kiiresel Rekabet, URAP
Tiirkiye Genel Siralamasi

Comparison of Academic Performances of Research Universities in
Turkey within the Scope of URAP 2014-2023 Data

Abstract— With the increase in the number of universities in recent years, university rankings that evaluate the
success and development of universities have become very important. University rankings are determined by
different parameters and parameter weights through an inter-university ranking system based on verifiable
data used for academic evaluation. The rapid rise of the university in the world rankings is due to the increase
in academic, student and parent interest in this subject, not reflecting the real wishes of the students and not
reflecting the academic productivity sufficiently. In this context, the study is based on global and national data
to determine what Turkish universities should do to rank higher in these ranking systems. In the study, the
academic performances of research universities in Turkey for the 2014-2023 period were evaluated according
to world averages and criterion weights, and then the performances of six universities that were ranked close to
each other were comparatively examined according to their criterion weights and their competitive priorities
were determined. In addition, the changes in the criterion scores of these six universities as of the 2015-2021
period were examined and necessary interpretations were made. As a result of the study, it was determined that
there was a continuous increase in the knowledge production performance of research universities in the 2018-
22 period, and their performance averages were above Turkey and the World averages. In addition, it was
determined that the highest criterion score average of 20 research universities in Turkey was the total citation
amount criterion and the lowest was the total scientific document production criterion.

Keywords— University rankings, Scientific Productivity, Higher Education, Global Competition, URAP
Turkey General Ranking
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I.  GIRIS

Insanlar egitim diizeyi arttikca iilke ekonomisine katkilar1 da artmaktadir. Ciinkii gelismekte olan
iilkelerde toplumun ortalama egitim seviyesi bir y1l yiikselirse o iilkenin milli geliri artacaktir. Universite
secimi bu nedenle egitim hayatimizdaki en 6nemli kararlardan biridir. Tlrkiye'de veya diinyada bir
universitede okumak isteyenler icin kendileri ve aileleri i¢in en iyi fakulteyi veya tiniversiteyi segmek ¢ok
onemlidir. Bir kolej veya bolum segimi, insanlarin gelecekte hangi kariyerleri segeceklerini belirleyen en
onemli faktorlerden biridir. Bu nedenle iyi bir uzmanlik egitimi almak i¢in {iniversite veya bdlim segerken
en iyi Universiteyi secip orada okunmak istenmektedir [1].

Giinlimiizlin kiiresel yliksekdgrenim pazarinda, iiniversitelerin diinyanin dort bir yanindan dgrencileri
kazanmak i¢in uyguladiklar reklam ve pazarlama stratejilerinde uluslararasi siralamalar ¢ok énemlidir.
Diinyadaki iiniversitelerin hem yerli (yiiksek nitelikli) hem de uluslararasi 6grencileri cekebilmesi 6zellikle
6nemlidir. Bu nedenle Universite liderleri, Universitelerinin aym {ilkedeki diger iiniversiteler iizerindeki
basarisini ve uluslararasi siralamalardaki yerini ifade ederken siklikla ulusal {iniversite siralamalarina atifta
bulunmaktadir. Ote yandan ulusal {iniversite siralamalar1, daha uzun vadeli olan ve belirli bir metodoloji
izleyen uluslararasi iiniversite siralamalarina gore teknik olarak daha fazla elestiriye tabi goriinmektedir,
ancak genellikle daha fazla puanlama gostergesi igerirler ve bu nedenle biiylik benzerlikler tasimaktadirlar
[2].

Universiteler kendi ekosistemleri icinde yeni fikirler ve teknolojiler gelistirerek her iilkenin ihtiyaclarina
uyum saglayan yetenekli, iiretken ve uyum saglayabilen is giiciiniin gelisimini saglamakta ve bu sayede
tilkeleri kiiresel rekabet ortaminda giiclendirmektedir. Ayrica yetenekli insanlarin saglanmasi, giincel ve
zamaninda bilgi saglanmasi iilkelerin gelecek hedeflerine ulagsmalarina yardimci olacaktir. Ogretim,
bilimsel arastirma ve sosyal hizmet olmak iizere {i¢ temel gorevi olan yiiksekdgretim kurumlarinin
performans alanlarindaki degisimlere uyum saglamalar1 ve daha da 6nemlisi bu degisimlerin baslaticilart
olmalar1 beklenmektedir. Bir toplumun sosyo-ekonomik ve kiiltiirel agidan gii¢lii olabilmesinin 6n kosulu,
yuksek etkinlik, yeterlilik ve Uretkenlik standartlarinda calisan egitim kurumlarina baghdir. Kiiresel
rekabetin liniversiteler arasinda da yansimasi var. Bu yaris, akademisyenlerin bagrolde oldugu bir verimlilik
yarig1 olarak diigtiniilebilir. Temel amac1 bilgiyi egitim yoluyla yaymak, aragtirma ve gelistirme faaliyetleri
yiriitmek, yetenekli personel yetistirmek ve bilgi ufkunu genisletmek olan iiniversiteler son yillarda bir
doniisiim siirecine girmistir. Temel hedeflere ek olarak, bilginin topluma aktarilmasi, sanayi ile is birligi ve
disiplinler aras1 aragtirmalarin gergeklestirilmesi tiniversiteye yeni gorevler olarak formiile edilmistir [3].

Son yillarda iniversite sayisinin artmasiyla birlikte tniversitelerin basarilarmi ve gelisimlerini
degerlendiren iiniversite swralamalar1 son derece onemlidir. Universite siralamalari, akademik
degerlendirme i¢in kullanilan dogrulanabilir verilere dayali bir iniversitelerarasi siralama sistemi
araciligiyla farkli parametreler ve parametre agirliklari belirler. Universitenin diinya siralamasinda hizlh
yiikselisi, bu konuya akademik, 6grenci ve veli ilgisinin artmasi, ancak dikkat ¢ekici tiniversite siralama
sistemi, 6grencilerin gergek isteklerini yansitmamasi ve akademik iiretkenligi yeterince yansitmamasi gibi
cesitli nedenlerle elestirilmistir [4].

Giinimiizde farkli tabakalarin ihtiyaglarima gore farkli kurum ve kuruluslar tarafindan Universite
siralamalar yapilmaktadir. Kiiresel, bolgesel ve ulusal diizeylerde gesitli siralamalar olusturulmustur.
Ulusal tiniversite siralamalar1 genellikle ulusal iiniversite adaylarini yonlendirmek igin kullanilmaktadir.
Yurtdisinda okumak isteyen 6grencileri desteklemek i¢in kapsamli siralamalar ve bdlgesel siralamalar da
yapilmaktadir. Ulusal ve diinya siralamalarinin bir diger avantaji da {iniversitelerin akademik olarak diger
iiniversitelerle karsilastirilabilmesidir. Geligsmekte olan iilkelerdeki tiniversiteler bu siralamalar sayesinde
kendilerini diinyanin dnde gelen tiniversiteleri ile karsilastirabilir ve hangi alanlarda gelismeye ihtiyag
duyduklarimi bilmektedirler [1].

Eksiksiz dosyalama sistemi; kiiresel, bolgesel ve ulusal diizeylerde ¢esitlilik gosterir ve birbirine bagl
genis bir bolgede erisimini genisletme ve bilylitme firsati sunar. Bu gesitlilik, tiniversiteler; faaliyetlerin
uyumlastirma ve standardizasyon faaliyetlerinin siniflandirma sistemleri ile uyumlastirilmasinda zorluklara
yol acabilmektedir. Universite siralamasinda akademik degerlendirme icin kullanilan dogrulanabilir veriye
dayali iiniversite siralama sistemi ile gesitli parametreler ve parametre agirliklar1 belirlenir. Universitelerin
diinya siralamasinda hizla yilikselmesi akademisyenler, kayitli 6grenciler ve velilerin konuya olan ilgisinin
artmasina neden olmustur [4].

URAP (University Ranking by Academic Performance), akademik degerlendirme standartlarina ve
bilimsel kanitlara goére Olglim yapmak onemlidir. Uluslararasi bir siralama sistemi, &grencilerin ve
aragtirmacilarin ihtiyaclarini karsilamaya yardimci olur. Universitelerin bilgiye dayali kiiresel rekabet
giiclinii artirmak ve iiniversitelerin kalitesini belirlemek i¢in ulusal bir siralama sistemi kullaniimalidir.
Tiirkiye'de evrensel bir sisteme gore siralanmis ¢ok az {iniversite vardir. Ancak Tiirk iiniversitelerini
degerlendiren cok yonlii bir calisma yapilmamaistir. Buradaki iiniversiteler yalnizca aragtirma, 6grenim veya
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Ogretimdeki basarilarina gore siralanmaz. Bircok Tiirk iiniversitesi genellikle ulusal siralamalardaki
yerlerinden habersizdir. Bu boslugu doldurmak icin URAP, Tiirk {iniversite siralamalart i¢in yeni bir
siralama ¢aligmasi olarak gelistirilmistir.

Siralama sistemleri ile ilgili en tartigmali konu; siralama sisteminde kullanilan yontemlerin giivenilirligi
ve siralama sisteminde kullanilan kriterlerin yeterliligidir. Glivenilirlik; siralama sistemi, tiniversitelerin
goreceli performansini daha gergekei bir sekilde yansitir. Gegerlilik, bir siralama sisteminin kriterlerini en
iyi ne kadar yansittiginin ve derecelendirmede belirtilen kurallara uyup uymadigimin bir degerlendirmesidir.
Kiiresel ve bolgesel siralamalardaki eksiklikleri gidermek amaciyla Tiirkiye'nin tiniversite siralamalari ilk
kez 2009 yilinda URAP Enstitiisii tarafindan 'Universitelerin Akademik Siralamast' ad1 altinda yayimlanmis
ve bu siralama her yil diizenli olarak tekrarlanmistir [1].

URAP Tiirkiye'nin genel siralamasi i¢in belirlenen gostergeler 9 farkli gosterge igerir, ancak bazi
gostergelerin ikili toplam: dikkate alinir. Boylece liniversiteler makaleleri kategoriye, toplam atif sayisina,
toplam bilimsel yayin sayisina, doktora 6grencisi sayisina ve fakiilteye gore kategorize edebilmektedir [15].
URAP Diinya siralamasi gostergelerinde yer almayan gostergeleri de igeren URAP Tiirkiye siralamasi;
iilkemiz tiniversitelerinin bes kategoriden elde ettikleri puanlari, herhangi bir yiizdelik katki olmadan
dogrudan toplanarak hesaplanmaktadir [2].

Caligmada, oncelikle yerli ve yabanci literatiir taramasi yapilarak 6ne c¢ikan ¢aligmalardan bazilar
Ozetlenmistir. Daha sonra, Tiirkiye’deki aragtirma Universitelerinin akademik performans siralamasi diinya
ortalamalarina ve kriter agirliklarina gore degerlendirilmis ve sonra aragtirma {iniversitelerinin
performanslart (2014-22) donemsel olarak Tiirkiye ortalamasiyla karsilagtirilarak incelenmistir. Son olarak
bolge Universitelerinin - 2020-22 donemindeki performans siralamasi  degisimleri incelenerek
yorumlanmustir.

ll.  LITERATUR ARASTIRMASI

Marcarelli ve Mancini [5], yaptiklar1 ¢alismada Italya’da bulunan devlet liselerinin performanslarim
aragtirarak karsilagtirmali bir analiz yapmay1 amaglamislardir. Arastirmanin evrenini 3 cografi bolgede, 6
farkli okul tiirlinden 263 lise olusturmaktadir. Agirliklar esit kabul edilen 7 kriter izerinden analiz yapilan
calismada siralamayi elde etmek i¢in AHP ve PROMETHEE yontemi kullanilmigtir. Sonug olarak okul
tipine gore bolgelerde ve bolgeler arasinda en iyi okullarin klasik liseler oldugu, teknik liselerin ise en kot
okullar oldugu gosterilmistir. Ayrica okul ve akademi performans ile ilgili kriterlere gore liseler arasinda
farkliliklar bulunmaktadir. PROMETHEE yontemi ile yapilan siralama AHP ile elde edilen sonuglari
desteklemektedir.

Bozoglu [6], calismasinda Times Higher Education Diinya Universite Siralamasinda en iyi 10 Tiirk
iiniversitesinin ayni metotla 2018-2022 donemini kapsayan bir performans degerlendirmesi yapmay1
amaclamistir. Calismanin sonucunda vakif ve devlet liniversiteleri arasinda vakif {iniversitelerinin yillara
gore siralarmi daha iyi koruduklari neticesine varmistir. Genel olarak Tirk {iniversitelerinin diinya
siralamasinda geriye diistiigli ortaya koyulmustur. Arastrma doneminde ilk 10°a giren Tiirk
iiniversitelerinde egitim-6gretim ve aragtirma puanlarinin yiiksek oldugu goriilmiistiir. Atif, sanayi gelirleri
ve uluslararasi goriiniim baslilarinda alinan yiiksek puanlar tiniversiteleri ilk 10°a sokabilecektir fakat kalict
olmasi i¢in yeterli degildir sonucuna varilmistir.

Lin ve Chen [7], calismalarinda kiiresel iiniversite siralama sistemlerindeki baz1 gostergelerin siralama
sonuglarmin nesnelligini bozdugunu, bu sistemleri dikkate alan {niversitelerin temel vizyon ve
misyonundan saptigini séylemektedir. Bu yilizden ¢aligmalarinda amag olarak siralamalar1 daha kapsaml
hale getirmeyi, degerlendirmede farkli bakig agilarint dikkate almay1 amaglamislardir. Bir bagka ifadeyle
farkli tiirden gostergeler kullanarak, daha iyi ve nesnel siralamalar elde etmeyi amaglamislardir. Calismaya
ARWU, QS, THE ve US News siralamasindan ilk 100 diinya iiniversitesi dahil edilmistir. Sonug olarak,
orijinal siralamalar ile yeni olusturulan siralamalar karsilastirildiginda birgok iiniversite daha iyi sonuglar
elde etmistir. Ozellikle bazi iilkelerdeki iiniversiteler siralamalarinda diisiis yasamuslardr.

Mufioz-Suérez vd. [8], ¢aligmalarinda kiiresel tiniversite siralamalari ile tiniversitelerin siirdiiriilebilir
cevre politikalarinin degerlendirildigi siralamalar ile karsilastirilmay1 amaglamiglardir. Arastirmaya ilk 500
iiniversite dahil edilmistir. Yontem olarak lojistik regresyon analizi kullanilmistir. Sonug olarak, Avrupa
ve Kuzey Amerika {niversiteleri kiiresel tiiniversite siralamasinda ilk 500’e hakimken, Asya
tiniversitelerinin Ul Green Metric siralamasinda ilk 500’¢ daha hakim oldugu goriilmektedir. Kiiresel
Universite siralamasinda ilk 500’e daha eski iiniversiteler hakimken, daha geng tniversiteler Ul Green
Metric siralamasinda ilk 500’e¢ hakimdir. Ayrica Latin Amerika tniversiteleri kiiresel iiniversite
siralamasinda ilk 500°de ¢ok yer almazken, Ul Green Metric siralamasinda ilk 500’e girme oranlart 5 kat
daha fazladur.
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Tosunoglu ve Apaydin [9], calismalarinda URAP tarafindan siralama amaciyla kullanilan gostergelerin
onem derecelerine gore siralanmasi amaglanmistir. Yontem olarak Bulanik Analitik Hiyerarsi Prosesi
(AHP) kullanilmigtir. Ayrica AHP karsilagtirma matrisini barindiran bir anket yardimiyla 6gretim
iiyelerinin degerlendirme yapmasi istenmistir. Yapilan degerlendirmeler sonucunda iiniversite
siralamasinda en 6nemli gostergenin toplam bilimsel yayin say1s1 oldugu sonucuna varilmistir. ikinci sirada
makale sayis1 yer alirken, atif sayis1 ligiincii sirada yer almistir. Doktora d6grenci sayist onem sirasina gore
dordiinci sirada yer alirken, toplam 6grenci sayisi besinci sirada yer almaktadir.

Karadag ve Belenkuyu [10], ¢alismalarinda Tiirkiye’deki tiniversite siralama sistemlerinin Berlin
Prensipleri kurallara uygunlugunun ve bu kurallarin sistemleri degerlendirirken kullanilabilirlik
seviyelerini incelemeyi amaglamiglardir. Aragtirmada metodolojik degerlendirme deseni kullanilarak
Berlin Prensiplerine gore belirlenen bir degerlendirme formu kullanilmistir. Arastirmanin sonucunda
Tiirkiye’deki tiniversite siralama uygulamalarinin ¢ogunlugunun Berlin Prensiplerinde saptanan kurallara
tam olarak uyumlu bir sekilde olusturulmadigi bunun yani sira kendi tanimlamalarina uygun bir sekilde
degerlendirme yapildigt sonucuna varilmistir.

Yolsal ve Yorulmaz [11], ¢caligmalarinda 2010-2018 yillarin1 kapsayan doneme ait URAP-TR verilerini
kullanarak Tiirkiye’deki tniversitelerin Gini katsayisini hesaplamak ve tniversitelerin yillara gore
performans farklarini1 degerlendirmeyi amaglamislardir. Calismanin sonuncunda Gini katsayis1 ve Lorenz
egrisinden elde edilen verilere gore 2010-2011 doneminde doktora Ggrencisi gdstergesinde en yiiksek
esitsizlik goriilmigstiir. Makale ve dokiiman sayisi gostergeleri bakimindan yapilan degerlendirmede
Universiteler arasindaki fark giderek azalmustir. Biinyesinde tip fakiiltesi bulunduran tniversiteler ile
bulundurmayan tiniversiteler bu iki baslikta neredeyse esit seviyede oldugu sonucuna ulasilmistir. Ayrica
arastirma ¢iktilar1 gostergesinde biinyesinde tip fakiiltesi bulunduran Universiteler ile bulundurmayan
iniversiteler arasinda istatistiki olarak anlamli bir fark oldugu sonucuna ulasilmistir.

Ivancevic ve Lukavic [12], calismalarinda Sirbistan’daki tniversitelerin performanslarinin, kiiresel
tiniversite siralama sistemlerinden faydalanarak, ulusal gostergeler olusturarak bir siralama olusturmak ve
uluslararasi siralamalar ile karsilagtirmay1 amaglamislardir. Arastirmalarinda 10 temel gosterge ve kendileri
tarafindan uyarlanan 10 adet gostergeden elde edilen siralamalar kargilagtirtlmistir. Karsilagtirmaya 7 devlet
{iniversitesi dahil edilmistir. Aragtirmanin sonucunda; Nis ve Kragujevac Universitesi igin iki sistemdeki
10 siralamanin tiimiiniin ayni oldugu goriilmiistiir. Novi Sad ve Belgrad Universitesi igin iki drnekte de 10
siralamanin 9’u aynidir. Kalan ii¢ iiniversite, siralamalarda daha fazla degisiklik gosterse de yine de diisiik
kalmustir.

Ozbas1 ve Uslu [2], calismalarinda URAP siralamasinda kullanilan gostergelerden istatistiki olarak
anlamli olanlar1 bulunmasi ve agirliklandirilmasi amaglamustir. 2010-2018 URAP verilerini kullanarak bir
regresyon modeli kurduklari calismalarinda 5 gostergeyi dikkate alarak asamali regresyon analizi
yontemini kullanmiglardir. Analizin sonucunda 2017-2018 URAP verilerinin tamamina yakinin agiklayan
model elde edilmistir. Gostergelerden toplam bilimsel dokiiman puani anlamli gésterge olmamistir. Bunun
disinda kalan 4 gosterge anlamli olarak yer alirken, agirliklandirma degerleri ise sirasiyla; makale puani
(%47,83), doktora mezun Ogrenci sayisi puani(%33,61), toplam atif puani (%13,48) ve &gretim
iyesi/0grenci puant (%5,08) seklinde elde edilmistir.

Bursalioglu ve Selim [13], ¢alismalarinda 17 AB iilkesi ve Tiirkiye’'nin yiliksekogretimdeki etkinlik
analizi ve TOBIT Regresyon Model vasitastyla bazi faktorlerin etkinlik skorlari iizerindeki etkileri ortaya
¢ikarmay1 amaglamiglardir. Caligmanin sonucunda yiiksekégrenim mezunlarinin istihdam yiizdesi, toplam
niifusa oran1 ve bu mezunlarin yagsam memnuniyeti ile etkinlik skorlar1 arasinda pozitif yonlii bir iliski
varken, akademisyen bagina Ogrenci sayisi, akademisyen sayist ve kamunun yiiksekdgretimdeki
harcamalarinin GSMH'ya orani ile negatif yonlii bir iligki s6z konusudur.

Kalkan vd. [1], yaptiklari ¢aligmada tiniversitelerin doluluk oranlari ve tercih edilme sebepleri ile URAP
tarafindan c¢ogunlukla akademisyenlerin performanslarina iliskin gostergelerle elde edilen puanlar
arasindaki iligkiyi incelemeyi amaglamiglardir. Caligmada Genellestirilmis Tahmin Denklemleri yontemi
kullanilmistir. Analiz sonucunda URAP verilerinden makale puani, toplam atif puani, doktora dgrencilerini
puanlar1 ve Ogretim iiyesi/dgrenci oram gibi gostergelerden etkilenmedigi goriilmiistiir. Universite
adaylarinin tercihlerinin, URAP gostergelerinden toplam Dbilimsel dokiiman puan1 ve zaman
degiskenlerinden istatistiki olarak anlamli bir sekilde etkilendigi saptanmustir.

Pavel [14] kiiresel tiniversite siralamalarinin karsilastirmali analizi adli ¢alismasinda, ARWU, QS ve
Times Higher Education diinya tiniversiteleri siralama verilerini kullanarak {iniversitelerin karsilastirmasini
yapmayl amaglamigtir. Bu ii¢ siralama yontem, kriterler, gostergeler ve agirliklar1 agisindan
karsilagtirilmistir. Aragtirmanin sonucunda ii¢ liniversite siralama uygulamasindaki kriter ve gostergeler
cogunlukla benzerlik gosterirken, bazi durumlarda agirliklar farklilik gostermektedir. ARWU i¢in en etkin
kriter aragtirma ¢iktisi, Nature and Science'ta yayinlanan makaleler, Science Index-Expanded ve Social
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Science Citation Index'te indekslenen makaleler (%40) hakkindadir. QS i¢in, en yiiksek yiizde (%40) bir
yiiksekogretimin akademik itibariyla ilgili kiiresel bir ankete aittir. THE i¢in yiizdeler, 6gretme ve 6grenme
ortami, arastirma ve itibar ve alintilar arasinda esit olarak secilmistir.

1. URAP 2014-2023 DONEMI VERILERI KAPSAMINDA TURKIYE’DEKI ARASTIRMA
UNIVERSITELERININ PERFORMANSLARININ KARSILASTIRMALARI

Diinya capinda yiiksekdgretime erisim arttik¢a, akademik kaliteye olan ihtiyag da artmig ve bu durum,
yerel ve kiiresel siralama sistemlerine olan ihtiyaci ortaya ¢ikarmistir. Akademik siralama sistemleri tim
universitelerin ilgisini cekmekte ve (niversitelerin seckin 6grencileri gekmesinde dnemli bir etken olarak
kabul edilmektedir. Siralama sistemleri, arastirma yogun iiniversiteler arasinda giderek artan siddetli
kiiresel rekabet ve akademik kiiltiirdeki bilgi bosluklarini dolduran statii arayisi, diinyadaki birgok
iiniversitenin kurumsal hatalarim1 ve isleyisini etkilemekte, bir bilgi araci olarak 6ne g¢ikmaktadir.
Universiteler, cesitli siralama sistemlerindeki konumlarmi iyilestirmek igin rekabet eder ve bu amaca
ulagmak i¢in kaynaklarini kullanmaktadir. Ayn1 zamanda en iyi 6grencileri, aragtirma fonlarini ve hiikkiimet
ve kamu destegini ¢ekmek i¢in 6nemli bir iist diizey aractir. Universite siralamalari, 2003'ten bu yana tiim
diinyada ilgi odag1 haline gelmis ve bu da konuyu, st siralarda yer almanin 6nemini anlayan politika
yapicilar i¢in daha da 6nemli hale gelmistir. Bu tiir siralamalar, entelektiiel yetenek ve yaraticilik agisindan
diinya ¢apinda yiiksekdgrenim hakkinda ulusal tartigmalari atesleyebilmektedir. Diinya ¢apinda, her biri
farkli 6l¢iit ve olgiit agirliklandirmalarini kullanan birgok siralama modeli ve endeks bulunmaktadir [2].

Bu baglamda asagida Tiirkiye’deki 20 arastirma {iniversitesinin akademik performanslari, diinya
ortalamalar1 ve Tirkiye ortalamalariyla karsilastirilarak analiz edilmis, ayrica kriter tistiinliiklerinin 2015-
2022 donemi itibariyle gelisimi de degerlendirilmis ve akademik performans siralamasinda birbirine yakin
olan 6 lniversitenin kriterler yoniiyle birbirlerine iistlinliikkleri karsilagtirilmistir. Calisma sonucunda,
tiniversitelerin belirlenen zayifliklarini giderecek ve rekabet giiglerini artiracak stratejiler gelistirilmeye
calistlmustr.

A. Universitelerin Kiiresel Performans Swralamast ve Kriter Ustiinliiklerine Gore Incelenmesi

Tirkiye’deki tniversitelerin performanslarini incelerken Oncelikli olarak Diinya ortalamalarryla
karsilagtirmali olarak 2018-2022 donemindeki geligsmeler incelenmis ve ilgili veriler grafiklerle
gorsellestirilip yorumlamalar1 yapilmistir. Asagida Sekil 1’de bilgi iiretim performansi yoniiyle Diinya
ortalamas1 ve 2018-22 doneminde diinya siralamasinda yer alan Tirk iniversitelerinin performans
ortalamalari gosterilmis ve asagida ilgili yorumlar1 yapilmistir.
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Sekil 1. URAP Diinya-Tiirkiye-Arastirma Universitesi Ortalamalari (2018-22)
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Sekil 1’de goriildiigii gibi 2018-22 déneminde genel olarak iiniversite performanslarinda bir yiikselis
goriilmekte ancak yalnmizca Tirk iiniversitelerinin tiimiiniin ortalamasinda 2022 yilinda bir diisiis
(muhtemelen pandemi sirecinin etkisiyle) gorilmektedir. URAP verilerine gére, 2018 yilinda 2500 diinya
iiniversitesi arasina 87 adet Tiirk {iniversitesi girmis, 2019 yilinda 2500 diinya iiniversitesi arasina 82 ve
2020 yilinda 3000 diinya tiniversitesi arasindan 111 Tiirk @iniversite, 2021 yilinda 3002 diinya {iniversitesi
arasindan 112, 2022 yilinda 3000 diinya iiniversitesi arasindan 118 siralamaya girmistir. Sekil 1°de
goriilecegi lizere diinya ortalamasi ve diinya ortalamasinda siralamaya giren Tirk tniversitelerinin
performans gelisimi 2022 yili haricinde diinya ortalamasina benzer bir sekilde gelismektedir yorumu
yapilabilir. Tiirkiye’deki 20 arastirma iiniversitesinin ortalama performansi ise 2019 yili haricinde hep
diinya ortalamasinin ilizerinde oldugu goriilmektedir. Bu sonuglara gore diinya siralamasinda bir iist siralara
¢tkmay1 hedef alan Tiirk iiniversitelerinin daha hizli bir biiyiime oranina ihtiyaci oldugu yorumu yapilabilir.

URAP Tirkiye Genel Siralamasi gosterge seti dokuz farkli gdsterge igermesine ragmen bazi
gostergelerin ikili toplamlariin dikkate alinmasi sonucu bugiin tiniversiteler; Makale (K1), Toplam Atif
(K2), Toplam Bilimsel Dokiiman (K3), Doktora Mezun Ogrenci Sayis1 (K4), Ogretim Uyesi/Ogrenci (K5)
sayilar1 olmak toplam bes kriteri puanlamaktadir (URAP, 2023). URAP Diinya siralamasi gostergelerinde
yer almayan gostergeleri de iceren URAP Tiirkiye siralamasi; tilkemiz {iniversitelerinin bes kategoriden
elde ettikleri puanlari, herhangi bir yiizdelik katki olmadan dogrudan toplanarak hesaplanmaktadir.

Yapilan degerlendirmede tniversitelerin akademik performanslart 2018-2022 dénemi verilerine gore
indeksteki bes kriterin puanlarindaki degisim grafiksel olarak Sekil 2’de gosterilmis ve kriterlerle ilgili ayr1
ayr1 yorumlari asagida yapilmistir.
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Sekil 2. Arastirma Universitelerinin (Diinya Verileri) Kriter Puan Ortalamalar1 (2018-22)

Sekil 2’de goriildiigii gibi Tiirkiye’deki 20 arastirma {iniversitesinin kriter puani ortalamalarindan en
yiiksegi toplam atif miktar1 kriteri olup en diistigli ise toplam bilimsel dokiiman iretme kriteridir. Bu bes
kriterin timiinde de 2018-2022 donemi itibariyle yukar1 dogru hareketler olmasina ragmen dénem basi ve
sonundaki seviyelerinde ve siralamada neredeyse ayni kalinmig, yani herhangi bir degisim olmamistir
diyebiliriz. Bu sonuca gore kriter puanlarindaki 2018-22 donemi gelismeler {ilkenin uluslararasi rekabeti
anlaminda hicte olumlu olmayip, iilke genelinde tiniversitelerin dncelikle toplam bilimsel dokiiman say1sin
artirmalar1 daha sonra da dgretim iiyesi/Ggrenci sayisi oranini ve iiretilen makale sayisini artirmalart dogru
strateji olacaktir.

B. Tiirkiye 'deki Arastirma Universitelerinin Performanslarinin Karsilastirilmasi

Calismanin bu kisminda Tiirkiye’deki 20 arastirma {iniversitesinin akademik performans toplam puanlari
Tiirkiye ortalamasi puanlar1 2015-22 dénemi icin karsilagtirllmali olarak incelenmis ve yorumlari asagida
sunulmustur.

143



International Engineering and Technology Management Summit 2023—- ETMS2023
Istanbul Technical University & Bahgesehir University

1,100.00
1,000.00

900.00

800.00

700.00

— 0 ®
600.00 e e
= e eceeseoecsagos=—"" __—7°-
500.00 /
2015 2016 2017 2018 2019 2020 2021 2022

Sekil 3. Tiirkiye’deki Arastirma Universitelerinin Performans Karsilagtirmasi (2015-22)

Sekil 3°de goriildiigi gibi Tiirkiye’deki 20 arastirma iiniversitesinin akademik performans puanlar1 2015-
22 doénemi boyunca birbirine benzer bir sekilde yatay olarak ilerlemekte, 2021 yilindan baslayarak hep
beraber yukari dogru bir performans artis1 olustugu goriilmektedir. Bu performans artiginin akademik
performans hesaplarma TUBITAK projelerinin dahil edilmesiyle ilgili bir artis oldugu ifade edilebilir.
Burada dikkat ¢eken farkliliklardan birisi siralamanin bagindaki Hacettepe {iniversitesi donem bagst 2015
yilinda 705 puanla ODTU’niin ardinda ikinci siradayken 2018 yilinda ciddi bir ilerleme kaydederek 805
puana gikarak birinci siraya ¢ikmig ve bu tistiinliigiinii donem sonu 2022 yilina kadar siirdiirmiistiir.

Doénem bags1 2015 yilinda Tiirkiye ortalamasini gegen arastirma iiniversitesi sayis1 4 iiniversite varken
donem sonu 2022 yilinda bu say1 7 iiniversiteye ¢ikmistir. Donem basinda en son siradaki Firat iiniversitesi
2016-18 yilinda Uludag iiniversitesini, 2019 yilinda KTU’yii ve 2022 yilinda Cukurova iiniversitesini
geride birakarak 20 siradan 17.siraya ¢cikmuistir.

Firat {iniversitesinin bir iist basamaga cikabilmesi igin stratejik olarak izmir YTE, Atatiirk ve Erciyes
iniversitelerini kriter puanlarii da g6z Oniinde bulundurarak takip etmeleri ve buna gore stratejiler
gelistirmesi gerektigi onerilebilir.

C. Swralamada Birbirine Yakin Universitelerin Kriter Ustiinliiklerinin Karsilastirmasi

Calismanin bu kisminda, segilmis bazi bolge liniversitelerinin kriterler yoniiyle zayif yada giiglii
olduklart yonler 2022 yili verilerine gore karsilagtirmali olarak incelenmis ve ilgili yorumlari agagida
yapilmustir.
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Sekil 4. Birbirine Yakin Siradaki Universitelerin Kriterlere Gore Karsilastirilmasi (2022)
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Sekil 4’de goriildiigii gibi birbirine yakin siralardaki bes arastirma iiniversitesinin, bes ayri kriter i¢in
2022 yil1 verilerine gore karsilagtirmalari agagida yorumlanmistir.

Tirkiye’deki 20 arastirma {iniversitesi arasindan /4.swrada olan Kayseri Erciyes iiniversitesi, 2022
yilinda en iyi oldugu doktora kriteri, en zayif kriteri 6gretim iiyesi/6grenci sayisi oranidir. Segilen alti
aragtirma iiniversitesi icerisinde makale puani (137) en yiiksek olmasma karsin atif sayisinda 3 sirada,
doktora puaninda 2.sirada olup bilimsel dokiiman sayisinda ise 3.siradadir.

15. swradaki Erzurum Atatiirk iiniversitesi, 2022 yilinda en iyi oldugu doktora kriteri, en zayif kriteri
Ogretim iiyesi/dgrenci sayist oranidir. Alti iiniversite arasinda doktora puaninda 1.sirada, atifta 2.sirada,
Ogretim iiyesi/dgrenci oraninda ve makale sayisinda 3.sirada, bilimsel dokiiman sayisinda 6.siradadir.

16.siradaki Izmir YTE, 2022 yilinda en iyi oldugu bilimsel dokiiman kriteri, en zayif oldugu kriter
Ogretim iiyesi/6grenci oranidir. Bilimsel dokiiman sayis1 bakimindan alti {iniversite igerisinden 2.sirada,
Ogretim iiyesi/6grenci sayisi oraninda 4.sirada, makale sayisinda 5.sirada, atif sayisinda ve doktora
sayisinda 6.siradadir.

17.swradaki Elazig Firat Universitesi, 2022 yilinda en iyi oldugu atif sayis1 kriteri olup, en zayif oldugu
kriter dgretim iiyesi/6grenci sayist oranmidir. Alti {iniversite arasinda atif sayisinda 1.sirada, bilimsel
dokiiman kriterinde 4.sirada, makale sayisinda 2.sirada, doktora sayis1 ve 6gretim iiyesi/0grenci oraninda
5.siradadir.

18.siradaki Karadeniz Teknik Universitesinin, 2022 yilinda en iyi oldugu bilimsel dokiiman kriteri olup,
en zayif oldugu kriter dgretim iiyesi/ogrenci sayisit oranidir. Alt1 liniversite arasinda bilimsel dokiiman
sayist bakimindan 5.sirada, atif sayisi bakimindan 4.sirada, doktora sayisi bakimindan 4.sirada, makale
sayis1 6.sirada, 6gretim iiyesi/6grenci oraninda 1.siradadir.

19.siradaki Cukurova Universitesinin, 2022 yilinda en iyi oldugu bilimsel dokiiman kriteri olup, en zay1f
oldugu kriter 6gretim iiyesi/dgrenci sayisi oranidir. Alti Giniversite arasinda bilimsel dokiiman kriterinde
1.sirada, doktora sayisi kriterinde 3.sirada, atif sayisinda 5.sirada, makale sayisinda 4.sirada ve dgretim
iyesi/0grenci oraninda 5.siradadir.

Asagida Sekil 5’de segili 6 aragtirma iiniversitesinin 2015-21 déneminde toplam puanindaki degisim
grafik olarak gdsterilmis ve altina agiklamalar1 yapilmustir.
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Sekil 5. Dénem tibariyle Kriter Puanlarindaki (Siralamadaki) Degisim (2015-21)

Sekil 5’te goriildiigii gibi, Atatiirk ve Erciyes {iniversiteleri donem baginda Tiirkiye ortalamasimin
istiinde bir performans sergilerken 2019 yilindan itibaren ortalamanin altina diismiis fakat 2021 yili
itibariyle 6 aragtirma {iniversitesi arasinda Atatiirk {iniversitesi 1.sirada ve Erciyes {liniversitesi 2.sirada yer
almistir. izmir YTE, 2015-19 déneminde hep 3.siradayken 2019 yilindan itibaren performans kaybina
ugramig ve 2021 yili itibariyle 6.siraya diismiistiir.

Altt arastirma tiniversitesinin alt gurubunda bulunan {i¢ tiniversite donem basindan itibaren Tiirkiye
ortalamasinin altinda olup, 2021 itibariyle Cukurova 3.sirada, KTU 4.sirada, Firat {iniversitesi 5.sirada ve
Izmir YTE 6.siradadur.
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IV.  SONUC ve ONERILER

Diinya genelinde yiiksekdgretim yapan kisi sayilarinin ve bu hizmeti sunan kurum sayilarinin artmasi,
yiiksekogretim kurumlarindan kalite beklentilerini de artirmistir. Bu durum yerel ve kiiresel boyutlarda
yiiksekogretim kurumlarinin rekabet etmelerine, rekabet yarisi da siralama sistemlerinin gelistirilmesine
yol agmustir. Siralama sistemi, bir {iniversitenin performansinin bir Ol¢iisii olarak hizmet eder ve
{iniversitenin en iyi 6grencileri gekmesine yardimei olur. Universiteler, gesitli siralama sistemlerindeki
konumlarini iyilestirmek i¢in rekabet eder ve bu amaca ulagmak i¢in kaynaklarini kullanmaktadir.

Calismadan elde edilen sonuglara gore; Universitelerin Kiiresel Performans Siralamasi ve Kriter
Ustiinliiklerine Gére Incelenmis; 2018-22 doneminde genel olarak iiniversite performanslarinda bir
yiikselis goriilmiis ancak yalnizca Tiirk tiniversitelerinin tiimiiniin ortalamasinda 2022 yilinda bir diisiis
goriilmiistiir. URAP verilerine gore, 2018 yilinda 2500 diinya tiniversitesi arasina 87 adet Tiirk {iniversitesi
girmis, 2019 yilinda 2500 diinya iiniversitesi arasina 82 ve 2020 yilinda 3000 diinya iiniversitesi arasindan
111 Tirk tniversite, 2021 yilinda 3002 diinya {iniversitesi arasindan 112, 2022 yilinda 3000 diinya
iiniversitesi arasindan 118 siralamaya girmistir. Diinya ortalamasi ve diinya ortalamasinda siralamaya giren
Tiirk tniversitelerinin performans gelisimi 2022 yili haricinde diinya ortalamasina benzer bir sekilde
gelismektedir yorumu yapilabilir. Tiirkiye’deki 20 arastirma tiniversitesinin ortalama performansi ise 2019
yili haricinde hep diinya ortalamasinin iizerinde oldugu goriilmektedir. Bu sonuglara gore diinya
siralamasinda bir {ist siralara ¢ikmayr hedef alan Tiirk Gniversitelerinin daha hizli bir bilyiime oranina
ihtiyact oldugu yorumu yapilabilir.

Tiirkiye’deki 20 arastirma iiniversitesinin kriter puani ortalamalarindan en yiiksegi toplam atif miktari
kriteri olup en diisiigii ise toplam bilimsel dokiiman iiretme kriteridir. Bu bes kriterin tiimiinde de 2018-
2022 doénemi itibariyle yukar1 dogru hareketler olmasina ragmen dénem basi ve sonundaki seviyelerinde
ve siralamada neredeyse ayni kalmmis, yani herhangi bir degisim olmamistir diyebiliriz. Bu sonuca gore
kriter puanlarindaki 2018-22 donemi geligsmeler iilkenin uluslararasi rekabeti anlaminda higte olumlu
olmayip, iilke genelinde tiniversitelerin 6ncelikle toplam bilimsel dokiiman sayisini artirmalart daha sonra
da 6gretim iiyesi/dgrenci sayisi oranini ve liretilen makale sayisini artirmalart dogru strateji olacaktir.

Tiirkiye’deki Arastirma Universitelerinin Performanslarinin Karsilastirilmasi sonucunda; Tiirkiye’deki
20 aragtirma tniversitesinin akademik performans puanlari 2015-22 dénemi boyunca birbirine benzer bir
sekilde yatay olarak ilerledigi, 2021 yilindan baslayarak hep beraber yukari dogru bir performans artisi
olustugu belirlenmistir. Bu performans artisinin akademik performans hesaplarina TUBITAK projelerinin
dahil edilmesiyle ilgili bir artis oldugu ifade edilebilir. Burada dikkat ¢eken farkliliklardan birisi
siralamanin bagindaki Hacettepe iiniversitesi dsnem bas1 2015 yilinda 705 puanla ODTU’niin ardinda ikinci
siradayken 2018 yilinda ciddi bir ilerleme kaydederek 805 puana ¢ikarak birinci siraya ¢ikmasi ve bu
tistiinliiglinii ddnem sonu 2022 yilina kadar siirdiirmesidir.

Doénem bags1 2015 yilinda Tiirkiye ortalamasini gegen arastirma iiniversitesi sayisi 4 iiniversite varken
donem sonu 2022 yilinda bu say1 7 liniversiteye ¢ikmistir. Donem basinda en son siradaki Firat {iniversitesi
2016-18 yilinda Uludag iiniversitesini, 2019 yilinda KTU’yii ve 2022 yilinda Cukurova iiniversitesini
geride birakarak 20 siradan 17.siraya ¢ikmustir. Firat {iniversitesinin bir {ist basamaga ¢ikabilmesi i¢in
stratejik olarak Izmir YTE, Atatiirk ve Erciyes iiniversitelerini kriter puanlarim da géz niinde bulundurarak
takip etmeleri ve buna gore stratejiler gelistirmesi gerektigi onerilebilir.

Siralamada Birbirine Yakin bes arastirma {iniversitesinin, bes ayr1 kriter i¢in 2022 yili verilerine gore
karsilagtirmalar1 yapilmis ve yorumlanmustir. Tiirkiye’deki 20 arastirma {iniversitesi arasindan 14.sirada
olan Kayseri Erciyes iiniversitesi, 2022 yilinda en iyi oldugu doktora kriteri, en zayif kriteri 6gretim
ilyesi/0grenci sayis1 oranidir. Segilen alt1 arastirma iiniversitesi icerisinde makale puani (137) en yiiksek
olmasima karsin atif sayisinda 3 sirada, doktora puaninda 2.sirada olup bilimsel dokiiman sayisinda ise
3.siradadir.

15. siradaki Erzurum Atatiirk iiniversitesi, 2022 yilinda en iyi oldugu doktora kriteri, en zayif kriteri
Ogretim lyesi/dgrenci sayist oranidir. Alti liniversite arasinda doktora puaninda 1.sirada, atifta 2.sirada,
Ogretim iyesi/6grenci oraninda ve makale sayisinda 3.sirada, bilimsel dokiiman sayisinda 6.siradadir.
16.siradaki [zmir YTE, 2022 yilinda en iyi oldugu bilimsel dokiiman kriteri, en zayif oldugu kriter 6gretim
iyesi/0grenci oranidir. Bilimsel dokiiman sayis1 bakimindan alt1 iiniversite igerisinden 2.sirada, 6gretim
ilyesi/dgrenci sayist oraninda 4.sirada, makale sayisinda 5.sirada, atif sayisinda ve doktora sayisinda
6.siradadir. 17.siradaki Elazig Firat Universitesi, 2022 yilinda en iyi oldugu atif say1s1 kriteri olup, en zay1f
oldugu kriter 6gretim iiyesi/dgrenci sayisi oranidir. Alt1 iiniversite arasinda atif sayisinda 1.sirada, bilimsel
dokiiman kriterinde 4.sirada, makale sayisinda 2.sirada, doktora sayis1 ve 6gretim iiyesi/0grenci oraninda
5.siradadir.

18.siradaki Karadeniz Teknik Universitesinin, 2022 yilinda en iyi oldugu bilimsel dokiiman kriteri olup,
en zayif oldugu kriter dgretim iiyesi/ogrenci sayist oranidir. Alt1 liniversite arasinda bilimsel dokiiman
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sayist bakimindan 5.sirada, atif sayisi bakimindan 4.sirada, doktora sayist bakimindan 4.sirada, makale
sayis1 6.sirada, dgretim {iyesi/ogrenci oraninda 1.siradadir. 19.siradaki Cukurova Universitesinin, 2022
yilinda en iyi oldugu bilimsel dokiiman kriteri olup, en zayif oldugu kriter 6gretim {iyesi/6grenci sayisi
oranidir. Alt1 iniversite arasinda bilimsel dokiiman kriterinde 1.sirada, doktora sayisi kriterinde 3.sirada,
atif sayisinda 5.sirada, makale sayisinda 4.sirada ve 6gretim tiyesi/6grenci oraninda 5.siradadir. Atatiirk ve
Erciyes tniversiteleri donem baginda Tirkiye ortalamasinin iistiinde bir performans sergilerken 2019
yilindan itibaren ortalamanin altina diismiis fakat 2021 yili itibariyle 6 arastirma iiniversitesi arasinda
Atatiirk iiniversitesi 1.sirada ve Erciyes tiniversitesi 2.sirada yer almistir. Izmir YTE, 2015-19 déneminde
hep 3.siradayken 2019 yilindan itibaren performans kaybina ugramis ve 2021 yili itibariyle 6.siraya
diigmistiir. Alt1 aragtirma niversitesinin alt gurubunda bulunan ii¢ {iniversite donem basindan itibaren
Tiirkiye ortalamasimin altinda olup, 2021 itibariyle Cukurova 3.sirada, KTU 4.sirada, Firat iiniversitesi
5.sirada ve Izmir YTE 6.siradadur.
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