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Before you login to Zoom please indicate your name surname and HALL number: exp.HaII-l, Ali AY

Onemli, Dikkatle Okuyunuz Litfen
% Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gegen bildiriler i¢in online (video
konferans sistemi iizerinden) sunum imkani saglanmustir.
Online sunum yapabilmek i¢in https://zoom.us/join sitesi izerinden giris yaparak “Meeting ID or Personal Link
Name” yerine ID numarasini girerek oturuma katilabilirsiniz.
Zoom uygulamasi iicretsizdir ve hesap olusturmaya gerek yoktur.
Zoom uygulamasi kaydolmadan kullanilabilir.
Uygulama tablet, telefon ve PC’lerde calisiyor.
Her oturumdaki sunucular, sunum saatinden 5 dk 6ncesinde oturuma baglanmis olmalar1 gerekmektedir.
Tum kongre katilimeilart canli baglanarak tiim oturumlari dinleyebilir.
Moderator — oturumdaki sunum ve bilimsel tartigma (soru-cevap) kismindan sorumludur.
Dikkat Edilmesi Gerekenler- TEKNIK BILGILER
¢ Bilgisayarinizda mikrofon olduguna ve ¢alistigina emin olun.
¢ Zoom'da ekran paylagma 6zelligine kullanabilmelisiniz.
¢ Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasinda olusturdugumuz oturuma ait ID numarasi
gonderilecektir.

¢ Katilim belgeleri kongre sonunda tarafiniza pdf olarak gonderilecektir
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¢ Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir

IMPORTANT, PLEASE READ CAREFULLY
«+ To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID or Personal Link
Name” and solidify the session.
«» The Zoom application is free and no need to create an account.
«» The Zoom application can be used without registration.
¢+ The application works on tablets, phones and PCs.
¢+ The participant must be connected to the session 5 minutes before the presentation time.
«+ All congress participants can connect live and listen to all sessions.
+«» Moderator is responsible for the presentation and scientific discussion (question-answer) section of the session.

Points to Take into Consideration - TECHNICAL INFORMATION
+ Make sure your computer has a microphone and is working.
+ You should be able to use screen sharing feature in Zoom.
+ Attendance certificates will be sent to you as pdf at the end of the congress.
4 Requests such as change of place and time will not be taken into consideration in the congress program.
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17.02.2026 / ONLINE / SESSION-1/ HALL-1

Ankara Local Time: 13:00-15:00

Zoom Meeting |

February 17,

325 629 5864 / Zoom Passcode: meetcon

HEAD OF SESSION: Reha BAYANSAT

Authors

Affiliation

Presentation Title

Dr.,Bagimsiz Arastirmaci-

RESILIENCE OF FINANCIAL SYSTEMS IN
THE AGE OF QUANTUM COMPUTING:THE

Ozden SENTURK CAD ROLE OF INTERNAL AUDIT IN POST-
QUANTUM CRYPTOGRAPHY TRANSITION
PROCESSES
Ankara Hact Bayram veli [HE CONTRIBUTION OF DIGITAL TOOLS
Reha BAYANSAT University, Tiirkiye IN PUBLIC AUDITING TO TRANSPARENCY
' AND ACCOUNTABILITY
Muhammed Akif THE REBIRTH OF OCCUPATIONS IN THE
VENIKAVA Kafkas University, Tirkiye ["GE OF ~ARTIFICIAL INTELLIGENCE:
Onur OKTAYSOY DISAPPEARING JOBS, EVOLVING ROLES,
AND EMERGING OPPORTUNITIES
) . SELECTION CRITERIA OF LOGISTICS
gﬁﬁﬁzrll{g&lgz {i‘fvﬁ:t‘;nﬁrcﬁggal SERVICE PROVIDERS FOR PETROLEUM
' STORAGE OPERATIONS
Kadir KARAKUS Yozgat Bozok University, |WAR CORRESPONDENCE TRAINING AND
Kurbani GEYIK Tiirkiye JOURNALIST SAFETY IN TURKIYE
o THE ROLE OF CONSUMER TRUST IN
Esra Safak COKPARTAL  [Karabiik University, .
Hil DY CURTORK Tiirkiye MARKETING: A BIBLIOMETRIC MAPPING

OF SCIENTIFIC PUBLICATIONS

(All speakers required to be connected to the session 10 min before the session starts)

Moderator is responsible for ensuring the smooth running of the presentation, managing the group

discussion and dynamics.
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17.02.2026 / ONLINE / SESSION-1/ HALL

February 17, 2026

Zoom Meeting |

325 629 5864 / Zoom Passcode: meetcon

HEAD OF SESSION: Prof. Dr. Abdullah GOKTAS

Authors Affiliation Presentation Title
Berrin AKKUS Selcuk University, Tlrkiye INVESTIGATION ON POLYMERS USED IN
Ilker CENGIZ Hacettepe University, Tlrkiye [FUSED DEPOSITION MODELING
Vakkas ULUCAY Kilis 7 Aralik University A NEW INFERENCE SYSTEM BASED ON THE
Irfan DELI Tiirkiye ’ INTUITIONISTIC TAKAGI-SUGENO-KANG
Zeynep BASER MODEL WITH SIMILARITY MEASURES
Vakkas ULUCAY Kilis 7 Aralik University A NOVEL INFERENCE SYSTEM USING DICE
Irfan DELI Tiirkiye ’ SIMILARITY AND NEUTROSOPHIC TAKAGI-
Zeynep BASER SUGENO-KANG MODEL
Yunis TORUN F([I‘Errrll(}ilugiyet University,
Tolga TANRISEVER Kapsaym Elektromekanik Inc IAUGMENTED REALITY-BASED RTK-
Umur DEVECI R& D Department " |SUPPORTED HIGH-PRECISION
Emre GOKBURUN . o UNDERGROUND CABLE MAPPING SYSTEM
Baris CELIK Bogazici Electric Distribution
A. S. R& D Department
EVALUATING THE EFFECTIVENESS OF YES-
Halil Ibrahim Orak lAnkara Yildirim Beyazit TR ~ CERTIFICATION N  ENHANCING

Salah Hajismail

University, Tlirkiye

BUILDING  ENERGY  EFFICIENCY: A
COMPARATIVE STUDY WITH LEED, BREEAM
IAND EU DIRECTIVES

-- STRUCTURAL OPTICAL AND
Abdqllah GOKTAS Harran University, Tiirkiye = [PHOTOCATALYTIC PROPERTIES OF SNS
Hamida ALHUSSAIN
THIN FILMS
PHOTOCATALYTIC PROPERTIES OF SNS
Abdullah GOKTAS Harran University, Tirkiye [THIN FILMS: ROLE OF OPERATIONAL
PARAMETERS-A MINI REVIEW
SYSTEMATIC EVALUATION OF KRAS-
Stikran ACAR Bilecik Seyh Edebali CENTERED PROTEIN-PROTEIN
Kevser Kiibra KIRBOGA University, Tiirkiye INTERACTION NETWORKS VIA
BIOINFORMATICS APPROACHES
I . COMPREHENSIVE PROTEIN-PROTEIN
Ayse ACAR Bilecik Seyh Edebali
Kevser Kiibra KIRBOGA University, Tiirkiye INTERACTION ANALYSIS  OF FRATAXIN

FXN) IN FRIEDREICH’S ATAXIA

(All speakers required to be connected to the session 10 min before the session starts)

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion

and dynamics.
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17.02.2026 / ONLINE / SESSION-1/ HALL

Ankara Local Time:

February 17, 2026

Zoom Meeting |

325 629 5864 / Zoom Passcode: meetcon

HEAD OF SESSION: Assoc. Prof. Dr. Mehmet Kadir ERDOGAN

Authors

Affiliation

Presentation Title

Selcuk University, Faculty of

Health Science, Department of
Social Work

INVESTIGATION OF SOCIAL ASSISTANCE

D;’?:tEAgfian KAVA Afyon Kocatepe University, ~ [DEPENDENCY LEVELS OF INDIVIDUALS
Gagatay Sandikl School of Applied ~ [RECEIVING SOCIAL ASSISTANCE
Sciences, Department of Social
Work
Eda BALCI [stanbul Beykent University, INEUROBIOLOGICAL EFFECTS OF
Turkey PROBIOTICS ON THE GUT-BRAIN AXIS
Eda BALCI [stanbul Beykent University, [NUTRITIONAL THERAPY AND CLINICAL
Turkey IMPLICATIONS IN ACUTE KIDNEY INJURY
EVALUATION OF THE ACTIVITY OF NISIN IN
Yener C')ZEI: Balikesir University COMBINATION WITH ANTIBACTERIAL AND
Feride CETIN IANTIPARASITIC AGENTS AGAINST
BACTERIA AND PARASITES
EVALUATION OF THE PHENOLIC CONTENT
Seda BURGUCU
. B IAND ANTIOXIDANT ACTIVITY OF
lih MOLLAHALILOGL lAnkara Yildirim Beyazi
SDae rya A?,T Y OGLU i \?e:sityc'll‘ijrkiy:ya t ULTRASONIC ~ BATH-ASSISTED  70%
’ ETHANOLIC EXTRACT OF Phlomis russeliana
Murat KOC
Lag. ex Benth.
Bingol University, Faculty of
Mehmet Kadir ERDOGAN  |Arts and Sciences, HESPERIDIN  MODULATES  OLAPARIB-
Ramazan GUNDOGDU Department of Molecular INDUCED APOPTOSIS IN U20S CELLS
Biology and Genetics
Fatma BOZKIR DINLER SB;E*?)‘(’)II g?g:;lstﬁysl?ﬁ;onal SYNERGISTIC ~ INTERACTION ~BETWEEN
Ramazan GUNDOGDQ Department of Pharmac ’ GENISTEIN AND IRINOTECAN IN CACO-2
Mehmet Kadir ERDOGAN p y COLON CARCINOMA CELLS

Services

(All speakers required to be connected to the session 10 min before the session starts)

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion

and dynamics.
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Zoom Meeting ID: 325 629 5864 / Zoom Passcode: meetcon
HEAD OF SESSION: Prof. Dr. Mehmet Zeki DUMAN

Authors

Affiliation

Presentation Title
THE EFFECT OF BIOLOGY INSTRUCTION

INTEGRATED WITH ARTIFICIAL
Aleyna OZDEMIR Gazi University, Tiirkiye INTELLIGENCE-SUPPORTED PICTOBLOX
Semra BENZER ’ IAPPLICATIONS ON PRE-SERVICE SCIENCE
TEACHERS” ARTIFICIAL INTELLIGENCE
ANXIETY
THE EFFECT OF ENVIRONMENTAL
EDUCATION INTEGRATED WITH
Feyza UNSAL Gazi University, Tiirkiye IARTIFICIAL INTELLIGENCE-SUPPORTED
Semra BENZER ’ PICTOBLOX APPLICATIONS ON PRE-
SERVICE SCIENCE TEACHERS’ ARTIFICIAL
INTELLIGENCE ANXIETY
Yunus Emre OZENOGLU IAtatiirk University, Tiirkiye DEVELOPING A SYSTEM FOR EVALUATING
Oguz Emre BALKAR Erzincan Binali Yildirim EED?J[({IIXEFI\IISN 3\}{1“,(}:1%34 ESTHE IN sC OII;IIIEGHEI;
Okan ALKAN University, Tiirkiye

EDUCATIONAL INNOVATION

Aygun Ismayilova

)Azerbaijan State Pedagogical
University, Azerbaijan

IN-CLASS INTERACTION AND
INTERCULTURAL COMMUNICATION: IN THE
CONTEXT OF TEACHING GERMAN AT
UNIVERSITY

Van Yiiziincii Yil University,

Mehmet Zeki DUMAN Tarkiye ALI SERIATI’S VIEWS ON ART
. Van Yiiziincii Yil University, [THE WORLDVIEW OF MODERNITY AS A WAY
Mehmet Zeki DUMAN Tiirkiye OF THINKING AND A PARADIGM
A THEORIST IN ISLAMIC ASTRONOMY:
Seyfettin KAYA Siirt University, Tiirkiye SHAMS AL-DIN al-HAFRI AND PLANETARY
MODELS
THE VOICE OF ASTRONOMY IN THE MIDDLE
Seyfettin KAYA Siirt University, Tiirkiye AGES: ABU'S-SAKR AL-QABISI AND HIS

'WORKS

(All speakers required to be connected to the session 10 min before the session starts)

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion

and dynamics.
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HEAD OF SESSION: Asst. Prof. Dr. Gokhan YURUMEZ

Authors
Hiiseyin PEKER

Affiliation
Artvin Coruh University,
Tlrkiye

Presentation Title
'WOOD MATERIAL ENGINEERING AND GLASS
FIBER FABRIC USAGE SCALE

Huseyin PEKER

IArtvin Coruh University,
Tlrkiye

LOW-DENSITY WOOD MATERIAL AND
VARIATION IN COMPRESSIVE STRENGTH

Nuri GUNGOR. Hatice
YAZGAN

Cukurova University, Tiirkiye

EPIDEMIOLOGICAL AND ECONOMIC
EVALUATION OF BRUCELLOSIS,
TUBERCULOSIS, AND PARATUBERCULOSIS
IN CATTLE SENT TO SLAUGHTER

Gokhan YURUMEZ

Batman University, Tlrkiye

COMPARISON OF NUCLEOLAR ORGANIZER
REGIONS OF THE NF=76 AND NF=74
CYTOTYPES OF THE 2n=52 CHROMOSOMAL
FORM OF  Nannospalax  ehrenbergi

NEHRING, 1898) DISTRIBUTED IN TURKIYE

(All speakers required to be connected to the session 10 min before the session starts)

Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion

and dynamics.
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February 17, 2026

HEAD OF SESSION Prof. Dr. Muhammad Falsal

Authors

Affiliation

Presentation Title

Paul Oisamoje

Eastern Meditteranean
University, Faculty of
Education, Department of
Computing annd Information
Technology in Education,
Famagusta, TRNC.

A FUSION-CENTRIC REVIEW OF DEEP
LEARNING-BASED MULTIMODAL SYSTEMS
(FOUNDATIONS, ARCHITECTURES, AND
EMERGING DIRECTIONS)

A COMPARATIVE STUDY OF BIOMETRIC

SD'nglﬁé{]ﬁ;\XM g%‘iﬁ;%ﬁgﬂa‘ﬁaﬁ?ggﬁe o |AND TRADITIONAL AUTHENTICATION
> ' y 8¢ ISYSTEMS

&ﬁ%ﬁ;ﬁ& Nadar Mahajana Sangam SELF-DRIVING CARS: THE FUTURE OF
Dr S.SELVAM S.Vellaichamy Nadar College [TRANSPORTATION

: . .. [TRENDS IN PYTHON FOR DATA
Muhammad Faisal )Allama Igbal Open University ENGINEERING

. . ., |IPYTHON'’S EXPANDING ROLE IN
Muhammad Faisal )Allama Igbal Open University GENERATIVE AI SYSTEMS

PYTHON AND EDGE COMPUTING

Muhammad Faisal

)Allama Igbal Open University

CHALLENGES AND OPPORTUNITIES

Nilgiitn ULUTASDEMIR

Ordu University, Tlirkiye

THE ANATOMY OF ROLES: UNDERSTANDING

i ; LY OB CONFUSION IN HEALTHCARE
Hasan CIFTCI Harran University, Tiirkiye {)RGANIZATIONS
Nilgiin ULUTASDEMIR Ordu University, Tirkiye THE INVISIBLE SHACKLES OF THE WHITE

Hasan CIFTCI

Harran University, Tlirkiye

COAT: ROLE CONFUSION AND BURNOUT

(All speakers required to be connected to the session 10 min before the session starts)
Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion

and dynamics.
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Authors

Amal Bassam, Rajaa Bassam,
Marouane El Alouani,
Mohammed Hafid, Hamid
Saufi, Said Belaaouad,
Younes Rachdi

HEAD OF SESSION
Affiliation

Hassan II University of

Casablanca, Casablanca,

Morocco.

Mohammed V University of

Rabat, Morocco.

: KUA Aly

Presentation Title

FABRICATION OF GREEN
GEOPOLYMER/ALGINATE HYBRID SPHERES
FOR EFFICIENT REMOVAL OF METHYL
ORANGE DYE IN WATER: BATCH STUDIES

R.M.K. ENGINEERING

LAPLACE TRANSFORM AND ITS

NITHISHV ﬁ\?};ﬁlGE, KAVARIPETTAL IAPPLICATION IN ENGINEERING
R.M.K. ENGINEERING
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ABSTARACT

This analysis delves into the evolving landscape of identity verification by contrasting biometric
technologies—which draw upon immutable human attributes such as retinal scans, palm prints, facial
geometry, vocal inflections, or even typing rhythms—with longstanding traditional techniques centered
on knowledge-based elements like passphrases, numeric codes, or possession factors including keycards
and temporary passcodes sent through digital channels. Biometrics stand out for their inherent resistance
to duplication or transfer, delivering rapid, context-aware confirmation that ties access directly to the
person's presence, thereby curbing widespread issues like credential reuse across platforms that fuel
over 80% of known security incidents; however, they demand careful handling of sensitive data to avoid
permanence risks if compromised. Traditional approaches maintain appeal through straightforward
integration and recovery mechanisms but expose users to frequent pitfalls such as memory lapses, social
manipulation tactics, or bulk database exposures. By evaluating real-world deployments in areas like
financial services, healthcare records, and physical entry points, this study advocates for integrated
strategies that merge biometric precision with traditional flexibility to achieve peak reliability, usability,
and adaptability in today's threat-intensive digital environment.

Keywords: Identity verification, biometric modalities, physiological traits, behavioral patterns,
password vulnerabilities, multi-layered security, user convenience, false acceptance rates, data privacy
protocols, hybrid verification frameworks.

[1] INTRODUCTION

The proliferation of online and physical access points has intensified the need for dependable
authentication that balances ironclad defense with effortless interaction, spotlighting the shortcomings
of conventional systems predicated on external or recallable proofs that users routinely mishandle—
resulting in forgotten details prompting helpdesk overloads or stolen items enabling unauthorized entry.
Biometrics pivot this model toward intrinsic verification, harnessing traits forged by genetics or habit
that defy forgery or delegation, thus enabling seamless transitions from cumbersome logins to glance-
based or touch-free approvals prevalent in consumer gadgets, enterprise networks, and public
infrastructure. This foundational shift not only accelerates processes by factors of three to five but also
diminishes fraud vectors tied to shared secrets, as evidenced by industry shifts toward contactless
borders and instant banking validations, setting the stage for a deeper probe into technical underpinnings,
operational strengths, and synergistic potentials amid regulatory pressures for consent-driven data
stewardship.
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[2] ARCHITECTURE

Biometric frameworks unfold through a layered sequence starting with signal acquisition from dedicated
hardware that converts biological inputs into digital streams, followed by sophisticated processing to
distill invariant descriptors—employing techniques like edge detection for ridge patterns or neural
embeddings for structural likenesses—yielding compact, non-reversible representations stored securely
in isolated vaults or device-local memory. Subsequent phases involve live resampling, algorithmic
alignment via distance metrics such as Euclidean norms or correlation coefficients, and binary rulings
informed by calibrated boundaries that minimize erroneous grants while incorporating vitality
assessments like heartbeat sensing or texture anomalies to neutralize synthetic forgeries. Traditional
architectures, by comparison, streamline to input normalization, cryptographic transformation using
salting and one-way functions, and direct equivalence checks against centralized ledgers, potentially
extended by challenge-response protocols for added transience but inherently reliant on vault integrity
without embodied uniqueness or temporal proofs.

[3] ADVANTAGES

Biometrics empower unmatched linkage between user and privilege through traits impossible to lend or
fabricate at scale, fostering accountability in shared settings while streamlining interactions to mere
physiological actions that bypass mnemonic demands and cut verification durations to fractions of a
second—ideal for high-traffic venues from transit hubs to corporate lobbies. They further bolster
resilience via adaptive learning that refines thresholds over time and multimodal redundancy, yielding
acceptance rates above 98% and slashing operational disruptions like reset requests that plague legacy
setups. Traditional methods counter with negligible upfront demands, leveraging ubiquitous software
for broad interoperability and swift revocation via simple regenerations, proving resilient in bandwidth-
scarce or budget-limited domains despite propensities for human-error amplification and exposure to
pervasive interception schemes.

[4] TABLE
Feature Biometric Traditional
Security High, harder to forge Moderate, prone to hacking
Convenience Easy, no password to remember Needs memory, can be forgotten
Cost High Low, software-only
Accuracy High Depends on password strength
Privacy Sensitive, permanent data Changeable if compromised
Examples Fingerprint, face, iris Password, PIN, OTP
Uses High-security systems Low-risk or backup systems
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[6] CONCLUSION

Biometrics redefine access paradigms with their unyielding personalization and velocity, eclipsing
traditional susceptibilities in an assault-laden era by delivering exponential efficiency boosts, fraud
curtailments nearing 60%, and economic offsets through averted incidents, yet their indelible essence
calls for fortified anonymization, fallback layers, and ethical governance to sidestep overreach pitfalls.
Pure legacy reliance fades as untenable for critical paths, but judicious pairings—infusing biometric
cores with selective traditional adjuncts—forge versatile shields attuned to variance in risk profiles,
regulatory mandates, and tech maturations, paving toward inclusive, impenetrable verification
landscapes.
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ABSTRACT

Self-driving cars, also known as autonomous vehicles, are revolutionizing transportation with Al-
powered technology. The convergence of advanced sensors, computer vision, and machine learning
algorithms has enabled vehicles to perceive their surroundings, make informed decisions, and navigate
complex environments. This technology has the potential to enhance safety, increase mobility for the
elderly and disabled, and reduce traffic congestion. However, despite the progress made, significant
challenges remain, including the development of regulatory frameworks, ensuring cybersecurity, and
addressing public acceptance. As the industry continues to evolve, self-driving cars are poised to
transform transportation, reshaping urban landscapes and redefining mobility. With major players like
Waymo, Tesla, and traditional automakers investing heavily in autonomous technology, the future of
transportation is likely to be shaped by these innovations, promising a safer, more efficient, and
connected transportation ecosystem.

Keywords: Autonomous Vehicles, Artificial Intelligence (Al), Computer Vision, Sensor Fusion,
LiDAR (Light Detection and Ranging), Radar Technology, Machine Learning, Navigation Systems,
Advanced Driver Assistance Systems (ADAS), V2X Communication (Vehicle-to-Everything).

[1] INTRODUCTION

The advent of self-driving cars is revolutionizing the way we think about transportation, marking a
seismic shift in the automotive industry and our daily lives. Imagine a future where vehicles navigate
roads without human intervention, reducing accidents, and making mobility accessible to everyone,
regardless of age or ability. Self-driving cars, powered by Artificial Intelligence (Al), are no longer a
distant dream but a rapidly approaching reality, with prototypes already logging millions of miles on
public roads. With cutting-edge technologies like LiDAR, computer vision, and sensor fusion, these
vehicles can perceive their surroundings, make informed decisions, and navigate complex environments,
from bustling city streets to rural highways. The potential benefits are substantial, ranging from
enhanced safety and reduced congestion to increased mobility for the elderly and disabled, and even
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new business models like Mobility-as-a-Service (MaaS). As pioneers like Waymo, Tesla, and traditional
automakers push the boundaries, self-driving cars are poised to transform transportation, reshaping
urban landscapes, redefining what it means to travel, and unlocking new possibilities for smart cities
and sustainable transportation ecosystems.

[2] ARCHITECTURE

The architecture of self-driving cars is a complex system comprising multiple layers and components
that work in tandem to enable autonomous driving. At the core is the sensing layer, which includes an
array of sensors like LiDAR, radar, cameras, and ultrasonic sensors that capture data about the vehicle's
surroundings, detecting obstacles, lanes, and other vehicles. This data is then processed by the perception
layer, which uses computer vision and machine learning algorithms to interpret the environment,
identifying objects, predicting trajectories, and creating a semantic understanding of the scene. The
decision-making layer, often powered by Al and deep learning models, analyzes the perceived
environment and makes informed decisions about steering, acceleration, and braking. The control layer
executes these decisions, sending commands to the vehicle's actuators, while the mapping and
localization layer provides high-definition maps and precise location information, enabling the vehicle
to navigate and understand its position in the world. Finally, the connectivity layer enables Vehicle-to-
Everything (V2X) communication, allowing the vehicle to interact with other vehicles, infrastructure,
and the cloud, enhancing safety and efficiency. This modular architecture enables self-driving cars to
navigate complex environments, making transportation safer, more efficient, and accessible.

Sensing Layer:

LiDAR (Light Detection and Ranging)

Radar

Cameras (monocular, stereo, and 360°)

Ultrasonic sensors

GPS and IMU (Inertial Measurement Unit)

Perception Layer:

Computer Vision (object detection, segmentation, and tracking)
Machine Learning (predictive modeling and decision-making)
Sensor Fusion (integrating data from multiple sensors)
Decision-Making Layer:

Al-powered decision-making (rule-based, model-based, and learning-based)
Path planning and motion planning

Behavioral decision-making (e.g., lane changing, merging)
Control Layer:

Actuator control (steering, acceleration, and braking)

Feedback control (P1D, model predictive control)

Mapping and Localization Layer:

High-definition maps (HD maps)

SLAM (Simultaneous Localization and Mapping)

GPS and inertial navigation

Connectivity Layer:

V2X communication (Vehicle-to-Vehicle, Vehicle-to-Infrastructure, Vehicle-to-Pedestrian)
Cellular connectivity (4G, 5G, and beyond)
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Cloud connectivity (data storage, processing, and analytics)
[3] ADVANTAGES

The advent of self-driving cars is poised to revolutionize transportation, offering a plethora of
advantages that can transform the way we travel. For one, safety is significantly enhanced as
autonomous vehicles can detect and respond to hazards far more quickly and accurately than human
drivers, reducing accidents and saving lives. Additionally, self-driving cars can increase mobility for the
elderly, disabled, and those unable to drive, promoting independence and access to opportunities. Traffic
congestion is also likely to decrease as autonomous vehicles can optimize traffic flow, reduce stop-and-
go driving, and even enable new modes of transportation like shared mobility services. Furthermore,
self-driving cars can boost productivity by freeing up time spent driving, allowing commuters to work,
relax, or focus on other tasks. Environmentally, autonomous vehicles can be optimized for fuel
efficiency and reduced emissions, contributing to cleaner air and a more sustainable future. With the
potential to redefine transportation, self-driving cars can reshape urban landscapes, reduce parking
needs, and create new economic opportunities, making transportation more efficient, accessible, and
enjoyable for all.

Enhanced Safety:

Reduced accidents and fatalities

Faster reaction times to hazards

Improved visibility and detection of obstacles
Increased Mobility:

Independence for elderly and disabled individuals
Access to transportation for those unable to drive
Expanded transportation options for rural areas
Improved Traffic Flow:

Reduced congestion and optimized traffic routing
Smoother acceleration and braking

Potential for increased road capacity

Productivity and Convenience:

Free time for commuters to work, relax, or focus on other tasks
Reduced driver fatigue on long trips

Simplified parking and vehicle management
Environmental Benefits:

Optimized fuel efficiency and reduced emissions
Potential for electric or hybrid autonomous vehicles
Reduced urban pollution and improved air quality
Economic Opportunities:

New business models like Mobility-as-a-Service (MaaS)
Reduced healthcare costs due to improved safety

Increased productivity and economic growth
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[6] CONCLUSION

The emergence of self-driving vehicles marks a profound departure from over a century of human-
centric driving, signaling a future where transportation is defined by algorithmic precision rather than
human intuition. This evolution is not merely a technological upgrade but a societal transformation that
promises to decouple mobility from the risks of human error. By shifting the responsibility of navigation
to sophisticated sensor suites and artificial intelligence, we are moving toward a reality where the
"driver’s seat" may become an obsolete concept, replaced by mobile living spaces that prioritize
passenger productivity and safety. As autonomous systems continue to mature through billions of miles
of real-world and simulated testing, the focus of the automotive industry is pivoting from mechanical
engineering to software-defined mobility.

The long-term success of this transition, however, depends on more than just code and hardware; it
requires the development of a cohesive ecosystem involving smart city infrastructure, updated legal
frameworks, and widespread public confidence. While the transition period will involve complex
challenges—such as the "mixed-traffic" era where Al must interact with unpredictable human drivers—
the eventual goal is a seamless, interconnected network that optimizes traffic flow and reduces carbon
emissions. Ultimately, the future of transportation lies in a model where mobility is accessible to
everyone, including those currently sidelined by age or disability, creating a more equitable world where
the journey is as safe and effortless as the destination itself.
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ABSTRACT

The growing popularity of disparate data types (images, text, signals, behavioral logs, and sensor
streams) has made it possible for multi-modal deep learning to become a foundation for real-world
artificial intelligence systems. While a lot of research has been conducted, reviews keep providing more
insights on the application domains and model families to the exclusion of foundational design
principles that are used to seamlessly integrate multiple modes. This paper reviews the deep learning of
multi-modal systems with a focus on the specific combination of modalities and how they are blended
in the configuration of the systems. We integrate the basic principles of different strategies of multi-
modal fusion and architecture and detail how they are instantiated in a limited range of application
domains like healthcare, education, intelligent monitoring, and human Al. The reviews also analyze the
design of the systems in terms of the data sets used, providing a glimpse into the most common design
system failures; especially, in the systems with low data set balance, misalignment, poor fusion, internal
robustness, low system interpretability, and no scalability. Having used data distributed across various
domains, the document is able to identify common architectural patterns and system design trade-offs
that are not driven by specific tasks. In view of the challenges, the paper proposes a set of focus areas
for future research; multi-modal models using transformers, fusion of different systems where one is
more robust, and socially and ethically responsible multi-modal Al. Overall, the document attempts to
provide a framework to guide authoritative design and evaluation of the multi-modal deep learning
systems that are made to serve specific purposes.
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ABSTRACT

Discharges of various micropollutants (organic and inorganic) into the environment are on the increase.
These pollutants are generally toxic, poorly biodegradable, and cause numerous adverse health effects.
In this context, this work focuses on the development of a geopolymer based on red clay waste, with a
view to its application as an adsorbent in the treatment of an aqueous medium contaminated by Methyl
Orange. The synthesized geopolymer was characterized by various analytical techniques. The raw
material and the synthesized geopolymers were characterized by various physico-chemical methods.
The results of XRF, XRD, and FTIR confirmed the successful synthesis of geopolymer beads, while the
SEM/EDX findings revealed the homogeneous surface of the adsorbents. Adsorption tests were carried
out by varying various parameters likely to affect adsorption performance, including adsorbent dose,
solution pH, contact time, initial Methyl Orange concentration, and solution temperature. The Kinetic
study revealed that the geopolymer eliminates Methyl Orange relatively quickly. The pseudo-second-
order model is the most suitable for presenting the adsorption mechanism. The isotherm for Methyl
Orange retention on geopolymer is in perfect agreement with the Langmuir model. Evaluation of the
thermodynamic quantities showed that the Methyl Orange adsorption process is favorable, spontaneous,
and endothermic. The results we have found allow us to predict that the use of these new generations of
geopolymers offers great potential for the retention of cationic textile dyes.

Key words: Adsorption; red clay waste; Geopolymer Beads; Methyl Orange; Characterization.
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KUANTUM BILiSIM CAGINDA FINANSAL SISTEMLERIN DAYANIKLILIGI: POST-
KUANTUM KRiPTOGRAFI GECiS SURECLERINDE iC DENETIMIN ROLU
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OZET

Kuantum bilisim, finansal sistemlerin temelini olusturan kriptografik giivenlik altyapisi i¢in varolugsal
bir tehdit olusturmaktadir. Bu tehdidin en acil boyutu, sifreli verilerin bugiin toplanip gelecekte kuantum
bilgisayarlar ile ¢6ziilmesini hedefleyen "Simdi Topla, Sonra C6z" (Harvest Now, Decrypt Later -
HNDL) saldir1 modelidir. Mevcut literatiir, Post-Kuantum Kriptografi (PQC- Post-Quantum
Cryptography) standartlarini ve teknik gegis yol haritalarini kapsamli bir sekilde ele alirken, bu karmagik
ve uzun soluklu doniisiim siirecinde i¢ denetim fonksiyonunun stratejik roliinii 6nemli dl¢lide goz ardi
etmektedir. Bu c¢alisma, s6z konusu boslugu doldurmayi ve kurumlarin PQC gecis siirecinde ig
denetimin yoOnetisim ve giivence saglama roliinii tanimlayan stratejik bir cergeve sunmayi
amaclamaktadir. Yontem olarak, akademik yayinlar, sektdr raporlart ve diizenleyici kurum kilavuzlar
gibi ¢esitli kaynaklarin yapilandirilmig bir sentezinden yararlanilmistir. Calismanin temel katkisi, ig
denetim fonksiyonunu finans sektoriinde kuantum dayanikliliginin kritik bir etkinlestiricisi olarak
konumlandiran, alt1 asamali, eyleme doniik bir denetim ¢ercevesi sunmasidir.

ABSTRACT

Quantum computing poses an existential threat to the cryptographic security infrastructure that
underpins financial systems. The most urgent dimension of this threat is the “Harvest Now, Decrypt
Later” (HNDL) attack model, which involves collecting encrypted data today with the intention of
decrypting it in the future using quantum computers. While the existing literature extensively examines
Post-Quantum Cryptography (PQC) standards and technical migration roadmaps, it largely overlooks
the strategic role of the internal audit function in managing this complex and long-term transformation
process. This study aims to address this gap by proposing a strategic framework that defines the
governance and assurance role of internal audit during the PQC transition in financial institutions.
Methodologically, the study draws on a structured synthesis of academic literature, industry reports, and
guidance issued by regulatory and standard-setting bodies. The primary contribution of the study is the
development of an action-oriented, six-stage internal audit framework that positions the internal audit
function as a critical enabler of quantum resilience in the financial sector.

Keywords: Post-Quantum Cryptography; Quantum Computing; Internal Audit

GIRIS

Kuantum bilisim, finansal hizmetler sektorii igin ikili bir doga tasimaktadir. Bir yanda, portfoy
optimizasyonu, risk modellemesi ve dolandiricilik tespiti gibi karmasik problemleri ¢6zme konusunda
doniistiiriicli bir potansiyel sunarken (Dixit, 2022; McKinsey, 2025), diger yanda Shor algoritmasi gibi
yetenekleriyle dijital ekonominin kriptografik temellerine yonelik varolussal bir tehdit olusturmaktadir
(Campbell, 2025). Bu tehdidin aciliyeti, "Simdi Topla, Sonra C6z" (HNDL) olarak bilinen saldiri
modeliyle somutlagsmaktadir. Bu modelde, saldirganlar bugiin sifrelenmis verileri toplamakta ve
gelecekte yeterli giice sahip bir kuantum bilgisayarla bu sifreleri kirmay1 hedeflemektedir (Bobier vd.,
2025; Post-Quantum Financial Infrastructure Framework, 2025). Kuantum bilisimle ilgili en acil risk,
saldirganlarin bugiin kuantum bilgisayarlar1 olmasa bile sifreli verileri toplamaya baglamasidir. "Harvest
Now, Decrypt Later" (HNDL) olarak bilinen bu strateji, 6zellikle gizlilik siiresi uzun olan veriler (saglik
kayitlari, 20 yillik mortgage dosyalari, devlet sirlar1) icin devasa bir tehdit olusturmaktadir (Grant
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Thornton, 2025). Bir veri varhigimin gizlilik émrii, kuantum giivenlige gegis siiresiyle birlestiginde,
kuantum bilgisayarlarin ortaya ¢ikis tarihinden sonraya sarkiyorsa, o veri bugiin itibariyla tehlike
altindadir (ISACA, 2025). Bu durum, on yillarca gizli kalmasi gereken finansal verilerin simdiden risk
altinda oldugu anlamina gelmektedir.

Bu baglamda merkezi problem, kuantum sonrasi kriptografiye (PQC- Post-Quantum Cryptography)
gecisin basit bir teknik giincelleme degil, on yildan fazla siirebilecek, geleneksel BT proje yonetimini
asan, benzeri goriilmemis bir kurumlar arasi koordinasyon ve saglam bir yonetigim gerektiren karmagsik
bir sosyo-teknik ge¢is olmasidir (Campbell, 2025). Mevcut literatiir incelendiginde, bu alandaki
calismalarin ezici bir ¢ogunlukla teknik nitelikte oldugu, algoritmik performans ve protokol tasarimina
odaklandigl, boylece bu makalenin doldurmay:r amacladigi kritik bir yonetisim boslugu yarattigi
goriilmektedir (Grant Thornton, 2025; Wolters Kluwer, 2025). Teknik ekiplerin tek basina
yonetemeyecegi kadar karmasik olan bu ge¢is, kurumsal yonetisimin tiim katmanlarini ilgilendiren
stratejik bir risk yonetimi sorunudur.

Calismanin  amaci, s6z konusu arastirma boslugunu doldurarak, finansal kurumlarin PQC gegis
stirecinde i¢ denetimin roliinii ve sorumluluklarini tanimlayan kapsamli bir stratejik ¢cergeve sunmaktir.
Bu cergeve, kuantum tehdidine kars1 kurumsal dayanikliligin saglanmasinda i¢ denetimin nasil proaktif
ve yol gosterici bir rol {istlenebilecegini ortaya koymay1 hedeflemektedir.

LITERATUR TARAMASI

Bu boliim, ¢alismanin akademik temelini olusturan literatiirii karsilastirmali ve elestirel bir yaklasimla
sentezlemektedir.

Kuantum Bilisimin Ikili Dogasi: Firsatlar ve Tehditler

Kuantum bilisim, finans sektorii i¢in hem 6nemli firsatlar hem de temel tehditler barindiran ikili bir
yaptya sahiptir. Firsatlar tarafinda, kuantum algoritmalari, tiirev fiyatlandirmasi ve piyasa ¢okiisii
tahmini gibi klasik bilgisayarlarin yetersiz kaldigi karmasik optimizasyon problemlerini ¢dzme
potansiyeli tagimaktadir (Booz Allen, 2025b; Taylor Wessing, 2025). Ayrica, Kuantum Makine
Ogrenmesi (QML- Quantum Machine Learning) teknikleri, dolandiricilik tespiti gibi anomali belirleme
stire¢lerini 6nemli 6lglide gelistirme vaadi sunmaktadir (Micheal, 2024; Sopra Steria, 2026).

Bu firsatlarin karsisinda ise, Kriptografik Olarak Anlamli bir Kuantum Bilgisayarin (CRQC-
Cryptographically Relevant Quantum Computer) ortaya ¢ikmasiyla olusacak temel tehdit yer
almaktadir. Boyle bir bilgisayar, giinimiizde yaygin olarak kullanilan RSA(Rivest-Shamir—Adleman-
Asimetrik agik anahtarli kriptografi algoritmasi) ve ECC (Elliptic Curve Cryptography-Eliptik Egri
Kriptografisi) gibi asimetrik sifreleme algoritmalarmni Shor algoritmasi araciligiyla kirarak dijital
giivenligin temelini ortadan kaldirabilir (Gordon, Loeb, & Zhou, 2020; SISA, 2025).

Post-Kuantum Kriptografi (PQC) ve Kripto-Ceviklik Stratejisi

Kuantum tehdidine kars1 kiiresel yanit, NIST'in (National Institute of Standards and Technology- ABD
Ulusal Standartlar ve Teknoloji Enstitlisii) Onciiliigiinde yiiriitiilen standartlasma stireciyle
sekillenmistir. Bu siireg, ML-KEM ((Modiil-kafes tabanli anahtar kapsiilleme mekanizmasi —
CRYSTALS-Kyber) ve ML-DSA (CRYSTALS-Dilithium) gibi kafes tabanli algoritmalarin standart
olarak belirlenmesiyle sonuclanmistir (Bobier vd., 2025). Ancak bu yeni standartlarin operasyonel
etkileri olduk¢a 6nemlidir. PQC algoritmalari, %15-20 oraninda ek bant genisligi yiikii getirmekte ve
anahtar ile imza boyutlarmi klasik algoritmalara kiyasla 6nemli Ol¢iide artirmaktadir. PQC
standartlarinin getirdigi bu 6nemli performans ve depolama cezalari, statik ve kod i¢ine gomiilii
kriptografik uygulamalar1 operasyonel olarak savunulamaz kilmakta, bu da kripto-¢evikligi yalnizca bir
en iyi uygulama degil, basarili bir ge¢is i¢in temel bir 6n kosul haline getirmektedir. Bu baglamda,
literatlirde ve sektorde uzlasilan stratejik zorunluluk, "kripto-g¢eviklik" yani kriptografik algoritmalari
hizli ve kesintisiz bir sekilde degistirebilme yetenegidir (Post-Quantum Financial Infrastructure
Framework, 2025).

Kurumsal PQC Gegis Siirecleri ve Yonetisim Boslugu

Kurumsal ¢apta PQC gegisinin pratik zorluklari, literatiirde kapsamli bir sekilde ele alinmistir. Biiyiik
6lcekli kurumlar icin gecis siirelerinin 12-15 yili agabilecegi tahmin edilmektedir. Bu uzun zaman
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cizelgesi, CRQC'lerin ortaya ¢ikis tahminleriyle karsilagtirildiginda potansiyel bir "risk acig1"
yaratmaktadir. Gegis siirecinin temel zorluklari; eski (legacy) sistemlerdeki teknik borg, kurumlar arasi
karmasik koordinasyon gereksinimleri, tedarik¢i hazirlik diizeyine olan bagimliliklar ve 6nemli biitce
kisitlamalari olarak kategorize edilebilir (Taylor Wessing, 2025).

Sekil 1. Post-kuantum kriptografi gecisinde yonetisim boglugunu olusturan temel kurumsal faktérler

Eski Sistemler

(Legacy)

Bu ¢ok yonlii ve karmasik zorluklar, sadece teknik ekiplerin yonetebilecegi bir siire¢ olmaktan Gte,
stratejik diizeyde ele alinmasi gereken Onemli bir yoOnetisim boslugu yaratmaktadir. Bahse konu
katmanl zorluklar, PQC geg¢isini salt teknik bir doniisiim olmaktan ¢ikararak kurumsal diizeyde bir
yonetigsim bosluguna doniistiirmektedir (Sekil 1). Gegis siirecinin uzun zaman ¢izelgesine yayilmasi,
biitce planlamalarmin kisa vadeli dnceliklerle sekillenmesi, eski (legacy) sistemlere gomiilii teknik
borglarin yiiksekligi, kurum i¢i ve kurumlar arasi koordinasyon gereksinimleri ile ii¢lincii taraf
tedarikgilerin hazirlik diizeyine olan bagimlilik, karar alma sorumlulugunun tek bir fonksiyon veya
teknik ekip tarafindan iistlenilmesini fiilen imkansiz kilmaktadir. Bu durum, kriptografik riskin teknik
katmanlarda tanimlanmasina ragmen, riskin sahipliginin stratejik diizeyde netlesmemesine ve hesap
verebilirligin dagilmasina yol agmaktadir. Sonug olarak PQC gecisi, teknolojik bir uyum siirecinden
ziyade, kurumsal yonetisim mekanizmalarinin sinandigi, rol ve sorumluluklarin yeniden tanimlanmasin
gerektiren biitiincil bir risk yonetimi problemi olarak ortaya ¢ikmaktadir.

PQC gegis siirecinin kurumsal ac¢idan en kritik boyutlarindan biri, teknolojik doniisiimiin dogas1 geregi
uzun vadeye yayilmasi ile kuantum bilisim alanindaki gelismelerin ongoriillemez hizinin yarattig
zamansal uyumsuzluktur. Biiyiik 6l¢ekli finansal kurumlarda kriptografik altyapinin envanterlenmesi,
yeniden tasarlanmasi, test edilmesi ve tedarik¢i ekosistemiyle uyumlu hale getirilmesi on yili asabilen
zaman ¢izelgeleri gerektirmektedir.

Sekil 2. Post-kuantum kriptografi gecis hizi ile kuantum tehdidi arasindaki risk a¢igimin zamansal
osterimi

Kuantum Tehdidi
A Risk Acig

Gegig llerlemesi

Herleme / Risk Seviyesi

i¢ Denetim bu boslugu gériiniir kilar.

Zaman (Yi)
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Sekil 2°de gorsellestirilen bu risk acig1, yalnizca teknik bir giivenlik zafiyeti olarak degil, kurumsal risk
yonetimi acisindan birikimli ve geri dondiiriilemez sonuclar doguran yapisal bir kirilma alani olarak
degerlendirilmelidir.

Ozellikle “Simdi Topla, Sonra C6z” (HNDL) saldir1 modeli baglaminda, bugiin sifrelenen ancak uzun

yillar gizli kalmasi gereken veriler, gecis tamamlanmadan once kalici olarak risk altina girebilmektedir.
Bu durum, riskin gelecekte degil, fiilen bugiinde olustugunu goéstermektedir. Dolayisiyla risk agigi,
yalnizca olasiliksal bir tehdit degil; zaman ilerledikce genisleyen, kurumsal risk istahini ve yatirim
onceliklerini yeniden tanimlamay1 zorunlu kilan stratejik bir yonetisim sorunudur.

Teknolojik Kirthimlar Karsisinda Denetimin Gelisen Rolii

Biiyiik teknolojik kirilimlar, i¢ denetim fonksiyonunun roliiniin evrimini zorunlu kilmaktadir (Wolters
Kluwer, 2025). Geleneksel reaktif (tepkisel) giivence modelinden, riskleri 6ngéren ve 6nleyici tedbirleri
degerlendiren proaktif (6n alict) bir modele gecis kaginilmazdir (Grant Thornton, 2025). Bu déniisiim,
denetciler icin yeni yetkinlikler gerektirmektedir. Dijital okuryazarlik ve karmasik ortamlarda yol
bulmay1 saglayan duygusal zeka gibi beceriler, modern denetgiler i¢in bir zorunluluk haline gelmistir
(Developing Auditor Competencies, 2025; Vinsys, 2025).

Yapay zeka okuryazarlig1 lizerine yapilan bir calismada tanimlanan dort boyutlu yetkinlik ¢ergevesi
(farkindalik, etik, degerlendirme, kullanim), modern denet¢ilerin ihtiyag duyacagi "kuantum

okuryazarlig1" igin giiglii bir analoji sunmaktadir (Al-Abdullatif, 2024).

Yine yapay zeka okuryazarligi analojisi 6zellikle yerindedir, ¢linkii hem kuantum bilisim hem de yapay
zeka, deterministik sistemlerden birer paradigma kaymasmi temsil etmektedir. Denetgiler artik
geleneksel uyum kontrol listelerinin 6tesinde yeni degerlendirme g¢ergeveleri gerektiren, olasiliksal,
karmasik ve genellikle seffaf olmayan sistemler iizerinde giivence saglamak zorundadir. PQC gegisi,
tam da bu evrilmis ve proaktif denetim yaklagimini gerektiren en 6nemli teknolojik kirilimlardan biridir.

METODOLOIJI

Bu calismada kullanilan metodoloji, literatiir taramasi ekseninde kavramsal cergeve gelistirme
yaklagimidir. Arastirma siireci; hakemli akademik makaleler, 6nde gelen teknoloji ve danigmanlik
firmalarinin teknik raporlar1 ve diizenleyici kurumlarin kilavuz belgeleri dahil olmak iizere gesitli
kaynaklarin sistematik olarak toplanmasini ve analiz edilmesini igermektedir. Analiz, daginik bilgileri
belirli bir profesyoneller (i¢ denetgiler) i¢in tutarli ve eyleme gegirilebilir bir ¢ergevede sentezlemeye
odaklanmustir.

TEORIK CERCEVE
Gordon-Loeb Siber Giivenlik Yatirnom Modeli

Gordon-Loeb modeli, siber giivenlik yatirimlarini analiz etmek igin temel bir ¢ergeve sunar (Gordon,
Loeb, & Zhou, 2020). Modelin temel ilkesi, bir ihlalin olasilig1 ile potansiyel kaybi dengeleyerek
optimal harcama seviyesini belirlemektir. Bu model kuantum tehdidine uyarlandiginda, HNDL (Simdi
Topla, Sonra C6z saldir1 modeli) tehdidi altindaki uzun 6miirli veriler igin, giivenlik ac1g1 olasiliginin
(v) onlarca yillik bir zaman diliminde etkin bir sekilde %100'e yaklastig1 varsayilabilir. Bu durum, PQC
onlemlerine yonelik 6nemli ve proaktif yatinmlarin rasyonel ve gerekli oldugunu teorik olarak
dogrulamaktadir.
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Sekil 3. HNDL tehdidinin Gordon-Loeb siber giivenlik yatirim modeline etkisi

»
L4

Toplam Kayip

ihial Kaybn

Yatuirinm
Maliyeti
Optimal
Yatinm HNDL igin,

Noktas:

glvenlik acig:
olasih@ (v') = %100,
> bu da 'Optimal
Yatinm Noktasi'm
saga ve yukari
kaydinr.

Risk / Potansiyel Kayip

A\

Yatirnnm Miktar:

Sekil 3’de gosterilen bu kayma, kuantum tehdidi baglaminda siber giivenlik yatirimlarimin klasik
marjinal fayda—maliyet dengesiyle ele alinamayacagini ortaya koymaktadir. HNDL tehdidi altinda
giivenlik acig1 olasiliginin zamana yayili olarak neredeyse kesin hale gelmesi, beklenen kaybin dogrusal
olmayan bi¢imde artmasina neden olmakta ve bdylece daha erken, daha yiiksek ve daha kapsamli
giivenlik yatirimlarini ekonomik agidan rasyonel kilmaktadir. Bu durum, siber giivenlik harcamalarinin
istege bagli veya ertelenebilir bir maliyet unsuru degil, uzun vadeli veri gizliligini ve kurumsal itibari
korumaya yonelik zorunlu bir risk azaltma yatirim olarak degerlendirilmesini gerektirmektedir.
Dolayisiyla Gordon—Loeb modeli, kuantum ¢aginda yalnizca yatirim seviyesini degil, ayn1 zamanda
yatirim zamanlamasini da yeniden tanimlayan bir analitik ¢cergeve sunmakta; proaktif PQC yatirimlarini
ekonomik acidan gerekcelendirmektedir.

Biitiinlesik Risk Yonetimi ve Uygunluk Cerceveleri

PQC gecisi, mevcut risk yonetimi cergeveleri i¢inde konumlandirilmalidir. Bu siire¢, NIST Siber
Giivenlik Cercgevesi 2.0'n temel fonksiyonlar1 olan Tanimla, Koru, Tespit Et, Miidahale Et ve lyilestir
ile dogrudan uyumludur (Post-Quantum Financial Infrastructure Framework, 2025). Tirkiye
perspektifinden bakildiginda, T.C. Cumhurbaskanligi Dijital Doniisiim Ofisi tarafindan yayinlanan
"Bilgi ve lletisim Giivenligi Rehberi", kamu kurumlar1 ve kritik altyapilar igin standartlastirilimis
giivenlik tedbirlerinin kritik 6nemini vurgulamaktadir. Bu rehber, PQC gecisi gibi sistemik riskleri
yonetmek i¢in gereken kapsamli, devlet diizeyinde giivenlik yonetisimi icin kritik bir ulusal emsal
olugturmakta ve kritik altyapiy1 giivence altina almaya yonelik yukaridan asagiya bir yaklagim
gostermektedir (T.C. Cumhurbagkanlig1 Dijital Doniistim Ofisi, 2019).

Denetci Yetkinligi icin Kuantum Okuryazarhg Modeli

Bu ¢alisma, denetgiler icin bir "Kuantum Okuryazarlig1" kavramsal modelini, yapay zeka okuryazarligi
caligmasindaki dort boyutlu ¢erceveyi uyarlayarak 6nermektedir(Al-Abdullatif, 2024).
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Sekil 4. I¢ denetciler icin onerilen kuantum okuryazarhigi yetkinlik modeli

1. Farkindalik (Awareness) 2. Etik (Ethics)

Temel kuantum tehdidini ve @ Misteri ve kurum verilerini uzun

bunun s slrecleri Uzerindeki @ "\ vadeli HNDL tehdidinden

spesifik etkilerini anlama. Q \  korumaya yonelik etik ve yasal
2

sorumlubuklan kavrama.

\ —_— —‘:
r [ —— e ~
\
3. Degerlendirme (Evaluation) g..:-? Ef?:ﬁ 4. Uygulama (Use/Assurance)
\ =
Kurumun PQC gegis stratejisin, ~ \ 9 6 asama gerceve gibi yapilan
risk modellerni ve tedarikei \S.J Q =2 Kullanarak, gegis sureci izerinde
hazirigine efegtirel bir gbzle analiz pratik glivence saglamak igin
etme yetenedi. \ denetim tekniklerini uyguiama.
Bu modelin PQC denetimi baglamindaki boyutlari su sekilde tanimlanmigtir:
. Farkindalik (Awareness): Temel kuantum tehdidini ve bunun is {izerindeki etkilerini anlama.
. Etik (Ethics): Uzun Omiirlii hassas verileri HNDL tehdidinden korumaya yonelik etik
sorumluluklar1 kavrama.
. Degerlendirme (Evaluation): Kurumun PQC ge¢is stratejisini, risk degerlendirmelerini ve
tedarik¢i hazirligini elestirel bir gézle degerlendirme yetenegi.
. Uygulama (Use/Assurance): Gegis siireci lizerinde gilivence saglamak i¢in denetim tekniklerini
pratik olarak uygulama.
BULGULAR

Bu c¢alismanin temel bulgusu, i¢ denetim fonksiyonu i¢in tasarlanmis ¢ok asamali stratejik bir
cercevedir. Her asama igin net bir baslik, amacin kisa bir agiklamasi ve kaynaklara dayandirilmisg
spesifik, eyleme doniik denetim adimlari sunulmaktadir.

Asagida sunulan alti asamali ¢erceve, post-kuantum kriptografi gecis siirecinde i¢ denetimin giivence
ve yonetisim roliinii sistematik ve uygulamaya doniik bir bicimde ortaya koymaktadir
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Sekil 5. Post-kuantum kriptografi gecisi icin i¢ denetime yonelik alti asamall stratejik giivence
cergevesi

6. Siirekli izleme
ve Raporlama

1. Farkindalik Olusturma
ve Egitim

5. Pilot Uygulama ve
Test Gilivencesi

2. Kapsam Belirleme ve
Kriptografik Envanter

(240
4. Gegis Planlamasi @__@

ve Kripto-Ceviklik

3. Risk Degerlendirmesi
ve Onceliklendirme

Bu ¢ergeve, i¢ denetimin PQC gecis siirecine tek seferlik bir uyum faaliyeti olarak degil, asamalar
arasinda geri besleme tiireten siirekli bir giivence ve yonetisim donglisii olarak yaklagmasini esas
almaktadir.

Asama 1: Farkindalik Olusturma ve Egitim

Denetimin ilk rolii, yonetim kurulunun ve iist yonetimin kuantum tehdidi ve stratejik sonuglar1 hakkinda
yeterince egitildigine dair giivence saglamaktir.

Denetim Eylemleri;

1. Yonetici Egitimlerini Degerlendirme: Liderlik i¢in kuantum riskleri konusunda mevcut
egitim programlarinin varhigin ve yeterliligini degerlendirmek (Grant Thornton, 2025; The Institute of
Internal Auditors, 2025).

2. Risk Iletisimini Dogrulama: Kuantum tehdidinin sadece teknik bir sorun olarak degil,
ayn1 zamanda risk komitesi tliziiklerinde ve yonetim kurulu materyallerinde stratejik bir is riski olarak
ifade edildigini dogrulamak (Wolters Kluwer, 2025).

Asama 2: Kapsam Belirleme ve Kriptografik Envanter

Bu asamada amag, Sonraki tim gecis faaliyetlerinin vazgegilmez temelini olusturan kriptografik
envanterin eksiksizligi ve dogrulugu lizerinde bagimsiz giivence saglamak.

Denetim Eylemleri;

1. Kesif Stirecini Gozden Gegirme: Kriptografik kesif siireci igin kullanilan metodolojiyi
degerlendirmek ve bu siirecin yazilim, donanim, bulut hizmetleri ve eski sistemler dahil tiim ortamlari
kapsadigindan emin olmak (Booz Allen, 2025a; Palo Alto Networks, 2025).

2. Envanter Dogrulugunu Test Etme: Kriptografik varlik envanterinin eksiksizligini ve is
stiregleriyle eslestirilmesini dogrulamak i¢in 6rneklem bazli testler yapmak.

Asama 3: Risk Degerlendirmesi ve Onceliklendirme

Kurumun, gegis yapilacak sistemleri riske gore oOnceliklendirmek icin kullandigi ¢erceveyi
degerlendirmek amaglanmaktadir.

Denetim Eylemleri;

1. Risk Modelini Degerlendirme: Risk puanlamasi i¢in kullanmilan kriterleri
degerlendirmek ve bu kriterlerin veri hassasiyeti, HNDL tehdidi, yasal gereklilikler ve operasyonel
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kritiklige uygun agirlik verdiginden emin olmak (Post-Quantum Financial Infrastructure Framework,
2025).

2. Onceliklendirme Yol Haritasin1 Gozden Gegirme: Gegis yol haritasini inceleyerek en
yiiksek riskli varliklarin (6rnegin, kritik 6deme sistemleri, uzun 6miirlii hassas veri depolari) en erken
eylem igin onceliklendirildiginden emin olmak (Post-Quantum Financial Infrastructure Framework,
2025).

Asama 4: Gegis Planlamasi ve Kripto-Ceviklik Degerlendirmesi

Gegis planinin saglamligini ve kurumun kripto-geviklik saglama stratejisini degerlendirmek bu agamada
kritiktir.

Denetim Eylemleri;

1. Tedarik¢i Durum Tespitini Degerlendirme: Kritik {iglincii taraf tedarikgilerin, bulut
saglayicilarin ve yazilim iireticilerinin PQC hazirlik diizeyini degerlendirme siirecini gozden gegirmek
(The Institute of Internal Auditors, 2025).

2. Hibrit Stratejiyi Degerlendirme: Gegis Onlemi olarak hibrit kriptografik semalarin
uygulanmasina yo6nelik teknik ve operasyonel planlart degerlendirmek (Post-Quantum Financial
Infrastructure Framework, 2025).

3. Kripto-Ceviklik Mimarisi Denetimi: Sistem tasarimlarini ve gelistirme pratiklerini, kod
icine gomiilii algoritmalar yerine soyutlanmis, yapilandirilabilir kripto hizmetlerini destekleyerek
kripto-gevikligi saglayip saglamadigini belirlemek i¢in degerlendirmek.

Asama 5: Pilot Uygulama ve Test Giivencesi

PQC'nin gergek diinya performans etkilerinin 6l¢iildiigi test ve prototipleme asamasi tizerinde giivence
saglamak gerekmektedir.

Denetim Eylemleri;

1. Test Planlarin1 Gozden Gegirme: PQC prototip projelerinin  kapsamint  ve
metodolojisini degerlendirmek ve gecikme, bant genisligi kullanimi ve hesaplama yiikii gibi temel
performans gostergelerini dl¢tiiglinden emin olmak (Booz Allen, 2025a).

2. Test Sonuglarinit Analiz Etme: Pilot testlerin sonuglarini gozden gegirerek, genis 6lgekli
dagitimdan 6nce performans etkilerinin kabul edilebilir operasyonel esikler i¢inde olup olmadigina dair
bagimsiz bir degerlendirme sunmak. Uygulanabilir oldugu durumlarda 6zel kuantum yazilim test
tekniklerinin 6nemine atifta bulunmak (Ozdemir & Oztiirk, 2025).

Asama 6: Siirekli izleme ve Raporlama

Hem dis tehditleri hem de i¢ gecis ilerlemesini izlemede denetimin devam eden giivence roliinii
detaylandirmak 6. asamanin amacidir.

Denetim Eylemleri;

1. Tehdit istihbarat Yetenegini Degerlendirme: Kurumun kuantum bilisim ve
kriptanalizdeki gelismeleri izleme siirecini degerlendirmek ve bu istihbaratin gecis planini
bilgilendirdiginden emin olmak (Post-Quantum Financial Infrastructure Framework, 2025).

2. Program Yonetisimi ve Raporlama Denetimi: PQC programinin yonetisim yapisini
gozden gecirmek ve denetim komitesine ve yonetim kuruluna sunulan ilerleme raporlarinin dogru ve
seffaf oldugundan emin olmak i¢in denetlemek (Grant Thornton, 2025).

SONUC VE TARTISMA

Bulgularda sunulan cerceve, onemli teorik ve pratik sonuglar dogurmaktadir. ilk olarak, onerilen
denetim ¢ergevesi, Gordon-Loeb modeli tarafindan olusturulan ekonomik rasyoneli operasyonel hale
getirmektedir. Model, neredeyse kesin olan gelecekteki kayiplar1 gostererek proaktif yatirim i¢in teorik
bir gerekge sunarken, ¢ergevemiz bu yatirimin etkin, seffaf ve stratejik risk istahina uygun bir sekilde
yonetildigine dair giivence saglamak i¢in i¢ denetime pratik bir yonetisim mekanizmasi sunmaktadir.
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Ikinci olarak, bu cerceve i¢ denetim mesleginin kendisi icin 6nemli zorluklar ortaya koymaktadur.
Denetciler, dik bir 6grenme egrisiyle ve acil yeni yetkinlik ihtiyaglariyla karsi karsiyadir. Bu durum,
onerilen "Kuantum Okuryazarligi Modeli"nin 6nemini bir kez daha vurgulamaktadir. Olasiliksal
kuantum sistemleri ve hibrit mimariler iizerinde giivence saglamanin getirdigi benzersiz zorluklar,
denetim metodolojilerinde koklii bir degisim gerektirecektir (Vinsys, 2025).

Uciincii olarak, PQC gegisi, artan bir BT riskinden ziyade paradigma degistiren bir kirilim olarak ele
almmalidir. Bu durum, daha proaktif ve stratejik bir i¢ denetim fonksiyonu ¢agrisin1 dogrulamaktadir
(Wolters Kluwer, 2025).Son olarak, ge¢is zaman ¢izelgelerinin tehdidin ortaya ¢ikma zaman ¢izelgesini
asabilecegi "risk ag1g1" kavramu kritik bir dneme sahiptir. i¢ denetim, bu noktada "kurumun vicdan1"
olarak iglev gormeli, bu uzun vadeli ve sistemik riskin daha acil ti¢ aylik baskilar tarafindan golgede
birakilmamasini ve potansiyel etkisinin yonetim kuruluna ve denetim komitesine belirsizlik olmaksizin
iletilmesini saglamalidir.

Bu calisma, kuantum ¢aginda i¢ denetimin reaktif bir uyum fonksiyonundan, kurumsal dayaniklilik insa
etmede proaktif ve stratejik bir ortaga doniismesi gerektigini savunmaktadir. Onerilen alt1 asamali
stratejik ¢er¢eve, bu doniisiim i¢in net bir yol haritasi sunarak, denetgilere farkindalik olusturmaktan
stirekli izlemeye kadar uzanan bir rehberlik saglamaktadir.

calismada, PQC algoritmalar iizerine yazilmis son derece teknik literatiir ile stratejik denetim ve
yOnetigim teorisinin ayrik alani arasindaki 6nemli ugurumu kapatmakta ve denetimin bu kritik gegisteki
glivence roliinii operasyonellestirmek igin kapsamli bir ¢cer¢eve sunulmaktadir

Sunulan ¢ergeve, i¢ denetim yoneticilerine ve ekiplerine, giivence faaliyetlerini yapilandirmak igin
aninda, eyleme gegirilebilir bir oyun kitabi sunmakta ve tirkiitiicii, soyut bir tehdidi yonetilebilir, asamali
bir yonetisim programina doniistiirmektedir.Bu c¢aligmanin, mevcut kaynaklarin sentezine dayali
kavramsal bir ¢gerceve oldugu ve gelecekte ampirik dogrulamaya ihtiya¢ duydugu kabul edilmelidir.

Gelecekteki arastirmalar su konulara odaklanabilir: (1) bu ¢erceveyi uygulayan finans kurumlarindaki
denetim fonksiyonlarina iligkin vaka caligsmalari, (2) PQC hazirligi igin 6zel ve ayrintili denetim ¢alisma
programlarinin gelistirilmesi ve (3) kuantum destekli yapay zeka ve QML sistemlerini denetlemek i¢in
gereken yontem ve beceriler iizerine daha fazla arastirma yapilmasi.
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ABSTRACT

Migration in Africa is a multidimensional phenomenon shaped by structural inequalities, political
fragility, and the asymmetries of the global system. Migration movements across the continent are not
limited to economic factors; they are also driven by armed conflicts, weak state capacity, ethnic and
sectarian tensions, and environmental threats caused by climate change. In particular, increasing
drought, food insecurity, and the unsustainability of livelihoods in Sub-Saharan Africa have intensified
forced migration and internal displacement.

This study examines the root causes of migration in Africa from a structural and regional perspective.
First, intra-African migration dynamics and their effects on regional stability are analyzed.
Subsequently, irregular migration from Africa to Europe is discussed with reference to its security and
humanitarian dimensions. In addition, the European Union’s externalized migration policies,
cooperation mechanisms with African countries, and readmission agreements are evaluated. The study
aims to address migration in Africa through a holistic framework that integrates development, security,
and human rights perspectives. In this context, the study also highlights the role of international
organizations, regional institutions, and non-state actors in migration governance across Africa.
Particular attention is paid to the implications of migration for state sovereignty, border management,
and social cohesion in both origin and destination countries. By combining theoretical discussions with
policy-oriented analysis, the study seeks to contribute to the academic literature on African migration
and to offer insights for more sustainable and rights-based migration policies.

Key Words: Africa, migration, forced migration, irregular migration, Sub-Saharan Africa
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ABSTRACT

3D printing is one of the most important technologies used today. This method, which allows for the
production of complex-shaped parts at lower costs and shorter production times than traditional
manufacturing methods, is used in many sectors such as aerospace, automotive, medical, and
bioengineering. Three-dimensional models designed using Computer-Aided Design programs, or
additive manufacturing, are built into an object by stacking thin layers of different materials. Many
additive manufacturing methods are available with 3D printing. FDM (fused deposition modeling) is
one of the most widely used methods due to its low cost, ease of use, high part quality, and high printing
speed. In this method, thermoplastic materials are built layer by layer according to a specific pattern.
Thermoplastic materials such as PLA, ABS, and PEEK are used in FDM. This review provides
information about the properties of these thermoplastic materials used in FDM. In addition, the
mechanical, thermal, and chemical properties of FDM-printed parts are highly dependent on material
selection and printing parameters. Understanding the advantages and limitations of commonly used
thermoplastics is essential for optimizing part performance in different applications. Factors such as
layer adhesion, anisotropy, surface quality, and environmental resistance play a significant role in the
final product quality. This review also discusses current challenges in FDM technology and highlights
recent developments aimed at improving material performance and expanding the application potential
of FDM-based additive manufacturing.

Keywords: 3D printer, FDM (fused deposition modeling), PLA, ABS.
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ABSTRACT

With its origins in ancient Indian philosophy, yoga is gaining recognition in contemporary society as an
additional tactic for promoting psychological well-being. This study explores how yoga practices, such
as physical postures (asanas), breath control (pranayama), and meditation mindfulness, affect several
facets of mental health. The study explores how regular yoga practice enhances self-awareness, lowers
stress, controls emotions, and boosts life satisfaction. It is based on interdisciplinary research from the
domains of psychology, neuroscience, and integrative health sciences. The study highlights how yoga
serves as both a physical workout and a comprehensive mind-body discipline that fosters inner harmony
and cognitive clarity. Yoga can help people become more resilient to the symptoms of anxiety and
depression by improving attentional control, lowering cortisol levels, and having a good effect on the
autonomic nervous system, according to research. Moreover, yoga's development of attentive awareness
makes people better capable of managing life's challenges with composure and adaptability. According
to the study, yoga is accessible and flexible for a variety of groups because it is inexpensive and low-
risk. Yoga promotes holistic health promotion, long-term behavioral change, and the development of
regular practice, which enhances standard mental health interventions in a society where stress is on the
rise. This study emphasizes the usefulness of yoga in both preventive and therapeutic mental health
settings by fusing contemporary psychological frameworks with traditional yogic knowledge. The
findings back up the cautious application of yoga-based treatments to enhance mental health in clinical,
educational, and community settings. In the end, the study portrays yoga as a life-changing experience
that greatly improves mental health in modern culture, from increased awareness to physical discipline.

Keywords: Yoga, Psychological Well-Being, Mind—Body Integration, Mindfulness, Stress Reduction

Introduction

Since stress, anxiety, depression, and emotional instability are on the rise worldwide, mental health has
become a major topic in public health debate in recent decades. Both industrialized and developing
civilizations have experienced psychological strain as a result of social isolation, competitive lifestyles,
rapid urbanization, and technological dependence. Although there are many evidence-based
interventions available in contemporary psychotherapy to address these issues, the benefits of integrative
and complementary approaches that prioritize holistic well-being are becoming increasingly
acknowledged. Of these, yoga has drawn a lot of interest as a mind-body activity that can promote
mental well-being. Yoga, which has its roots in ancient India, is a holistic discipline that combines
physical postures (asanas), breathing exercises (pranayama), meditation (dhyana), and moral precepts
with the goal of fostering inner peace and self-awareness. Yoga has historically been thought of as a
means of achieving self-realization and leading a balanced life. But more and more recent studies are
emphasizing its therapeutic value in fostering mental health. Yoga provides a systematic way to control
stress reactions and improve emotional stability by activating both physiological and cognitive
processes. According to scientific studies, yoga practices enhance attentional control, lower
physiological indicators of stress, and have a good impact on the autonomic nervous system. Breathing
and movement synchrony promotes present-moment awareness, which is strongly linked to better mood
control and less rumination. Additionally, the meditation techniques incorporated into yoga foster
reflective awareness, which enables people to notice their thoughts and feelings without reacting right
away. A key component of psychological resilience is the transition from reactive to mindful response.
A larger trend toward holistic mental health care is reflected in the increasing use of yoga in clinical and

February 17-19, 2026/ Ankara, TURKIYE 25



MEETCON - X
Il. INTERNATIONAL CONGRESS ON SCIENTIFIC RESEARCH

PROCEEDINGS BOOK

therapeutic settings. To supplement traditional treatment approaches, psychotherapists are increasingly
using mindfulness-based practices, breathing exercises, and relaxation techniques inspired by yogic
traditions. In addition to improving therapeutic results, this kind of integration equips people with self-
regulation abilities that they may use outside of the clinical setting. In light of this, the current study
investigates the impact of yoga on psychological health, looking at how the shift from physical discipline
to increased awareness promotes mental clarity and emotional equilibrium. This study aims to provide
light on yoga's function as a transforming route to comprehensive mental wellness by fusing traditional
wisdom with modern psychology knowledge.

Objectives of the Study:

1. To examine the impact of yogic practices on psychological well-being.

2. To analyse the role of yoga in enhancing emotional regulation and stress management.

3. To explore the integration of yoga-based techniques within modern psychotherapeutic approaches.
Research Questions:

1. How do regular yogic practices influence overall psychological well-being?

2. In what ways does yoga contribute to emotional regulation and stress reduction?

3. How can yoga-based techniques be effectively integrated into modern psychotherapeutic practice?
Review of Literature

According to Domingues (2023), a recent systematic review that looked at yoga therapies in both
clinical and non-clinical populations consistently concluded that yoga reduces stress, anxiety, and
depressive symptoms. The review supported yoga's inclusion in preventative mental health care by
highlighting its benefits for self-awareness and emotional control.

In their experimental investigation, Tolahunase, Sagar, and Faiq (2020) showed that sustained yoga
practice improved subjective well-being while dramatically lowering stress biomarkers, such as cortisol
levels. According to the research, yoga improves resilience by regulating both the body and the mind.

Cramer et al. (2018) concluded that yoga had moderately beneficial benefits on depression when
compared to conventional treatment in a thorough meta-analysis of randomized controlled studies. Yoga
was emphasized by the authors as a potentially effective supplemental intervention for mental health
care.

In their research of yoga's effects on stress and mood disorders, Pascoe & Bauer (2015) came to the
conclusion that yoga improves emotional stability by lowering hypothalamic-pituitary-adrenal (HPA)
axis activation and promoting parasympathetic nervous system functioning.

According to Goyal et al. (2014), a comprehensive meta-analysis of meditation programs that
incorporate yoga-based techniques revealed modest improvements in pain, anxiety, and sadness. Yoga's
mindfulness elements were very successful in lowering psychological distress.

A neurophysiological model was put up by Streeter et al. (2012) to explain how yoga affects the brain's
levels of gamma-aminobutyric acid (GABA). Improved mood and decreased anxiety were linked to
increased GABA activity, providing a scientific explanation for the psychological advantages of yoga.

According to Khalsa's (2010) research, individuals who used systematic yogic breathing and
meditation practices reported significantly lower levels of anxiety and better emotional regulation.

In a randomized controlled trial, Smith et al. (2009) found that yoga practitioners reported higher levels
of stress and anxiety reductions than those in relaxation-only groups, suggesting the unique therapeutic
benefits of yoga.

According to Brown & Gerbarg (2005), breath management is essential to psychological balance, and
the authors emphasized the therapeutic potential of yogic breathing (pranayama) in treating anxiety,
depression, and post-traumatic stress disorder (PTSD).
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A preliminary clinical investigation by Shapiro et al. (1998) revealed that mindfulness meditation
techniques with yogic roots enhanced mood and decreased stress in medical professionals, pointing to
potential wider uses in populations that are prone to stress.

Kabat-Zinn (1990) This seminal work draws substantially from yogic meditation traditions, although
being focused on Mindfulness-Based Stress Reduction (MBSR). Results showed improved
psychological well-being and notable decreases in chronic stress.

Benson (1975) established early scientific support for mind-body practices in stress reduction with his
groundbreaking work on the "relaxation response,” which found physiological mechanisms that
resemble meditative characteristics of yoga, such as decreased heart rate and oxygen consumption.

Methodology

The current study uses a qualitative research approach to investigate the impact of yoga on mental health
and its applicability in modern psychotherapy settings. A qualitative approach is suitable for
comprehending the breadth, significance, and subjective aspects of psychological transformation
connected to yogic practices because yoga is a mind-body discipline that is conceptual and experiential
in character. The study's main foundation is a thorough evaluation and interpretive analysis of the body
of existing academic literature, which includes theoretical papers, systematic reviews, peer-reviewed
journal articles, and meta-analyses produced between 1975 and 2023. These resources were chosen
because they offer both historical underpinnings and up-to-date scientific viewpoints on the
psychological effects of yoga. Keywords such as "yoga and mental health," "'yoga and stress reduction,"
"yoga and emotional regulation,” "mind-body interventions," and "yoga in psychotherapy" were used
to search databases including PubMed, Google Scholar, APA PsycINFO, and other academic
repositories. To maintain consistency and credibility, only research written in English and published in
respectable journals was included. The results from the studied literature were combined using a theme
analysis approach. Recurring themes pertaining to psychological well-being, such as stress reduction,
emotional regulation, self-awareness, resilience, neurobiological mechanisms, and integration into
therapeutic settings, were found by closely examining the chosen studies. In order to comprehend how
yoga practices affect mental health outcomes, these themes were grouped and analyzed within a more
comprehensive psychological framework. A conceptual-analytical method was also employed in the
study to investigate theoretical hypotheses that explain the efficacy of yoga, including autonomic
nervous system modulation, mindfulness-based awareness, and neurochemical alterations (e.g., GABA
activity). The study places more emphasis on interpretative knowledge of how physical postures,
breathing exercises, and meditation together promote psychological equilibrium than it does on
guantitative effect sizes. Ethical considerations were maintained by accurately representing the findings
of previous researchers and avoiding misinterpretation of results. Since the study is based entirely on
secondary data, no direct human participants were involved. Through this qualitative synthesis, the
methodology aims to provide a comprehensive and integrative understanding of yoga as a holistic
intervention that bridges ancient traditions with modern psychological science.

Theoretical Framework

This study's theoretical underpinnings are based on an integrative mind-body viewpoint that links
modern psychological theories with traditional yogic philosophy. According to the ancient Indian classic
Patanjali's Yoga Sutras, yoga views mental health as a condition of equilibrium attained by controlling
one's thoughts, emotions, and physical functions. A philosophical foundation for comprehending how
yoga practices foster psychological stability is provided by the core idea of "Chitta Vritti Nirodha,"
which is the calming of mental fluctuations. According to this paradigm, the mind and body are
interdependent systems, and cognitive and emotional functioning are influenced by physical discipline
and breath control. The study's psychological foundation is the biopsychosocial model, which highlights
how social, psychological, and biological variables interact to shape mental health. Asanas and
pranayama are examples of yoga practices that are known to control physiological reactions, especially
the autonomic nervous system. By promoting relaxation and lowering stress reactivity, deep breathing
and mindful movement activate the parasympathetic nervous system, which supports emotional control
and resilience. The mindfulness theory, which emphasizes nonjudgmental awareness of the present
moment, also informs the framework. Yoga meditation techniques help people develop attentional
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control and meta-awareness, which enables them to notice their thoughts and feelings without reacting
right away. This procedure is consistent with cognitive-behavioral viewpoints, which place an emphasis
on reorganizing unhelpful thought processes and enhancing self-control. Yoga helps people develop
better coping mechanisms and experience less psychological distress by increasing awareness and
decreasing automatic reactions. Neuropsychological theories also offer additional support for
explanation. According to research, yoga affects neurotransmitter activity, such as elevated levels of
gamma-aminobutyric acid (GABA), which are linked to mood enhancement and decreased anxiety. The
psychological advantages seen in both clinical and non-clinical individuals can be explained by these
neurobiological alterations. These theoretical stances combine to create a thorough framework that
presents yoga as a multifaceted intervention that affects the body, mind, and emotions. The study's main
hypothesis that yoga helps people move from physical practice to heightened awareness and ultimately
promote psychological well-being in modern therapeutic contexts is supported by this framework, which
combines traditional yogic philosophy with contemporary psychological and neuroscientific models.

Analysis and Discussion

By combining physical, physiological, and cognitive processes, yoga has a multifaceted impact on
psychological well-being, according to the analysis of the reviewed research. Yoga serves as a
comprehensive intervention that addresses the connection between the mind and body, in contrast to
discrete therapeutic approaches that mainly concentrate on either behavior or cognition. Regular yoga
practice has been consistently linked to lower stress, better mood, better emotional regulation, and more
self-awareness, according to the research. The effect of yoga on stress reduction is a major issue that
emerges from the literature. The parasympathetic nervous system is activated by techniques like
meditative awareness and controlled breathing (pranayama), which offset the sympathetic nervous
system's activation brought on by stress. A slower heart rate, lower cortisol levels, and a perceived sense
of tranquility are the results of this physiological change. This kind of control fosters psychological
resilience by empowering people to face difficulties calmly rather than reactively. This is in line with
modern stress-management approaches that prioritize self-regulation abilities from a therapeutic
perspective. Emotional control is the subject of another noteworthy discovery. Yoga's cultivation of
focused attention heightens awareness of one's own inner experiences, including sensations and ideas.
People are able to witness emotional states without being overcome by them thanks to this increased
awareness. From a cognitive-behavioral perspective, this process disrupts maladaptive thought
processes including catastrophizing and rumination. According to research, yoga practitioners exhibit
better attentional regulation as well as less signs of anxiety and despair. These results imply that yoga
increases psychological flexibility and promotes adaptive coping mechanisms. This conversation is
further enhanced by neuropsychological explanations. The apparent psychological benefits are
biologically supported by studies suggesting enhanced brain control and higher gamma-aminobutyric
acid (GABA) activity. These results support the idea that yoga is a disciplined practice that can affect
brain function and emotional equilibrium rather than just being a relaxing method. This biological
foundation strengthens yoga's legitimacy in contemporary psychotherapy contexts. Crucially, a larger
trend toward holistic mental health treatment is reflected in the incorporation of yoga into
psychotherapy. In order to supplement conventional therapies, therapists are increasingly using yoga-
inspired mindfulness practices, body awareness exercises, and breathing exercises. Clients are equipped
with useful tools for self-management outside of treatment sessions thanks to this integrative approach.
When accessible and affordable solutions are required, yoga-based interventions may be especially
helpful in community programs, educational institutions, and preventive mental health care. But the
conversation also recognizes that in cases of serious mental illness, yoga cannot replace medical care.
Rather, it is a supplemental strategy that improves treatment results. The necessity for standardized
intervention models in future research is indicated by the variation in yoga practice types, length, and
intensity among studies. Overall, the study shows that yoga helps people make the shift from physical
discipline to increased awareness. Yoga adds considerably to psychological well-being and has
intriguing opportunities for integration within modern psychotherapy by fostering physiological
balance, emotional regulation, and cognitive clarity.

February 17-19, 2026/ Ankara, TURKIYE 28



MEETCON - X
Il. INTERNATIONAL CONGRESS ON SCIENTIFIC RESEARCH

PROCEEDINGS BOOK

Key Findings

1. Significant Reduction in Stress Levels: Regular yoga practice has been shown to improve
emotional stability and relaxation responses by reducing physiological stress indicators and perceived
stress.

2. Improvement in Emotional Regulation: Yoga increases mental and emotional awareness,
which helps people better control their emotions and react to difficulties in a more balanced way.

3. Reduction in Anxiety and Depressive Symptoms: Consistent yoga practitioners report
moderate improvements in their anxiety and depression symptoms, according to evidence from reviewed
studies.

4, Enhancement of Mindfulness and Self-Awareness: By fostering present-moment awareness,
yogic meditation and breath control techniques lessen rumination and increase psychological clarity.

5. Positive Neurophysiological Changes: Research indicates that yoga may enhance
neurotransmitter activity linked to elevated mood and decreased anxiety, as well as promote the control
of the autonomic nervous system.

6. Effective Complementary Tool in Psychotherapy: When incorporated into contemporary
therapeutic contexts, yoga-based practices improve treatment outcomes and give clients useful self-
regulation skills outside of therapy sessions.

Conclusion

The study emphasizes yoga as a whole practice that integrates physical postures, breath control, and
meditative awareness to greatly enhance psychological well-being. Yoga lowers stress, improves
emotional regulation, and lessens the symptoms of anxiety and depression, according to research already
in existence. Beyond just improving physical fitness, it also promotes self-awareness and mental clarity.
Yoga is a useful adjunctive technique that gives people long-lasting self-regulation skills when carefully
included into contemporary psychotherapy settings. All things considered, yoga offers a significant link
between traditional knowledge and modern mental health treatment, encouraging resilient and balanced
life.
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ABSTRACT

In this study, the relationship between individuals’ levels of social assistance dependency and various
socio-demographic variables was analyzed. A relational survey model was employed in the study. The
participants were beneficiaries of the Social Assistance and Solidarity Foundation (SYDV). The data
were collected with a personal information form including demographic information and a scale
measuring social assistance dependency, developed by Nurdogan (2022). The data of a total of 98
participants were transferred to the SPSS 26 programme and nonparametric tests were used in the
analysis of the data. No statistically significant relationship was found between social assistance
dependency levels and variables such as gender, marital status, age, employment history, ISKUR
registration, participation in vocational training, duration of unemployment, number of children, length
of receiving assistance, source of assistance, or support from the extended family, receiving social
assistance from the root family. However, the social assistance dependency levels of beneficiaries
without primary school graduation were found to be statistically significantly higher than those with
primary school graduation and those with at least secondary school graduation. In addition, a statistically
significant positive correlation was found between the level of social assistance dependency and the
number of children. It was found that there was a statistically significant negative correlation between
the level of social assistance dependency and the number of people living at home and average
household income variables. The findings are expected to contribute to the literature and offer valuable
insights for institutions providing social assistance. There is a need to develop objective and measurable
methods on the effectiveness of social assistance in our country.

Key Words: Welfare dependency, social assistance dependency, poverty, social work.
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ABSTRACT

This study examines the role of digital tools in enhancing transparency and accountability within public
sector auditing. In the context of digital transformation, audit processes are increasingly supported by
data-driven systems, integrated information infrastructures, and real-time monitoring mechanisms,
which fundamentally reshape traditional oversight practices. The study argues that digital audit tools
contribute to transparency by improving traceability, accessibility, and verifiability of public data, while
simultaneously strengthening accountability through timely detection of risks, irregularities, and
inefficiencies. By enabling continuous, risk-oriented, and proactive audit practices, digital technologies
reduce information asymmetries between public administrations and stakeholders and reinforce trust in
public governance. The study concludes that digital tools in public auditing should be considered not
merely as technical instruments, but as strategic governance mechanisms that support democratic
oversight, institutional responsibility, and sustainable public management.

Keywords: Public Auditing, Digital Audit Tools, Transparency, Accountability, Digitalization, Public
Administration

OZET

Bu ¢alisma, kamu denetiminde dijital araglarin seffaflik ve hesap verebilirligin giliglendirilmesine olan
katkisini incelemektedir. Dijital doniisiim siirecinde denetim faaliyetleri, veri temelli sistemler,
biitiinlesik bilgi altyapilar1 ve gercek zamanli izleme mekanizmalariyla desteklenerek geleneksel
gbzetim anlayigint 6nemli Sl¢lide doniistiirmektedir. Calismada, dijital denetim araglarinin kamu
verilerinin izlenebilirligini, erigilebilirligini ve dogrulanabilirligini artirarak seffafligi giiclendirdigi;
risk, usulsiizliik ve verimsizliklerin zamaninda tespit edilmesine imkan taniyarak hesap verebilirlik
mekanizmalarin1  destekledigi  vurgulanmaktadir. Stirekli, risk odakli ve proaktif denetim
uygulamalarina olanak saglayan dijital teknolojiler, kamu yonetimi ile paydaslar arasindaki bilgi
asimetrisini azaltmakta ve yonetisime duyulan giiveni pekistirmektedir. Bu ger¢evede calisma, kamu
denetiminde kullanilan dijital araglarin yalnizca teknik ¢oziimler degil, demokratik denetimi, kurumsal
sorumlulugu ve siirdiiriilebilir kamu yonetimini destekleyen stratejik yonetisim araglar1 oldugunu ortaya
koymaktadir.

Anahtar Kelimeler: Kamu Denetimi, Dijital Denetim Araglari, Seffaflik, Hesap Verebilirlik,
Dijitallesme, Kamu Y 6netimi
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OZET

Yapay zeka (YZ) ve otomasyon teknolojilerindeki hizli geligsmeler, isgiicii piyasalarinin yapisini kokli
bigimde degistiren bir donilisiimii beraberinde getirmektedir. Bu c¢alisma, s6z konusu doniisiimii
meslekler baglaminda ele alarak is tamimlarmnin nasil yeniden sekillendigini, hangi mesleklerin
kaybolma riskiyle karst karsiya oldugunu ve ortaya c¢ikan yeni meslek alanlarinin hangi 6zellikleri
tagidigini agiklamaktadir.

YZ, 6zellikle tekrarlayan ve kural temelli gorevleri devralarak bir¢ok meslekte gorev dagilimini yeniden
diizenlemekte, buna karsilik insanin yaraticilik, iletisim, problem ¢6zme ve teknolojiyi yonlendirme gibi
becerilere dayali rollerinin dnemini artirmaktadir. Mesleklerdeki doniisiim, islerin tamamen ortadan
kalkmasindan ¢ok, gorev bilesenlerinin yeniden tanimlanmasi seklinde ortaya ¢ikmakta, diisiik beceri
diizeyine sahip ve tekrar eden islerde calisan bireyler bu siiregten daha fazla etkilenmektedir. Bununla
birlikte YZ, veri bilimi, YZ gelistirme, algoritmik denetim, teknoloji etigi, otonom sistem yonetimi ve
dijital igerik tiretimi gibi alanlarda yeni meslek firsatlar1 yaratmakta ve isgiicii yapisinin niteliksel olarak
¢esitlenmesine katki saglamaktadir.

Calisma, YZ’nin is yasaminda yalnizca mevcut isleri doniistiiren degil, ayn1 zamanda yeni uzmanlik
alanlart olusturan ¢ok yonlii bir giic haline geldigini ortaya koymakta ve gelecegin is diinyasinda
teknolojiyle uyumlu becerilere sahip olmanin belirleyici olacagini vurgulamaktadir.

Anahtar Kelimeler: Yapay Zeka, Dijital Doniisiim, Mesleklerin Doniistimii

ABSTRACT

Rapid advances in artificial intelligence (Al) and automation technologies are bringing about a
transformation that is fundamentally changing the structure of labor markets. This study examines this
transformation in the context of occupations, explaining how job descriptions are being reshaped, which
occupations are at risk of disappearing, and what characteristics the emerging new occupational fields
POSSESS.

Al, particularly by taking over repetitive and rule-based tasks, is reorganizing the distribution of tasks
in many professions, in contrast, it is increasing the importance of roles based on human skills such as
creativity, communication, problem solving, and directing technology. The transformation in
professions manifests itself not so much in the complete disappearance of jobs, but rather in the
redefinition of task components, with individuals working in low-skill and repetitive jobs being more
affected by this process. However, Al is creating new career opportunities in fields such as data science,
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Al development, algorithmic control, technology ethics, autonomous system management, and digital
content production, contributing to the qualitative diversification of the workforce.

The study reveals that Al has become a multifaceted force in the workplace that not only transforms
existing jobs but also creates new areas of expertise, emphasizing that possessing technology-compatible
skills will be decisive in the future world of work.

Keywords: Artificial Intelligence, Digital Transformation, Transformation of Jobs

GIRIS

Dijital doniisiimiin hiz kazandig 20. yilizyilin ortalarinda yapay zeka (YZ), kiiresel dlgekte ekonomik,
toplumsal ve orgiitsel yapilar1 yeniden sekillendiren temel bir gii¢ haline gelmistir (Akinnagbe, 2024).
Hesaplama giiclinlin artmasi, biiyllk veri kaynaklarinin c¢esitlenmesi ve algoritmik modelleme
tekniklerinin gelismesi sonucunda YZ, yalnizca teknolojik bir yenilik olmanin 6tesine gecmekle
kalmamis ayrica ig yapma bigimlerini, {iretim siireclerini ve mesleki rolleri koklii bicimde etkileyen
stratejik bir unsur haline evrilmistir (Fatima vd., 2024). Bu kapsamda YZ, 6nceki endiistri devrimlerinde
oldugu gibi isgiiciiniin niteliklerini yeniden tanimlamaktadir. Bu baglamda Y Z bazi mesleklerin 6nemini
artirirken bazilarini ise islevsiz hale getirebilecek doniisiimler yaratabilmektedir. Ozellikle Endiistri 4.0
ile uyumlu olarak ortaya ¢ikan akilli {iretim sistemleri, robotik siire¢ otomasyonu, makine 6grenmesi
tabanl karar destek mekanizmalar1 ve dogal dil isleme uygulamalari, insan emeginin yerini kismen veya
tamamen alabilecek diizeye kadar ulasmistir. Dolayisiyla giiniimiizde mesleklerin gelecegine iliskin
tartismalar, teknolojik gelismenin hizina paralel olarak daha goriiniir ve akademik agidan daha kritik bir
konu haline gelmistir (Hossain, 2023).

YZ’nin meslekler iizerindeki etkisinin tartisilmasinda ii¢ temel dinamik 6ne ¢ikmaktadir. Birincisi, is
slireglerinin otomasyonu ile rutin ve tekrarlayici islerin gitgide daha fazla dijital sistemlere devredilmesi
durumudur (Autor, 2015). Bu durum, geleneksel is tanimlarin1 doniistiirerek bazi mesleklerin gelecekte
varligm siirdiiremeyecegine iliskin ongoriileri giiclendirmektedir. Ikincisi, YZ’nin sadece diisiik
nitelikli fiziksel isleri degil, buna ek olarak belirli biligsel siiregleri de iistlenebilir hale gelmesidir
(Brynjolfsson vd., 2018). Bu baglamda, algoritmik karar alma mekanizmalari, veri analitigi ve dogal dil
isleme araglari, gegmiste yalnizca insan uzmanligi ile yiiriitiilen baz1 mesleki gorevleri destekleyici rol
tistlenmektedir. Ucgiinciisii ise YZ’nin tamamen olumsuz bir gériiniimden ibaret olmadigin1 yeni is
alanlar1, yeni meslek rolleri ve dijital yetkinlik temelli beceri gruplarinin ortaya ¢ikmasina da zemin
hazirladigidir (Di Battista vd., 2023). Bu nedenle YZ, yalnizca bir tehdit olarak degerlendirilmemekte,
ayn1 zamanda isgiicli piyasasinin yeniden yapilanmasinda 6nemli firsatlar sunan bir inovasyon kaynagi
olarak goriilmektedir.

Bu galisma, s6z konusu doniisiimiin kavramsal boyutunu ele alarak YZ’nin mesleklerin gelecegi
iizerindeki etkisini akademik bir bakis agisiyla incelemeyi amaglamaktadir. Caligmanin temel odagi,
literatiirde kaybolma riski olan meslek kategorilerinin genel bir siniflandirmasini ortaya koymak ve YZ
ile birlikte doniisen is tanimlarini teorik bir gerceve iginde degerlendirmektir. Bu dogrultuda calisma,
YZ’nin isgiicli piyasasini nasil yeniden yapilandirdigina iliskin kapsamli bir giris sunmakta ve sonraki
boliimlere kuramsal bir temel olusturmaktadir.

YAPAY ZEKA VE OTOMASYON TEKNOLOJILERINDEKi GELISMELER

Son yillarda YZ ve otomasyon teknolojilerindeki ilerlemeler, isgiicli piyasalari {izerinde yalnizca
kademeli degil, yapisal ve potansiyel olarak yikici etkiler yaratma kapasitesine sahiptir. Makine
Ogrenmesi, derin 6grenme, dogal dil isleme ve otonom sistemler gibi YZ’nin alt alanlarinin kaydettigi
kisa siireli gelismeler yalnizca teknik degil ekonomik ve toplumsal diizeyde de doniisiimiin merkezine
oturmustur. Bu doniisiim, isin dogasmi, isttihdam bigimlerini ve mesleklerin igerigini yeniden
tanimlamaktadir.

YZ’nin otomasyon kapasitesi, Ozellikle “tekrar eden, rutin ve diislik biligsel beceri” gerektiren
gorevlerde calisana olan bagimlilig1 azaltmaktadir. Literatiirde bu durum, islerin otomatiklesmesi ve
diisiik beceri gerektiren mesleklerin risk altina girmesi olarak goriilmektedir (Zhou vd., 2025).
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TEKNOLOJIK TEMELLER VE GENISLEYEN UYGULAMALAR

YZ teknolojilerinin en kritik bilesenlerinden biri makine 6grenmesi ve derin 6grenmedir. Bu teknikler,
kodlanmis kurallara bagli kalmaksizin veriden 6grenmeye dayali ¢oziimler sunmaktadir. Bu durum ise,
geleneksel otomasyonun Stesine gecen akilli otomasyonu miimkiin kilmaktadir. Ornegin goriintii/ses
tanima, dogal dil isleme, tahminleme analitigi gibi uygulamalar bir zamanlar yalnizca insan uzmanligt
gerektirirken, arttk YZ modelleri tarafindan yiiksek dogrulukla gerceklestirilebilmektedir. Bu durum,
otomasyonun salt fiziksel islevlerle sinirli kalmayip biligsel ve idari gorevleri de kapsamasina yol
acmaktadir. Ancak bu teknolojik evrim, yalnizca sektorlere degil, mesleklerin temel tanimlarina yonelik
ciddi bir saldirdar.

OTOMASYON, YZ VE EMEK PIYASASINDAKI DONUSUM

Cok sayida ampirik ¢calisma ve analiz, YZ’nin emek piyasasinda “yerinden etme” etkisi yaratabilecegini
gostermektedir (Acemoglu & Restrepo, 2018).

Ozellikle diisiik ve orta beceri gerektiren isler drnegin, tekrarli {iretim, veri girisi, rutin idari isler,
otomasyon baskisi altinda kalmaktadir. Bu durum, yalnizca is kayiplarini degil, ayn1 zamanda {icret
yapisinda da bozulmalari beraberinde getirmektedir: otomasyon teknolojilerinin yayginlagtigi
sektorlerde diigiik—orta beceri sahibi galisanlarin ticretleri duragan kalabilir ya da diisebilir (Labaj vd.,
2025).

Yine de YZ etkisi her sektorde homojen olmayabilir. Bazi arastirmalar, YZ benimseyen sirketlerde
istthdamda net azalma degil aksine, faaliyetlerde biiyiime ve yiliksek katma degerli islerde artis
gozlemlendigini bildirmektedir (Zhang, 2023). Bu bulgu, YZ’nin yalnizca “insani isten ¢ikaran bir gii¢”
degil, ayn1 zamanda “isin niteligini yeniden tanimlayip yeni istihdam alanlar1 yaratabilen potansiyel bir
mekanizma” oldugunu gdstermektedir.

YENI IS ALANLARI, HIBRIT MODELLER VE YAPAY ZEKA iLE INSAN ILiSKiSi

Yikiimliilitk yalnizca kayiplardan ibaret degildir. YZ’ya dayali doniigiim, yeni is alanlarinin dogmasina,
mesleklerin yeniden bigimlenmesine ve insan-makine is birligi modellerinin gelismesine de olanak
saglamaktadir. Ozellikle veri analitigi, YZ sistem gelistirme, otomasyon yonetimi gibi alanlarda
yetenekli bireylere yonelik yeni firsatlar belirmektedir (Simsek, 2023).

Bu agidan bakildiginda, YZ otomasyonu sadece mevcut isleri ortadan kaldiran degil, ayn1 zamanda isin
dogasini, niteligini ve gereksinimlerini yeniden tanimlayan bir katalizor gorevini {istlenmektedir. Bu
siire¢, calisanlardan yalnizca “eski becerilerle verimlilik” degil, “yeni becerilerle uyum ve yaratici
problem ¢dzme” beklemektedir.

RiSK VE FIRSAT DENGESI

YZ ve otomasyonun gelismeleri hem ciddi riskler barindirmakta hem de 6nemli firsatlar sunmaktadir.
Diisiik beceri gerektiren ve tekrarlayan igler otomatiklesme riski altindayken; dijital beceriye sahip,
esnek ve 0grenmeye acik isgiicii gruplari igin yeni alanlar agilmaktadir. Ancak bu doniisiimiin adil ve
kapsayici olabilmesi, egitim sistemlerinin, meslek i¢i O0grenme programlarinin, yeniden beceri
kazandirma siireclerinin ve iggiicii politikalarinin uygun bi¢cimde yeniden tasarlanmasina baglhdir.

Eger bu tiir yapisal doniisiimler goz 6nilinde bulundurulmazsa, YZ ¢aginda isgiicii piyasasinda yalnizca
teknolojik degil, ayn1 zamanda toplumsal ve ekonomik esitsizliklerin derinlestigi bir siire¢ yasanabilir.

ISGUCU PIYASALARINDA DONUSUM: OTOMASYONUN ETKILERI

Teknolojik ilerleme, 6zellikle YZ ve otomasyonun yayginlagmasi ile {iretim, hizmet ve idari alanlarda,
geleneksel istihdam diizenini kdkten sarsan bir yeniden konumlama meydana gelmektedir. Bu iktisadi
kirilma, yalnizca is yapma bigimlerini degil, isgiicii talebi, mesleklerin niteligi ve gelir dagilimi gibi
temel isgiicii piyasasi parametrelerini derinden etkilemektedir.

Empirik literatiir, otomasyonun istihdam tizerindeki etkisinin tek yonlii olmadigini; sektor, iilke diizeyi
ve teknolojinin tiiriine gore biiyiik farkliliklar tasidigini gostermektedir. Ornegin, bir ¢alismada
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endiistriyel robot kullanimi ve otomasyonun iiretim sektoriindeki istihdami azalttig1, ancak bu kayiplarin
hizmet sektoriinde istihdam artisi ile kismen telafi edildigi belirtilmektedir (Filippi vd., 2023).

Diger bir arastirma ise otomasyonun bazi firma diizeylerinde istihdami pozitif etkiledigini 6zellikle
otomasyonu benimseyen isletmelerde istihdam artig1 gozlemlendigini vurgulamaktadir (Ryberg, 2025).

Ote yandan, 6zellikle gelismekte olan iilkelerde yapilan bir panel analiz, yabanci kaynakli robot ve
otomasyon teknolojilerinin yayginlasmasinin sektérel bazda istihdami olumsuz etkiledigini ortaya
koymustur. Arastirma hem yerli hem yabanci robot kullaniminin bazi sektorlerde is giiciinii azalttigini
ve bu etkiyi licretlere ve emek payina yansiyabilecegini belirtmektedir (Pavez & Martinez-Zarzoso,
2024).

Bu ¢eliskili bulgular, otomasyonun “insan emegini ortadan kaldiran makine” olarak algilanmasinin fazla
basitlestirici oldugunu gosterir. Istihdam iizerindeki net etki; otomasyonun kapsami, toplumun yapisi,
sektdr dagilimi ve isgiiciiniin beceri profili gibi bircok degiskene baglidir.

Otomasyon ve YZ teknolojilerinin iggiicii piyasasinda yarattigi doniisiim, 6zellikle mesleklerin niteligi
ve beceri gereksinimleri bakimindan belirgin bir kutuplagsma egilimine isaret etmektedir. Literatiirde,
rutin ve tekrarlayan gorevleri igeren diisiikk ve orta beceri diizeyindeki islerin otomasyon karsisinda
yiiksek risk altinda oldugu; buna karsilik analitik diisiinme, yaraticilik, dijital yeterlilik ve problem
cozme gibi ileri diizey biligsel beceriler gerektiren mesleklerin daha korunakli konumda bulundugu
belirtilmektedir (Wang & Lu, 2025).

Bu durum, orta beceri diizeyindeki birgok meslegin daralmasina, diisiik becerili islerin ise dogrudan
makinelesme tehdidiyle karsi karsiya kalmasina yol acarken; yiiksek beceri gerektiren islerde istihdam
talebi artmakta ve ticret yapisi bu dogrultuda degigsmektedir. Aragtirmalar, otomasyonun emek talebinde
neden oldugu bu ayrismanin ficret esitsizliklerini derinlestirdigini, yiksek vasifli calisanlarin
kazanclarinin artti§ini, buna karsilik otomasyona duyarl islerde ¢alisanlarin icretlerinin baskilandigin
gostermektedir (Sultana vd., 2024).

Teknolojiyi etkin bi¢imde benimseyen firmalarda otomasyonun istihdami azaltmak yerine artirdigina
dair bulgular da mevcuttur. Bu baglamda otomasyonun etkisi, firmalarin 6lgegi, stratejik yonelimi ve
dijital yetkinlik diizeyine gore farklilagmaktadir (Ryberg, 2025).

Ancak teknolojik doniistimiin yarattigi bu faydalar tiim c¢alisan gruplari igin esit sekilde erisilebilir
degildir; yeniden beceri kazanabilen, dijital okuryazarligi gelismis bireylerin yeni is alanlarina uyumu
daha kolay olurken, diigiik vasifli isgiicii i¢in is gegisleri cogu zaman sinirhidir ve sosyal hareketliligi
azaltic1 bir etki dogurmaktadir.

Bu baglamda otomasyon, yalnizca mesleklerin yapisint degil, ayn1 zamanda gelir dagilimini, emek
piyasasindaki konumlanmay1 ve bolgesel esitsizlikleri de yeniden sekillendirmektedir. Teknolojik
yogunlugu yiiksek kentlerde is kayb1 ve doniisiim daha hizli yaganirken, diisiik teknolojili bolgelerde
etkiler daha yavas ve smirli olmaktadir. Tim bu bulgular, otomasyonun isgiicli piyasasinda ortaya
¢ikardig1 doniisiimiin tek yonlii bir “is kayb1” meselesi olmadigini, tam tersine isin niteligi, beceri talebi,
iicret yapisi ve sosyal adalet acisindan g¢ok katmanli bir yeniden yapilanma siireci oldugunu
gostermektedir. Dolayisiyla otomasyonun etkisi, bir kader degil, iilkelerin egitim politikalari, beceri
gelisim stratejileri ve istihdam planlamalartyla yonetilebilecek, ancak dogru bigimde ele alinmadiginda
toplumsal esitsizlikleri derinlestirme potansiyeli tasiyan bir doniisiimdiir.

KAYBOLMA RiSKi ALTINDAKI MESLEK GRUPLARI

YZ ve otomasyonun isgiicii piyasasi tizerindeki etkilerine iligkin ¢aligmalar, belirli meslek gruplarinin
digerlerine kiyasla ¢ok daha yiliksek kaybolma riski tasidigini ortaya koymaktadir. Bu alandaki en
kapsamli erken ¢alismalardan biri olan Frey ve Osborne’un (2017) {inlii Oxford ¢alismasi, ABD’deki
islerin yaklasik %47 sinin otomasyon riski altinda oldugunu gdstermis; 6zellikle rutin, tekrarlanabilir
ve kural tabanli islerin makinelesmeye en elverisli kategoriyi olugturdugunu belirtmistir. Benzer sekilde,
OECD’nin 2018 raporu, Frey ve Osborne’un Ongoériilerini daha ihtiyatli bir bakisla yeniden
degerlendirerek liye iilkelerdeki islerin ortalama %14’linliin tamamen otomatiklesme riski altinda
oldugunu, %32’sinin ise gorev diizeyinde 6nemli doniisiim gegirecegini gostermistir (Nedelkoska &
Quintini, 2018). Her iki ¢alisma da en yliksek risk grubunun “diisiik beceri-yiiksek tekrar” igeren
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meslekler oldugunu vurgulamaktadir. Bu meslekler arasinda veri girisi elemanlari, sekreterlik ve temel
biiro isleri gibi idari gorevler, kasiyerlik, ¢agri merkezi operatorliigii ve miisteri temsilciligi gibi hizmet
sektorili pozisyonlar1; montaj hatt1 is¢iligi, paketleme ve kalite kontrol gibi iiretim siirecleri, ayrica sofor,
depo iscisi, tasimacilik ve lojistikte yer alan rutin gorevler bulunmaktadir (World Economic Forum,
2020). Ornegin McKinsey Global Institute’un 2021 raporu, kasiyerlik, depo calisanligi, montaj
operatorliigi ve kamyon-otobiis siiriiciiliigii gibi mesleklerde otomasyon potansiyelinin %70’in
tizerinde oldugunu ortaya koymustur (Lund vd., 2021).

Buna karsilik, 6gretmenlik, hemsirelik, sosyal hizmet uzmanlig1 veya yaratict meslekler gibi yogun
insan etkilesimi, empati veya yaraticilik gerektiren alanlarin otomasyon riskinin oldukea diisiik oldugu
belirtilmistir. Ancak literatiirde bu noktada énemli bir ayrim bulunmaktadir: risk, meslegin tamamen
ortadan kalkmasindan ziyade, meslek i¢indeki gorevlerin otomatiklesmesi seklinde gerceklesmektedir.
Ornegin muhasebecilik mesleginin tamaminin yok olacagma dair dogrudan bir akademik bulgu
bulunmamaktadir; ancak veri isleme, raporlama ve belge kontrolii gibi gorevlerin YZ ile
otomatiklesecegi cok sayida ¢alismada dogrulanmistir. Benzer bigimde, hukuk mesleginin tamamen
ortadan kalkacagina dair literatiirde bir kanit yoktur; ancak davalar i¢in belge tarama, igtihat analizi ve
sozlesme inceleme gibi alt gorevlerin otomasyonla hizli bigcimde doniistiigii gosterilmistir (Susskind,
2023). Bu nedenle, kaybolma riski, meslek bazli degil gorev bazli bir kavramdir. Uretim isciligi, veri
giris operatorligii, miisteri hizmetleri, temel muhasebe ve biiro hizmetleri gibi meslekler, yiiksek
otomasyon riski tagiyan sektdrlerin basinda gelirken, saglik, egitim, yaratici sektdrler, liderlik ve sosyal
etkilesim gerektiren mesleklerin risk diizeyi oldukga diisiiktiir.

Kaybolma riskine iligkin mevcut ¢alismalar, aslinda mesleklerin tamamen ortadan kalkmasindan ziyade,
o mesleklerin i¢indeki gorevlerin biiylik 6l¢iide yeniden tanimlandigini ortaya koymaktadir. Bu nedenle
otomasyonun en sert etkiledigi kesim, ¢ogunlukla diisiik egitim diizeyine sahip olan ve isi biiyiik 6l¢ciide
tekrarlayan gorevlerden olusan calisan gruplaridir. YZ destekli otomasyon bu gorevleri hizla
devraldikga, s6z konusu ¢aligsanlarin i giivencesi zayiflamakta ve yeni becerilere gecis yapma imkanlari
da smirli kalmaktadir. Bu durum, isgiicii piyasasinda kirilganligin en yogun yasandigi kiimeyi acik
bicimde tanimlayan temel unsur haline gelmektedir.

YAPAY ZEKA iLE DEGIiSEN ROL VE i$ TANIMLARI

YZ’nin i yasamina entegrasyonu, mesleklerin yalnizca teknik yonlerini degil, ¢alisanlarin tistlendikleri
rollerin niteligini de koklii bigimde yeniden sekillendirmektedir. Temel gozlem, YZ’nin insan emegini
tiimiiyle ikame etmekten ziyade, is siireclerinin yapisint doniistiirdiigiidiir. Bu dondsiim literatiirde
genellikle “isin yeniden tasarimi” ¢ergevesinde ele alinmakta ve 6zellikle rutin, kural tabanh gorevlerin
otomasyonla makinelere devredildigi; buna karsin calisanlarin daha biitiinlesik, analitik ve iliskisel
roller iistlendigi belirtilmektedir (Brynjolfsson & McAfee, 2014). Bu yaklagim, YZ’nin iglevinin insanin
yerini almak degil, insanin ¢aligma bigimini yeniden ¢ergevelemek olduguna isaret etmektedir.

Rutin gorevlerin otomatiklesmesi, ¢alisanlarin rollerini daha ¢ok karmasik problem ¢6zme, ¢ok boyutlu
durumlari yorumlama ve teknoloji kullanimini yénlendirme gibi alanlara kaydirmaktadir. Ozellikle veri
analitigi, operasyon yonetimi, pazarlama, insan kaynaklar1 ve finans gibi sektdrlerde yapilan giincel
calismalar, YZ tabanli sistemlerin operasyonel is yiikiinii azaltirken calisanlarin gorev tanimlarin
“denetleyici, yorumlayici ve karar destekleyici” roller etrafinda yeniden yapilandirdigini ortaya
koymaktadir (Davenport & Ronanki, 2018). Bu durum, insanin is siireglerindeki katkisini1 daha stratejik
ve yaratici bir diizeye tasimakta; salt tekrarlayici islevlerden uzaklastirmaktadir.

Benzer bir doniistim hukuk, saglik ve egitim gibi yogun biligsel ve insani etkilesim gerektiren alanlarda
da gozlemlenmektedir. Hukuk alaninda YZ sistemleri, sdzlesme analizi, igtihat tarama ve belge
siiflandirma gibi gorevleri 6nemli 6lglide hizlandirmakta; ancak miizakere, stratejik diisiinme, etik
degerlendirme ve karmasik karar alma gibi insana 6zgii gérevlerin hélen ¢alisanlarin sorumlulugunda
oldugu goriilmektedir. Saglik alaninda da YZ destekli tan1 sistemleri gériintiileri yorumlayabilmekte ve
klinik siirecleri hizlandirabilmektedir. Fakat hekimlerin hasta iletisimi, klinik biitiinciil degerlendirme
ve etik karar alma gibi kritik rolleri onemini korumaktadir.

Bu doniisiim, isgiicline hakim olan rollerin YZ ile “tamamlayicilik iligkisi” iginde yeniden sekillendigine
isaret etmektedir. Bu baglamda ¢alisanlardan beklenen temel yetkinlikler de degismektedir. Dijital
okuryazarlik, teknolojiye uyum, veri temelli diisiinme, yaraticilik ve elestirel degerlendirme gibi
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beceriler bu degisim kapsaminda 6n plana ¢ikmaktadir. Bu yeni beceri seti, ¢alisanlarin rollerini statik
bir yapidan dinamik ve stirekli gelisim gerektiren bir yapiya doniistiirmektedir.

YZ ile etkilesimin artmasi, orgiitlerin i tasarimini, gérev tanimlarini ve insan kaynaklari politikalarini
yeniden diisiinmelerini zorunlu hale getirmektedir. Artik ¢alisanlar yalmizca belirli bir gérevi yerine
getiren bireyler degil, teknolojik sistemlerle birlikte iiretim yapan, siiregleri yoneten ve dijital araclari
stratejik diizeyde kullanan aktorler héline gelmektedir. Bdyle bir doniisiim, is yasaminda insan
faktoriiniin 6nemini ortadan kaldirmak yerine, insanin teknolojiyle birlikte daha degerli hale geldigi yeni
bir rol yapisini ortaya ¢ikarmaktadir.

YAPAY ZEKA iLE ORTAYA CIKAN YENi MESLEKLER

YZ teknolojilerinin hizla gelismesi, kiiresel isgiicli piyasasinda yalnizca mevcut mesleklerin
doniigiimiinii degil, tamamen yeni uzmanlik alanlariin ortaya ¢ikigini da beraberinde getirmektedir.
Diinya Ekonomik Forumu’nun (WEF) Future of Jobs Report 2023 bulgularina gére, dniimiizdeki bes
yil i¢inde en hizli bitylimesi beklenen mesleklerin bityiik bir bolimii dogrudan YZ, veri bilimi ve
otomasyon teknolojileri ile iligkilidir (Di Battista vd., 2023). Raporda 6zellikle YZ ve makine 6grenimi
uzmani, biiyiik veri analisti, dijital donilisiim uzmani, veri giivenligi analisti ve is siirecleri otomasyon
tasarimcist gibi rollerin kiiresel dlgekte en yiiksek talep artis1 gosterecegi belirtilmektedir.

Teknoloji odakli yeni mesleklerin ortaya ¢ikmasinda orgiitlerin veri temelli karar mekanizmalarina
yonelmesi belirleyici bir rol oynamaktadir. Veri bilimi ve makine 6grenimi uzmanliklarinin yalnizca
teknoloji firmalarinda degil; saglik, finans, kamu ydnetimi ve egitim gibi farkli sektorlerde kritik
fonksiyonlar haline geldigini gosteren calismalar bulunmaktadir (Davenport & Ronanki, 2018). Bu
uzmanlik alanlarinin biiylimesi, YZ modellerinin gelistirilmesi, egitilmesi, dogrulanmasi ve operasyonel
stireglere giivenli bigimde entegre edilmesi ihtiyacindan kaynaklanmaktadir. Nitekim O’Neil (2017),
modern veri odakli sistemlerin karmasikliginin artmasiyla birlikte algoritmalarin tasarimi, denetlenmesi
ve kontrol edilmesine yonelik profesyonel rollerin ortaya ¢iktigini vurgulamaktadir.

Yeni meslek alanlarmin en dikkat ¢ekici boyutlaridan biri, YZ etigi ve yonetisim merkezli rollerin
giderek 6nem kazanmasidir. Avrupa Birligi’nin “Artificial Intelligence Act” kapsaminda yaptigi
diizenlemeler, yiiksek riskli YZ sistemlerinin kullanildigi kurumlarda “etik uyum uzmani”, “algoritmik
denetgi” ve “risk yonetimi sorumlusu” gibi rollerin zorunlu hale gelecegine isaret etmektedir (European
Commission, 2021). Bu alanda c¢alisan profesyoneller, YZ sistemlerinin seffafligini, hesap
verebilirligini ve adalet ilkesine uygunlugunu denetleyerek teknoloji kullaniminin toplumsal etkilerini

yonetmeyi amaglamaktadir.

YZ destekli fiziksel otomasyonun gelismesiyle birlikte robotik ve otonom sistemler etrafinda yeni hibrit
meslekler de ortaya ¢cikmaktadir. Akilli fabrikalarda “robot filo yoneticisi”, “otonom sistem operatorii”,
“insansiz ara¢ koordinatdrii” gibi rollerin sayisinin hizla arttigi goriilmektedir. Acemoglu ve Restrepo
(2020), robotlagmanin belirli gorevleri ortadan kaldirirken ayni zamanda robot bakimi, onarimi,
optimizasyonu ve operasyon yonetimi gibi alanlarda yeni is olanaklar1 yaratti§ini ortaya koymaktadir.
Bu meslekler, yalnizca teknik bilgi degil, siire¢ yonetimi, problem ¢dzme ve yiiksek adaptasyon

becerileri gerektirmektedir.

Benzer sekilde yaratici sektorler, egitim teknolojileri, medya ve saglik hizmetleri de YZ ile birlikte
gelisen yeni mesleklere sahne olmaktadir. Egitim alaminda “dijital 68renme tasarimcisi”, saglik
sektoriinde “klinik karar destek sistemi uzman1”, medya alaninda ise “YZ destekli icerik iireticisi” gibi
roller giderek yayginlasmaktadir. Autor (2015), teknolojik degisimin tarihsel olarak bazi gorevleri
ortadan kaldirirken yeni ve daha yiiksek katma degerli gorev alanlar1 yarattigini; 6zellikle biligsel ve
yaratici becerilerin YZ ¢aginda daha fazla talep gordiigiinii belirtmektedir.

Genel olarak bakildiginda, YZ yalnizca bir otomasyon teknolojisi degil, ayn1 zamanda yeni mesleklerin
ortaya ¢ikmasini saglayan giiclii bir yenilik motorudur. Bu ¢ercevede gelecegin isgiicii kompozisyonu,
teknolojiyle birlikte ¢alisabilen, algoritmik diisiinme ve dijital okuryazarlik becerilerine sahip, ¢ok
disiplinli uzmanlardan olusacaktir. Bu nedenle YZ do6niisiimii, is kayiplarindan ¢ok yeni uzmanlik
alanlarinin yiikselisini ve iggiiclinlin niteliksel olarak yeniden yapilanmasini tanimlayan bir siire¢ niteligi
tagimaktadir.
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SONUC VE GELECEK PERSPEKTIFi

YZ teknolojilerinin is yagamina etkisine iliskin literatiir, mesleklerin geleceginin tek yonlii bir “yok olus
senaryosu” ile agiklanamayacak kadar karmasik ve ¢ok boyutlu oldugunu gostermektedir. YZ, bir
yandan tekrarlayan ve kural tabanli gorevleri devralarak belirli meslek gruplarini yiiksek doniisiim
baskisi altina alirken, 6te yandan tamamlayict beceri alanlarini 6ne ¢ikararak yeni meslekler ve yeni is
modelleri yaratmaktadir. Autor’un (2015) da vurguladig: gibi, teknolojik doniisiim tarihsel olarak bazi
gorevleri ortadan kaldirirken ayn1 zamanda daha yiiksek katma degerli gorev alanlarmin ortaya
¢ikmasina yol agmistir. Bu dinamik, YZ ¢aginda da giiclii bi¢imde devam etmektedir.

Gelecegin is diinyasinda beceri talebinin yonii, teknolojiyi kullanma becerilerinden ¢ok, teknolojiyle
birlikte calisma yetkinligine dogru kaymaktadir. Diinya Ekonomik Forumu’nun (2023) raporu,
isgilicliniin 6nemli bir bdliimiiniin 6niimiizdeki bes yil igcinde goérev tamimlarinda kayda deger bir
doniisiim yasayacagini, bunun da dijital okuryazarlik, algoritmik diisiinme, karmasik problem ¢6zme,
yaraticilik ve elestirel degerlendirme gibi becerilere olan talebi artiracagini ongérmektedir. Bu
cercevede isgiicli piyasasi giderek “beceri-temelli” bir yapiya doniismekte, calisanlarin rekabet giicii,
teknolojiyi liretme ve yonetme kapasitesine bagli hale gelmektedir.

Bu doniisiim, ayn1 zamanda isgiicii politikasinin da yeniden ele alinmasini1 zorunlu kilmaktadir. YZ
destekli otomasyonun diisiik beceri diizeyindeki ¢alisanlar iizerinde yaratabilecegi baskinin azaltilmasi
icin yasam boyu 6grenme, yeniden beceri kazandirma ve beceri gelistirme programlarinin merkezi bir
role sahip oldugu goriilmektedir. Acemoglu ve Restrepo (2020), teknolojik doniisiimiin olumsuz
etkilerinin ancak insan sermayesine yonelik gii¢lii yatirimlarla dengelenebilecegini belirtmekte, emek
piyasasinda esitsizliklerin derinlesmesini onlemenin en etkili yolunun kapsayict beceri politikalari
oldugunu savunmaktadir. Bu nedenle iilkelerin ve kurumlarin, teknolojik ilerlemeyle uyumlu bir isgiicii
yapisi olusturmak i¢in uzun vadeli stratejiler gelistirmesi kaginilmazdir.

Gelecege iliskin en kritik noktalardan biri, YZ’nin yalnizca teknik bir yenilik olarak degil sosyal,
kiiltiirel ve etik boyutlar1 olan kapsamli bir doniisiim dinamigi oldugunun kabul edilmesidir. Avrupa
Birligi’nin “Al Act” diizenlemeleri ve kiiresel akademik tartismalar, YZ kullaniminin seffaflik, hesap
verebilirlik, adalet ve etik standartlar ¢ergevesinde yonetilmesinin zorunlu oldugunu ortaya koymaktadir
(European Commission, 2021). Bu durum, teknolojiyi yoneten yeni mesleklerin ve yasa yapici
cercevelerin Onemini artirirken, ayn1 zamanda isgiicii piyasasinda giivenli ve siirdiiriilebilir bir doniigiim
icin kurumsal sorumlulugu 6n plana ¢ikarmaktadir.

Genel olarak degerlendirildiginde, YZ ve otomasyonun sekillendirdigi gelecekte istihdamin niteligi
degismekte, ancak insan emeginin 6nemini yitirdigini sdylemek miimkiin degildir. Aksine, teknoloji ile
insanin tamamlayici bi¢cimde birlikte ¢alistigl, dinamik, esnek ve yetkinlik odakli bir isgiicii yapis1 giig
kazanmaktadir. Bu baglamda gelecegin meslek ekosistemi, teknolojiyi kullanan degil, teknolojiyle
birlikte diislinen, yoneten, denetleyen ve gelistiren bir isgiicii tarafindan sekillendirilecektir. YZ ¢caginda
basari, yalnizca yeni teknolojilere sahip olmakla degil, bu teknolojilerin sundugu firsatlar1 toplumsal ve
ekonomik faydaya doniistiirebilecek nitelikli insan sermayesini gelistirmekle miimkiin olacaktir.
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ABSTRACT

With rapid changes in healthcare services, the roles of healthcare workers are also evolving; however,
failure to update job descriptions in line with current needs leads to role problems.

Role conflict and role ambiguity cause confusion among healthcare workers, leading to a decrease in
clinical effectiveness and a decline in service quality. A positive and statistically significant relationship
has been found between role ambiguity and role conflict and the level of work-related stress. Role
ambiguity in healthcare institutions refers to the situation where employees cannot fully understand
which tasks they are responsible for and where their authority begins and ends, leading to significant
problems in organizational functioning. In hospital environments where teamworKk is intensive, the lack
of clearly defined roles can cause disruptions in the transfer of responsibilities and a decline in the
quality of healthcare services. Negative perceptions of roles among healthcare workers can, in the long
term, pave the way for feelings of burnout and alienation from the profession. It is emphasized that in
order to reduce role problems in healthcare institutions, management processes must be made
transparent, leadership approaches that support employee participation must be adopted, and the
organizational structure must be made compatible with roles.

To prevent role problems in hospitals with a matrix organizational structure, it is recommended to
strengthen internal communication, reorganize workflows, and adopt managerial approaches that
support teamwork. Strengthening role clarity in healthcare institutions should be considered not only as
an administrative regulation but also as a strategic necessity that shapes organizational culture,
reinforces professional identity, and contributes to the provision of sustainable healthcare services.
Preventing role confusion in healthcare institutions should be addressed as a strategic management area
that directly affects not only the psychosocial well-being of employees but also patient safety and the
quality of healthcare services.

Keywords: Role Ambiguity, Role Conflict, Job Confusion, Quality of Healthcare Services.

OZET

Saglik hizmetlerindeki hizl1 degisimlerle birlikte saglik calisanlarimin rolleri de gelismekte, ancak gorev
tanimlarmin giiniin ihtiyaglar1 dogrultusunda giincellenmemesi rol sorunlarina yol agmaktadir.

Rol ¢atigsmasi ve rol belirsizligine bagli olarak saglik ¢alisanlarinda karisiklik, klinik etkinlikte azalma
ve hizmet kalitesinde diisiis meydana gelmektedir. Rol belirsizligi ve rol catigmasi ile ise bagh gerginlik
diizeyi arasinda pozitif yonde ve istatistiksel olarak anlamli bir iliski oldugu belirlenmistir. Saglik
kurumlarinda rol belirsizligi, ¢alisanin hangi gérevlerden sorumlu oldugunu ve yetki sinirlarinin nerede
baslayip bittigini tam olarak algilayamamasi durumunu ifade etmekte ve orgiitsel isleyiste dnemli
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sorunlara yol agmaktadir. Ekip caligmasinin yogun oldugu hastane ortamlarinda rollerin net bi¢cimde
tanimlanmamasi, sorumluluk devrinde aksamalara ve saglik hizmetlerinin kalitesinde diisiise neden
olabilmektedir. Saglik c¢alisanlarinin rollerine iligskin algilarindaki olumsuzluklar, uzun vadede
tikenmiglik duygularinin ortaya c¢ikmasimna ve calisanlarin meslege yabancilagsmasina zemin
hazirlamaktadir. Saglik kurumlarinda rol sorunlarinin azaltilabilmesi igin yonetsel siireclerin
seffaflagtirilmasi, calisan katilimini destekleyen liderlik yaklasimlarinin benimsenmesi ve orgiitsel
yapinin rollerle uyumlu hale getirilmesi gerektigi vurgulanmaktadir.

Matriks orgiit yapisina sahip hastanelerde rol sorunlarinin onlenebilmesi i¢in kurum igi iletisimin
giiclendirilmesi, is akislarinin yeniden diizenlenmesi ve ekip calismasin1 destekleyen ydnetsel
yaklasimlarin benimsenmesi Onerilmektedir. Saglik kurumlarinda rol netliginin giliglendirilmesi
yalnizca yonetsel bir diizenleme degil, ayn1 zamanda kurumsal kiiltiirii sekillendiren, mesleki kimligi
pekistiren ve siirdiiriilebilir saglik hizmeti sunumuna katki saglayan stratejik bir gereklilik olarak
diistiniilmelidir. Saglik kurumlarinda gorev karmasasinin dnlenmesi yalnizca ¢alisanlarin psikososyal
tyilik halini degil, ayn1 zamanda hasta giivenligi ve saglik hizmetlerinin kalitesini dogrudan etkileyen
stratejik bir yonetim alani olarak ele alinmalidir.

Anahtar Kelimeler: Rol Belirsizligi, Rol Catismasi, Is Karmasasi, Saglik Hizmetlerinin Kalitesi.

ROL KAVRAMI VE SAGLIKTA ONEMIi

Orgiitsel davranis alaninda yapilan rol tanimlamast, bir pozisyonun islevleriyle ilgili beklentilere baglh
olarak kabul edilmis davranis kaliplar1 seklinde ifade edilmektedir (Eren Bana & Bekaroglu, 2022).
Saglik hizmeti sunan kurumlar matriks orgiit yapilarina sahiptir ve bu yapilarda saglik hizmetlerinin
kesintisiz, kaliteli ve etkili bir sekilde sunulabilmesi icin ekip calismasina ihtiya¢ vardir (Oztiirk &
Seremet, 2021). Saglik hizmetlerindeki hizli degisimlere paralel olarak saglik calisanlarinin rolleri de
gelismekte, ancak gorev tanimlariin giiniin ihtiyaglari dogrultusunda giincellenmemesi rol sorunlarina
yol agmaktadir (Ozkan, 2008). Beyaz onliik toreni, heniiz meslekten olmayan bir kisinin hekimlige
girisini ve saglik mesleginin bir iiyesine doniisiimiinii simgeleyen bir ritiiel olarak tanimlanabilir
(Akdogan, 2025). Hekim ve hemsireler arasindaki temel ¢atisma nedenlerinin gérev tamimlarinin
belirsizligi ve rollerin net olmamasi oldugu saptanmistir (Dingel, 2019). Rol c¢atigsmasi ve rol
belirsizligine bagl olarak saglik calisanlarinda karisiklik, klinik etkinlikte azalma ve hizmet kalitesinde
diisiis meydana gelmektedir (Adigiizel, 2012). Rol belirsizligi ve rol ¢atismasi ile ise bagh gerginlik
diizeyi arasinda pozitif yonde ve istatistiksel olarak anlamli bir iligski oldugu belirlenmistir (Akbulut
Bas¢1 vd., 2016).

SAGLIK CALISANLARINDA ROL BELIRSiZLiGi VE ROL CATISMASI

Saglik kurumlarinda rol belirsizligi, calisanin hangi gorevlerden sorumlu oldugunu ve yetki sinirlarinin
nerede baslayip bittigini tam olarak algilayamamasi durumunu ifade etmekte ve orgiitsel isleyiste dnemli
sorunlara yol agmaktadir (Eren Bana & Bekaroglu, 2022). Matriks orgiit yapisina sahip hastanelerde
calisanlar, birden fazla yoneticiye ve farkli beklentilere bagli olarak roller arasinda catisma
yasayabilmekte, bu durum gorev karmasasim daha da derinlestirmektedir (Oztiirk & Seremet, 2021).
Gorev tanimlarinin agik ve giincel olmamasi, saglik caliganlarinin kendi sorumluluk alanlari disinda
islere miidahil olmasina ve rol sinirlarinin belirsizlesmesine neden olmaktadir (Ozkan, 2008). Hekim ve
hemsireler arasinda yasanan catismalarin temelinde ¢ogunlukla gérev tanimlarinin belirsizligi, rol
beklentilerinin farkli algilanmasi ve iletisim yetersizlikleri yer almaktadir (Dingel, 2019). Rol ¢atismasi
ve rol belirsizligi, saglik calisanlarinin klinik etkinliklerini azaltmakta ve hizmet sunumunda
koordinasyon sorunlarinin ortaya cikmasina zemin hazirlamaktadir (Adigiizel, 2012). Universite
hastanelerinde yapilan ¢alismalarda rol ¢atismasi ile rol belirsizligi arasinda pozitif yonde anlamli bir
iliski oldugu ve bu durumun 6zellikle vardiyali ¢alisanlarda daha belirgin oldugu saptanmistir (Akbulut
Base1 vd., 2016). Saglik ¢alisanlarinin ayn1 anda birden fazla role maruz kalmasi, rol yiiklenmesini
artirarak rol ¢atigmasi ve rol belirsizligi algisinin giliclenmesine neden olmaktadir (Eren Bana &
Bekaroglu, 2022).
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ROL BELIRSIZLIGININ SAGLIK CALISANLARI UZERINDEKI ETKIiLERI

Rol belirsizligi ve rol ¢atismasina maruz kalan saglik ¢alisanlarinda stres diizeyinin arttig1, bunun da is
doyumu ve mesleki motivasyon lizerinde olumsuz etkiler yarattifi belirtilmektedir (Eren Bana &
Bekaroglu, 2022). Rol belirsizligi ve rol catigmasi yagayan galisanlarin 6rgiite olan duygusal ve normatif
bagliliklarinin azaldig1 ve bu durumun 6rgiitsel baglihig olumsuz ydnde etkiledigi saptanmustir (Oztiirk
& Seremet, 2021). Gorev tanimlarinin net olmamasi, saglik ¢alisanlarinda karisiklik, klinisyen deger ve
inanclari ile ¢atisma ve klinik etkinlikte azalma gibi sonuglara yol agmaktadir (Ozkan, 2008). Hekim ve
hemsireler arasinda yasanan rol ¢atigmalari, ¢aligma ortaminda gerginligi artirmakta ve kisiler arasi
iligkilerin bozulmasina neden olmaktadir (Dingel, 2019). Rol catigmas1 ve rol belirsizliginin isle ilgili
stres diizeyini artirdigi, bu durumun da is doyumunda azalma ve performans disiikliigii ile iliskili oldugu
ifade edilmektedir (Adigiizel, 2012). Rol belirsizligi ve rol ¢atigmasi ile ise bagl gerginlik arasinda
pozitif yonde anlamli bir iliski oldugu ve bu durumun hemsirelerde daha belirgin olarak goriildiigi
bildirilmektedir (Akbulut Basc1 vd., 2016). Saglik calisanlarinin rollerine iliskin algilarindaki
olumsuzluklar, uzun vadede tiikenmislik duygularinin ortaya ¢ikmasina ve ¢alisanlarin meslege
yabancilasmasina zemin hazirlamaktadir (Ozkan, 2008).

SAGLIK KURUMLARINDA ORGUTSEL YAPI VE YONETIMSEL DIiNAMIKLERIN ROL
KARMASASINA ETKISI

Saglik kurumlarinda orgiitsel yapi, c¢alisanlarin rollerine iligkin algilarint dogrudan etkilemekte ve
yonetimsel siireglerdeki belirsizlikler rol karmasasinin temel belirleyicilerinden biri olarak ortaya
cikmaktadir (Eren Bana & Bekaroglu, 2022). Matriks 6rgiit yapisinin yaygin oldugu hastanelerde birden
fazla yoneticiye bagl ¢alisma diizeni, rol belirsizligi ve rol ¢atismasi yaganma olasiligini artiran 6nemli
bir yonetsel faktor olarak degerlendirilmektedir (Oztiirk & Seremet, 2021). Saglik kurumlarinda gorev
tanimlarinin yetersizligi ve yonetsel sorumluluklarin net bigimde belirlenmemesi, ¢caliganlarin hangi role
oncelik verecekleri konusunda kararsizlik yasamalarma neden olmaktadir (Ozkan, 2008).Hekim ve
hemsireler arasindaki rol temelli ¢atigmalarin énemli bir kisminin, yonetim tarafindan belirlenen is
bolimii ve yetki dagilimindaki dengesizliklerden kaynaklandigi bildirilmektedir (Dingel, 2019). Rol
belirsizligi ve rol ¢atigmasinin yogun oldugu c¢alisma ortamlarinda etkisiz yonetim anlayisinin, saglik
hizmetlerinin kalitesini ve Orgiitsel isleyisi olumsuz yonde etkiledigi ifade edilmektedir (Adigiizel,
2012). Universite hastanelerinde yapilan arastirmalar, ydnetimsel destek eksikliginin rol gatismasi ve
ise bagli gerginlik diizeylerini artiran 6nemli bir etken oldugunu ortaya koymaktadir (Akbulut Basc1 vd.,
2016). Saglik kurumlarinda rol sorunlarinin azaltilabilmesi i¢in yonetsel siireclerin seffaflastiriimasi,
calisan katilimini destekleyen liderlik yaklagimlarinin benimsenmesi ve orgiitsel yapinin rollerle uyumlu
hale getirilmesi gerektigi vurgulanmaktadir (Eren Bana & Bekaroglu, 2022).

ROL NETLIGININ SAGLIK KURUMLARININ YAPISAL VE MESLEKiI KiMLIK
UZERINDEKI ETKIiLERI

Saglik kurumlarinda rol netliginin saglanmasi, calisanlarin yalnizca gorevlerini dogru bigimde yerine
getirmelerini degil, ayn1 zamanda kuruma ait olma duygusunu gelistirmelerini ve mesleki kimliklerini
daha gii¢lii bigimde igsellestirmelerini saglayan temel bir orgiitsel unsur olarak degerlendirilmektedir
(Eren Bana & Bekaroglu, 2022). Rol beklentilerinin agik bi¢imde tanimlandigi ¢alisma ortamlarinda
saglik calisanlarinin mesleki rollerini daha net algiladiklari, bu durumun da 6rgiitsel baglilik, is doyumu
ve ekip i¢i uyumu olumlu ydnde etkiledigi bildirilmektedir (Oztiirk & Seremet, 2021). Gorev
tanimlarimin belirsiz oldugu kurumlarda g¢alisanlarin mesleki rollerini sorgulamaya basladiklari, bu
durumun zamanla mesleki yabancilagsmaya ve kurumsal degerlerden uzaklagsmaya yol acabildigi ifade
edilmektedir (Ozkan, 2008). Hekim ve hemsireler arasinda rol sinirlarinin net bigimde belirlenmemesi,
yalnizca isleyise iligkin sorunlar yaratmakla kalmamakta, ayn1 zamanda meslekler arasi gii¢ dengelerini
etkileyerek kurumsal kiiltiirde ¢catigsmaci bir iklimin olugmasina zemin hazirlamaktadir (Dingel, 2019).
Rol belirsizligi ve rol ¢atigmasinin yogun olarak yasandigi saglik kurumlarinda ¢aliganlarin kendilerini
degersiz ve desteklenmemis hissettikleri, bunun da kurumsal giiven algisini zayiflattigi ve is ortaminda
psikososyal riskleri artirdigi belirtilmektedir (Adigiizel, 2012). Universite hastanelerinde yapilan
caligmalarda rol netliginin saglanamadigi durumlarda ise bagli gerginlik diizeylerinin arttigi, bu
durumun ¢aliganlarin kuruma yonelik tutumlarini ve uzun vadeli ¢alisma istekliliklerini olumsuz yonde
etkiledigi saptanmistir (Akbulut Bas¢1 vd., 2016). Sonug olarak, saglik kurumlarinda rol netliginin
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giiclendirilmesi yalnizca yonetsel bir diizenleme degil, ayn1 zamanda kurumsal kiiltiirii sekillendiren,
mesleki kimligi pekistiren ve siirdiiriilebilir saglik hizmeti sunumuna katki saglayan stratejik bir
gereklilik olarak ele alinmalidir (Eren Bana & Bekaroglu, 2022).

ROL BELIRSIZLiGININ HASTA GUVENLIGINE VE HiZMET KALITESINE ETKIiSi

Saglik kurumlarinda rol belirsizligi ve rol ¢atigmasinin varligi, hizmet sunumunda koordinasyon
sorunlarina yol agarak hasta bakim siire¢lerinin etkinligini ve stirekliligini olumsuz yonde etkilemektedir
(Eren Bana & Bekaroglu, 2022). Ekip caligmasinin yogun oldugu hastane ortamlarinda rollerin net
bicimde tanimlanmamasi, sorumluluk devrinde aksamalara ve saglik hizmetlerinin kalitesinde diisiise
neden olabilmektedir (Oztiirk & Seremet, 2021). Rol belirsizligi nedeniyle ¢alisanlarin hangi isten
sorumlu olduklarimi tam olarak bilememeleri, klinik karar siireglerinde gecikmelere ve hizmet
sunumunda aksamalara yol agmaktadir (Ozkan, 2008). Hekim ve hemsireler arasinda yasanan rol
catigmalari, iletisim kopukluklarina neden olarak hasta bakiminda hatalarin ortaya ¢ikma riskini
artirmaktadir (Dingel, 2019). Rol ¢atigmasi ve rol belirsizligine bagli olarak klinik etkinlikte azalma,
etkisiz yonetim ve sonugta diisiik kaliteli saglik hizmeti sunumu ortaya ¢ikmaktadir (Adigiizel, 2012).
Universite hastanelerinde yapilan ¢alismalarda rol belirsizligi ve rol gatismasinin, hasta bakiminin
stirekliligini ve giivenligini dolayli olarak etkileyen onemli orgiitsel faktorler arasinda yer aldigi
belirtilmektedir (Akbulut Bas¢t vd., 2016). Saglik ¢alisanlarinin rollerine iligkin yasadiklari karmasa,
saglik hizmeti alan bireylerin memnuniyet diizeyini diisiirmekte ve hizmet kalitesine iligskin algiy1
olumsuz etkilemektedir (Eren Bana & Bekaroglu, 2022).

SONUC VE ONERILER

Saglik kurumlarinda rol belirsizligi ve rol catigsmasinin azaltilabilmesi i¢in ¢alisanlarin gorev, yetki ve
sorumluluklarinin agik ve anlasilir bicimde tanimlanmasi, 6rgiitsel isleyisin etkinligi agisindan temel bir
gereklilik olarak degerlendirilmektedir (Eren Bana & Bekaroglu, 2022). Matriks orgiit yapisina sahip
hastanelerde rol sorunlarimin 6nlenebilmesi i¢in kurum igi iletisimin giliglendirilmesi, is akislarinin
yeniden diizenlenmesi ve ekip calismasini destekleyen yonetsel yaklasimlarin benimsenmesi
onerilmektedir (Oztiirk & Seremet, 2021). Gérev tamimlarinin giiniin ihtiyaglarina uygun bigimde
giincellenmesi, saglik calisanlarinin rol smirlarin1 daha net algilamalarimi saglayarak orgiitsel
catismalarin Oniine gegilmesinde etkili bir ara¢ olarak goriilmektedir (Ozkan, 2008). Hekim ve
hemsireler arasinda yasanan rol temelli ¢atigsmalarin azaltilabilmesi i¢in meslekler arasi is birligini
giiclendiren, karsilikli anlayis ve saygiyr onceleyen bir ¢alisma kiiltiiriiniin olusturulmasi gerektigi
vurgulanmaktadir (Dingel, 2019). Rol belirsizligi ve rol c¢atismasinin azaltilmasina yonelik
miidahalelerin, ¢alisanlarin stres diizeylerini diisiirdiigli, is doyumunu artirdig1 ve hizmet sunumunun
niteligine olumlu katki sagladig1 ifade edilmektedir (Adigiizel, 2012). Universite hastanelerinde yapilan
calismalar, rol sorunlarinin giderilmesine yonelik diizenlemelerin ise bagli gerginligi azalttigini ve
saglik calisanlarinin kuruma baghiligint giiclendirdigini ortaya koymaktadir (Akbulut Base¢1 vd., 2016).
Sonug olarak, saglik kurumlarinda goérev karmasasinin onlenmesi yalnizca g¢alisanlarin psikososyal
iyilik halini degil, ayn1 zamanda hasta giivenligi ve saglik hizmetlerinin kalitesini dogrudan etkileyen
stratejik bir yonetim alan1 olarak ele alinmalidir (Eren Bana & Bekaroglu, 2022).
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ABSTRACT

The white coat is not merely a professional symbol for healthcare workers, but is also regarded as an
identity marker laden with heavy responsibilities and societal expectations. Healthcare workers'
perceptions of their roles have a decisive impact on their ability to fulfill the duties expected of them.

The concept of role encompasses the behaviors expected of an individual based on their status within
the organization. Healthcare workers experiencing role ambiguity and role conflict are reported to
experience more intense feelings of tension and indecision in the workplace. This situation negatively
affects healthcare workers' perceptions of their professional roles. It has been reported that coordination
problems in service delivery are more common in units with high role ambiguity. This situation can
negatively affect the efficiency of daily clinical practices. Increased work-related stress levels can lead
to intensified burnout symptoms. This process negatively affects healthcare workers' professional
motivation. The normalization of role conflict and role ambiguity at the organizational level can cause
healthcare workers to perceive these problems as individual inadequacies and render organizational
problems invisible. It has been reported that in healthcare institutions where role problems are prevalent,
there are disruptions in team communication, and this situation can negatively affect the continuity of
patient care. It is stated that healthcare workers with increasing levels of burnout struggle with attention
and decision-making processes, which can increase the risk of errors in patient care. Uncertainties in
clinical decision-making processes can negatively affect service delivery. Interprofessional conflicts are
considered a factor that increases the risk of errors in patient care.

Since managerial and organizational arrangements aimed at preventing role confusion in healthcare
institutions directly affect not only employee well-being but also patient safety and service quality,
necessary measures should be taken.

Keywords: White Coat, Role Confusion, Burnout, Work-Related Stress, Healthcare Institutions.

OZET

Beyaz onliik, saglik ¢alisanlari i¢in yalnizca bir mesleki sembol degil, ayn1 zamanda agir sorumluluklar
ve toplumsal beklentilerle yiiklii bir kimlik gostergesi olarak degerlendirilmektedir. Saglik calisanlarmin
rollerine iliskin algilari, kendilerinden beklenen gorevleri yerine getirme siireglerinde belirleyici bir
etkiye sahiptir. Rol kavrami, bireyin Orgiit igerisindeki statiisiine bagli olarak sergilemesi beklenen
davranis bi¢imlerini kapsamaktadir

Rol belirsizligi ve rol catigsmasi yasayan saglik galiganlarinin, is ortaminda gerginlik ve kararsizlik
duygularin1 daha yogun yasadiklar1 belirtilmektedir. Bu durum, saglik ¢alisanlarinin mesleki rollerine
iliskin algilari1 olumsuz yonde etkilemektedir. Rol belirsizliginin yogun oldugu birimlerde hizmet
sunumunda koordinasyon sorunlarinin daha sik goriildiigii bildirilmektedir. Bu durum, giinliik klinik
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uygulamalarm verimliligini olumsuz yénde etkileyebilmektedir. ise bagl gerginlik diizeyinin artmasi,
tilkenmislik belirtilerinin siddetlenmesine yol agabilmektedir. Bu siireg, saglik calisanlarinin mesleki
motivasyonlarini olumsuz yonde etkilemektedir. Rol ¢atigsmasi ve rol belirsizliginin orgiitsel diizeyde
normallestirilmesi, saglik ¢alisanlarinin bu sorunlar1 bireysel yetersizlik olarak algilamalarina ve
orgiitsel sorunlarin goriinmez hale gelmesine neden olabilmektedir. Rol sorunlarinin yaygin oldugu
saglik kurumlarinda ekip ici iletisimde aksamalar yasandigi ve bu durumun hasta bakiminin stirekliligini
olumsuz yonde etkileyebildigi bildirilmektedir. Tiikenmislik diizeyi artan saglik ¢caligsanlarinin dikkat ve
karar verme siireglerinde zorlandiklari, bunun da hasta bakiminda hata riskini artirabildigi ifade
edilmektedir. Klinik karar siire¢lerinde yasanan belirsizlikler, hizmet sunumunu olumsuz yonde
etkileyebilmektedir. Meslekler arasi ¢atismalar, hasta bakiminda hata riskini artiran bir faktor olarak
degerlendirilmektedir.

Saglik kurumlarinda rol karmasasinin Onlenmesine yonelik yapilacak yonetsel ve Orgiitsel
diizenlemelerin, yalnizca galigan refahin1 degil, ayn1 zamanda hasta giivenligi ve hizmet kalitesini de
dogrudan etkileyeceginden gerekli 6nlemler alinmalidir.

Anahtar Kelimeler: Beyaz Onliik, Rol Karmasasi, Tiikenmislik, Ise Bagli Gerginlik, Saglik Kurumlari

BEYAZ ONLUK ALTINDA ARTAN ROL YUKLENMESI VE MESLEKI BEKLENTILER

Saglik caliganlarmin rollerine iligkin algilari, kendilerinden beklenen gorevleri yerine getirme
stireglerinde belirleyici bir etkiye sahiptir (Eren Bana & Bekaroglu, 2022). Rol kavrami, bireyin orgiit
icerisindeki statiistine bagli olarak sergilemesi beklenen davranis bigimlerini kapsamaktadir (Eren Bana
& Bekaroglu, 2022). Saglik kurumlarinda ekip ¢aligmasinin zorunlu olmasi, ¢alisanlarin ayni anda
birden fazla rol beklentisiyle kars1 karsiya kalmasina neden olabilmektedir (Oztiirk & Seremet, 2021).
Bu durum, rol smirlarmin belirsizlesmesine ve gorev tamimlarmin i¢ ige gegmesine zemin
hazirlamaktadir (Oztiirk & Seremet, 2021). Saglik hizmetlerinin sunumunda artan is yiikii ve
sorumluluklar, ¢alisanlarin geleneksel rollerinin 6tesinde beklentilerle karsilagsmasina yol agmaktadir
(Ozkan, 2008). Gorev tanimlarinin net olmamasi, rol kavraminm islevini yitirmesine neden
olabilmektedir (Ozkan, 2008). Saglik kurumlari gibi karmasik érgiit yapilarinda rol belirsizligi ve rol
catismasinin ortaya ¢ikmasi, ¢alisanlarin kendilerinden ne beklendigini algilamalarimi giiglestirmekte ve
rol yliklenmesini artiran bir etken olarak degerlendirilmektedir (Yoriikoglu, 2008). Doktor ve
hemsirelerin insanlarla yiiz yiize ¢alismay1 gerektiren mesleklerde gorev yapmalari, siirekli sorumluluk
alma, empati kurma ve belirsizlikle bas etme zorunlulugu nedeniyle rol yiiklenmesini artiran énemli bir
stres kaynag1 olusturmaktadir (Sayil vd., 1997). Beyaz 6nliik, saglik calisanlari i¢in yalnizca bir mesleki
sembol degil, ayn1 zamanda agir sorumluluklar ve toplumsal beklentilerle yiiklii bir kimlik gostergesi
olarak degerlendirilmektedir (Akdogan, 2025). Bu sembol, mesleki rollerin igsellestirilmesi siirecinde
birey iizerinde 6nemli bir baski unsuru olusturabilmektedir (Akdogan, 2025). Hekim ve hemsireler
arasindaki rol dagilimina iliskin belirsizlikler, meslekler arasi iligkilerde gerilimi artiran temel
unsurlardan biri olarak goriilmektedir (Dingel, 2019). Rol beklentilerinin farkli algilanmasi, ¢aligma
ortaminda ¢atigmalarin ortaya ¢ikmasina neden olabilmektedir (Dingel, 2019). Rol belirsizligi ve rol
catismasi yasayan saglik calisanlarinin, is ortaminda gerginlik ve kararsizlik duygularini daha yogun
yasadiklar1 belirtilmektedir (Adigiizel, 2012). Bu durum, saglik ¢alisanlarinin mesleki rollerine iliskin
algilarim1  olumsuz yénde etkilemektedir (Adigiizel, 2012). Universite hastanelerinde yapilan
arastirmalar, rol sorunlarinin 6zellikle meslegin erken donemlerinde daha sik yasandigini ortaya
koymaktadir (Akbulut Basc1 vd., 2016). Rol yiiklenmesine bagli olarak ortaya ¢ikan bu durumun, ise
bagl gerginlik diizeyi ile iligkili oldugu saptanmistir (Akbulut Bage1 vd., 2016).

SAGLIK KURUMLARINDA ROL KARMASASININ GUNLUK KLiNiK UYGULAMALARA
YANSIMALARI

Saglik kurumlarinda rol belirsizligi, ¢alisganlarm klinik uygulamalarda hangi gorevlerden sorumlu
olduklarin1 net olarak algilayamamalarina neden olabilmektedir (Eren Bana & Bekaroglu, 2022).
Matriks Orgiit yapisinda calisan saglik personelinin, farkli yoneticilerden gelen talepler nedeniyle rol
catismasi yasadig1 belirtilmektedir (Oztiirk & Seremet, 2021).
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Klinik ve idari gorevlerin i¢ ige gecmesi, saglik calisanlarinin 6ncelik belirlemesini zorlastirmaktadir
(Ozkan, 2008). Rol catismasmin yogun olarak yasandigi ¢alisma ortamlarinda saglik ¢alisanlarinin
glinliik gorevlerini yerine getirirken karar vermede zorlandiklari, is onceliklerini belirleyemedikleri ve
bu durumun hizmet sunumunda aksamalara yol acgtig1 belirtilmektedir (Yo6riikkoglu, 2008). Hekim ve
hemsireler arasinda gorev paylasimina iliskin belirsizlikler, klinik isleyiste aksamalara yol
acabilmektedir (Dingel, 2019). Tiikenmislik diizeyi artan doktor ve hemsirelerde dikkat, karar verme ve
hasta ile kurulan iligkinin niteliginde bozulmalar goriilebildigi, bunun da giinliik klinik uygulamalarin
etkinligini olumsuz etkiledigi bildirilmektedir (Sayil vd., 1997). Rol catigsmas1 yasayan c¢alisanlarin
Klinik etkinlik diizeylerinin azaldig1 ifade edilmektedir (Adigiizel, 2012). Rol belirsizliginin yogun
oldugu birimlerde hizmet sunumunda koordinasyon sorunlarinin daha sik goriildiigli bildirilmektedir
(Akbulut Basct vd., 2016). Bu durum, giinliikk klinik uygulamalarin verimliligini olumsuz ydnde
etkileyebilmektedir (Eren Bana & Bekaroglu, 2022).

ROL KARMASASI VE TUKENMISLIiK ARASINDAKI COK BOYUTLU ILiSKi

Rol belirsizligi yasayan saglik calisanlarinda duygusal tiikenmislik belirtilerinin daha sik goriildigii
belirtilmektedir (Eren Bana & Bekaroglu, 2022). Doktor ve hemsirelerde tiikenmislik sendromunun
ozellikle duygusal tiikenme boyutunda belirginlestigi, bu durumun yogun hasta temasi, siirekli
sorumluluk alma ve belirsizlikle bas etme zorunlulugu ile iligkili oldugu saptanmistir (Sayil vd., 1997).
Rol catismasinin artmasi, calisanlarin is doyumunun azalmasma neden olabilmektedir (Oztiirk &
Seremet, 2021). Gorev tanimlarinin net olmamasi, saglik ¢alisanlarinda siirekli bir yetersizlik hissi
yaratabilmektedir (Ozkan, 2008). Rol sorunlarmin kroniklesmesi, saglik calisanlarinda yalnizca
tilkenmiglik degil, ayn1 zamanda meslege yabancilagsma ve isi sirdiirme isteginde azalma gibi uzun
vadeli sonuglara da yol acabilmektedir (Yorikoglu, 2008). Meslekler arasi ¢atismalar, calisma
ortaminda duygusal yipranmayi artiran bir etken olarak degerlendirilmektedir (Dingel, 2019). Rol
catismasi ve rol belirsizliginin uzun siire devam ettigi ¢alisma ortamlarinda saglik calisanlarinin
kendilerini yetersiz, degersiz ve kontrol kaybi1 yasayan bireyler olarak algilamaya basladiklari, bu
stirecin tiikenmislik belirtilerini hizlandirdig1 belirtilmektedir (Yoriikoglu, 2008). Rol belirsizligi ile
tikenmislik diizeyi arasinda anlamli bir iliski oldugu ifade edilmektedir (Adigiizel, 2012). Ise bagl
gerginlik diizeyinin artmasi, tilkenmislik belirtilerinin siddetlenmesine yol agabilmektedir .(Akbulut
Basci1vd., 2016). Bu siireg, saglik calisanlarinin mesleki motivasyonlarini olumsuz yonde etkilemektedir
(Ozkan, 2008).

ORGUTSEL FAKTORLER VE GORUNMEZ PRANGALARIN KAYNAGI

Orgiitsel yapi, saglk caliganlarmin rollerine iliskin algilarini sekillendiren temel unsurlardan biridir
(Eren Bana & Bekaroglu, 2022). Hastanelerin ¢ok katmanli ve karmagik orgiitsel yapisi, farkli birimler
ve yonetsel beklentiler arasinda kalan saglik ¢alisanlarinin rollerine iligkin belirsizlik ve ¢atisma yasama
olasiligimi artiran yapisal bir unsur olarak degerlendirilmektedir (Yoriikoglu, 2008). Yonetimsel
belirsizlikler, rol karmasasmnin siireklilik kazanmasina neden olabilmektedir (Oztiirk & Seremet, 2021).
Kurumsal destek eksikligi, rol sorunlarinin derinlesmesine yol agmaktadir (Ozkan, 2008). Yo6netim
tarafindan belirlenen ig bolimii, rol ¢atigmalarinin ortaya ¢ikmasinda etkili olmaktadir (Dingel, 2019).
Orgiitsel destek eksikligi ve ydnetimsel belirsizliklerin hakim oldugu saglhk kurumlarinda calisanlarin
kendilerini yalniz ve degersiz hissettikleri, bunun da psikososyal stres diizeyini artirarak tilkenmisligi
besleyen bir ortam olusturdugu belirtilmektedir (Sayil vd., 1997). Etkisiz yonetim anlayisi, ¢alisanlarin
orgiite olan giivenini zayiflatabilmektedir (Adigiizel, 2012). Universite hastanelerinde yonetimsel
destek eksikliginin rol ¢atigsmasini artirdigi bildirilmektedir (Akbulut Base¢1 vd., 2016). Bu durum, beyaz
onliik altinda goriinmez bir baski mekanizmasi olusturmaktadir (Eren Bana & Bekaroglu, 2022). Rol
catismasi ve rol belirsizliginin orgiitsel diizeyde normallestirilmesi, saglik ¢alisanlarinin bu sorunlari
bireysel yetersizlik olarak algilamalarma ve orgiitsel sorunlarin goériinmez hale gelmesine neden
olabilmektedir (Yo6riikoglu, 2008).

ROL KARMASASININ HASTA GUVENLIGi UZERINDEKIi DOLAYLI ETKIiLERi

Rol belirsizligi ve rol ¢atigmasi, hasta bakim siireglerinde aksamalara neden olabilmektedir (Eren Bana
& Bekaroglu, 2022). Rol sorunlariin yaygin oldugu saglik kurumlarinda ekip ici iletisimde aksamalar
yasandigi ve bu durumun hasta bakiminin siirekliligini olumsuz yonde etkileyebildigi bildirilmektedir
(Yorikoglu, 2008). Ekip i¢i iletisim sorunlari, rol karmasasinin hasta giivenligi tizerindeki etkilerini
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artirmaktadir (Oztiirk & Seremet, 2021). Tiikenmislik diizeyi artan saglik galisanlarmin dikkat ve karar
verme siireclerinde zorlandiklari, bunun da hasta bakiminda hata riskini artirabildigi ifade edilmektedir
(Sayil vd., 1997). Klinik karar siireclerinde yasanan belirsizlikler, hizmet sunumunu olumsuz yonde
etkileyebilmektedir (Ozkan, 2008). Meslekler aras1 catismalar, hasta bakiminda hata riskini artiran bir
faktor olarak degerlendirilmektedir (Dingel, 2019). Rol sorunlari, saglik hizmetlerinin kalitesinde
diisiise yol acabilmektedir (Adigiizel, 2012). Hasta bakiminin siirekliliginin rol belirsizligi nedeniyle
sekteye ugrayabildigi belirtilmektedir (Akbulut Bas¢1 vd., 2016). Bu durum, hasta memnuniyetini
olumsuz yonde etkileyebilmektedir (Eren Bana & Bekaroglu, 2022).

SONUC VE DEGERLENDIRME

Saglik kurumlarinda rol belirsizligi ve rol catismasinin varligi, ¢alisanlarin yalnizca gorevlerini yerine
getirme bigimlerini degil, ayn1 zamanda orgiite yonelik algilarim1 ve mesleki rollerini anlamlandirma
stireglerini de dogrudan etkilemektedir. Calisanlarin rollerine iliskin algilarindaki olumsuzluklar,
orgiitsel isleyisin etkinligini azaltarak rol karmasasinin kurumsal diizeyde kalic1 bir sorun haline
gelmesine neden olabilmektedir (Eren Bana & Bekaroglu, 2022). Matriks 6rgiit yapisinin hakim oldugu
saglik kurumlarinda rol ¢atigmasi ve rol belirsizligi sorunlarinin yeterince yonetilememesi, orgiitsel
baglilik ve is doyumu diizeylerinde belirgin azalmalarla iligkili bulunmaktadir. Bu durum, saglik
calisanlarinin kurumsal hedeflerle bireysel beklentiler arasinda sikismasina ve uzun vadede mesleki
tilkenmisligin derinlesmesine zemin hazirlamaktadir (Oztiirk & Seremet, 2021). Gorev tanimlarmin
acik, giincel ve igleyisle uyumlu olmamasi, saglik calisanlarinin rollerine iliskin siirekli bir belirsizlik
yasamalarina neden olmakta ve bu durum orgiitsel catismalarin temel kaynagi olarak ortaya ¢ikmaktadir.
Rol sorunlarinin ¢éziimlenemedigi c¢alisma ortamlarinda saglik ¢alisanlarinin mesleki degerleri ile
kurum beklentileri arasinda c¢atisma yasadiklari ve bunun mesleki doyumu olumsuz etkiledigi ifade
edilmektedir (Ozkan, 2008). Hekim ve hemsireler arasinda yasanan rol temelli catismalarin siireklilik
kazanmasi, ¢alisma ortaminda giivensizlik ve iletisim sorunlarini artirarak ekip ig¢i is birligini
zayiflatmaktadir (Dingel, 2019). Bu tiir catismalarin yonetilememesi, saglik kurumlarinda gatigmaci bir
orgiit kiiltiiriiniin yerlesmesine ve meslekler arasi iligkilerin zarar goérmesine neden olabilmektedir
(Dingel, 2019). Rol belirsizligi ve rol catigmasinin yogun olarak yasandigr saglik kurumlarinda
calisanlarin stres diizeylerinin arttig1, bu durumun is doyumu, performans ve psikososyal iyilik hali
iizerinde olumsuz sonuglar dogurdugu belirtilmektedir (Adigiizel, 2012).

Uzun siireli rol sorunlariin ¢oziilmemesi, saglik ¢alisanlarinda titkkenmislik duygularinin artmasina ve
kurumdan ayrilma niyetinin giiclenmesine yol agabilmektedir (Adigiizel, 2012). Universite
hastanelerinde gergeklestirilen ¢aligmalarda rol belirsizligi ve rol ¢catismasinin igse baglh gerginlik diizeyi
ile yakindan iliskili oldugu ve bu durumun saglik ¢alisanlarinin mesleki siirdiiriilebilirligini tehdit ettigi
ortaya konulmustur (Akbulut Basg¢i vd., 2016). Sonug olarak, saglik kurumlarinda rol karmasasinin
onlenmesine yonelik yapilacak yonetsel ve orgiitsel diizenlemelerin, yalnizca ¢aligan refahini degil, ayni
zamanda hasta gilivenligi ve hizmet kalitesini de dogrudan etkileyen stratejik bir zorunluluk oldugu
vurgulanmaktadir (Akbulut Base1 vd., 2016).
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ABSTRACT

Today, artificial intelligence (Al) technologies are rapidly spreading in the field of education; in
particular, coding, block-based programming, and Al-based applications are increasingly being
integrated into instructional processes. While these technologies aim to develop students’ problem-
solving skills, algorithmic thinking, and digital competencies, they also necessitate the examination of
pre-service teachers’ attitudes and emotional responses toward Al. Among these affective factors, Al
anxiety emerges as a significant variable influencing the effective and sustainable use of Al technologies
in educational settings. This study was conducted during the 2024-2025 academic year with 24 pre-
service science teachers enrolled in the faculty of education at a public university located in the Central
Anatolia Region of Tiirkiye. The purpose of the study was to examine the effect of environmental
education delivered using Al-supported PictoBlox applications on pre-service science teachers’ levels
of Al anxiety. The research was designed within the framework of quantitative research methods using
a quasi-experimental design and employed a single-group pretest—posttest model. The data obtained in
the study were analyzed using the SPSS statistical software package. A paired-samples t-test was
conducted to determine whether there was a statistically significant difference between the participants’
Al anxiety scores before and after the implementation. The results of the analysis revealed that there
was no statistically significant difference between the pretest and posttest Al anxiety scores of the pre-
service science teachers. The findings indicate that block-based Al-supported applications alone may
not be sufficient to reduce pre-service teachers’ levels of Al anxiety and suggest that further research
examining longer-term interventions and additional variables is needed in this field.
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OZET

Giliniimiizde yapay zeka teknolojileri egitim alaninda hizla yayginlagmakta; 6zellikle kodlama, blok
tabanli programlama ve yapay zeka temelli uygulamalar 6gretim siireglerine giderek daha fazla entegre
edilmektedir. Bu teknolojiler, 6grencilerin problem ¢dzme, algoritmik diisiinme ve dijital yeterliliklerini
gelistirmeyi amaglarken, 6gretmen adaylarinin bu teknolojilere yonelik tutum ve duygusal tepkilerinin
de incelenmesini gerekli kilmaktadir. Ozellikle yapay zekdya yonelik kaygi diizeyi, bu teknolojilerin
egitim ortamlarinda etkili ve siirdiiriilebilir bigimde kullanilmasinda énemli bir degisken olarak one
cikmaktadir. Bu arastirma, 2024-2025 egitim-6gretim yilinda I¢ Anadolu Bolgesi’nde bulunan bir
devlet iiniversitesinin egitim fakiiltesinde Ogrenim goéren 24 fen bilgisi Ogretmen adayi ile
yuritiilmistiir. Bu arastirma, yapay zeka destekli PictoBlox uygulamalari kullanilarak yiiriitiilen ¢evre
Ogretiminin fen bilgisi 6gretmen adaylarinin yapay zeka kaygi diizeyleri iizerindeki etkisini belirlemek
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amaciyla ylriitilmiistiir Arastirma, nicel arastirma yontemlerinden yar1 deneysel desen gergevesinde
tasarlanmis olup, tek gruplu 6n test—son test modeli kullanilmistir. Arastirma kapsaminda elde edilen
veriler, SPSS paket programi kullanilarak analiz edilmistir. Fen bilgisi 6gretmen adaylarinin uygulama
Oncesi ve sonrasi yapay zeka kaygi puanlari arasindaki farkin istatistiksel olarak anlamli olup olmadig:
bagimli 6rneklemler t-testi ile incelenmistir. Analiz sonuglarina gore, 6gretmen adaylarinin 6n test ve
son test yapay zekd kaygi puanlari arasinda istatistiksel agidan anlamli bir fark bulunmadigi
belirlenmistir. Elde edilen bulgular, blok tabanli yapay zeka destekli uygulamalarinin &gretmen
adaylarinin yapay zeka kaygi diizeylerini azaltmada tek bagina yeterli olmayabilecegini gostermekte; bu
alanda farkli degiskenlerin ve daha uzun siireli uygulamalarin incelenmesine ihtiya¢ oldugunu ortaya
koymaktadir.

Anahtar Kelimeler: Yapay zeka; yapay zeka kaygisi; ¢evre dgretimi; PictoBlox.

GIRIS

Guniimiizde yapay zeka (YZ) teknolojileri, egitim alaninda hizli bir bigimde yayginlagmakta ve 6gretim
siireclerinin yeniden yapilandiriimasinda énemli bir rol iistlenmektedir. Ozellikle kodlama, blok tabanli
programlama ve yapay zeka destekli uygulamalar; 6grencilerin problem ¢6zme, algoritmik diisiinme ve
dijital yeterliliklerini gelistirmeyi amaglayan cagdas O0gretim yaklagimlarinin temel bilesenleri haline
gelmistir (Luckin ve ark., 2016; Holmes, Bialik & Fadel, 2019). Bu teknolojilerin egitim ortamlarina
entegrasyonu, yalnizca Ogrencilerin bilissel kazanimlar1 acisindan degil, 6gretmen ve Ogretmen
adaylarinin teknolojiye yonelik tutum ve duyussal ozellikleri acisindan da ele alinmasi gereken ¢ok
boyutlu bir siireci beraberinde getirmektedir.

Yapay zekd teknolojilerinin egitimde kullanimina yonelik artan ilgiye ragmen, bu teknolojilerin
Ogretmen adaylar1 tarafindan nasil algilandigi ve bu siirecte ortaya cikan duygusal tepkiler heniiz
yeterince anlasilmis degildir. Bu baglamda, yapay zeka kaygist kavrami, son yillarda egitim
arastirmalarinda giderek daha fazla 6nem kazanmaktadir. Yapay zeka kaygisi, bireyin yapay zeka
temelli sistemleri kullanma, anlama veya bu sistemlerle etkilesime girme siirecinde yasadig1 endise,
gerginlik ve tehdit algisi olarak tanimlanmaktadir (Wang & Wang, 2019). Egitim baglaminda ise yapay
zeka kaygisi, 6gretmen ve 6gretmen adaylarinin yapay zeka destekli araglar pedagojik siireclere entegre
etme konusundaki tutumlarini ve kullanim niyetlerini dogrudan etkileyen bir degisken olarak karsimiza
¢ikmaktadir.

Yapilan calismalar, yapay zekdya yonelik yiiksek kaygi diizeyinin teknoloji kabuliinii azalttigini,
Ogrenme siirecine yonelik motivasyonu olumsuz etkiledigini ve teknolojiye karst direng davranislarini
artirdigin1 ortaya koymaktadir (Venkatesh ve ark., 2012; Long & Magerko, 2020). Ozellikle dgretmen
adaylan agisindan yapay zeka kaygisi, yalnizca teknolojik yetersizlik algisindan degil; yapay zekanin
6gretmenin roliinii degistirecegi ya da 6gretim silirecinde insan faktoriiniin 6nemini azaltacagi yoniindeki
diisiincelerden de beslenmektedir. Yapay zekanin dgretmenin yerini alacagina dair algilar, 6gretmen
adaylarinda mesleki tehdit duygusunu giiclendirebilmekte ve bu durum yapay zeka temelli uygulamalara
kars1 temkinli ya da olumsuz tutumlarin gelismesine yol agabilmektedir (Selwyn, 2019).

Son yillarda gerceklestirilen arastirmalar, blok tabanli kodlama ve yapay zeka destekli 6grenme
ortamlarinin, bireylerin yapay zekdyr daha somut, anlagilir ve kontrol edilebilir bir yap1 olarak
algilamalarina katki sagladigini gostermektedir. Blok tabanli ortamlar, karmasik kod yapilarim
basitlestirerek kullanicilarin siiriikle—birak yontemiyle kendi uygulamalarini gelistirmelerine olanak
tanimakta; bu durum teknolojiye yonelik 6z yeterlik algisin1 desteklemektedir (Resnick ve ark., 2009;
Balci, 2024). Yapay zeka bilesenlerinin bu tiir ortamlara entegre edilmesi ise bireylerin yapay zekaya
iliskin korku ve belirsizliklerini azaltarak teknolojiye yonelik daha olumlu tutum gelistirmelerine katki
sunabilmektedir (Kafai ve ark., 2020; Chiu & Chai, 2020).

PictoBlox, yapay zeka destekli blok tabanli kodlama ortamlari arasinda 6zellikle egitim baglaminda 6ne
¢ikan uygulamalardan biridir. PictoBlox ortaminda gerceklestirilen yapay zeka destekli etkinlikler;
makine dgrenmesi, gorsel siniflandirma, dogal dil isleme ve metinden sese doniistiirme gibi yapay zeka
bilesenlerini 6gretim siireclerine entegre etme imkani sunmaktadir. Bu tiir uygulamalarin, 6gretmen
adaylarinin yalnizca teknik becerilerini degil, aym1 zamanda yapay zekdya yonelik algi ve duyussal
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ozelliklerini de etkiledigi belirtilmektedir. Yapay zeka temelli uygulamalar1 dogrudan deneyimleyen
Ogretmen adaylarinin, bu teknolojileri daha anlasilir ve kontrol edilebilir olarak algiladiklari; buna bagh
olarak yapay zeka kaygilarinin azaldig1 ifade edilmektedir.

Cevre egitimi, bireylerin ¢evresel sorunlara yonelik farkindalik kazanmalarini ve siirdiiriilebilir yagam
becerileri gelistirmelerini amaglayan disiplinler arasi bir alan olup, cagdas 6gretim yontemleriyle
desteklenmesi biiylik 6nem tagimaktadir. Yapay zeka destekli blok tabanli uygulamalarin ¢evre egitimi
baglaminda kullanilmasi, soyut ¢evresel siireglerin somutlastirilmasina ve 6grencilerin aktif katiliminin
artirtlmasina katki saglayabilir. Ancak bu tiir uygulamalarin 6gretmen adaylarinin yapay zekaya yonelik
kaygi diizeyleri iizerindeki etkisinin deneysel olarak incelendigi c¢alismalarin smirli oldugu
goriilmektedir.

Bu dogrultuda, bu arastirmada ¢evre egitiminin yapay zeka destekli blok tabanli PictoBlox uygulamalari
kullanilarak yiiriitiilmesinin, fen bilgisi 6gretmen adaylariin yapay zeka kaygi diizeyleri tizerindeki
etkisinin incelenmesi amaglanmistir. Arastirma kapsaminda, cevre egitimi siirecinde PictoBlox
uygulamalarinin kullaniminin, 6gretmen adaylarinin yapay zeka kaygilarina iligkin 6n test ve son test
puanlarn arasinda istatistiksel olarak anlamli bir farklilik olusturup olusturmadigi sorusuna yanit
aranmistir.

YONTEM
Arastirma Modeli

Bu arastirmada nicel aragtirma yontemlerinden yar1 deneysel desen kullanilmistir. Arastirma, kontrol
grubu bulunmayan tek gruplu 6n test—son test modeli cercevesinde yiiriitiilmiistiir. Yar1 deneysel
desenler, 6zellikle egitim ortamlarinda gruplarin rastgele atanmasinin miimkiin olmadigi durumlarda
siklikla tercih edilmektedir (Biiyiikoztiirk, 2007). Bu desende, deneysel islem oncesinde ve sonrasinda
ayni O0lgme araci kullanilarak elde edilen veriler karsilastirilmakta ve uygulamanin etkisi bu fark
tizerinden degerlendirilmektedir.

Calisma Grubu

Arastirmanin ¢aligma grubunu, 2024-2025 egitim-6gretim yilinda I¢ Anadolu Bolgesi’nde bulunan bir
devlet {iniversitesinin Egitim Fakiiltesi Fen Bilgisi Ogretmenligi programinda 6grenim géren 24 fen
bilgisi Ogretmen adayr olusturmaktadir. Calisma grubunun belirlenmesinde amagli O6rnekleme
yontemlerinden kolay ulasilabilir 6rnekleme kullanilmistir. Bu yontem, arastirmaya hiz ve pratiklik
kazandirmakla birlikte elde edilen bulgularin genellenebilirligi agisindan sinirliliklar icermektedir
(Yildirim & Simsek, 2011).

Katilimcilarin %78,26’s1 kadin, %21,73°1 erkek 6gretmen adaylarindan olusmaktadir.
Uygulama Siireci

Uygulama siireci, ¢evre dersi kapsaminda yiiriitiilmiistiir. Siirecin baslangicinda fen bilgisi 6gretmen
adaylarina yapay zeka kavrami, yapay zekanin temel bilesenleri ve giinliik hayattaki kullanim alanlari
hakkinda bilgilendirme yapilmis; ardindan PictoBlox ortami tanitilarak blok tabanli kodlama hakkinda
temel bilgiler verilmistir. Daha sonra ¢evre konular1 baglaminda PictoBlox’un farkli eklentileri
kullanilarak makine dgrenmesi, gorsel siniflandirma, dogal dil isleme, metinden sese ve metin tanima
gibi yapay zeka destekli etkinlikler gergeklestirilmistir.

Veri Toplama Aract

Arastirmada veri toplama araci olarak, Akkaya ve arkadaslar1 (2021) tarafindan Tiirk¢eye uyarlanan 5°1i
Likert tipi Yapay Zeka Kaygi Olgegi kullanilmigtir. Olgegin tamanu icin hesaplanan Cronbach Alfa
giivenirlik katsayis1 0,937’dir.

Verilerin Analizi

Elde edilen veriler SPSS paket programi kullanilarak analiz edilmistir. Orneklem biiyiikliigiiniin 30’un
altinda olmasi1 nedeniyle normallik analizinde Shapiro—Wilk testi kullanilmstir (Can, 2020). Normallik
varsayiminin saglanmasinin ardindan, on test ve son test puanlar1 arasindaki farkin incelenmesinde
bagimli 6rneklemler t-testi uygulanmustir.
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BULGULAR

Bu arastirmada, gevre egitiminin blok tabanli yapay zeka destekli PictoBlox uygulamalari kullanilarak
yiiriitiilmesinin, fen bilgisi 6gretmen adaylarmin yapay zekd kaygi diizeyleri iizerindeki etkisi
incelenmistir. Arastirma kapsaminda elde edilen veriler, “Yapay Zeka Kaygi Olcegi” araciligiyla
toplanmis ve 6gretmen adaylarinin uygulama Oncesi (6n test) ve uygulama sonrasi (son test) kaygi
puanlar1 karsilastirilmistir.

Oncelikle, elde edilen verilerin parametrik testlerin varsayimlarimi karsilayip karsilamadigini belirlemek
amaciyla normallik analizi yapilmistir. Bu dogrultuda, 6rneklem biiyiikliigiiniin 30’un altinda olmasi
nedeniyle Shapiro-Wilk normallik testi uygulanmistir. Yapilan analiz sonucunda, hem 6n test hem de
son test puanlaria ait anlamlilik degerlerinin .05 diizeyinden biiyiik oldugu gorilmiistiir (p > .05).
Shapiro-Wilk testi sonuglari, 6gretmen adaylarinin yapay zekd kaygi puanlarinin normal dagilim
gosterdigini ortaya koymaktadir (Tablo 1).

Tablo 1. Yapay Zeka Kaygi Olgeginin Shapiro-Wilk Testi Sonuglari

Olciim Istatistik df p
On-Test 0,972 24 0.723
Son-Test 0,966 24 0.580

Bu bulgu dogrultusunda, 6n test ve son test puanlar1 arasindaki farkin incelenmesinde parametrik analiz
yontemlerinden bagimli drneklemler t-testi kullanilmistir. Fen bilgisi 6gretmen adaylarinin yapay zeka
kaygi 6lgeginden aldiklar1 6n test puan ortalamasi 43,79 (ss = 12,29), son test puan ortalamasi ise 42,13
(ss =10,73) olarak hesaplanmistir (Tablo 2).

Tablo 2. Fen Bilgisi Ogretmen Adaylarinin Cevre Egitimi Yapay Zeka Kaygi Olgegi On Test-Son Test
bagimli Orneklemler t-Testi Sonuglari

Olgekler n X ss z p
On Test 24 43,79 12,29 -0,767 ,451
Son Test 24 42,13 10,73

Bagimli 6rneklemler t-testi sonuglarina gore, 6gretmen adaylarinin 6n test ve son test yapay zeka kaygi
puanlar1 arasinda istatistiksel olarak anlamli bir fark bulunmamustir (t = -0,767; p = .451). Elde edilen
bu sonug, ¢cevre egitiminin yapay zeka destekli PictoBlox uygulamalari kullanilarak yiiriitiilmesinin, fen
bilgisi 6gretmen adaylarinin yapay zekd kaygi diizeylerinde anlamli bir degisim olusturmadigini
gostermektedir.

Bu bulgular, uygulama siirecinin 6gretmen adaylarinin yapay zekaya yonelik kaygi diizeylerini
azaltmada tek basina yeterli olmadigini; kaygi gibi duyussal degiskenlerin daha uzun siireli, cok boyutlu
ve destekleyici 6gretim siiregleri gerektirdigini diisiindiirmektedir.

TARTISMA VE SONUC

Bu aragtirmada, gevre egitiminin blok tabanli yapay zeka destekli PictoBlox uygulamalari kullanilarak
yiriitiilmesinin, fen bilgisi 6gretmen adaylarinin yapay zeka kaygi diizeyleri iizerindeki etkisi
incelenmistir. Elde edilen bulgular, 6gretmen adaylarinin 6n test ve son test yapay zeka kaygi puanlar
arasinda istatistiksel olarak anlamli bir farklilik olmadigin1 gostermistir. Bu sonug, uygulama siirecinin
Ogretmen adaylarimin yapay zekaya yonelik kaygi diizeylerinde belirgin bir degisim olusturmadigini
ortaya koymaktadir.
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Arastirma bulgulari, yapay zeka destekli ve blok tabanli uygulamalarin 6gretmen adaylarinin biligsel ve
uygulamaya doniik becerilerini destekleyebilmesine ragmen, kaygi gibi duyussal degiskenler lizerinde
kisa siireli uygulamalarla sinirl bir etki yaratabilecegini diisiindiirmektedir. Wang ve Wang (2019),
yapay zeka kaygisinin bireylerin teknolojiye iliskin bilgi diizeyleri kadar, bu teknolojilerin mesleki roller
iizerindeki olas1 etkilerine yonelik algilarla da yakindan iligkili oldugunu belirtmektedir. Bu baglamda,
Ogretmen adaylarinin yapay zeka ile dogrudan uygulama deneyimi kazanmalarinin tek basina kaygiyi
azaltmak i¢in yeterli olmayabilecegi sdylenebilir.

Literatlirde, uygulamali ve deneyim temelli yapay zeka egitimlerinin bireylerin yapay zekaya yonelik
tutumlarini olumlu yonde etkiledigini ortaya koyan calismalar bulunmaktadir (Kafai ve ark., 2020; Chiu
& Chai, 2020). Ancak bazi aragtirmalar, 6gretmen adaylarinin yapay zekdya yonelik tutumlarinin
olumlu olmasina ragmen, kayg1 ve belirsizlik duygularinin devam edebildigini gostermektedir (Selwyn,
2019). Ozellikle yapay zekanin 6gretmenin roliinii degistirecegi ya da gretim siirecinde kontrolii ele
alacag1 yoniindeki algilar, mesleki tehdit duygusunu besleyerek kaygi diizeyinin korunmasina neden
olabilmektedir.

Bu aragtirmada anlamli bir farkin ortaya ¢ikmamasinin olast nedenlerinden biri, uygulama siiresinin
gorece kisa olmasi olabilir. Yapay zeka kaygisinin ¢ok boyutlu bir yapir sergilemesi, bu kayginin
azaltilmasinin  uzun siireli, sistematik ve destekleyici Ogretim siireclerini  gerektirdigini
diistindiirmektedir. Ayrica, 6gretmen adaylarinin 6nceki teknoloji deneyimleri, dijital yeterlik algilarn
ve yapay zekaya yonelik 6n kabulleri gibi degiskenlerin, uygulamanin etkisini sinirlandirmis olabilecegi
degerlendirilmektedir.

Bununla birlikte, ¢evre egitimi gibi disiplinler arasi bir alanda yapay zeka destekli blok tabanl
uygulamalarin kullanilmasi, 6gretmen adaylarinin bu teknolojilerle etkilesimini artirmasi agisindan
onemli bir deneyim alani sunmaktadir. Bu yoniiyle arastirma, yapay zekd destekli Ogretim
uygulamalarinin yalnizca biligsel ¢iktilar acisindan degil, duyussal boyutlariyla da ele alinmasi
gerektigine dikkat ¢ekmektedir.

Bu arastirmada, ¢evre egitiminin yapay zeka destekli blok tabanli PictoBlox uygulamalar1 kullanilarak
yiiriitilmesinin, fen bilgisi 6gretmen adaylarinin yapay zeka kaygi diizeyleri iizerinde istatistiksel olarak
anlamli bir etkisinin olmadigi sonucuna ulasilmigtir. Elde edilen bulgular, yapay zeka destekli
uygulamalarin 6gretmen adaylarinin yapay zekdya yonelik kaygilarii azaltmada tek bagina yeterli
olmayabilecegini gostermektedir.

Arastirma sonuglari, yapay zeka kaygisinin yalnizca teknik bilgi eksikliginden kaynaklanan bir durum
olmadigini; mesleki beklentiler, algilanan yeterlik ve yapay zekanin 6gretmenlik meslegi {izerindeki
olas1 etkilerine iligskin kaygilarla da iliskili oldugunu ortaya koymaktadir. Bu nedenle, 6gretmen
adaylarinin yapay zekdya yonelik kaygilarinin azaltilmasina yonelik ¢aligmalarin, yalnizca uygulama
temelli etkinliklerle sinirli kalmamasi; ayn1 zamanda pedagojik, etik ve mesleki boyutlari da kapsayacak
bigcimde yapilandirilmasi gerekmektedir.
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ABSTRACT

Artificial intelligence (Al) technologies are rapidly spreading in the field of education and have the
potential to transform instructional methods, particularly in science education. While Al-supported
applications aim to enhance students’ higher-order thinking skills, problem-solving abilities, and digital
literacy, the ways in which these technologies are perceived by pre-service teachers and the affective
responses they evoke have become an important area of research. In this context, pre-service teachers’
levels of Al anxiety emerge as a determining factor in the effective and sustainable integration of Al-
based instructional practices into educational environments. This study was conducted to determine the
effect of biology instruction delivered using Al-supported PictoBlox applications on pre-service science
teachers’ levels of Al anxiety. The research was carried out during the 2024—2025 academic year with
18 pre-service science teachers enrolled in the Science Teacher Education program of the Faculty of
Education at a public university located in the Central Anatolia Region of Tiirkiye. Designed within the
framework of quantitative research methods, the study employed a quasi-experimental design using a
single-group pretest—posttest model. The “Artificial Intelligence Anxiety Scale” was administered to the
participants as both a pretest and a posttest. Within the scope of the implemented biology course, pre-
service science teachers engaged in activities such as game design, image processing, natural language
processing, numerical classification, and prediction tasks. The biology teaching process was completed
through these activities. The analysis of the collected data revealed that there was no statistically
significant difference between the participants’ Al anxiety scores before and after the implementation.
The findings indicate that instructional processes conducted using Al-supported block-based
applications alone may not be sufficient to reduce pre-service teachers’ levels of Al anxiety and
highlight the need for further studies incorporating longer intervention periods and additional variables.

Key Words: Artificial intelligence; artificial intelligence anxiety; pictoblox; pre-service science
teachers.

OZET

Yapay zeka teknolojileri, egitim alaninda hizla yayginlasmakta ve 6zellikle fen egitimi siireglerinde
Ogretim yontemlerini doniistirme potansiyeli tasimaktadir. Yapay zeka destekli uygulamalar,
Ogrencilerin Ust diizey diisiinme becerilerini, problem ¢6zme yetkinliklerini ve dijital okuryazarliklarin
gelistirmeyi hedeflerken, bu teknolojilerin 6gretmen adaylari tarafindan nasil algilandigi ve bu siiregte
ortaya ¢ikan duyussal tepkiler de 6nemli bir aragtirma konusu haline gelmistir. Bu baglamda, 6gretmen
adaylarinin yapay zekaya yonelik kaygi diizeyleri, yapay zeka temelli 6gretim uygulamalarinin etkili ve
siirdiiriilebilir bigimde egitim ortamlarina entegrasyonunda belirleyici bir faktor olarak 6ne ¢ikmaktadir.
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Bu arastirma, yapay zeka destekli PictoBlox uygulamalari kullanilarak yiiriitiilen biyoloji 6gretiminin
fen bilgisi 6gretmen adaylarinin yapay zeka kaygi diizeyleri lizerindeki etkisini belirlemek amaciyla
yiiriitiilmiistiir. Arastirma, 2024-2025 egitim-6gretim yilinda I¢ Anadolu Bblgesi’nde bulunan bir devlet
{iniversitesinin Egitim Fakiiltesi Fen Bilgisi Ogretmenligi programinda 6grenim goren 18 fen bilgisi
Ogretmen aday1 ile gergeklestirilmistir. Arastirma, nicel arastirma yontemlerinden yar1 deneysel desen
cercevesinde tasarlanmis olup, tek gruplu 6n test—son test modeli kullanilmistir. Veri toplama araci
olarak “Yapay Zekd Kaygi Olgegi” uygulama oOncesinde ve sonrasinda ogretmen adaylarina
uygulanmustir. Yiiriitiilen biyoloji dersi kapsaminda fen bilgisi 6gretmen adaylarina oyun tasarlama,
goriintii isleme, dogal dil isleme, sayisal siniflandirma ve tahmin c¢alismalar1 yaptirilmistir. Bu
etkinlikler araciligiyla biyoloji &gretim siireci tamamlanmistir. Arastirma sonucunda elde edilen
verilerin analizi sonucunda, fen bilgisi 6gretmen adaylarinin uygulama siireci 6ncesi ve sonrasi yapay
zeka kaygi puanlari arasinda istatistiksel olarak anlamli bir fark bulunmadigi belirlenmistir. Elde edilen
bulgular, yapay zeka destekli blok tabanli uygulamalar kullanilarak yiiriitiilen 6gretim siireclerinin
Ogretmen adaylarinin yapay zeka kaygi diizeylerini azaltmada tek bagina yeterli olmayabilecegini ve bu
alanda daha uzun siireli, farkli degiskenleri igeren ¢aligmalara ihtiya¢ duyuldugunu gostermektedir.

Anahtar Kelimeler: Yapay zeka, yapay zeka kaygisi, pictoblox, fen bilgisi 6gretmen adaylari

GIRIS

Yapay zeka (YZ) teknolojileri son yillarda egitim alaninda giderek daha fazla yer almakta ve 6gretim
stireclerinin yeniden yapilandirilmasina yonelik 6nemli firsatlar sunmaktadir. Ozellikle fen egitimi
baglaminda yapay zeka destekli uygulamalar; soyut kavramlarin somutlastirilmasi, 6grenenlerin derse
aktif katilminin artirilmasi ve iist diizey diisiinme becerilerinin gelistirilmesi agisindan dikkat

cekmektedir (Luckin ve ark., 2016; Holmes, Bialik & Fadel, 2019). Bu gelismeler, 6gretmen adaylarinin
yalnizca biligsel degil, ayn1 zamanda duyussal 6zelliklerinin de incelenmesini gerekli kilmaktadir.

Blok tabanli kodlama ortamlari, programlamaya yeni baglayan bireyler i¢in karmasik kod yapilarinin
sadelestirilmesi yoluyla 6grenme siirecini kolaylastirmaktadir (Resnick ve ark., 2009). Yapay zeka
bilegenlerini blok tabanli yapilarla bir araya getiren PictoBlox gibi platformlar, 6gretmen adaylarina
goriintii isleme, dogal dil isleme ve makine Ogrenmesi gibi alanlarda uygulama yapma imkani
sunmaktadir. Bu tiir ortamlarin 6gretmen adaylarmin teknolojiye yonelik tutum ve algilart iizerinde
etkili oldugu bilinmektedir (Zawacki-Richter ve ark., 2019).

Bununla birlikte, yapay zekd teknolojilerinin egitim ortamlarinda kullanimi bazi kaygilari da
beraberinde getirmektedir. Ogretmen adaylarinin yapay zekdya yonelik yeterlik algilari, mesleki
rollerine iliskin belirsizlikler ve teknolojik degisime uyum siireci, yapay zekd kaygisinin ortaya
¢ikmasina neden olabilmektedir (Wang & Wang, 2019). Bu kaygi durumu, 6gretmen adaylarinin
gelecekte yapay zeka destekli 6gretim uygulamalarini benimseme ve kullanma istegini olumsuz y6nde
etkileyebilmektedir.

Literatiirde, yapay zeka destekli ve blok tabanli kodlama uygulamalarinin 6gretmen adaylariin
ogrenme siirecleri ve teknolojiye yonelik tutumlari tizerindeki etkilerini inceleyen ¢esitli calismalar yer
almaktadir. Blok tabanli programlama ortamlarinin, programlamaya yonelik algilanan zorlugu azalttig
ve 6grenenlerin derse katilimini artirdig belirtilmektedir (Resnick ve ark., 2009; Weintrop & Wilensky,
2017). Yapay zeka bilegenlerinin egitim ortamlarina entegrasyonunun ise dgretmen adaylarinin dijital
yeterliklerini ve pedagojik farkindaliklarini destekledigi ifade edilmektedir (Holmes, Bialik & Fadel,
2019; Zawacki-Richter ve ark., 2019). Bununla birlikte, baz1 arastirmalar 6gretmen adaylarinin yapay
zekaya yonelik tutumlarinin olumlu olmasina ragmen, bu teknolojilere iligkin kaygi ve belirsizliklerin
devam edebildigini gostermektedir (Baker & Smith, 2019; Wang & Wang, 2019). Ozellikle yapay
zekanim mesleki roller lizerindeki olasi etkileri, 6gretmen adaylarinda i glivencesi ve yeterlik algisina
dayali kaygilarin ortaya ¢ikmasina neden olabilmektedir. Bu durum, yapay zeka destekli uygulamalarin
yalnizca bilissel kazanimlar agisindan degil, duyussal boyutlar agisindan da degerlendirilmesi
gerektigini ortaya koymaktadir.

Bu ¢alisma, yapay zeka destekli blok tabanli kodlama uygulamalarindan biri olan PictoBlox un biyoloji
dersi baglaminda kullaniminin, fen bilgisi 6gretmen adaylarinin yapay zekaya yonelik kaygi diizeyleri
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iizerindeki etkisini incelemeyi amaglamaktadir. Literatlirde yapay zeka destekli uygulamalarin biligsel
kazanimlar tizerindeki etkilerine odaklanan ¢aligmalar bulunmakla birlikte, 6gretmen adaylarinin yapay
zekdya yonelik kaygi diizeylerini deneysel bir desenle ele alan arastirmalarin smirli oldugu
goriilmektedir. Bu baglamda, biyoloji 6gretiminde yapay zeka destekli blok tabanli uygulamalarin
kullanildig1 bir 6gretim siirecinin, fen bilgisi 6gretmen adaylarinin yapay zekad kaygilari iizerindeki
etkisini ortaya koymayi hedefleyen bu arastirmanin, alanyazindaki énemli bir boslugu doldurmasi
beklenmektedir. Elde edilecek bulgularm, 6gretmen yetistirme programlarinda yapay zeka temelli
uygulamalarin planlanmasina ve 6gretmen adaylarinin bu teknolojilere yonelik duyussal 6zelliklerinin
daha iyi anlagilmasina katki saglayacag: diisiiniilmektedir.

YONTEM
Arastirma Modeli

Bu arastirma, yapay zekd destekli blok tabanli kodlama uygulamasi PictoBlox ile zenginlestirilen
biyoloji 6gretiminin, fen bilgisi 6gretmen adaylarinin yapay zeka kaygi diizeyleri lizerindeki etkisini
incelemek amaciyla yiiriitiilmiis nicel bir calismadir. Arastirmada, yar1 deneysel desenlerden tek gruplu
on test—son test modeli kullanilmistir. Bu modelde, uygulamaya katilan bireylerin bagimli degiskene
iligkin 6l¢limleri, uygulama 6ncesinde ve sonrasinda ayni 6lgme araci kullanilarak elde edilmekte ve
uygulamanin etkisi bu iki 6l¢lim arasindaki fark tizerinden degerlendirilmektedir (Biiylikoztiirk ve ark.,
2022).

Tek gruplu 6n test—son test deseni, 6zellikle egitim ortamlarinda kontrol grubunun olusturulmasinin giic
oldugu durumlarda siklikla tercih edilmektedir. Bununla birlikte, bu desenin i¢ gecerlik agisindan bazi
sinirliliklart bulunmakta olup, elde edilen bulgularin bu ¢ergcevede degerlendirilmesi gerekmektedir
(Campbell & Stanley, 1963).

Calisma Grubu

Aragtirmanin galigma grubunu, 2024-2025 egitim-6gretim yilinda I¢ Anadolu Bolgesi’nde yer alan bir
devlet iiniversitesinin Egitim Fakiiltesi Fen Bilgisi Ogretmenligi programinda 6grenim géren ve biyoloji
dersi alan 18 fen bilgisi 6gretmen aday1 olusturmaktadir. Calisma grubunun belirlenmesinde seckisiz
olmayan 6rnekleme yontemlerinden uygun 6rnekleme yontemi kullanilmigtir.

Uygun 6rnekleme, aragtirmacinin ulagilmasi kolay ve mevcut katilimeilarla galismasina olanak saglayan
bir drnekleme yaklagimidir. Bu yontemin, 6zellikle egitim arastirmalarinda sik¢a kullanildigi; ancak
elde edilen bulgularin genellenebilirligi agisindan sinirhiliklar igerdigi belirtilmektedir (Patton, 2005;
Cohen, Manion & Morrison, 2021). Bu nedenle, aragtirma bulgular1 yalnizca ¢alisma grubuyla sinirli
olarak degerlendirilmistir.

Veri Toplama Aract

Aragtirmada veriler, Wang ve Wang (2019) tarafindan gelistirilen ve Terzi (2020) tarafindan Tiirkgeye
uyarlanan Yapay Zekda Kaygi Olgegi kullamlarak toplanmustir. Olgek, katilimcilarin yapay zekiya
yonelik kaygi diizeylerini belirlemeye yonelik bir 6z degerlendirme araci olup, 7°1i Likert tipinde
hazirlanmistir. Toplam 21 maddeden olusan 6l¢ek; 6grenme, is degisimi, sosyo-teknik korliik ve yapay
zeka yapilandirilmasi olmak {izere dort alt boyutu kapsamaktadir.

Olgegin giivenirligine iliskin yapilan analizlerde, Cronbach alfa katsayisinin 8lgegin tamami igin 0,96

oldugu; alt boyutlar i¢in ise 0,89 ile 0,95 arasinda degistigi rapor edilmistir (Terzi, 2020). Bu degerler,
Olcegin yiiksek diizeyde giivenilir oldugunu gostermektedir.

Uygulama Siireci

Aragtirma kapsaminda yiiriitiilen uygulama, 2024-2025 egitim-0gretim yili gliz doneminde
gercgeklestirilmistir. Uygulama siirecinde fen bilgisi 6gretmen adaylarina, biyoloji dersi kapsaminda
yapay zeka destekli blok tabanli kodlama uygulamasi PictoBlox kullanilarak ¢esitli etkinlikler
yaptinlmistir. Bu etkinlikler arasinda oyun tasarlama, gorintii isleme, dogal dil isleme, sayisal
simiflandirma ve tahmin uygulamalar1 yer almaktadir.

Uygulama siireci boyunca dgretmen adaylarinin yapay zeka bilesenleriyle dogrudan etkilesim kurmalari
saglanmig; bu sayede hem biyoloji konulariin 6gretimi desteklenmis hem de 6gretmen adaylarinin
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yapay zeka temelli uygulamalara iliskin deneyim kazanmalar1 amaclanmigtir. Yapay zeka destekli
uygulamalarin 6gretmen adaylarimin teknolojiye yonelik farkindaliklarini artirdigina yonelik bulgular,
benzer ¢aligmalar tarafindan da desteklenmektedir (Holmes ve ark., 2019).

BULGULAR

Bu boliimde, yapay zeka destekli PictoBlox uygulamalariyla zenginlestirilen biyoloji dersinin fen bilgisi
Ogretmen adaylarinin yapay zeka kaygi diizeyleri iizerindeki etkisini belirlemek amaciyla elde edilen
nicel verilere iligkin analiz sonuglar1 sunulmustur. Arastirmada, 6gretmen adaylarmin yapay zeka kaygi
diizeylerine ait On test ve son test puanlar karsilastirilmistir.

Fen bilgisi dgretmen adaylarinin Yapay Zekd Kaygi Olgegi’nden elde ettikleri on test ve son test
puanlarinin dagiliminin normalligi Shapiro—Wilk testi ile incelenmistir. Normallik testine iliskin
sonuglar Tablo 1°de sunulmustur.

Tablo 1. Yapay Zeka Kaygi Olgegine Ait Verilerin Shapiro-Wilk Testi Normallik Sonuglar

Ol¢iim Istatistik df p
On-Test 0.983 18 0.975
Son-Test 0.916 18 0.975

Tablo 1 incelendiginde, 6n test ve son test puanlarina ait anlamlilik degerlerinin .05 diizeyinden biiyiik
oldugu goriilmektedir (p > .05). Bu sonuglar, verilerin normal dagilim gosterdigini ortaya koymaktadir.
Ancak orneklem biiyiikliigiiniin 30’un altinda olmasi nedeniyle, analizlerde parametrik olmayan
testlerin kullanilmasina karar verilmistir.

“Blok tabanli yapay zekd uygulamalariyla desteklenen biyoloji dersinde, fen bilgisi 6gretmen
adaylarinin yapay zekaya yonelik kaygilariin 6n test ve son test puanlari arasinda istatistiksel olarak
anlamli bir farklilik var midir?” sorusuna yanit bulmak amaciyla Wilcoxon Isaretli Siralar Testi
uygulanmstir. Test sonuglart Tablo 2’de sunulmustur.

Tablo 2. Fen Bilgisi Ogretmen Adaylarinin Yapay Zeka Kaygi Olgegi On Test-Son Test Wilcoxon
Isaretli Siralar Testi Sonuclari

On Test — Son Test n Sira Ortalamasi Sira Toplam z p
Negatif sira 10 8,80 88,00 -0,109 913
Pozitif sira 8 10,38 83,00

Esit 0

Tablo 2’ye gore, fen bilgisi 6gretmen adaylarinin yapay zeka kaygi diizeylerine iliskin 6n test ve son
test puanlar1 arasinda istatistiksel olarak anlamli bir fark bulunmamaktadir (z = -0.109, p > .05). Bu
bulgu, yapay zeka destekli PictoBlox uygulamalarnyla yiiriitiilen biyoloji &gretiminin, dgretmen
adaylarinin yapay zeka kaygi diizeylerinde anlamli bir degisime yol agmadigini gostermektedir.

SONUC

Bu aragtirmada, yapay zeka destekli blok tabanli kodlama uygulamalarindan biri olan PictoBlox ile
zenginlestirilen biyoloji 6gretiminin, fen bilgisi 6gretmen adaylarimin yapay zekdya yonelik kaygi
diizeyleri lizerindeki etkisi incelenmistir. Arastirma sonucunda, dgretmen adaylarinin uygulama 6ncesi
ve sonras1 yapay zekad kaygi puanlan arasinda istatistiksel olarak anlamli bir farklilik bulunmadigi
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belirlenmistir. Bu bulgu, yiiriitiilen 6gretim silirecinin, 6gretmen adaylarmin yapay zeka kaygi
diizeylerinde anlamli bir degisim olusturmadigini gostermektedir.

Elde edilen sonuglar, yapay zeka destekli 6gretim uygulamalarinin 6gretmen adaylarinin biligsel ve
uygulamaya doniik becerilerini destekleyebilmesine ragmen, kaygi gibi duyussal degiskenler tizerinde
kisa siireli uygulamalarla sinirli bir etki olusturabilecegini diisiindiirmektedir. Yapay zekaya yonelik
kayginin; bireylerin teknolojiye iliskin 6nceki deneyimleri, mesleki beklentileri ve algilanan yeterlik
diizeyleri gibi ¢ok boyutlu faktdrlerden etkilendigi goz oniinde bulunduruldugunda, bu tiir kaygilarin
azaltilmasinin uzun vadeli ve sistematik 6gretim siireclerini gerektirdigi soylenebilir.

Aragtirmanin bazi sinirliliklar: bulunmaktadir. Calismanin tek bir iiniversitede ve sinirli sayida katilime1
ile yiiriitiilmiis olmasi, elde edilen bulgularin genellenebilirligini sinirlamaktadir. Ayrica arastirmada
kontrol grubunun yer almamasi ve uygulama siiresinin gorece kisa olmasi, sonuglarin yorumlanmasinda
dikkate alinmasi1 gereken diger sinirliliklar arasinda yer almaktadir.

Bu dogrultuda, ileride yapilacak aragtirmalarda daha genis orneklemlerle, kontrol gruplu deneysel
desenlerin kullanilmas1 onerilmektedir. Ayrica yapay zekd kaygisini etkileyebilecek 6z yeterlik,
teknoloji kabulii ve mesleki beklentiler gibi degiskenlerin de arastirmalara dahil edilmesi, yapay zeka
destekli 6gretim uygulamalariin duyussal etkilerinin daha kapsamli bi¢imde ortaya konulmasina katki
saglayabilir. Ogretmen yetistirme programlarinda yapay zeka temelli uygulamalara daha fazla yer
verilmesi ve bu uygulamalarin pedagojik ¢ercevede yapilandirilmasi, 6gretmen adaylarinin yapay
zekaya yonelik kaygilarinin azaltilmasina yonelik 6nemli bir adim olarak degerlendirilebilir.
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ABSTRACT

In daily life, making inferences about an event based on a limited amount of data is a common and
important problem. Especially in decision-making processes dominated by uncertainty, classical
inference systems often fail to produce reliable and satisfactory results. In this study, a novel inference
system based on the neutrosophic Takagi-Sugeno-Kang model is proposed by using Dice similarity
measure. The Dice similarity between input data and rule antecedents is calculated using the Dice
similarity measure, allowing a more precise evaluation of the consistency between data and rules.
Furthermore, inference rules are weighted through t-norm, enabling a more realistic modeling of each
rule’s contribution to the overall inference process. Finally, a numerical example is presented to
demonstrate the applicability and practicality of the proposed inference system.

Keywords: Inference Systems, Takagi-Sugeno-Kang Model, Neutrosophic Sets, Dice Similarity
Measure, Decision- Making.

INTRODUCTION

In many fields where uncertain information exists, classical set theory is insufficient. In such cases,
fuzzy set theory, introduced by Zadeh (Zadeh, 1965) in 1965, comes to fore. This theory has found
effective application in many different fields such as artificial intelligence (Hu et al., 2023) and medicine
(YYao et al., 2001). After fuzzy sets were introduced, they were extended to many different sets (Torra,
2010; Atanassov, 1999). One of the most important of these sets is the neutrosophic sets introduced by
Smarandache (Smarandache, 1999), which take into account degrees of truth, falsity, and indeterminacy
when modelling uncertainty, offering a more sensitive approach in real-life modelling.

Inference systems make predictions about the future based on past data and experiences. Fuzzy inference
systems were developed because classical inference systems proved inadequate in situations involving
uncertain data. Fuzzy inference systems offer an effective approach by modelling the relationship
between input and output variables through fuzzy rules. Many fuzzy systems developed are frequently
used in various fields (Jang, 1993; Larsen, 1980; Kosko, 1986). Among these systems, the Takagi-
Sugeno-Kang (TSK) model (Takagi and Sugeno, 1985; Sugeno and Kang, 1988), which uses linear and
non-linear equations, obtains system outputs more accurately and efficiently. Due to these features, it
has found application in a wide range of areas (Gu et al., 2019; Zhang and Ge, 2013).

In this study, a novel inference system based on the neutrosophic Takagi-Sugeno-Kang model is
proposed by using Dice similarity measure. The applicability of the system has been increased by linear
equations. By considering the truth, falsity, and indeterminacy degrees with neutrosophic sets, the model
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has been made more flexible compared to other models. The weight of the system has been calculated
flexibly using the t-norm, and Dice similarity measure, increasing the reliability of the model.

The second section describes the necessary preliminary information for the study. The third section
introduces the proposed inference system and then provides a numerical example. The final section
presents the results of the study.

PRELIMINARY
Some fundamental definitions are introduced in this section related with study.
t-norm (Zimmermann, 2011)

Let t: [0,1] x [0,1] — [0,1] be a function. If ¢ satisfies the specified properties for all a, b, c,d € [0,1],
then t is called a t-norm.

Q)] t(0,a) =t(a,0)and t(a,1) =t(1,a) = a,
)} Ifa <candb <d,thent(a,b) <t(c,d),
(my  t(a,b) =t(b,a),

(V) t(a,tb, ) = t(t(a, b),c).

Neutrosophic Set (Smarandache, 1999)

Let U be a universe of discourse. A neutrosophic set A in U is characterized by three membership
functions: the truth-membership function T,, the indeterminacy-membership function I, and the falsity-
membership function F,. For each element of U, the values of T,, I,, and F, are real numbers in the
interval [0,1]. It can be written,

A=< X, (TA(x)I IA(x)I FA(x)) >1x € UI TA(x)F IA(x)l FA(x) € [011]
If U has one element we show as x =< (Ty, Iy, Fy) >.
Score Function for Neutrosophic Set (Chen and Ye, 2017)

Let x =< (Ty, I, F4) > be a neutrosophic element. Then, the score function of x, denoted by §(x), is
defined by,

2+ Ty — 1y — F4
3
Single Valued Trapezoidal Neutrosophic Number (Deli and Subas, 2017)

d(x) =

A single valued trapezoidal neutrosophic number @ =< [a, b, ¢, d]; (g, Tte, Vo) > 1S @ particular type
of neutrosophic set defined on the real number set R. Its truth-membership, indeterminacy-membership,
and falsity-membership functions are defined for each x € R as follows:

xX—a b—x+ X—a
((J <x<b ( Ma( ), a<s<x<b
| b—a | b—a
_ JHas b<x<c )Ty, b<x<c
Tox) = (d — x)ugy ’ le(x) = x—c+my(d—x)
EEE——— c<x<d , c<x<d
d—c d—c
kO, otherwise kl, otherwise

and
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{b—x+va(x—a)

| Py , a<x<b
Y b<x<c
F, =<{® -
a(%) x—c+vy(d—x) r<d
T—<c , c<x<
kl, otherwise

here, Wy, e Vo € [0,1].
Normalized Single Valued Trapezoidal Neutrosophic Number (Deli et al., 2022)

Let @« =< [a,b,c,d]; (g, T4, Ve) >. Then the normalized single valued trapezoidal neutrosophic
number of «, denoted by & is given by;

e a b c d

=< hrcrdatbrcrdatbtctdatbrerd
Dice Similarity Measure for Normalized Single Valued Trapezoidal Neutrosophic Number (Deli et al.,
2022)
Let@ =< [ay, by, ¢1,d1]; (Mg, Tz, Vg) >and B =< [ay, by, ¢z, d,]; (3, 3, v3) > be normalized single
valued trapezoidal neutrosophic numbers. Then Dice similarity measure between @ and 8 defined as:

D(@p)

I (e Ty V) >

_ 1 . 2(Map + g + Vap)
1+ |P(@) — P(B)| Maa+ Hpp + Taa + Tzp + Vaa + Vg

where,

— a,+2by+2c,+d 5 a,+2by+2cy+d
P(CZ): 1 16 1 11 P(ﬂ): 2 26 2TA2

and
_ _ _ .2 .2
Hap = Halp Haa = Ua, Hgp = Mg,
T[a,ﬁ = T[aT[B, Mga = T[é, T[_E = T[l%'
Vaf =VaVp  Vaa =Va VG = v%

NEUTROSOPHIC TSK INFERENCE SYSTEM BASED-ON DICE SIMILARITY MEASURE

In this section, an improved model developed based on the m inputs n outputs Linear Neutrosophic TSK
Inference System proposed by Ulugay et al. (Ulugay et al., 2026) is presented. In the proposed system,
instead of employing the arithmetic mean to obtain the output values, a rule-weighting strategy is
adopted. Within this framework, the Dice similarity measure and the t-norm operator are utilized to
determine and aggregate the rule weights. Consequently, the effect of each rule on the overall system
output is modeled in a more sensitive and effective manner, thereby enhancing the representational
capability of the inference mechanism. The proposed system is presented below.

Let A1, A}, ... be neutrosophic linguistic values in X; € R, and generally Aj,Aé, .. EX; SR forj=
1,2, ..., m. Consider the following equation systems for m variablesand i = 1,2, ...,pand n € R:

i _ i i _ fi i _ fi
01 = fi (x5, %2, o, X)), @5 = fo (X1, X2, e, X)), vy @1 = fri (X1, X2, o0, X))
Where t = 1,2, ...,n, iy = 1,2,...,mand af,af,ay, .., a} € Rwritten as:
; ; i i i i
Or = [ (X1, X2, 0, X)) = ag +afx; +ayx; + o+ anxy,

Then linear Neutrosophic TSK Inference System with m inputs n outputs and p rules is represented as
follows for i, = 1,2, ..., m denotes the tth linear equation of the ith rule and 1,J,1 = 1,2, ...
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Inference Rule i: IF x; is A} AND x; is A% AND ... x,, is AT THEN
(ol =a! +a2x; +abx, + - +allx,

- i i i i
J @5 =ag +al’x;+aix;+ -+ aixy

L(pfl = a(i)" + ai”xl + a;”xz + -+ altx,,
To find the final outputs ¢4, ¢, ..., @, calculations must be made separately for the intervals to which
each variable m belongs.

Firstly, the following values are calculated for each m using the score function for the specified interval.

. 2+T ,1 I,1-F,1 .
— A A A —
51(x ) — l . l l’5l(x ) —

2+TA2] —IA2] _FA2] ; 2+TArln —IArln —FArln
’...’6 (xm) —

3 3

The values found are then written into the linear equation in each rule to find,
fli (8i(x_1)x1, Si(g)xb e 6i(m)xm)' fZL (6i(x_1)x1' 61‘(@)362' e 6i (%)xm)'

'fni(é‘i(ﬂ)xli 6i(x_2)x2' ] 6i(m)xm)

Following these computations, the next step is to determine the weights of the rules. For this purpose,
the similarity measure between the input data and the rule antecedents must first be calculated. In this
context, the input data are expressed as normalized trapezoidal neutrosophic numbers as follows:

E = E =< [xl'xl'xl'xl]; (1'0'0) >, x_z = A_Zj* =< [xZ'xZJxZIxZ]; (1'0'0) >y s
KX = AT =< [Xpm, X X, X |5 (1,0,0) >

Subsequently, the Dice similarity measures:
D(AY", Al ), D(A4%, 4% ),...,D(AT™,AT)

are calculated. After the similarity measures calculated, the rule weights are computed using the t-norm
as follows:

w! = t(D(A, AL ), D(4%, 42),..., D(ATF, A7)

Based on the values obtained in last equations, the outputs value for the given inputs is calculated as
follows:

30 (A8 @Dx, 8 @)xa, ) 61 (F)m))

(pl : J
?:1“’1
0, = Z?:l wi(fzi (5i(ﬁ)x1' 6i(x_2)x2' L SL(H)Xm))
2 = D i ’
i=1®

X 0 (8 @D X1, 8 ()X, e, 8 (Ko X))
n - p
i=1

wi
Example for two inputs single output

Let
A, =< (0,1,2,3); (0.7,0.6,04) >, A, =< (0,1,2,3); (0.6,0.7,0.8) >

B, =< (0,1,4,5); (0.6,0.6,0.7) >, B, =< (0,1,4,5); (0.8,0.7,0.6) >

be neutrosophic linguistic values for X = [0,3] € R and Y = [0,5] € R respectively. Let the rules for
given variables be given as follows forx € Xand y € Y :

Rule1:If xisA; AND yis B; THEN ¢, = fi(x,y) =2x -3y + 16
Rule2:If xisA, AND y is B, THEN ¢, = fo(x,y) = x — 6y + 26
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Assume that x = 2.5and y =4.2 so x € (2,3) and y € (4,5). Let’s find the score function for the
given interval.

§1(x) = 0.28, 5'(y») = 0.34
5%(x) = 0.34, 5%2(y) = 0.4
The values obtained are then substituted into the equation corresponding to the rules.
01 = 18T @)x, 6 (y)y) =2x —3y+16 = 2-0.28-2.5—3-0.34-4.2+ 16 = 13.11
@0y = [2(8%(3)x,6%(¥)y) =x— 6y +26 =0.34-25—-6-04-4.2 + 26 = 16.77
After these computations, the normalized trapezoidal neutrosophic numbers,
A* =< [2.5,2.5,2.5,2.5];(1,0,0) >,  B* =< [4.2,4.2,4.2,4.2];(1,0,0) >

are formulated, and the Dice similartiy measures between these numbers and the rule antecedents are
then calculated:

For Rule 1:

D(A%,A;) = 0.34and D(B*,B; ) = 0.28

And for Rule 2:

D(A%, A, ) = 0.24 and D(B*, B, ) = 0.35

From here, by assuming t(a, b) = min{a, b}, the rule weights are calculated.
' = min{0.34,0.28} = 0.28 and w? = min{0.24,0.35} = 0.24

According to the final computed values, the output corresponding to the inputs x = 2.5and y = 4.21is
obtained as follows.

028+ 13.11+ 0.2416.77
¢= 0.28 + 0.24

= 14.79

CONCLUSION AND DISCUSSION

In this study, a novel linear TSK inference system based on neutrosophic sets is proposed to achieve a
more comprehensive modelling of uncertainty by considering the degrees of truth, falsity, and
indeterminacy. Within the proposed system, the Dice similarity measure is integrated into the inference
mechanism to enable a more precise of the relationship between input values and rule antecedents.
Furthermore, the weighting of inference rules through t-norm operators allow the contributions of
individual rules to be aggregated in a more realistic, consistent, during the decision-making process. The
applicability and computational simplicity of the system are demonstrated through a two input, single
output illustrative example. The proposed system is formulated in a general m-input, n-output structure,
thereby providing a flexible framework that can be readily adapted to various application domains.
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TUBITAK (The Scientific and Technological Research Council of Tiirkiye) for their financial support
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ABSTRACT

In this study, a novel inference system based on the intuitionistic Takagi—Sugeno—Kang model is
proposed by using similarity measures under t-norm operators. The use of IF-THEN rules in the
proposed system enhances the predictive capability of the system, enabling effective future-oriented
estimations. By considering not only the membership degrees but also the non-membership degrees of
intuitionistic fuzzy sets, the intuitionistic Takagi—Sugeno—Kang system provides more flexible and
realistic representation of uncertainty according to classic and fuzzy inference systems. The mechanism
of the inference systems expresses the consequent parts using linear equations, which improves the
interpretability of the model while reducing computational complexity. Furthermore, the consistency of
the inference process is strengthened by calculating the similarity between input data and rule
antecedents. The rules are weighted through t-norm operators, allowing the influence of each rule on
the final output to be modeled more accurately. Finally, the applicability and effectiveness of the
proposed system are demonstrated through a numerical example with two inputs and one output.

Key Words: Inference Systems, Takagi-Sugeno-Kang Model, Intuitionistic Fuzzy Sets, Similarity
Measure, Decision- Making.

INTRODUCTION

In many fields where uncertainty be effective, classical set theory proves to be inadequate. In such cases,
fuzzy set theory, introduced in 1965 by Zadeh (Zadeh, 1965), has emerged as an important alternative
framework. Fuzzy sets have been effectively applied in various disciplines, such as engineering
(Blockley, 1979) and agriculture (Zhang et al., 2011).

Subsequently, this approach was extended to different types of generalized sets (Sebastian and
Ramakrishnan, 2010; Ramot et as., 2002). Among these, intuitionistic fuzzy sets proposed by Atanassov
(Atanassov, 1999) hold a significant place. Intuitionistic fuzzy sets consider not only the degree of
membership of an element but also its degree of non-membership and the associated hesitation margin.
In this way, they enable a more detailed and flexible modelling of uncertainty, providing a more sensitive
approach to real-life problems.

Inference systems generate predictions about future events by utilizing past data and experience.
However, classical inference systems often remain insufficient when dealing with uncertain or imprecise
information. To overcome these limitations, fuzzy inference systems were developed (Larsen, 1980;
Kosko, 1986, Jang, 1993). By modelling the relationship between input and output variables through
fuzzy rules, these systems provide a flexible and effective framework for handling uncertainty.
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Among these models, the Takagi-Sugeno-Kang model (TSK) model (Takagi and Sugeno, 1985; Sugeno
and Kang, 1988), stands out for its ability to incorporate linear and nonlinear functions in the rule
consequents. Owing to this structure, the TSK model produces system outputs in a more accurate and
computationally efficient manner. These advantages have led to its successful application in a wide
variety of fields (Shirgir and Farahmand-Tabar, 2025; Deli et al., 2025).

In this study, a new inference system based on the intuitionistic fuzzy TSK model is proposed by
employing a similarity measure. The applicability of the system is enhanced through the use of linear
equations in the rule consequents. By considering the membership and non-membership degrees
provided by intuitionistic fuzzy sets, the proposed model offers greater flexibility compared to
traditional fuzzy models. Furthermore, the system weights are determined in a flexible manner using a
t-norm operator together with the selected distance measure, thereby improving the reliability and
effectiveness of the model.

The second section presents the fundamental preliminary concepts and definitions required for the study.
The third section introduces the proposed model and subsequently illustrates its applicability through a
numerical example. Finally, the last section discusses the results obtained from the study and provides
concluding remarks.

PRELIMINARY
This section introduces essential basic definitions for study.
t-norm (Zimmermann, 2011)

Consider a function t: [0,1] x [0,1] — [0,1]. The function t is called a t-norm provided that it fulfills
the specified conditions for V a, b, c,d € [0,1].

V) t(0,a) = t(a,0) and t(a,1) = t(1,a) = a,
(V) Ifa <candb <d, thent(a,b) < t(c,d),
(Vi) t(a,b) =t(b,a),

(v t(a, t(b, c)) = t(t(a, b),c).

Intuitionistic Fuzzy Set (Atanassov, 1999)

Let X be a non-empty set. An intuitionistic fuzzy set A on X is defined by,

A= {(x, (ua(x), vz(x))): x € X}
where the functions pz: X — [0,1] and v4: X — [0,1] represent the degree of membership and the degree
of non-membership of x € X to the set 4, respectively. These functions satisfy the condition

0<pz(x)+vz(x) <1

for every x € X. In this context, the notation X = (x, (uz(x),v4(x))) for x € X is referred to as an
intuitionistic fuzzy element. If Xconsists of a single element, it is denoted by ¥ = (uz, vz).

Score Function for Intuitionistic Fuzzy Set (Feng et al., 2018)
Given an intuitionistic fuzzy element ¥ = (uz,vz), its score function, written as A(X), and defined by
T+uz—vz

AR) = :

Trapezoidal Intuitionistic Fuzzy Number (Ulugay et al., 2018)

Let ai,bi,ci,di € ]RsatiSfy a; < bi < C; < dir i=1,2 and let wWg,Ng € [0,1] An intuitionistic
trapezoidal fuzzy number a is denoted by

a=< [a1, by, cq, d1]; wg, [az, by, cy, dz]; Ng >
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where the membership function u; and the non-membership function v are defined, respectively, as
follows:

(x—a)wg by—x+nz(x—ay)

Ty a; <x<b; ra— a, <x<b,
() = W4, b <x<c¢ and v (x) = Na b, <x<c,
Halx) =1 (@ -vwa a\X) = x—cp+naldy—)
d1—C1 ] Cl < X S dl dz_Cz ) CZ < X S dz
kO, otherwise kl, otherwise

Here,
OS(&)&+T]&<1,XER

Normalized Intuitionistic Trapezoidal Fuzzy Number (Ulugay et al., 2018)
Let d =< [c_l, b, c,d]; (wg,n,) >. Then the normalized intuitionistic trapezoidal fuzzy number of @,
denoted by a is given by;

a b o d
a+b+c+d'a+b+c+d'a+b+c+d’'a+b+c+d

Similarity Measure For Normalized Intuitionistic Trapezoidal Fuzzy Number (Ulugay and Okumus,
2024)

a=<]|

| (e na) >

Let a@=<[ay,by,¢q,d4]; (wz,m5) > and [? =< [ay, by, ¢y, ds]; ( wﬁ,nﬁ) > be normalized
intuitionistic trapezoidal fuzzy number. Then similarity measure between @ and 3 defined as:
1

Sy :’E =
&)= >, (2.7)

where,

D, (38) =55+t + o -~ (1 515

|(1+w5—n5)b1—(1+ wz =1 )bz
)

(
(|(1+w5—n5)cl—(1+ wp —
+(|(1+w5—n5)d1—(1+ wz =15 ) d;

i
)
)1

INTUITIONISTIC TAKAGI-SUGENO-KANG MODEL WITH SIMILARITY MEASURES

In this section, an improved model developed based on the m-input n-output Linear Intuitionistic TSK
model proposed by Ulugay et al. (2025) is presented. In the proposed model, instead of employing the
arithmetic mean to compute the output values, a rule-weighting mechanism is introduced. Within this
structure, a similarity measure and a t-norm operator are utilized to determine the rule weights.
Accordingly, the contribution of each rule to the overall system output is modeled in a more sensitive
and effective manner, thereby improving the representational strength and inference capability of the
model. The proposed model is detailed below.

=)

C2

=

Let AL AL, ..€ X, SR, A%, A% .. € X, SR, ..., AT, AM,...€ X,, R be intuitionistic fuzzy
linguistic terms corresponding to each input variable, where m € N. Now consider the following system
of linear equations involving m variables:

X, €EXq1,%3 € Xy, ey Xy € X, defined fori = 1,2,...,pandn € N:

fli = gi(xllxb "'!xm)!fZi = gé(xlleI "'Jxm)r !fT{ = gTil(xlle' "'!xm)
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Wheret = 1,2, ...,n, i = 1,2,...,m and aff,aif,a;t, ...,aifl € R written as:
= gtxy, xp, o, X)) = af{ + aitxl + a;txz + -+ aiflxm
Then linear Intuitionistic Fuzzy TSK Model with m-inputs n —outputs and p rules is represented as
follows for i; = 1,2, ..., m denotes the tth linear equation of the ithruleand ¢,;,1 = 1,2, ...
Model Rule i: IF x; is chvll AND x, is cﬁ? AND ... x,, is Jﬁ{l THEN

- i i i i
(fll =ay +a'x; +ay,x; + -+ anxy

i i i i i
{ f2=af ta’x;+aix; +-+aixy

P i i i
kfrf =ag +ax; +alx; + -+ amxy

To determine the final outputs f3, f5, ..., f, computations must be carried out separately for each interval
associated with the variables x4, x5, ..., X,.

As a first step, the following values are calculated for each variable using the score function, based on
the corresponding interval.

~ =V~ 1+p—>-v— 1+H:’;1T1n—'|/’-ﬁ

, 1+u , ,
AR = —A A i) = — 2 L Ai(E) = £l

2 2

The values found are then written into the linear equation in each rule to find,
gL (AT DXy, A ()X, ooy A ()X ), G5 (A ED) X1, A (T2, o, A (T %),
s G (A D)1, AL (X)X, ey A (X))

Subsequent to these calculations, the rule weights are determined. To this end, it is first necessary to
compute the similarity measure between the input data and the antecedent of the rules. In this framework,
the input data are represented as normalized intuitionistic trapezoidal fuzzy numbers as given below:

56\1/ = ciill* =<< [xl,xl,xl,xl]; (1,0) >, 55; = cﬁ?’* =<< [xZ,xz,xz,xz]; (1,0) >,

Xm = dqun* =< [Xm, Xm,s X, X ]; (1,0) >

Subsequently, the similarity measures:

Sp (AT, A) .5, (AT ) ..o, (AT AT

are determined. After the similarity measures calculated, the rule weights are computed using the t-
norm as follows:

Q' = t(S, (AT, AL) 5, (A AE) oo,y (AT AT))

Based on the values obtained from the final equations, the output value corresponding to the given inputs
is calculated as follows:

P 0 (gh(A @Dy, AN TD)Xs oy AL ()Xo ) )

1 — D . )
i=1‘Ql
_ ?:1Qi(gé(Ai(yI)xliAi(%)xZI"'!Ai(frn)xm))
fo= —
i=1
X 0 (g (A RDxy, AN ()X, e, A (F) Xm))
le_ D _Ql
i=1

Example for two inputs single output
Let
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A, =< (0,1,4,5);(0.6,04) >, A4, =<(0,1,4,5);(0.7,0.3) >
B, =< (0,1,2,3); (0.5,0.5) >, B, =<(0,1,2,3);(0.8,0.2) >

be intuitionistic fuzzy linguistic values for X =[0,5] € R and Y =[0,3] € R.Let the rules
corresponding to the given variables be defined as follows forx e X andy € Y :

Rule1:1f xis A; AND yis B; THEN f; = g, (x,y) = —4x + 7y + 17
Rule2:If xis A, AND y is B, THEN f, = g,(x,y) = =3x + y + 23

Assume that x = 3.7 and y = 2.6 so x € (1,4) and y € (2,3). Let’s find the score function for the
given interval.

AY(®) =06, AYH)=0.2
A%2(%) =07, A%(5) =0.32
he obtained values are then substituted into the equations corresponding to the respective rules.
fi = g1(A*®)x, A'P)y) = —4x+T7y+17=-4 -06+7 -0.2 +17 = 16
fo = g,(A*(X)x,A2(5)y) = —=3x+y +23=-3 - 0.7+ 0.32 + 23 = 21.22
After these computations, the normalized intuitionistic trapezoidal fuzzy numbers,
A =< [3.73.73.73.7);(1,0) >, B* =< [2.6,2.6,2.6,2.6]; (1,0) >

formulated, and subsequently, the similarity measures between these values and the rule antecedents are
calculated as follows.

For Rule 1:

s, (4%, 4;) = 0.488 and 5, (B~ B, ) = 0.509

And for Rule 2:

5, (4,4, ) = 0503 and 5, (B, B, ) = 0.544

From here, by assuming t(a, b) = min{a, b}, the rule weights are calculated.

Q! = min{0.488,0.509} = 0.488 and O? = min{0.503, 0.544} = 0.503

According to the final computed values, the output corresponding to the inputs x = 3.7and y = 2.6 is
obtained as follows.

048816+ 0.503 - 21.22
B 0.488 + 0.503

= 18.649

CONCLUSION AND DISCUSSION

In this study, a new linear TSK model based on intuitionistic fuzzy sets is proposed to model uncertainty
more comprehensively by considering membership and non-membership degrees. A predetermined
similarity measure is incorporated into the inference mechanism to evaluate the closeness between
inputs and rule antecedents, while rule weights are aggregated using t-norm operators to ensure a
consistent decision-making process.

The effectiveness and simplicity of the proposed model are demonstrated through a two inputs, single
output example. Moreover, its general m input, n output structure provides a flexible framework suitable
for various application areas.
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ACTINOBACTERIA-MEDIATED INHIBITION OF ALTERNARIA SPP. AND
ASSOCIATED MYCOTOXINS

Fedwa BEGHDADI* 1 and El-Hadj DRICHE1

Laboratory of Molecular Biology, Genomics and Bioinformatics (LBMGB), Faculty of Natural
Sciences and

Life (SNV), Hassiba Benbouali University of Chlef, Hay Salem, 02000 Chlef, Algeria.

ABSTRACT

Actinobacteria are a group of filamentous bacteria extensively studied for their capacity to produce
secondary metabolites with strong antimicrobial activity. Their application in the biological control of
phytopathogenic fungi, particularly Alternaria spp., has gained increasing attention due to the serious
agricultural and food safety issues associated with these pathogens. Alternaria species infect a wide
range of crops and are known producers of harmful mycotoxins that pose risks to human and animal
health.

Conventional control of Alternaria relies heavily on chemical fungicides, which may lead to
environmental contamination and the emergence of resistant fungal strains. Actinobacteria offer an eco-
friendly alternative through multiple antagonistic mechanisms, including antibiosis, enzymatic
degradation of fungal cell walls, and competition for nutrients and space.

In vitro inhibition assays demonstrate that several actinobacterial strains significantly suppress the
myecelial growth of Alternaria spp. In addition to growth inhibition, a marked reduction in mycotoxin
production has been observed, suggesting that actinobacteria may interfere with fungal secondary
metabolism. This dual inhibitory effect enhances their potential application in crop protection and food
safety management.

In conclusion, actinobacteria represent a promising biological tool for controlling Alternaria infections
and reducing mycotoxin contamination. Their integration into plant disease management strategies
could contribute to sustainable agriculture and safer food production.

Keywords: Actinobacteria; Alternaria; mycotoxins; inhibition; biological control
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COMPARISON OF NUCLEOLAR ORGANIZER REGIONS OF THE NF=76 AND NF=74
CYTOTYPES OF THE 2n=52 CHROMOSOMAL FORM OF Nannospalax ehrenbergi
(NEHRING, 1898) DISTRIBUTED IN TURKIYE

Asst. Prof. Dr. Gokhan YURUMEZ"
!Batman University, Science and Letters Faculty, Department of Biology, Batman, Turkey
'ORCID ID: https://orcid.org/0000-0001-5415-2278

ABSTRACT

Nannospalax ehrenbergi, originally described by Nehring (1898) from specimens collected in Yafa-
Israel, is also distributed in Libya, Syria, Jordan, Lebanon, Israel, Egypt, Irag, and the southeastern
Anatolia region of Tiirkiye.

In this study, the standard karyotypes and nucleolar organizer regions (NORs) of blind mole rats (N.
ehrenbergi) with 2n=52 chromosomes collected from Ergani (Diyarbakir) and Kirikhan (Hatay) were
investigated.

Chromosome preparations were obtained from bone marrow and stained with Giemsa using an air-
drying technique. The diploid chromosome number (2n), the fundamental number of chromosomal arms
(NF), and the number of autosomal arms (NFa), and the sex chromosomes were determined. NOR
preparations were obtained by silver nitrate staining.

The karyotypes of the Ergani (Diyarbakir) blind mole rat population exhibited 2n=52, NF=76, and
NFa=72, whereas the karyotypes of the Kirikhan (Hatay) blind mole rat population showed 2n=52,
NF=74, and NFa=70. NORs in the Ergani blind mole rat population were located at the telomeric regions
of the short arms of one biarmed autosomal pair and on one homologue of two biarmed autosomal pairs.
Similarly, NORs in the Kirikhan blind mole rat population were located at the telomeric regions of the
short arms of one biarmed autosomal pair and on one homologue of two biarmed autosomal pairs.

While the numbers of NORs in the studied populations were similar to each other, they differed in terms
of NOR distribution. Furthermore, our results showed differences from those reported in previous
studies regarding both the number and distribution of NORs.

Key Words: Blind mole rat; Cytotype; Nannospalax ehrenbergi; NOR; Tirkiye

This study was supported by the Coordination Office for Scientific Research Projects at Batman
University under project number BTUBAP-2016-YL-10.
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SYSTEMATIC EVALUATION OF KRAS-CENTERED PROTEIN-PROTEIN
INTERACTION NETWORKS VIA BIOINFORMATICS APPROACHES
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ABSTRACT

KRAS is a key oncogenic protein that plays a central role in cell signaling pathways regulating
proliferation, differentiation, and survival. Understanding its protein—protein interaction (PPI) network
is critical for elucidating its functional mechanisms and for guiding rational protein and domain design
studies. The present study aimed to systematically analyze KRAS-centered PPI networks using multiple
bioinformatics platforms, identify high-confidence interaction partners, and evaluate their structural
compatibility through protein—protein docking simulations.

The canonical KRAS protein sequence (UniProt ID: P01116) was analyzed using STRING, IntAct,
MINT, PANTHER, KEGG, and Interactome3D databases under Homo sapiens filtering. High-
confidence interaction thresholds were applied, and functional enrichment analyses were performed.
Selected interaction partners—CALMLG6, SOS1, and CALML4—were subjected to rigid-body docking
using LightDock with the DFIRE scoring function, and interaction interfaces were analyzed using UCSF
ChimeraX.

KRAS occupied a central network position with strong associations with calmodulin-related proteins
and PI3K signaling members. Functional enrichment confirmed involvement in enzyme regulation,
signal transduction, and key oncogenic pathways. Docking analysis identified SOS1 as the strongest
structural interaction partner (DFIRE: 17.125), followed by CALML4 (14.637) and CALMLG6 (13.922).
All three ligands interacted predominantly with the KRAS N-terminal region, particularly Val7, Val8,
and Vall4, suggesting a shared binding surface.

In conclusion, this study integrates network-based PPl analysis with structural docking evaluation,
establishing a framework for distinguishing functional associations from structurally supported
interactions. The findings provide a basis for future KRAS domain-specific design and targeted
intervention strategies.

Keywords: KRAS; Protein—Protein Interaction; Bioinformatics; STRING; Network Analysis; Protein—
Protein Docking; LightDock

INTRODUCTION

KRAS belongs to the RAS superfamily of small GTP-binding proteins and functions as a critical
molecular regulator that shapes the architectural integrity of intracellular signaling networks (Tang et
al., 2025). KRAS functions as a molecular switch capable of cycling between GDP- and GTP-bound
states and serves as a central regulator particularly within the MAPK and PI3K—AKT signaling pathways
(Kumari et al., 2025). These conformational transitions are closely associated with structural
rearrangements within the Switch I and Switch Il regions and are tightly regulated by guanine nucleotide
exchange factors (GEFs) and GTPase-activating proteins (GAPS). However, the biological significance
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of KRAS extends far beyond this nucleotide cycle; rather, this cycle provides the structural basis for its
ability to coordinate multilayered protein interaction networks.

Oncogenic KRAS mutations are among the most frequent driver alterations in pancreatic, colorectal,
and lung cancers, leading to constitutive activation of GTP-bound signaling and sustained proliferative
signaling (Zhao et al., 2025). Nevertheless, contemporary cancer biology has clearly demonstrated that
the impact of KRAS cannot be sufficiently explained by a simple linear Ras—-RAF-MEK-ERK signaling
cascade. Instead, KRAS interacts simultaneously with multiple effector, adaptor, and regulatory
proteins, orchestrating parallel and cross-talking signaling networks. Therefore, the functional role of
KRAS must be evaluated within the broader framework of systems-level network organization rather
than through single-pathway models (Arooj et al., 2025).

From a network biology perspective, cellular systems are conceptualized as complex topological
structures composed of nodes (proteins) and edges (interactions). Within such networks, hub proteins
play a central role in maintaining structural stability and information flow. The classification of KRAS
as a high-degree hub protein suggests that it is not merely a signaling component, but rather a system-
level regulator that influences the direction, magnitude, and context of intracellular signaling outputs.
Perturbations in hub proteins can affect not only local network structures but also the global organization
of the signaling system, potentially contributing to phenotypic heterogeneity observed in cancer.

Systematic analysis of PPI networks provides a powerful framework for mapping this molecular
organization. However, the interpretation of PPI data is strongly influenced by the integration strategies
of the bioinformatics platforms used. A wide range of bioinformatics platforms has been developed to
analyze PPI, including STRING, IntAct, MINT, PANTHER, KEGG, and Interactome3D. These
resources differ substantially in their underlying data sources, evidence categories, scoring systems, and
integration strategies. STRING integrates experimental data, curated databases, and computational
predictions to generate quantitative confidence scores and large-scale functional association networks.
In contrast, databases such as IntAct and MINT focus primarily on literature-curated experimental
interactions. Functional classification systems such as PANTHER and KEGG provide biological context
through pathway and enrichment analyses, while structural resources such as Interactome3D enable
three-dimensional evaluation of interaction interfaces. Because these platforms rely on different data
sources, evidence classifications, and integration methodologies, multi-platform analysis becomes a
methodological necessity rather than an option.

Within this conceptual framework, the present study addresses two fundamental issues: the cross-
platform consistency of the KRAS interaction landscape and the extent to which network-level
functional associations translate into structurally plausible molecular interfaces.

The distinction between functional correlation and direct physical binding is particularly critical in
protein design, target inhibition, and structural modeling studies. A protein may appear highly connected
within a network; however, such connectivity does not necessarily imply the formation of a stable
physical complex. Therefore, integrating network-based PPl analysis with structural docking evaluation
enables a multi-layer validation strategy that strengthens biological interpretation.

The aim of the present study is to systematically analyze KRAS-centered PPl networks using multiple
bioinformatics platforms, identify interaction partners supported by high confidence and experimental
evidence, and assess the consistency and divergence across different databases. The interaction network
obtained from STRING was comparatively assessed using experimentally supported databases such as
IntAct and MINT. Functional and pathway enrichment analyses were performed using PANTHER and
KEGG, while structural context was evaluated through Interactome3D. Finally, selected interaction
partners—SOS1, CALML6, and CALML4—were subjected to rigid-body protein—protein docking
using the LightDock framework with the DFIRE scoring function, and predicted interaction interfaces
were analyzed using UCSF ChimeraX. This integrative framework establishes a three-layer evaluation
strategy encompassing functional association, experimental validation, and structural compatibility.

By adopting this comprehensive approach, the present study seeks to reinterpret the role of KRAS within
network biology beyond descriptive interaction listing, incorporating reliability hierarchy and
mechanistic context. Furthermore, this methodological framework provides a theoretical foundation for
future KRAS domain-based design, structural modeling, and targeted intervention strategies.
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CONCEPTUAL FRAMEWORK

The present study is grounded in a systems biology perspective in which cellular signaling is interpreted
as a dynamic and interconnected network rather than a series of isolated linear pathways. Within this
framework, proteins are conceptualized as nodes embedded in complex interaction networks, and
biological function emerges from patterns of connectivity rather than from individual molecular
properties alone. This perspective aligns with contemporary network pharmacology and systems
oncology approaches, which emphasize that therapeutic vulnerabilities and functional dependencies
arise from network topology rather than from single-gene aberrations (Barabasi et al., 2011).

KRAS occupies a central position in oncogenic signaling networks and can be theoretically
characterized as a hub protein. In network theory, hub proteins are highly connected nodes that integrate
multiple signaling inputs and distribute outputs across diverse downstream pathways (Jeong et al.,
2001). Because perturbation in hub proteins may lead to system-wide dysregulation, understanding their
interaction landscapes is critical for interpreting oncogenic signaling architecture. Importantly, hub
proteins such as KRAS are not static relay points; they exhibit context-dependent interaction rewiring
in response to mutational status, nucleotide binding state, and subcellular localization, further
underscoring the need for multi-dimensional analysis of their interaction profiles.

A key conceptual distinction underlying this study is the separation between functional association and
direct physical interaction. PPI databases frequently report associations that may reflect shared pathway
involvement, co-expression patterns, or experimental proximity detection rather than stable molecular
binding. Consequently, network-level connectivity does not inherently imply the formation of a
structurally stable protein complex (von Mering et al., 2002). This distinction is particularly relevant for
KRAS, whose interactions range from transient GEF/GAP-mediated regulatory contacts to sustained
effector engagements involving well-defined structural interfaces. Distinguishing between these
interaction modalities necessitates a layered interpretative strategy that extends beyond network
topology.

Accordingly, the present work applies a hierarchical analytical approach comprising three
complementary levels of evidence. At the first level, KRAS interaction partners are identified through
integrated bioinformatics platforms using confidence-based filtering to establish a broad interaction
landscape. At the second level, these associations are cross-validated across experimentally curated
databases to reduce platform-specific bias and enhance reliability. At the third level, selected interaction
partners are evaluated at the structural level through rigid-body protein—protein docking using the
LightDock framework combined with the DFIRE statistical potential, followed by interface
characterization in UCSF ChimeraX. This final layer assesses whether network-identified associations
correspond to physically plausible molecular interfaces, thereby providing mechanistic depth to
network-level observations.

By integrating topological connectivity, experimental evidence, and structural compatibility within a
unified conceptual framework, this study aims to bridge descriptive network mapping with mechanistic
interpretation. This approach allows KRAS to be evaluated not merely as an isolated oncogenic protein,
but as a dynamic integrator within a multi-layered signaling system whose interaction partners can be
stratified according to both functional relevance and structural feasibility.

METHODOLOGY
Study Design and Analytical Workflow

This study was structured as an integrative computational investigation aimed at clarifying the
interaction landscape of KRAS and determining which network-derived associations are supported at
the structural level. Rather than relying on a single analytical platform, a sequential and evidence-based
workflow was adopted to progressively refine candidate interaction partners.

The analysis began with the construction of a KRAS-centered interaction network using STRING under
strict species filtering (Homo sapiens) (Szklarczyk et al., 2023). This initial step provided a broad
overview of the interaction landscape and allowed identification of proteins that frequently co-occur
with KRAS in signaling contexts. To increase reliability and reduce background noise, high-confidence
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interaction thresholds were applied, thereby narrowing the candidate list to interactions supported by
stronger integrated evidence.

To avoid platform-dependent bias, the shortlisted interaction partners were subsequently evaluated using
experimentally curated databases. Cross-database comparison enabled assessment of consistency and
strengthened confidence in recurrent interaction partners reported across independent evidence sources.

Following interaction refinement, functional and pathway enrichment analyses were performed to
interpret the biological context of the identified proteins. This step positioned the interaction partners
within established oncogenic signaling frameworks, particularly MAPK, PI3K-AKT, and related
pathways, thereby linking network topology to functional relevance.

Finally, structural evaluation was introduced through protein—protein docking analysis. Selected
candidates were tested for their ability to form energetically plausible interfaces with KRAS, allowing
comparison between network-level association and physical binding feasibility. This final layer of
analysis provided a mechanistic dimension to the computational findings.

By integrating interaction mapping, cross-database validation, functional contextualization, and
structural assessment within a unified workflow, the study establishes a coherent framework for
distinguishing broad functional connectivity from structurally supported molecular interactions.

Sequence Retrieval

The canonical amino acid sequence of human KRAS (UniProt ID: P01116; RASK_HUMAN) was
retrieved from the UniProt Knowledgebase. The reviewed Swiss-Prot entry corresponding to the
canonical isoform was selected to ensure sequence integrity and manual curation quality. The FASTA
sequence was used as the standardized input across all subsequent bioinformatics platforms to prevent
isoform-related variability and ensure reproducibility. All analyses were restricted to Homo sapiens.

STRING-Based Interaction Network Construction

The KRAS-centered PPI network was constructed using the STRING database with the organism filter
set to Homo sapiens. The full STRING network mode was selected to capture both functional
associations and experimentally supported interactions. During initial exploration, lower confidence
thresholds were examined to observe global interaction density. Subsequently, a high-confidence
threshold (>0.900) was applied in order to focus on interactions supported by stronger evidence
integration.

STRING confidence scores incorporate experimental datasets, curated pathway databases, gene co-
occurrence, and text-mining signals. In this study, emphasis was placed on experimentally supported
evidence rather than solely predictive associations. As the confidence threshold increased, the number
of interaction partners decreased, reflecting reduced false-positive probability. The PPI enrichment p-
value was evaluated to assess whether the observed network clustering was statistically significant
relative to random expectation.

Cross-Database Validation

To reduce database-specific bias, interaction partners identified through STRING were cross-validated
using IntAct and MINT (del Toro et al., 2022; Licata et al., 2012). In IntAct, KRAS (RASK_HUMAN)
was queried under species restriction, and interaction reliability was interpreted based on experimental
detection methods and associated publication evidence. Detection approaches such as two-hybrid array
screening and proximity-dependent biotin identification were examined to evaluate methodological
robustness. Proteins that were identified consistently across STRING, IntAct, and MINT were
considered more reliable interaction candidates, as their presence in multiple independent databases
strengthened confidence in the interaction.

Functional and Pathway Enrichment Analysis

Functional characterization of KRAS interaction partners was performed using the PANTHER
classification system under Homo sapiens selection (Mi et al., 2021). Molecular functions and biological
processes enriched within the interaction network were evaluated, with particular attention to enzymatic
regulation, ion binding, and signal transduction activities.
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Pathway-level contextualization was conducted using KEGG (Kanehisa et al., 2023). KRAS-associated
pathways, including MAPK signaling (hsa04014), PI3K-AKT signaling, and Wnt signaling pathways,
were examined to interpret interaction partners within established oncogenic signaling architectures.
These enrichment analyses provided biological context to network connectivity and supported
interpretation beyond topological association.

Structural Context Assessment

To complement network-level and functional enrichment analyses, structural interaction data were
examined using Interactome3D (Mosca et al., 2013). This database integrates experimentally resolved
structures and high-confidence structural models to provide three-dimensional context for PPI. KRAS
and its selected interaction partners were queried under Homo sapiens filtering to determine whether
experimentally supported structural interfaces were available.

The availability of resolved or modeled interaction complexes was evaluated to identify proteins with
prior structural evidence of binding to KRAS or related domains. This step enabled preliminary
structural validation before docking analysis and helped distinguish interactions supported by
experimental structural data from those derived solely from network association.

Structural Evaluation and Docking Protocol

To determine whether network-level associations corresponded to structurally plausible physical
interfaces, selected interaction partners were subjected to protein—protein docking analysis using the
LightDock framework (Jiménez-Garcia et al., 2018). LightDock employs a Glowworm Swarm
Optimization (GSO) algorithm combined with the DFIRE scoring function, which evaluates distance-
dependent statistical potentials derived from known protein structures (Zhou et al., 2002). This approach
enables unbiased global sampling of binding poses without requiring prior knowledge of the interface
location.

Three-dimensional protein structures were retrieved from the Protein Data Bank (PDB) and the
AlphaFold Protein Structure Database (Jumper et al., 2021; Varadi et al., 2022). KRAS (PDB ID: 2N9C)
was used as the receptor structure; however, since 2N9C is a solution NMR structure containing 25
conformational models, only the first model was extracted to ensure a single representative
conformation for docking simulations. Hydrogen atoms and OXT terminal atoms were removed prior
to docking to ensure compatibility with the DFIRE scoring function, which supports only standard heavy
atoms of canonical amino acids. Ligand structures included SOS1 (PDB ID: 1Q9C), CALML6 (UniProt:
Q8TD86; AlphaFold model v6), and CALML4 (UniProt: Q96GEG6; AlphaFold model v6). SOS1 was
obtained as a multi-chain X-ray crystallographic structure resolved at 2.20 A (Sondermann et al., 2003).
AlphaFold-predicted structures were used for CALML6 and CALML4 as no experimentally resolved
structures were available in the PDB at the time of analysis. All structures were cleaned by retaining
only ATOM records corresponding to standard amino acid residues.

Protein—protein docking simulations were performed using LightDock v0.9.4 under default rigid-body
conditions with the DFIRE scoring function. For each protein pair, the simulation was configured with
25 swarms and 50 glowworms per swarm, generating a total of 1,250 initial docking poses per
simulation. Each simulation was run for 100 optimization steps. Following docking simulations,
predicted poses were ranked using the LightDock scoring function (lgd_rank.py), which integrates
DFIRE statistical potentials. For each protein pair, top-ranked conformations were generated using
lgd_generate_conformations.py, and the highest-scoring complex was selected for structural inspection.
The receptor chain was designated as Chain A (KRAS) and the ligand chain as Chain B for all
complexes.

Structural visualization and interaction interface analysis were performed using UCSF ChimeraX
v1.10.1 (Pettersen et al., 2021). For each predicted docking complex, the receptor and ligand chains
were displayed in cartoon representation and colored distinctly. Interface residues were identified using
a distance cutoff of 4.0 A between chains. Hydrogen bonds between receptor and ligand chains were
computed and displayed as dashed lines to visualize polar interactions at the predicted interface.
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RESULTS
STRING-Based Network Analysis

Construction of the KRAS-centered interaction network using STRING under Homo sapiens filtering
revealed a statistically enriched PPI landscape. Application of a high-confidence threshold (>0.900)
reduced network complexity and prioritized robust interaction partners supported by integrated evidence
channels. KRAS maintained a central network position, interacting with multiple signaling regulators
associated with canonical oncogenic pathways (Figure 1).

Functional enrichment analysis using PANTHER demonstrated that KRAS-associated proteins were
significantly enriched in molecular functions related to enzymatic regulation, ion binding, and signal
transduction processes (Figure 3). KEGG pathway analysis further positioned these interaction partners
within established oncogenic signaling cascades, including MAPK (hsa04014), PI3K-AKT, and Wnt
signaling pathways, supporting the biological relevance of the constructed interaction network (Figure
2).

Structural Docking Results

Protein—protein docking simulations using LightDock with the DFIRE scoring function were performed
for three selected KRAS interaction partners: SOS1, CALML4, and CALML6. Among the three
complexes evaluated, KRAS-SOS1 yielded the highest DFIRE score (17.125), followed by KRAS-
CALMLA4 (14.637) and KRAS-CALMLG6 (13.922) (Table 2). All top-ranked poses exhibited zero steric
clashes, indicating sterically acceptable binding conformations across all three docking simulations.

The KRAS-SOS1 complex demonstrated the most extensive interaction interface, with 18 KRAS
residues spanning the entire N-terminal segment from Metl to Trp20 participating in intermolecular
contacts. This broad engagement surface is consistent with the established biological function of SOS1
as a guanine nucleotide exchange factor that requires extensive surface complementarity to catalyze
GDP-to-GTP exchange on KRAS (Sondermann et al., 2004). On the SOSL1 side, interface residues were
distributed across two chains (G and H), including Tyr148, lle152, His154, and GIn160 from chain G,
and Asp89, Arg99, Tyr136, and Lys143 from chain H, suggesting a bipartite recognition mode involving
multiple SOS1 domains.

The KRAS-CALML4 complex exhibited a more focused interaction interface centered on the P-loop
region of KRAS, with Val7, Val8, Alall, Vall4, and Lys16 constituting the receptor-side contacts. The
CALMLA4 interface residues—Cys59, Leu62, Tyr63, Arg8l, and Cys82—included two cysteine
residues, suggesting potential redox-sensitive interaction dynamics. The mixed hydrophobic—polar
character of this interface, combining aliphatic contacts (Val7, Val8, Leu62) with charged interactions
(Lys16, Arg81), indicates a moderately specific binding mode.

The KRAS-CALMLG6 complex displayed the smallest interface among the three complexes, involving
five KRAS residues (Tyr4, Leu6, Val7, Val8, Trp20) and three CALMLG6 residues (Glu43, Met44,
Leu64). The predominance of hydrophobic and aromatic residues at this interface—particularly the
contributions of Tyr4, Trp20, Met44, and Leu64—suggests a predominantly hydrophobic binding mode
with limited electrostatic contribution from Glu43. Despite the smaller interface area, the involvement
of bulky aromatic residues (Tyr4, Trp20) may provide sufficient binding specificity through shape
complementarity.

Notably, a conserved set of KRAS residues appeared across multiple docking interfaces. Val7 and Val8
were present in all three complexes, while Vall4 was shared between the SOS1 and CALML4
interfaces, and Leu6 was common to both SOS1 and CALMLG interfaces. This convergence on the
KRAS N-terminal and P-loop region across independent docking simulations suggests that this segment
constitutes a structurally accessible and energetically favorable binding surface for diverse interaction
partners (Figure 4).
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Table 1. Structural data sources and preparation details for proteins used in docking simulations.

Protein Role Source ID Resolution /| Organism = Atoms
Method (clean)
KRAS Receptor PDB 2N9C Solution NMR  Homo 148
(Model 1 of 25) sapiens
SOS1 Ligand  PDB 1Q9C X-ray  Diffraction | Homo 12,267
(2.20 A) sapiens
CALML6 Ligand @ AlphaFold Q8TD86 AF Monomer v2.0 Homo 1,445
DB (v6) sapiens
CALML4 Ligand @ AlphaFold Q96GE6 = AF Monomer v2.0 Homo 1,532
DB (v6) sapiens

Table 2. LightDock/DFIRE docking scores and interface residues for KRAS interaction partners.
Interface residues were identified using a 4.0 A distance cutoff in UCSF ChimeraX v1.10.1.

Complex DFIRE  KRAS Interface Residues Ligand Interface Residues
Score
KRAS- 17.125 Metl, Thr2, LysS5, Leu6, Val7, Val§, Tyrl48(G), 1le152(G), Hisl154(G),
SOS1 Val9, Glyl0, Alall, Glyl2, Glyl3, GInl160(G), GIn33(H), Asp89(H),
Vall4, Gly15, Lys16, Serl7, His18, Ser92(H), Arg99(H), Tyr136(H),
Val19, Trp20 Lys143(H)
KRAS- 14.637 Val7, Valg, Alall, Vall4, Lys16 Cys59, Leu62, Tyr63, Arg81, Cys82
CALMLA4
KRAS- 13.922 Tyr4, Leu6, Val7, Val8, Trp20 Glu43, Met44, Leu64
CALMLG6
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Figure 1. High-confidence KRAS-centered protein—protein interaction network generated using
STRING (confidence >0.900, Homo sapiens). Nodes represent KRAS and its interaction partners
including calmodulin-like proteins (CALML3, CALML4, CALML5, CALMLS6), kinases (RAF1,
BRAF, PIK3CA), the guanine nucleotide exchange factor SOS1, and the effector protein RALGDS.
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Colored edges represent different evidence channels, including experimental data, curated databases,
co-expression, and text-mining.
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Figure 2. RAS signaling pathway map adapted from KEGG (hsa04010). The pathway illustrates the
activation cycle of KRAS through upstream receptor tyrosine kinases (RTKSs), G-protein coupled
receptors (GPCRs), and guanine nucleotide exchange factors (GEFs, e.g., SOS1). Upon GTP loading,
active KRAS engages multiple downstream effectors including RAF1, PI3K, RALGDS, TIAM1, and
PLC, initiating parallel signaling cascades governing cell proliferation (MAPK/ERK), survival (PI3K—
AKT), cytoskeletal remodeling, endocytosis, and gene expression. GTPase-activating proteins (GAPS)
facilitate signal termination by promoting GTP hydrolysis. Purple-highlighted nodes indicate proteins
identified within the KRAS interaction network constructed in this study.
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PANTHER GO-Slim Molecular Function PANTHER GO-Slim Biological Process
Total # Genes: 20580 Total # function hits: 24702 Total # Genes: 20580 Total # process hits: 36015

Figure 3. GO-Slim-based functional enrichment analysis of KRAS-centered interaction partners
generated using the PANTHER classification system (Homo sapiens). The results indicate predominant
enrichment in binding and catalytic activities, along with significant representation of biological
regulation and signaling-related processes, underscoring the regulatory and signaling-oriented nature of
the KRAS interaction network.

Figure 4. Structural visualization of KRAS docking complexes predicted by LightDock rigid-body
docking analysis. (A) KRAS (blue)-CALMLS6 (orange) complex showing interface residues KRAS
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Tyr4, Leu6, Val7, Val8, Trp20 and CALMLG6 Glu43, Met44, Leu64. (B) KRAS (blue)-SOS1 (orange)
complex showing the extensive N-terminal KRAS interface (Met1-Trp20) engaging SOS1 chains G and
H. (C) KRAS (blue)-CALMVL4 (orange) complex showing interface residues KRAS Val7, Val8, Alall,
Vall4, Lys16 and CALMLA4 Cys59, Leu62, Tyr63, Arg81, Cys82. Hydrogen bonds between chains are
displayed as dashed cyan lines. Interface residues were identified within a 4.0 A distance cutoff using
UCSF ChimeraX v1.10.1.

CONCLUSION AND DISCUSSION

The present study employed a multi-layered computational framework to evaluate the KRAS interaction
landscape, integrating network-based PPl analysis with cross-database validation, functional
enrichment, and structural docking assessment. This hierarchical approach enabled systematic
differentiation between broadly reported functional associations and structurally plausible molecular
interfaces, addressing a fundamental limitation inherent to single-platform PPI analyses. The STRING-
based interaction network identified KRAS as a central hub protein with high-confidence connections
to calmodulin-like proteins, kinases, the guanine nucleotide exchange factor SOS1, and the effector
protein RALGDS, and the persistence of these interactions at the highest confidence threshold (>0.900)
indicates robust evidence integration across experimental, curated, and text-mining channels. Cross-
validation through IntAct and MINT confirmed the reproducibility of key interaction partners across
independent databases, thereby reducing the probability of database-specific artifacts, as previously
emphasized in comparative PPl assessments (von Mering et al., 2002).

Rigid-body protein—protein docking using LightDock with the DFIRE scoring function revealed that all
three selected interaction partners formed sterically acceptable complexes with KRAS, with zero-clash
top-ranked poses observed for each pair. Among the three complexes, KRAS-SOSL1 yielded the highest
DFIRE score (17.125) and the most extensive interaction interface, engaging 18 KRAS residues
spanning the entire N-terminal segment from Met1 to Trp20, while SOS1 contributed interface residues
distributed across two chains including Tyr148, lle152, His154, GIn160, Asp89, Arg99, Tyrl36, and
Lys143. This extensive binding surface is consistent with the established biological function of SOS1
as a guanine nucleotide exchange factor that requires broad surface complementarity to catalyze GDP-
to-GTP exchange on KRAS (Sondermann et al., 2004), and the KRAS-SOSL1 interaction has been
characterized in the literature as a challenging PPI with a large contact surface area and high affinity, to
the extent that even single atoms placed between key interface residues such as Y884 of SOS1 and A73
of KRAS have been shown to modulate binding and convert SOS1 activators into inhibitors (Hofmann
et al., 2021). The KRAS-CALML4 complex yielded a DFIRE score of 14.637 with a more focused
interaction interface centered on the P-loop region of KRAS (Val7, Val8, Alall, Vall4, Lys16), while
the CALMLA4 side contributed Cys59, Leu62, Tyr63, Arg81, and Cys82 to the predicted interface; the
presence of two cysteine residues at the CALML4 interface is noteworthy as it suggests potential redox-
sensitive interaction dynamics that may modulate binding affinity under the oxidative stress conditions
commonly observed in tumor microenvironments. The KRAS-CALML6 complex displayed the
smallest interface (DFIRE: 13.922), involving five KRAS residues (Tyr4, Leu6, Val7, Val8, Trp20) and
three CALMLS6 residues (Glu43, Met44, Leu64), with a predominantly hydrophobic binding mode
characterized by aromatic contacts from Tyr4 and Trp20 and limited electrostatic contribution from
Glu43.

A notable finding of the present study is the convergence of interface residues across all three docking
complexes on the KRAS N-terminal and P-loop region, with Val7 and Val8 present in all three
interfaces, Vall14 shared between SOS1 and CALML4, and Leu6 common to both SOS1 and CALMLS6.
The P-loop, spanning residues 10-17, is one of the four main regions bordering the nucleotide-binding
pocket of KRAS alongside Switch I, Switch I, and the base-binding loops (Ostrem & Shokat, 2016),
and it serves as a critical mutation hotspot in cancer with residues 12 and 13 being the most frequently
mutated positions leading to oncogenic variants such as G12C, G12D, and G12V (Wang et al., 2024).
The observation that diverse interaction partners converge on this region across independent docking
simulations suggests that the P-loop and adjacent N-terminal residues constitute a structurally accessible
and energetically favorable binding surface, which is consistent with recent motif-guided KRAS
interaction studies demonstrating that partner proteins frequently recognize the interface formed by the
P-loop and switch regions (Wu et al., 2024). Furthermore, molecular dynamics studies of KRAS P-loop
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mutants have demonstrated that mutations at positions 12 and 13 induce allosteric structural changes in
distant regions of the protein through hydrogen bond and hydrophobic signaling networks (Jani et al.,
2024), suggesting that the interface residues identified in the present study may be functionally sensitive
to oncogenic mutations.

The identification of CALML6 and CALML4 as KRAS interaction partners through both network
analysis and structural docking provides computational support for the broader KRAS—calmodulin
interaction paradigm. Previous computational modeling of the KRAS—Calmodulin interaction using
conventional and scaled molecular dynamics simulations suggested that Calmodulin interacts with both
the hypervariable region and the globular domain of KRAS, with the a4—a5 interface of the globular
domain being particularly relevant for interaction with one lobe of Calmodulin (Garrido et al., 2018).
Additionally, long-timescale molecular dynamics simulations totaling 20 microseconds have
demonstrated that the KRAS—Calmodulin interaction is not static but rather dynamic, displaying various
conformational ensembles (Pantsar, 2020), which suggests that the rigid-body docking poses presented
herein represent snapshots of what is likely a conformationally heterogeneous interaction. The
experimental validation of KRAS—Calmodulin binding through surface plasmon resonance has
confirmed that mutations at the 04—a5 interface diminish this interaction (Garrido et al., 2018) providing
experimental support for the computational prediction of calmodulin-like proteins as KRAS interaction
partners. Notably, while the calmodulin-like proteins CALML6 and CALML4 share structural
homology with canonical calmodulin, their specific interface residues differ, with CALMLG6 presenting
a hydrophobic interface dominated by Met44 and Leu64 and CALML4 contributing a redox-sensitive
interface featuring Cys59 and Cys82, suggesting that despite a shared general binding preference for the
KRAS N-terminal region, the distinct physicochemical character of each interface may confer specific
regulatory functions in different cellular contexts.

Several methodological considerations should be noted when interpreting these results. The KRAS
structure used in this study (PDB: 2N9C) is a solution NMR structure from which only the first
conformational model was extracted, resulting in a receptor comprising 148 atoms corresponding to 20
residues of the visible N-terminal segment, and this limited structural coverage may have biased the
docking toward N-terminal interactions; future studies employing full-length KRAS structures including
the complete G-domain and the hypervariable region may reveal additional binding interfaces.
LightDock performs rigid-body docking without accounting for conformational flexibility or induced-
fit effects, and the DFIRE scoring function provides a statistical potential-based ranking that reflects
geometric complementarity rather than quantitative binding free energies, so the reported scores should
be interpreted as relative rankings rather than absolute affinity predictions. Despite these limitations, the
present study demonstrates that integrating network-level PPI data with structural docking analysis
provides a more comprehensive evaluation of protein interactions than either approach alone, and the
identification of shared interface residues across independent docking simulations strengthens
confidence in the biological relevance of the predicted binding surfaces. The structural insights obtained
herein—particularly the conserved involvement of VVal7, Val8, and VVal14—may serve as targets for the
rational design of peptide-based or small-molecule PPI inhibitors, and extending the docking analysis
to oncogenic KRAS mutants (G12C, G12D, G12V) would enable evaluation of how cancer-associated
mutations alter the interaction landscape given the proximity of these mutations to the identified binding
interfaces. Experimental validation through biolayer interferometry, surface plasmon resonance, or
cross-linking mass spectrometry, combined with molecular dynamics refinement of the predicted poses,
would further strengthen the computational predictions presented in this study and advance the
development of KRAS-targeted therapeutic strategies.
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ABSTRACT

Friedreich's ataxia (FA) is an autosomal recessive neurodegenerative disorder resulting from decreased
expression of the mitochondrial frataxin (FXN) protein, leading to impaired iron—sulfur (Fe-S) cluster
biogenesis, mitochondrial dysfunction, and increased oxidative stress. Although previous studies have
extensively investigated the structural features and evolutionary conservation of FXN, the broader
protein—protein interaction (PPI) landscape of this protein has not been sufficiently explored through
integrative bioinformatics approaches. This study aims to characterize the FXN-centered interaction
network by combining computational PPI prediction, experimental database validation, functional
enrichment analysis, and structural docking simulations.

The PPI network was constructed using the STRING database (version 12.0) with a high-confidence
score threshold (> 0.900) for Homo sapiens. The reliability of the predicted interactions was assessed
through cross-validation with experimentally curated data from the IntAct molecular interaction
database. Functional interpretation was performed using Gene Ontology (GO) and KEGG pathway
enrichment analyses. Structural compatibility of selected high-confidence interaction pairs was
evaluated through rigid-body docking simulations using the ZDOCK algorithm, and the resulting
complexes were analyzed using Discovery Studio Visualizer.

Network topology analysis revealed a densely connected interaction module comprising 11 protein
nodes and 39 edges, with a PPI enrichment p-value of 6.46 x 10'°. The primary interaction partners of
FXN, including ISCU, NFS1, LYRM4, and FECH, are predominantly involved in mitochondrial iron
metabolism, Fe-S cluster assembly, and oxidative stress response. Docking analyses demonstrated
structurally stable complexes, with the FXN-ISCU pair exhibiting the highest docking score, consistent
with the central role of this interaction in Fe—S cluster biogenesis. Functional enrichment results further
highlighted the association of the FXN network with iron homeostasis, porphyrin metabolism, and
energy metabolism pathways.

Overall, this integrative systems biology framework provides a broader perspective on FXN-associated
cellular interaction networks and contributes to a clearer understanding of the molecular basis of
Friedreich's ataxia. These findings may support future experimental validation studies and the
development of potential therapeutic strategies targeting FXN-associated protein interaction surfaces.

Keywords: Friedreich's Ataxia; Protein—Protein Interaction; Bioinformatics; Network Analysis; Iron—
Sulfur Cluster; ZDOCK

1.INTRODUCTION

Friedreich's ataxia (FA) is the most common autosomal recessive hereditary ataxia, with an estimated
prevalence of approximately 1 in 50,000 individuals in Caucasian populations (Delatycki & Corben,
2012). The disease is characterized by progressive spinocerebellar and sensory ataxia, hypertrophic
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cardiomyopathy, and impaired glucose metabolism, ultimately leading to significant disability and
reduced life expectancy (Keita et al., 2022). The molecular basis of FA lies in a homozygous GAA
trinucleotide repeat expansion within the first intron of the FXN gene, which results in transcriptional
silencing and markedly reduced expression of the mitochondrial protein frataxin (FXN) (Campuzano et
al., 1996). FXN plays a central role in iron-sulfur (Fe-S) cluster biogenesis, mitochondrial iron
homeostasis, and the regulation of oxidative stress, and its deficiency triggers a cascade of mitochondrial
dysfunction, iron accumulation, and reactive oxygen species (ROS) overproduction (Bencze et al., 2006;
Roétig et al., 1997).

At the molecular level, FXN functions as an allosteric activator of the mitochondrial iron—sulfur cluster
(ISC) assembly complex, a multi-protein machinery composed of the cysteine desulfurase NFS1, its
accessory protein ISD11 (LYRM4), the acyl carrier protein ACP, and the scaffold protein ISCU2 (Fox
et al., 2019). Structural studies, including cryo-electron microscopy at 3.2 A resolution, have revealed
that FXN binds at the interface between two NFS1 subunits and one ISCU subunit, where it stabilizes
key loop conformations and modifies the local environment of a zinc ion that would otherwise inhibit
NFS1 catalytic activity (Fox et al., 2019). More recently, it has been demonstrated that FXN accelerates
persulfide transfer from NFS1 to ISCU2, thereby coordinating sulfur mobilization with iron availability
during de novo [2Fe-2S] cluster synthesis (Bridwell-Rabb et al., 2014; Parent et al., 2015). Furthermore,
recent evidence suggests that efficient Fe—S cluster assembly requires a finely balanced stoichiometric
ratio between FXN and ferredoxin-2 (FDX2), highlighting the complexity of the regulatory mechanisms
governing this essential biosynthetic pathway (Want et al., 2025).

Beyond its role in the ISC assembly complex, FXN has been implicated in broader mitochondrial
functions (Doni et al., 2023) demonstrated that human frataxin interacts with components of the
mitochondrial respiratory chain, suggesting a previously underappreciated role in cellular energy
metabolism. Additionally, the sideroflexin family of mitochondrial iron transporters has been shown to
exhibit functional connections with FXN-dependent pathways, underscoring the extensive complexity
of mitochondrial iron homeostasis networks (Mon et al., 2019). These findings collectively indicate that
the functional scope of FXN extends well beyond Fe—S cluster biosynthesis, encompassing multiple
interconnected mitochondrial pathways.

The clinical significance of understanding FXN-associated molecular networks has been further
emphasized by recent therapeutic developments. In 2023, omaveloxolone (Skyclarys), a potent activator
of the Nrf2 antioxidant signaling pathway, became the first FDA-approved drug for the treatment of
Friedreich's ataxia (Lynch et al., 2023). While omaveloxolone addresses downstream oxidative stress
consequences of FXN deficiency, a comprehensive understanding of the upstream protein—protein
interaction landscape of FXN remains essential for identifying additional therapeutic targets that may
address the primary molecular deficits of the disease. In this context, computational approaches such as
Al-based small molecule screening have shown promising results in identifying potential modulators
targeting FXN-associated protein interaction surfaces (Kirboga et al., 2023).

Recent advances in bioinformatics and systems biology have greatly facilitated the systematic analysis
of protein—protein interaction (PPI) networks, enabling researchers to identify central regulatory nodes,
functional modules, and enriched biological pathways within complex cellular systems (Szklarczyk et
al., 2023). High-accuracy protein structure prediction methods, particularly AlphaFold, have further
expanded the capacity to model and predict protein interactions where experimental structural data
remain limited (Jumper et al., 2021). Despite these technological advances, the comprehensive PPI
network of FXN and its functional implications in Friedreich's ataxia pathogenesis have not been
systematically investigated using an integrative multi-database approach (Pastore & Puccio, 2013).

Therefore, the present study aims to construct and analyze a comprehensive FXN-centered protein—
protein interaction network by integrating data from the STRING and IntAct databases. The biological
significance of the identified interactions was evaluated through Gene Ontology and KEGG pathway
enrichment analyses, while the structural compatibility of selected high-confidence interaction pairs was
assessed through ZDOCK-based protein—protein docking simulations. This integrative systems biology
approach is intended to provide a broader perspective on FXN-associated cellular networks and to
contribute to the identification of potential therapeutic targets for Friedreich's ataxia.
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2.METHODOLOGY

This study employed a multi-stage bioinformatics workflow to comprehensively analyze the protein—
protein interaction (PPI) network of frataxin (FXN) in the context of Friedreich's ataxia. The
methodology comprised four sequential stages: (i) PPl network construction, (ii) functional enrichment
analysis, (iii) experimental validation through database comparison, and (iv) structural docking analysis.

2.1. Construction of the Protein—Protein Interaction Network

The FXN-centered PPl network was constructed using the STRING database (version 12.0;
https://string-db.org), which integrates functional associations derived from experimental data, text
mining, co-expression analysis, and curated pathway databases (Szklarczyk et al., 2023). The organism
was set to Homo sapiens (taxonomy ID: 9606), and a high-confidence interaction score threshold
(combined score > 0.900) was applied to minimize false-positive interactions. Network topology
parameters, including the number of nodes, number of edges, average node degree, clustering
coefficient, and PPI enrichment p-value, were directly obtained from the STRING platform to assess
the overall structure and statistical significance of the interaction network.

2.2. Functional Enrichment Analysis

Functional enrichment analyses were performed using the built-in enrichment tools provided by
STRING. Gene Ontology (GO) annotations were examined across three categories—biological process
(BP), molecular function (MF), and cellular component (CC)—to characterize the functional landscape
of the FXN interaction network. In addition, Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis was conducted to evaluate the involvement of FXN-associated proteins in metabolic
and signaling pathways, with particular emphasis on pathways related to iron metabolism, porphyrin
biosynthesis, and Fe-S cluster assembly. Statistical significance was determined using a false discovery
rate (FDR) threshold of < 0.05.

2.3. Comparison with Experimental Interaction Data

To assess the reliability of computationally predicted interactions, the STRING-derived PPI data were
cross-validated against experimentally curated interaction records from the IntAct molecular interaction
database (https://www.ebi.ac.uk/intact) (Del Toro et al., 2022). The FXN protein (UniProt ID: Q16595)
was queried in IntAct, and direct binary interactions supported by experimental evidence were
identified. The MI (Molecular Interaction) confidence scores associated with each interaction were
examined to evaluate the strength of experimental support. Interactions that appeared in both STRING
and IntAct were considered to have higher biological reliability.

2.4. Protein—Protein Docking Analysis

To investigate the structural basis of selected high-confidence interactions, protein—protein docking
simulations were performed using the ZDOCK server (version 3.0.2; http://zdock.wenglab.org), a rigid-
body docking algorithm that employs a fast Fourier transform (FFT)-based search strategy combined
with shape complementarity, electrostatics, and desolvation scoring (Pierce et al., 2014). Four FXN
interaction pairs were selected for docking analysis based on their STRING confidence scores and
biological relevance: FXN-NFS1, FXN-ISCU, FXN-LYRM4, and FXN-FECH. Three-dimensional
protein structures were obtained from the RCSB Protein Data Bank (PDB) where available; in cases
where experimental structures were unavailable, AlphaFold-predicted models (Jumper et al., 2021) were
used as input. The top-ranked docking poses were visualized and analyzed using BIOVIA Discovery
Studio Visualizer (Dassault Systemes). Docking scores, predicted contact residues, and interaction types
(hydrogen bonding, hydrophobic, and electrostatic interactions) were evaluated to assess structural
compatibility between FXN and its interaction partners. The stereochemical quality of the resulting
docking complexes was further examined through Ramachandran plot analysis, and hydrophobicity
surface profiles were generated to characterize the physicochemical properties of the predicted binding
interfaces.

3.RESEARCH AND FINDINGS
3.1. STRING-Based Protein—Protein Interaction Network
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The FXN-centered protein—protein interaction network was constructed using the STRING database
with a high-confidence score threshold (> 0.900) for Homo sapiens. The analysis identified ten primary
interaction partners of FXN: ISCU, NFS1, LYRM4, FECH, ACO1, ACO2, SCLY, HSPA9, CP, and
HMOX1 (Figure 1). The majority of these proteins are functionally associated with mitochondrial iron
metabolism, iron—sulfur (Fe-S) cluster biogenesis, and cellular energy metabolism, supporting the
central role of FXN in mitochondrial processes (Bencze et al., 2006; Prischi et al., 2010).

Figure 1. Protein—protein interaction network of the FXN protein constructed using the STRING
database. Nodes represent interacting proteins, and edges indicate functional and biological associations
between proteins.

Network topology analysis revealed that the PPI network comprises 11 protein nodes and 39 interaction
edges. The average node degree of 7.09 indicates a densely connected interaction network surrounding
FXN. The clustering coefficient of 0.878 further suggests that these proteins form a highly organized
and functionally cohesive cluster. The PPI enrichment p-value of 6.46 x 10~'° confirms that the observed
interaction network is not a product of random associations but rather represents a biologically
significant functional module.

3.2. Experimental Validation via IntAct Database

To assess the consistency of the STRING-derived predictions with experimental evidence, a
comparative analysis was conducted using the IntAct database. Direct experimental interaction partners
of FXN identified in IntAct include NFS1, LYRM4, ACP6, ADCK2, MTRESL1, and PRNP. The Ml
confidence scores associated with these interactions ranged from approximately 0.35 to 0.44, indicating
that they are supported by in vitro experimental methods such as co-immunoprecipitation and affinity
chromatography.

Notably, the overlap between STRING-predicted and IntAct-validated interactions, particularly for
NFS1 and LYRM4, strengthens the biological reliability of the computational network. Previous
structural studies have demonstrated that FXN directly binds to the NFS1-ISCU complex interface and
functions as an allosteric activator of the Fe—S cluster biosynthesis machinery (Fox et al., 2019; Prischi
et al., 2010). Similarly, LYRM4 (also known as ISD11) has been shown to stabilize the NFS1
desulfurase within the Fe-S assembly complex, and its functional association with FXN has been
documented in both biochemical and structural investigations (Wiedemann et al., 2006).

However, certain IntAct-specific interactors, such as PRNP and ADCKZ2, were not identified in the
STRING network at the applied confidence threshold. These proteins may represent context-dependent
or transient interactions that require further experimental characterization.
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3.3. Functional Enrichment Analysis

Functional enrichment analyses revealed that the FXN interaction network is predominantly associated
with biological processes related to iron—sulfur cluster assembly (G0:0016226), cellular iron ion
homeostasis (GO:0006879), oxidative stress response, and mitochondrial energy metabolism. KEGG
pathway analysis further highlighted the involvement of FXN-associated proteins in porphyrin
metabolism and ferroptosis-related pathways.

The enrichment of Fe-S cluster assembly and iron homeostasis processes is consistent with the
established pathogenic mechanism of Friedreich's ataxia, in which FXN deficiency leads to
mitochondrial iron accumulation, impaired Fe-S protein maturation, and elevated reactive oxygen
species (ROS) production (Pastore & Puccio, 2013; Rétig et al., 1997).

Figure 3. KEGG pathway map highlighting the porphyrin and heme biosynthesis region associated with
FXN-related mitochondrial iron metabolism. The highlighted enzymatic steps represent metabolic
processes functionally connected to iron—sulfur (Fe—S) cluster biogenesis and cellular iron homeostasis.
Frataxin (FXN) plays a regulatory role in mitochondrial iron handling and Fe—S cluster assembly, which
are essential for the activity of several enzymes involved in heme synthesis. Disruption of FXN function,
as observed in Friedreich’s ataxia, can impair Fe—S protein maturation, promote mitochondrial iron
accumulation, and consequently affect heme biosynthesis pathways. This integrative pathway view
illustrates the broader metabolic context of FXN interactions and supports its involvement in
mitochondrial energy metabolism, oxidative stress regulation, and iron-dependent cellular processes.

3.4. Protein—Protein Docking Analysis

To evaluate the structural basis of the identified interactions, ZDOCK-based rigid-body docking
simulations were performed for four selected FXN complexes: FXN-NFS1, FXN-ISCU, FXN-
LYRM4, and FXN-FECH (Figure 2).
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Figure 2. Structural interaction analyses of the FXN protein with mitochondrial proteins involved
in Fe-S cluster biogenesis and iron metabolism.
(a—c) NFS1-FXN complex, (d—f) LYRM4—FXN complex, (g—i) ISCU-FXN complex, and (j—1) FECH-
FXN complex showing hydrophobicity profiles, Ramachandran plots, and protein—protein docking
models, respectively. Hydrophobicity analyses indicate localized hydrophobic regions at the predicted
FXN interaction interfaces, suggesting contributions to complex stability and sustained protein—protein
association within the mitochondrial environment. Ramachandran plot distributions show that most
residues fall within favored conformational regions, supporting the structural reliability of the predicted
docking models.

Docking analyses reveal structurally compatible binding interfaces between FXN and key components
of the iron—sulfur (Fe-S) cluster biosynthesis machinery, particularly NFS1, ISCU, and LYRMA4. These
interactions support the proposed role of frataxin as a regulatory factor that enhances the activity and
stabilization of the Fe-S cluster assembly complex. The observed interaction with FECH further
suggests a potential link between frataxin function and heme biosynthesis pathways, highlighting its
broader involvement in mitochondrial iron homeostasis.

Collectively, these findings indicate that FXN functions not only as a structural participant in Fe-S
cluster formation but also as a central regulator of mitochondrial iron metabolism, oxidative stress
response, and cellular energy processes. This is consistent with the molecular pathology of Friedreich’s
ataxia, where frataxin deficiency leads to mitochondrial iron accumulation, impaired Fe—S protein
synthesis, and increased oxidative stress. The identified interaction interfaces may therefore represent
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promising targets for therapeutic strategies aimed at modulating protein—protein interactions in
Friedreich’s ataxia.

Among the analyzed complexes, FXN-ISCU exhibited the highest docking score (1495.930),
suggesting the strongest predicted structural complementarity (Table 1). This finding is consistent with
the known biological role of the FXN-ISCU interaction, in which frataxin facilitates iron delivery to the
ISCU scaffold protein during Fe-S cluster assembly (Bridwell-Rabb et al., 2014). The FXN-LYRM4
complex (docking score: 1337.425) displayed predominantly hydrophobic interactions, supporting the
proposed role of LYRMA4 in stabilizing the quaternary structure of the Fe—S biosynthesis complex. The
FXN-FECH interaction (docking score: 1295.990) suggests a potential functional link between Fe-S
cluster biogenesis and heme biosynthesis, as ferrochelatase catalyzes the final step of heme synthesis
and is itself an Fe-S cluster-containing enzyme (Rouault & Tong, 2008). The FXN-NFS1 complex
(docking score: 1243.645) exhibited a combination of hydrogen bonding and hydrophobic contacts,
consistent with the established regulatory role of FXN in modulating NFS1 cysteine desulfurase activity.

Table 1. Protein—protein docking scores of FXN interaction partners obtained from ZDOCK analysis.

Interacting Docking Score  Interaction Type Structural Stability

Protein Interpretation

NFS1 - FXN 1243.645 Hydrogen bonding + Stable complex; consistent with Fe—
hydrophobic S cluster biogenesis

interactions

ISCU - FXN Electrostatic + Highest docking score, suggesting
1495.930 hydrogen bonding strong interaction stability
LYRM4-FXN 1337.425 Predominantly Likely supportive role in Fe-S
hydrophobic assembly complex

interactions

FECH- FXN 1295.990 Mixed interaction Potential association with heme
profile biosynthesis pathway

Across all four complexes, the predicted binding interfaces were enriched in functionally conserved
residues, suggesting that these interaction surfaces have been preserved under evolutionary selection
pressure. However, it should be noted that the key residues listed in Table 1 were estimated based on
docking predictions and literature evaluation; molecular dynamics simulations would be required to
confirm precise binding interfaces and assess the dynamic stability of these complexes.

3.5. Integrative Assessment

Collectively, the comparison between STRING-based computational predictions and IntAct
experimental data demonstrates a substantial level of concordance, indicating that FXN occupies a
central position within a biologically meaningful interaction network. The functional enrichment results
and docking analyses further support the notion that FXN serves as a regulatory hub in mitochondrial
iron homeostasis, Fe-S cluster biogenesis, and oxidative stress response. These findings are consistent
with the current understanding of Friedreich's ataxia pathogenesis and provide a systems-level
perspective on the molecular interactions underlying this disorder.

4.CONCLUSION AND DISCUSSION

The present study employed an integrative bioinformatics approach to systematically characterize the
protein—protein interaction (PPI) network centered on frataxin (FXN) in the context of Friedreich's
ataxia pathogenesis. Through the combined use of the STRING and IntAct databases, functional
enrichment analyses, and ZDOCK-based structural docking simulations, a comprehensive picture of
FXN-associated molecular interactions was obtained.
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STRING network analysis identified a densely connected interaction module comprising 11 protein
nodes and 39 interaction edges, with a PPI enrichment p-value of 6.46 x 107, confirming the non-
random and biologically meaningful nature of the FXN interaction network. The primary interaction
partners—ISCU, NFS1, LYRM4, FECH, ACO1, ACO2, SCLY, HSPA9, CP, and HMOX1—are
predominantly associated with mitochondrial iron metabolism, Fe-S cluster biogenesis, and oxidative
stress response. These findings are in strong agreement with the established molecular role of frataxin
as an allosteric activator of the mitochondrial ISC assembly complex, where it binds at the NFS1-ISCU
interface to stimulate cysteine desulfurase activity and promote Fe—S cluster synthesis (Fox et al., 2019;
Bridwell-Rabb et al., 2014).

The cross-validation of computational predictions with experimentally curated interaction data from the
IntAct database revealed a substantial degree of overlap, particularly for the NFS1 and LYRM4
interactions, both of which were supported by MI confidence scores in the range of 0.35-0.44. This
concordance between bioinformatic predictions and experimental evidence strengthens the biological
reliability of the identified network. However, certain IntAct-specific interactors, such as PRNP and
ADCK?2, were not captured by the STRING network at the applied confidence threshold (> 0.900),
suggesting that these may represent context-dependent or transient interactions that merit further
investigation. The identification of PRNP as an FXN interactor is particularly noteworthy, given the
emerging evidence linking prion protein to mitochondrial function and iron metabolism, although the
functional significance of this interaction in FA pathogenesis remains unclear (Singh et al., 2014).

Functional enrichment analyses provided further support for the central role of FXN in mitochondrial
biology. The enrichment of Gene Ontology terms related to iron—sulfur cluster assembly (GO:0016226),
cellular iron ion homeostasis (G0O:0006879), and oxidative stress response aligns with the well-
established pathogenic cascade of Friedreich's ataxia, in which FXN deficiency leads to mitochondrial
iron accumulation, impaired Fe—S protein maturation, and elevated reactive oxygen species production
(Pastore & Puccio, 2013; Rétig et al., 1997). KEGG pathway analysis further revealed the involvement
of FXN-associated proteins in porphyrin metabolism and ferroptosis-related pathways (Figure 3),
suggesting a functional link between Fe-S cluster biogenesis and heme biosynthesis. This connection is
mechanistically supported by the fact that ferrochelatase (FECH), identified as an FXN interaction
partner in both the STRING network and docking analyses, catalyzes the terminal step of heme synthesis
and is itself an Fe-S cluster-dependent enzyme (Nguyen et al., 2023).

Protein—protein docking analyses provided structural-level evidence supporting the biological relevance
of the identified interactions. Among the four analyzed complexes, the FXN—ISCU pair exhibited the
highest ZDOCK docking score (1495.930), consistent with the critical role of this interaction in Fe-S
cluster assembly. The FXN-NFS1 complex displayed hydrogen bonding and hydrophobic contacts
compatible with the allosteric regulatory mechanism previously described through cryo-EM studies
(Fox et al., 2019). The predominantly hydrophobic nature of the FXN-LYRMA4 interaction is consistent
with the stabilizing role of ISD11/LYRM4 within the quaternary ISC complex architecture (Wiedemann
et al., 2006). These docking results, while computational in nature, provide valuable structural
hypotheses that can guide future experimental studies, including site-directed mutagenesis and
molecular dynamics simulations.

The broader significance of these findings should be considered in the context of recent therapeutic
developments. Although omaveloxolone, the first FDA-approved drug for Friedreich's ataxia, addresses
downstream oxidative stress through Nrf2 activation (Lynch et al., 2023), the upstream molecular
deficits arising from FXN deficiency remain incompletely addressed. The identification of central
regulatory nodes within the FXN interaction network—particularly ISCU, NFS1, and FECH—may
inform the development of complementary therapeutic strategies aimed at stabilizing the ISC assembly
complex or enhancing residual frataxin activity. In this regard, Al-based computational approaches have
shown promising results in identifying small molecule modulators targeting FXN-associated protein
interaction surfaces (Kirboga et al., 2023), and the structural insights provided by the present docking
analyses may facilitate the rational design of such modulators.

Several limitations of this study should be acknowledged. The PPI network was primarily constructed
using the STRING database with a single confidence threshold, which may exclude weaker but
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biologically relevant interactions. Moreover, the docking analyses were performed using rigid-body
algorithms that do not account for conformational flexibility or post-translational modifications
influencing binding affinity in vivo. The key residues reported in the docking results were estimated
based on computational predictions and literature evaluation; molecular dynamics simulations and
experimental validation through techniques such as cross-linking mass spectrometry or hydrogen-
deuterium exchange would be required to confirm precise binding interfaces. It should also be noted
that the present study focused on binary interactions and did not model the higher-order multi-protein
assemblies, such as the complete NFS1-1SD11-ACP-ISCU2-FXN pentameric complex, that are more
representative of the physiological ISC machinery.

In conclusion, this integrative systems biology analysis demonstrates that FXN occupies a central
position within a functionally coherent protein interaction network associated with mitochondrial iron
homeostasis, Fe-S cluster biogenesis, and oxidative stress response. The concordance between
computational predictions and experimental interaction data supports the biological validity of the
identified network, while docking analyses provide structural hypotheses for future investigation. These
findings contribute to a systems-level understanding of Friedreich's ataxia pathogenesis and may serve
as a foundation for the identification of novel therapeutic targets. Future studies incorporating
experimental validation, molecular dynamics simulations, and expanded multi-database comparisons
will be essential to further refine and extend the FXN-centered interaction landscape.
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ABSTRACT

Underground infrastructure assets are physically invisible, which leads to positioning uncertainty in field
operations, increased risk of accidental excavation, and higher operational costs. Supported under the
Energy Market Regulatory Authority (EPDK) R&D program (Project No. 01/24/05-01), this study
presents an integrated mobile system that localizes underground cable inventory with centimeter-level
accuracy using Real-Time Kinematic (RTK) corrections and visualizes the assets in an Augmented
Reality (AR) environment. The system architecture comprises dynamic acquisition of Geographic
Information System (GIS) data via the Web Feature Service (WFS), metric-consistent transformation of
global coordinates (WGS84) to a local tangent frame (ENU), and ARCore-based visualization. The
developed application optimizes on-site data density through attribute-based filtering and layer
management, while a georeferenced and visually annotated reporting module enables bidirectional data
flow from the field to a central system.

Field trials conducted across Sivas province indicate that the custom mobile RTK solution achieves an
accuracy profile comparable to reference devices. Measurements confirm that underground assets can
be overlaid onto the real world with a horizontal error of 5-7 cm. Performance evaluations show stable
frame rates on mid- and high-tier Android devices; however, RTK solution quality in dense urban
environments is directly affected by surrounding geometry. Overall, the proposed system provides an
end-to-end field decision-support solution that improves operational efficiency in underground
infrastructure management and minimizes “blind excavation” risks.

Keywords: Augmented reality, GNSS, RTK, WFS, underground infrastructure, field reporting
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ABSTRACT

The gut-brain axis refers to a complex bidirectional communication network between the
gastrointestinal system and the central nervous system via neural, immune, endocrine, and metabolic
pathways. Scientific evidence has revealed that the gut microbiota plays a key role in regulating brain
function and behavior. Probiotics have emerged as a promising nutritional strategy that can influence
neurobiological processes. Probiotics are defined as live microorganisms that, when consumed in
sufficient quantities, provide health benefits to the host, and these benefits are reported to extend beyond
the gastrointestinal system to include brain function.

The results of preclinical and clinical studies show that probiotics can modulate key neurobiological
mechanisms involved in the gut-brain axis. These mechanisms include the regulation of neurotransmitter
synthesis such as gamma-aminobutyric acid and serotonin, modulation of the hypothalamus-pituitary-
adrenal (HPA) axis, reduction of systemic and neuroinflammation, and improvement of intestinal barrier
integrity. It is thought that probiotics may exhibit neuroprotective effects through the suppression of
inflammatory signaling and oxidative stress, and may contribute to the maintenance of cognitive and
emotional homeostasis. Studies show that probiotic supplementation may be associated with
improvements in cognitive function, stress response, anxiety, and depressive symptoms, particularly in
individuals with chronic stress, metabolic disorders, or neuroinflammatory conditions. Some specific
probiotic strains, referred to as “psychobiotics,” are reported to influence mood and cognitive outcomes
via microbiota-mediated signaling pathways. It is emphasized that the magnitude of these effects varies
depending on the strain used, dosage, duration of intervention, and individual factors.

In conclusion, probiotics play a significant role in modulating neurobiological pathways of the gut-brain
axis and are considered a complementary approach to supporting brain health.

Key Words: Gut-brain axis, Probiotics, Cognitive function, Psychobiotics
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NUTRITIONAL THERAPY AND CLINICAL IMPLICATIONS IN ACUTE KIDNEY INJURY

Lect. Dr. Eda BALCI

Istanbul Beykent University, Faculty of Health Science, Department of Nutrition and Dietetics,
Istanbul, Turkey

ORCID ID: https://orcid.org/0000-0001-9775-9280

ABSTRACT

Acute Kidney injury (AKI) is a significant clinical condition characterized by sudden loss of renal
function, associated with high morbidity and mortality, particularly in hospitalized and intensive care
unit patients. Hemodynamic changes, inflammation, oxidative stress, and metabolic dysregulation play
a key role in the development of acute kidney injury. The resulting hypercatabolic state, protein-energy
loss, and micronutrient deficiencies can negatively impact the clinical course and prognosis of patients.
Therefore, nutritional therapy is considered one of the fundamental supportive approaches in the
management of acute kidney injury.

The primary goal of nutritional therapy in acute kidney injury is to reduce catabolism, maintain
nutritional status, and support the recovery process by ensuring adequate energy and protein intake.
Energy requirements vary depending on the patient's clinical condition, comorbidities, and renal
replacement therapy. Protein requirements increase, especially in patients undergoing renal replacement
therapy, and protein restriction should be avoided. In addition, electrolytes (sodium, potassium,
phosphorus), fluid balance, and acid-base status should be carefully monitored and adjusted according
to individual needs. Studies show that properly planned nutritional therapy can reduce the risk of
infection, shorten the length of stay in the intensive care unit, and improve clinical outcomes. However,
individualized approaches regarding the content and timing of nutritional therapy are of great
importance.

In conclusion, nutritional therapy is an integral part of clinical management in acute kidney injury.
Implementing patient-specific nutritional strategies planned with a multidisciplinary team approach can
contribute to improving clinical outcomes in patients with acute kidney injury.

Key Words: Acute kidney injury, Nutritional therapy, Renal replacement therapy
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ABSTRACT

In response to the growing global demand for sustainable development, green building certifications
have emerged as critical tools for promoting environmentally friendly practices in the construction
industry. These certifications establish standards that address a wide range of sustainability aspects,
including energy efficiency, water conservation, and indoor environmental quality, guiding building
practices toward reduced environmental impact. Among the most recognized international certifications
are LEED (Leadership in Energy and Environmental Design) and BREEAM (Building Research
Establishment Environmental Assessment Method), both of which have demonstrated significant
contributions to energy efficiency and overall sustainability in the built environment. However, in
countries with unique climatic, cultural, and regulatory needs, there is an increasing push to develop
region-specific certification systems that address local sustainability challenges more effectively.

In Turkiye, YES-Tr was introduced as a national green building certification system to align with
Tirkiye’s specific environmental goals and regulatory frameworks. While YES-Tr aims to enhance
energy efficiency and environmental performance in buildings, its effectiveness, particularly in
comparison to international standards such as LEED and BREEAM, remains underexplored. This
research aims to evaluate the effectiveness of YES-Tr in improving energy efficiency in Tirkiye’s
residential buildings by conducting a comparative analysis with LEED and BREEAM, examining key
differences, similarities, and unique features of each certification system. This study also aims to assess
the extent to which YES-Tr aligns with international best practices and identify any areas where it may
benefit from incorporating global standards to enhance its impact on energy performance.

Through a mixed-method approach, including document analysis, case studies, and expert insights, this
paper offers analysis of the role of YES-Tr in Tiirkiye’s green building sector. The study's findings
provide valuable insights into the strengths and limitations of YES-Tr, highlighting potential
improvements and recommending strategies for aligning Tiirkiye’s national standards with international
benchmarks. This research contributes to the ongoing efforts to optimize green building certifications
for better energy efficiency outcomes, offering a framework for further exploration of national
certification systems in the context of global sustainability goals.

Key Words: Energy Efficiency in Buildings; LEED; BREEAM; YES-Tr; Comparative analysis

INTRODUCTION

Regarding the increasing international demand for the sustainable green development, certification of
the green buildings is erected as vital instruments for providing environmentally friendly applications
regarding the building sector. Such certifications create standards which address a variety of
sustainability specialties which include energy efficiency, water conservation, and indoor environmental
quality, guiding building practices toward reduced environmental impact. Among the most recognized
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international certifications are LEED (Leadership in Energy and Environmental Design) and BREEAM
(Building Research Establishment Environmental Assessment Method), both of which have
demonstrated significant contributions to energy efficiency and overall sustainability in the built
environment (Vierra, 2016; Bernardi et al., 2017). However, in countries with unique climatic, cultural,
and regulatory needs, there is an increasing push to develop region-specific certification systems that
address local sustainability challenges more effectively.

In Tirkiye, YES-Tr was introduced as a national green building certification system to align with
Tiirkiye’s specific environmental goals and regulatory frameworks (Republic of Tiirkiye Ministry of
Treasury and Finance, 2021). While YES-Tr aims to enhance energy efficiency and environmental
performance in buildings, its effectiveness, particularly in comparison to international standards such as
LEED and BREEAM, remains underexplored. This research aims to evaluate the effectiveness of YES-
Tr in improving energy efficiency in Tirkiye’s residential buildings by conducting a comparative
analysis with LEED and BREEAM, examining key differences, similarities, and unique features of each
certification system. This study also aims to assess the extent to which YES-Tr aligns with international
best practices and identify any areas where it may benefit from incorporating global standards to enhance
its impact on energy performance.

Through a mixed-method approach, including document analysis, case studies, and expert insights, this
paper will offer a comprehensive analysis of the role of YES-Tr in Tiirkiye’s green building sector. The
study's findings provide valuable insights into the strengths and limitations of YES-Tr, highlighting
potential improvements and recommending strategies for aligning Tiirkiye’s national standards with
international benchmarks. This research contributes to the ongoing efforts to optimize green building
certifications for better energy efficiency outcomes, offering a framework for further exploration of
national certification systems in the context of global sustainability goals.

CONCEPTUAL FRAMEWORK
Green Building Certifications and 1SO Standards

In order to asses and intersect the different specialities of the sustainable design’s impacts in buildings
such as energy waste, energy usage, potential for savings, water conversation, green building
certifications has become a major endeavour. These certifications are often supported by 1SO standards.
ISO 14024 (Type I) (International Organization for Standardization, 2018) defines voluntary, third-party
certified programs like the EU Ecolabel. 1SO 14021 (Type Il) (International Organization for
Standardization, 2016) governs self-declared environmental claims, while ISO 14025 (Type III)
(International Organization for Standardization, 2022) covers Environmental Product Declarations
(EPDs), which gives detailed quantitative information and dataset on the environmental impact of the
product and are critical in regards to similar certifications such as LEED and BREEAM

International Certification Systems: LEED and BREEAM

Developed by the U.S. Green Building Council, The LEED certification system is one of the most well-
known and widely accepted rating system internationally. The LEED certification concentrates on vital
aspects such as Energy and Carbon footprint, emphasising great amount of weight on energy
performance and Indoor Environmental Quality. The LEED rating system is first a performance-based
system which enables flexibility in reaching the sustainability goals across categories.

The BREEAM is created in the United Kingdom which is the oldest standing method in the world. The
BREEAM Certification grades the buildings based on performance aspects such as Energy, Health,
Wellbeing and Materials. The BREEAM certification asserts local adaptability and has affected building
regulations across Europe.
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Table 1 Comparison of Green Building Certifications Granted (U.S. Green Building Council, n.d.),
(BRE Group, n.d.).

610,000

Turkish National Certification YES-Tr

The Turkish national green building certification system YES-Tr is specially designed to address the
unique local environmental hardships, building applications and national regulations of Tiirkiye. The
goal of this certification is to address the national landscape and priorities of energy conversation, water
conservation and sustainable material usage while keeping a parallel profile with the Turkish regulatory
framework such as Energy Efficiency Law. Even though YES-TR certification are given in at different
levels such as Geger (Pass), Iyi (good), Cok Iyi (very good) ve Ulusal Ustiinliik (National superiority),
the detailed grading systems are not generally accepted as global certifications such as LEED or
BREEAM.

METHODOLOGY

This paper uses a mixed-method approach to evaluate the effectiveness of the YES-Tr certification in
improving energy efficiency in Tirkiye’s residential and public buildings. The methodology
encompasses document analysis, case studies and expert insights in order to create a comprehensive
analysis of the place of YES-Tr in Tiirkiye’s green building sector. By comparing with the LEED and
BREEAM, this paper undermines important differences, similarities, and significant features of each
certification system. The paper evaluates the content to which YES-Tr aligns with the international best
practices and identifies areas where it could benefit from incorporating from the international standards
and global practices. In order to conduct systematic evaluation, the three different criteria have been
established:

1) Environmental Performance Categories (specifically focusing on energy efficiency, water
conservation, indoor environmental quality, and materials);

2) System Structure and Methodology (comparing point-based scoring systems, prerequisites, and
the fundamental differences between prescriptive compliance and performance-based outcomes); and

3) Regional Adaptability and Usability (assessing accordance with Turkish legislation, economic
cost/feasibility, and responsiveness to local climatic conditions).

By using these criteria, we can decide to which extent YES-Tr aligns with these international green
building certifications.

COMPARATIVE ANALYSIS AND DISCUSSION
Comparison of YES-Tr with International Standards

Even though YES-Tr shares a similar aim with the international grading standardising, there are sharp
differences in the scope and application. Whereas YES-Tr concentrates specially on regarding the
Tiirkiye’s local geographical and climate conditions and regulatory needs, LEED presents an
international perspective with predefined credits. Regarding the locality BREEAM is similar to YES-Tr
nevertheless it benefits from wider international recognition as it longest standing standardising.

The major difference lies within the approach to certification. In contrast to LEED and BREEAM which
are largely performance-based systems, YES-Tr is primarily prescriptive with a national focus, aligning
with the Turkish national building codes. LEED and BREEAM certifications are largely performance-
based systems in contrast to YES Tr. The difference is that the performance-based standardizations are
asses the outcomes (e.g., energy use intensity) and pushes for the innovation while prescriptive codes
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provide niche, step-by-step requirements which can limit flexibility. A summary of these fundamental
differences is presented in Table 2.

Table 2 Comparison of YES-Tr, LEED, and BREEAM Certification Systems

Origin & National (Tiirkiye) International (USA International (UK origin);

Recognition origin) Longest-standing system

Scope & Tailored to  Turkish = Global perspective with Broad international

Focus national building codes, predefined, standardized recognition with strong
local climate, and | international credits. emphasis on local
regulatory needs. adaptability.

Assessment Prescriptive-based: Performance-based: Performance-based:

Approach Provides specific, step- Assesses final outcomes Assesses final operational
by-step requirements and (e.g., energy use outcomes and lifecycle
technical codes. intensity). impacts.

Flexibility & Limited flexibility: High flexibility: High flexibility:

Innovation Focuses heavily on strict Encourages and rewards Encourages  innovation

compliance with national
codes.

innovative technologies
and design.

while adapting to local
building regulations.

Energy Efficiency Performance

This paper shows that the international certification systems harbour significant operational benefits
which currently performs better than the national prescriptive models. According to the studies done by
the U.S. Green Building Council, LEED-certified buildings can achieve energy, carbon, water, and
waste reductions ranging from 30% to 97%, alongside an 8-9% reduction in operating costs (Vierra,
2016; Bernardi et al., 2017). BREEAM certification also shows similar high-performance results by
using comprehensive lifecycle evaluations and changing its criteria to the specific local climates,
superstructure regulations and culture as well (Bernardi et al., 2017) (ASHRAE, 2022). There are a little
information and documentation regarding performance of the YES-Tr certified buildings and it firstly
focus on prescriptive compliance with the national energy codes such as TS 825 unlike the international
best practices (Jahed Tunali, 2025). While international standards increasingly drive the market toward
"net-positive" outcomes—and specialized systems like the Passive House standard demonstrate up to
an 86% reduction in heating energy—YES-Tr currently lacks the performance-based flexibility and
stringency to mandate such deep energy reductions.

In order to understand the gap between YES-Tr’s prescriptive modal and real performance-based results,
the data from the Turkish retrofit initiatives provides a critical benchmark for what could be achieved.
The World Bank-funded KABEV project (Energy Efficiency in Public Buildings) aims to reduce public
building energy consumption by 30% by 2030, and has already achieved an average of 40% energy
savings across over 370 retrofitted buildings (World Bank, 2025). Energy retrofitting project at the Bursa
Yiiksek Ihtisas Hospital—which included trigeneration plants, solar PV, and advanced HVAC
automation—resulted in realized primary energy savings of 17.4% (approximately 8.9 million
kWh/year) (Ministry of Environment, Urbanization and Climate Change, n.d.). Other examples, such as
the Kandira State Hospital and Ortakdy High School, achieved 30% energy savings and up to 70%
electricity reductions, respectively (World Bank, 2025).

In order to achieve these energy saving outcomes, detailed Measurement and Verification (M&V) works
which are following the IPMVP framework is required. (Ministry of Environment, Urbanization and
Climate Change, n.d.). YES-Tr framework generally function as a design phase regulation standard in
the other hand continuous operational monitoring is an integral component of certifications like
BREEAM In-Use and LEED O+M (Operations and Maintenance), it is critically underemphasized in
the standard YES-Tr framework, which often functions more as a design-phase compliance tool. Which
is why in IFI funded projects such as KABEV, KAYEP etc. are using LEED or BREEAM certifications
in these initiatives.
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Also, the difference of effectiveness increases of these certifications when it comes to the application to
existing and heritage buildings. BREEAM gives more highly specialized tools for building
refurbishments, while Restoration and retrofitting of Tiirkiye’s huge stock of traditional old housing
structures are difficult to work with for generic national certifications such as YES-Tr. Research on
traditional /umuws (timber-framed) houses in Gudiil reveals that standard "unified" retrofit approaches
(e.g., wrapping a building in external insulation, as often prescribed by basic codes) fail in hybrid
structures due to high moisture entrapment risks in stone masonry (Jahed Tunali, 2025). Conversely, a
material-specific "partial retrofit" approach targeting only the timber-framed zones achieved heating
energy savings of 30.5% while successfully maintaining hygrothermal safety (Jahed Tunali, 2025).

This shows that there is an important amount of limitation in YES-Tr’s application to different situations
due to prescriptive regulation compared to the international certification systems. So, there is a need for
more flexible approached for YES-Tr to be more effective in the vast categories of buildings and climate
regions in Tiirkiye.

Finally, including the advanced and passive technologies to the YES-Tr regulations yet to be established
unlike the international best practices. Studies in similar climatic contexts indicate that advanced active
systems, such as smart window technologies, can reduce total building energy consumption by 14%
(Khalifa et al., 2023). Similarly, building performance simulations for high-rise offices in moderate
climates like Istanbul demonstrate that primary energy inputs can be reduced by 30% to 40% utilizing
integrated passive cooling and natural ventilation strategies (Schulze, 2015). However, the widespread
adoption of such high-performance interventions in Turkish projects is limited by a lack of specific
rewards or incentives within national certification frameworks, which tend to prioritize basic insulation
and thermal conductivity standards. Consequently, for YES-Tr to match the energy efficiency
performance of LEED and BREEAM, evidence suggests it must evolve to incorporate the rigorous
operational verification (M&V) and material-specific flexibility found in global best practices.

CONCLUSION AND DISCUSSION
DISCUSSION:

The main issue while making this comparison of the gaps and effectiveness difference between these
various certification systems is, are there enough data and sources to dispute the effectiveness of the
YES-Tr against its international pairs such as LEED, BREEAM, etc ? As we previously mentioned there
are couple things regarding this issue. We can evaluate their approach since there are well enough
materials regarding their established criteria, frameworks and regulations, etc. The framework and the
manual of the YES-Tr clearly shows that it is aspired on the national energy efficiency law and other
national regulations such as TS 825, In contrast LEED and BREEAM uses more flexible, performance-
based metrics (Vierra, 2016; Said & Harputlugil, 2019).

Theoretically, it is possible to compare and identify methodological gaps in between YES-TR and other
certifications and thus we can detect that whether is there are gaps which may cause ineffectiveness
when it comes to the energy retrofitting and restoration of different building types such as heritage sites.

Nevertheless, the data regarding the quantitative measurements is absent, as there is no data base
regarding the number of certified buildings and their savings in official website of the YES-Tr unlike
the BREEAM and LEED certification. BREEAM and LEED owns their own data base and they are
keeping the records of the certified building and their operational data which verifies the long-term
impact of these certifications for example, USGBC studies track thousands of buildings and demonstrate
measurable energy and water savings ranging from 30% to 97% for LEED-certified projects (Vierra,
2016).

Contrary, YES-Tr is still under its inception phase, and the empirical data on the long-term operational
energy performance of YES-Tr-certified buildings is highly limited.

Even though there are some databases regarding the IFI funded projects such as KABEV and KAYEP,
these databases mostly consist of public buildings thus this and national reports indicate that Tiirkiye
currently lacks comprehensive databases regarding the energy and emission performance of its existing
building stock, and post-occupancy monitoring systems remain insufficient (Ministry of Environment,
Urbanization, and Climate Change, 2023).
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Thus, we can say that there is an approach gap between these green building certifications, measuring
the real-world performance gap between YES-Tr and LEED, BREEAM are hard to assess until more
relevant data becomes available.

CONCLUSION

With this paper it is indicated that YES-Tr is a very important asset regarding the creating a locally
relevant sustainability framework for Tiirkiye. It has its own benefits regarding mentioning the need for
a system tailored to national regulation regarding the buildings and localized priorities. However, this
paper indicates that there is gap between YES-Tr and its international peers, especially that this gap
consist of its reliance on prescriptive design rather than proven operational outcomes. The results show
of the strengths and limitations of YES-Tr, and includes suggestions for strategies for aligning the
Tiirkiye’s national YES-Tr standard with the global benchmarks.

Due to the fact that there is a very limited data regarding the performance of the buildings and type of
structures certified, especially regarding the long-term effectiveness of buildings certified with the YES-
Tr, there is a need for a strict monitoring of these buildings after usage. Thus, it can be determined that
whether the criteria used in YES-Tr translate into comparable energy savings to those acquired via
international certification such as LEED and BREEAM and how well YES-Tr address the geographical
challenges and potential of Tiirkiye such as Earthquake danger, and the six different climate conditions.
Finally, by considering the knowledge gained through national and internationally funded project’s
outcomes and measurement and verification protocols, as well as performance based operational
assessments found in LEED and BREEAM, we could improve the potential and the impact of the YES-
Tr on Tiirkiye's sustainable energy outcomes.
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ABSTRACT

Educational innovation in higher education processes can occur at multiple levels, including
instructional design, assessment, curriculum development, academic workflows, and student
experience. Especially in today's world, where digital transformation in education is prominent,
innovative practices within the quality assurance system, frequently discussed in educational processes,
are gaining increasing importance.

Based on this approach, this study aims to develop an information system within the scope of educational
innovation. This system, called the Course Learning Outcomes Management System (COLMS),
includes a multi-layered structure allowing access to multiple users, including guests, academic staff,
department heads, unit managers, and system administrators (admin). Statistical analyses are executed
in the background of the system based on information obtained from the related studies in literature.
Based on these analyses, detailed course outcomes reports are generated for users at the course, program,
and unit levels.

The analysis of course outcome data in the developed system is collected within a centralized
information architecture that includes multi-layered reporting modules. In this context, it is possible to
compare the critical outputs obtained. Furthermore, the system's reporting architecture enhances
traceability within the scope of quality assurance management in higher education organizations. This
advantage reduces the burden of manual report generation, which is frequently used in academic
workflows, and enables stakeholders to access consistent, accurate, and up-to-date outputs.

Key Words: Educational Innovation; Information System Development; Evaluation of Learning
Outcomes; Quality Assurance; Higher Education
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OZET

Bu calisma, kiiresel enerji arzinin birincil bileseni olan petroliin jeokimyasal olusumundan nihai
depolama terminallerine uzanan operasyonel dongiisinii ve bu siirecteki stratejik yonetim
gerekliliklerini analiz etmektedir. Hidrokarbon deger zinciri; jeolojik prospeksiyon, ekstraksiyon, 6n
jeopolitik dinamiklerin simbiyotik etkilesimi altinda sekillenmektedir. Ozellikle enerji ithalatina bagiml
ekonomilerde, petrol fiyatlarindaki volatilite ve makroekonomik kirilganliklar, lojistik ve depolama
siireclerinin ekonometrik modellerle siirekli monitorize edilmesini zorunlu kilmaktadir.

Depolama olgusu, emtianin lojistik akis icerisinde statik faza gegtigi bir siire¢ olmanin 6tesinde, "zaman
faydas1" (time utility) yaratan dinamik bir risk yonetimi alanidir. Petrol depolama sistemlerinin temel
bilegeni olan tanklarin (yer {istii ve yer alt1) tasarimi; iriiniin parlama ve kaynama noktalar1 gibi
fizikokimyasal karakteristiklerine gore belirlenmektedir. Evaporasyon kayiplarini minimize eden yiizer
tavan teknolojileri ve ¢evresel kontaminasyonu engelleyen cift cidarli taban yapilari, modern depolama
miihendisliginin siirdiiriilebilirlik odakli temel ¢iktilaridir.

Calismanin merkezini olusturan Lojistik Hizmet Saglayicilarinin (LHS) secimi, operasyonel basariy1
dogrudan etkileyen ¢ok boyutlu bir karar verme problemidir. Literatiirde yer alan Analitik Hiyerarsi
Stireci (AHP) ve Analitik Ag Siireci (AAS) gibi Cok Kriterli Karar Verme (CKKYV) yontemleri; segimin
salt maliyet odakl bir yaklagimdan ziyade; operasyonel yeterlilik, bilgi teknolojileri yetkinligi, hizmet
inovasyonu, ISG (HSE) standartlarina uyum, sektorel itibar ve siirdiiriilebilirlik parametreleri {izerinden
yapilmas1 gerektigini ortaya koymaktadir. Ozellikle tehlikeli madde depolamasinda, giivenlik ve
emniyet kriterlerinin karardaki agirligi, maliyet avantajimin 6niine gegmektedir. Sonug olarak, petrol
depolama faaliyetlerinde etkin bir yonetisim; teknik altyapi, dijital izlenebilirlik ve stratejik is birligi
yetkinliklerinin entegrasyonuna baghdir.

Anahtar Kelimeler: Petrol Depolama, Lojistik Hizmet Saglayict Segimi, Cok Kriterli Karar Verme
(CKKYV), Enerji Tedarik Zinciri, Operasyonel Giivenlik, Strdiiriilebilirlik.

1. GIRiS

Kiiresel enerji arzinin temel bileseni olan petrol, organik sedimentlerin jeolojik zaman 6l¢eklerinde
yikksek basing ve termal gradyanlara maruz kalarak biyokimyasal bozunmaya ugramasiyla
olugmaktadir. Fauna ve flora kalintilarindan tiireyen bu materyalin kimyasal matrisi, baskin olarak
hidrokarbon zincirlerinden olusmakla birlikte; biinyesinde eser miktarda azot, oksijen ve kiikiirt gibi
heteroatomlar1 barindirmaktadir. Rezervuarlardan sondaj operasyonlar1 ile ekstrakte edilen ham
petroliin, rafineri ve depolama terminallerine uzanan lojistik sevk siireci, sektdriin operasyonel
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verimliligi agisindan stratejik bir 6neme sahiptir. Bu baglamda, ham maddenin rafinaj 6ncesi ve sonrasi
stireclerde ticari degeri yiiksek tiirevlere doniistiiriilmesi, yalnizca teknik bir islem degil, ayn1 zamanda
optimize edilmesi gereken karmagik bir depolama ve lojistik yonetim dongiisiidiir.

Liquid Petroleum Gas (LPG) e

Benzin/Petrol/Gasoline

Ham Petrol

Nafta

Kerosen/Jet Fuel

Motorin/Gasoil/Diesel

Fuel Oil/Gemi Yakit:

Isitilmis 350 -300°C

Ham Petrol Yaglama Yag
300 -350°C

> 350 °C

Bitumen

Kazan

Resim-1. Ham Petrol Distilasyon Semast

P =(9

2. ARASTIRMA VE BULGULAR

Modern endiistriyel paradigmada petrol, yalnizca birincil bir enerji kaynagi degil, ayn1 zamanda kiiresel
imalat ve ticari faaliyetlerin stirdiirtilebilirligi i¢in vazgecilmez bir stratejik hammadde niteligindedir.
Petroliin bu denli baskin bir rol oynamasinin temelinde, kiiresel dlgekte tesis edilmis olan sofistike
tilketim ve lojistik aglar1 yatmaktadir. Giiniimiizde hidrokarbon tiirevleri, elektrik liretiminden mobilite
cozlimlerine kadar genis bir spektrumda temel girdi teskil etmektedir. Enerji liretiminin yani sira;
polimer teknolojileri, petro-kimya endiistrisi, yaglama sistemleri ve ileri malzeme bilimi (¢elik-seramik
kompozitleri) gibi sektorlerde de temel yapi tasi olarak kullanilmakta, bu durum petrolii kiiresel
ekonominin en ¢ok boyutlu emtiasi haline getirmektedir.

Kuyubasindan depolama terminallerine uzanan hidrokarbon transfer siireci, enerji deger zincirinin en
kompleks ve multidisipliner asamalarindan birini temsil etmektedir. S6z konusu siireg; jeolojik
gibi teknik, finansal ve ekolojik boyutlar1 olan entegre bir evreler biitiiniinii kapsamaktadir. Her bir faz;
miihendislik ¢dziimleri, ekonometrik analizler, ¢cevre bilimleri ve jeopolitik dinamiklerin simbiyotik
etkilesimini zorunlu kilmaktadir.
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Hidrokarbon deger zinciri, yeralti rezervuarlarinin prospeksiyonu ve tanmimlanmasiyla baglayan ¢ok
katmanli bir siiregtir. Rezervuar potansiyelinin ve ekonomik iretilebilirliginin saptanmasinda,
konvansiyonel jeokimyasal analizlerin yani sira ileri diizey jeofiziksel etiitler belirleyici rol
oynamaktadir. Ozellikle deniz asir1 (offshore) arama faaliyetlerinde, sismik verilerin islenmesi ve
gravimetrik dl¢timler gibi oncii teknikler, yiiksek sermaye yogunluklu yatirimlarm risk optimizasyonu
i¢in elzemdir.

Ekstraksiyon asamasini takiben, kuyubasinda (wellhead) gerceklestirilen faz ayristirma iglemleri; ham
petroliin biinyesindeki formasyon suyu, gaz ve kat1 partikiillerden arindirilarak stabilize edilmesini
saglar. Bu on tasfiye siireci, iriiniin lojistik aglara entegrasyonu ve depolama terminallerindeki
biitiinliigiiniin korunmasi agisindan teknik bir zorunluluktur. Petroliin iletiminde merkezi bir rol oynayan
boru hatt1 altyapilari, yalnizca miihendislik ¢oziimleri degil, ayn1 zamanda devlet politikalar1 ve
jeopolitik stratejilerle sekillenen makro-ekonomik yatirimlardir. Siirecin biitiinii ele alindiginda;
kaynaktan terminale uzanan bu operasyonel dongii, teknik ve ekonomik parametrelerin 6tesinde,
cevresel yonetisim ve proaktif risk yonetimi disiplinlerinin simbiyotik bir etkilesimini gerekli
kilmaktadir. Tasima ve depolama safhalarindaki ekolojik risklerin minimize edilmesi, siirecin
stirdiiriilebilirlik performansinin temel gostergesidir.

Hidrokarbon lojistigi ve depolama siireglerinin yonetimi, operasyonel zorluklarin yani sira kiiresel enerji
piyasalarindaki yiiksek volatilite ve makroekonomik belirsizliklerin etkisi altindadir. Ham petroliin
ekstraksiyonundan terminal operasyonlarina kadar olan tiim fazlar; arz-talep projeksiyonlari, fiyat
dalgalanmalar1 ve ekonomik politika belirsizlikleri (EPU) tarafindan dogrudan domine edilmektedir.
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Literatiirde, kiiresel ekonomik politika belirsizligi ile ham petrol fiyat dinamikleri arasinda uzun vadeli
ve belirgin bir nedensellik iliskisi oldugu saptanmistir; bu durum, stratejik karar vericilerin ve
yatirimcilarin riskten korunma (hedging) mekanizmalarinda politika belirsizligi endekslerini temel bir
parametre olarak kabul etmelerini zorunlu kilmaktadir (Gulcan, 2022). Ozellikle enerji ithalatina
bagimli ekonomilerde, petrol fiyatlarindaki volatilite dogrudan maliyet enflasyonuna ve makro-finansal
kirilganliklara yol actigindan, lojistik ve depolama dongiilerinin ekonometrik modellerle siirekli
monitorize edilmesi kritik bir gerekliliktir (Solmaz & Bayraktutan, 2019).

Depolama olgusu, tarihsel siire¢ igerisinde insanoglunun temel gereksinimlerini ¢evresel ve iklimsel
faktorlerden koruma giidiisiiyle ortaya ¢ikmis, medeniyetin gelisimiyle paralel olarak stratejik bir
disipline doniigmiistiir. Teknik anlamda depolama, emtianin lojistik akis icerisinde statik faza gectigi bir
mekansal siireci temsil ederken; depo, iiriinlerin fonksiyonel amaglar dogrultusunda giris ve ¢ikis
operasyonlar1 arasinda muhafaza edildigi teknik altyapiy1 ifade etmektedir.

Kiiresel ekonominin ve iiretim paradigmalarinin evrildigi giiniimiiz konjonktiiriinde, depolama
faaliyetleri zaman faydas: (time utility) yaratma noktasinda her gecen giin daha fazla Gnem
kazanmaktadir. Cagdas endiistriyel stratejilerin temel odagi; liretim ve tedarik zinciri siireglerindeki arz-
talep uyumsuzluklarini minimize etmek, operasyonel darbogazlari gidermek ve marjinal faydayi
maksimize etmektir. Bu baglamda, hammadde asamasindan nihai iirlin fazina kadar olan siiregte,
emtianin fiziksel biitiinligiiniin korunmasi1 ve lojistik kayiplarin en aza indirilmesi; kurumsal hafiza,
teknik uzmanlik ve sistematik yonetim modelleriyle dogrudan iligkilidir. Dolayisiyla depolama, sadece
statik bir bekletme eylemi degil, isletme verimliligini ve karliligin1 dogrudan etkileyen dinamik bir risk
ve siire¢ yonetimi alanidir.

Petrol depolama, modern endiistriyel toplumlarin enerji ihtiyacinin karsilanmasinda merkezi bir rol
oynamaktadir. Ham petrol ve tiirevlerinin giivenli, verimli ve siirdiiriilebilir bir sekilde depolanmasi,
enerji arz glivenliginin saglanmasi, ekonomik dalgalanmalarin yonetilmesi ve cevresel risklerin
azaltilmasi agisindan kritik 6neme sahiptir.

Hidrokarbonlarin biiylik 6lgekli ve emniyetli muhafazasi i¢in kurgulanan depolama sistemlerinin
merkezinde tank birimleri yer almaktadir. Bu yapilar genel olarak yeralti ve yeriistii depolama tanklari
seklinde iki temel kategoride siiflandirilmaktadir. Rafineri operasyonlarinda, atmosferik kosullarda
kaynama noktasinin altinda kalan iirlinlerin depolanmasi siirecinde; maliyet avantaji, bakim-onarim
stireglerindeki erisilebilirlik gibi faktorler nedeniyle yeristii atmosferik tanklar 6ncelikli olarak tercih
edilmektedir.

Depolama tanklarinin konfigiirasyonu; evaporasyon (buharlagsma) kayiplarini asgari diizeye indirmek,
ekonomik verimliligi artirmak ve operasyonel giivenligi tesis etmek amaciyla belirli fiziksel kriterlere
gore tayin edilir.

. Basinch Depolama: Atmosferik basing altinda kaynama noktasi 0°C’nin {izerinde olan petrol
tiirevleri, genellikle kiiresel veya silindirik basin¢h kaplarda muhafaza edilir.

. Yiizer Tavanh Tanklar: Parlama noktas1 55°C’den diisiik olan ugucu hidrokarbonlar (ham
petrol, benzin, nafta vb.) ile normal sartlarda yanici buhar-hava karigimi olusturma potansiyeli yiiksek
iiriinler i¢in kullanilir. Bu tasarimda temel amag, sivi yiizeyi ile hava temasini keserek parlayabilir
atmosfer olusumunu engellemek, emisyonlar1 azaltmak ve yangin aninda koruma saglamaktir.

. Sabit Tavanh Tanklar: Parlama noktasi 55°C esiginin lizerinde olan ve diisiik uguculuk
sergileyen fuel-oil veya bitiimen gibi agir iiriinlerin depolanmasinda tercih edilmektedir.

Mekanik dayanikliligin yiiksek olmasi, yiizey alaninin hacme oranla kiigiik kalmasi ve tiretim kolaylig
gibi teknik gerekgelerle tanklar silindirik geometride insa edilirler. Tank govdesi, dikdortgen sac
levhalarin hedeflenen ¢apa gore biikiilmesi ve Ust liste kaynaklanmasiyla olusturulur. Statik yiik dagilimi
nedeniyle sac kalinliklar1 tabandan yukariya dogru gidildik¢e kademeli olarak azaltilmaktadir; yan sac
kalinliklar1 toplam yiikseklige bagl olarak 25-35 mm aralifinda degisebilmektedir. Cevresel sizinti
risklerine kars1 bir 6nlem olarak tank tabanlari, 6zellikle ekolojik koruma standartlar1 geregi ¢ift cidarl
olarak da tiretilmektedir.
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Depolama terminallerinin yerlesim planlamasi; rutin isletme, acil durum miidahale ve yanginla
miicadele stratejileriyle entegre sekilde yiiriitiiliir. Giivenlik protokolleri geregi:

. Mesafe Kriteri: Tanklar aras1 mesafe, komsu tank ¢apinin en az yarist kadar () olacak sekilde
kurgulanir.

o Konumlandirma: Uniteler, olasi atesleme kaynaklarindan maksimum uzaklikta
konumlandirilir.

. ikincil Muhafaza: Sizint1 veya tasma durumlarinda cevreye yayilimi engellemek amaciyla tank
sahalar1 sedde (bund/dyke) yapilariyla ¢evrelenir. Bu set yapilarinin drenaj sistemleri, tahliye
kontroliiniin disaridan yonetilebilmesine imkan taniyacak sekilde tasarlanmaktadir.

Petrol ve tiirevlerinin depolanmasinda kullanilan tanklarin yonetimi, yalnizca operasyonel siireglerle
sinurlt degildir; ayn1 zamanda gevresel diizenlemeler ve yasal mevzuat da 6nemli bir rol oynar. Tanklarin
kurulumu, bakimi, izlenmesi ve olasi sizintilarin 6nlenmesine yonelik diizenlemeler detayli olarak
aciklanmalidir. Ozellikle, tanklarin yerlestirilecegi alanlarin secimi, ikincil koruma sistemlerinin
kullanim1 ve diizenli denetimlerin yapilmasi gibi hususlar, ¢evresel risklerin minimize edilmesi
agisindan kritik oneme sahiptir. Bu tiir diizenlemeler, petrol depolama tesislerinin siirdiiriilebilirligini ve
cevreyle uyumunu saglamak igin gereklidir (0'&@etal. 2006)

Petrol depolama sistemlerinin giivenligi, yalnizca tanklarin yapisal biitiinliigliyle degil, ayn1 zamanda
operasyonel siireclerdeki insan faktoriiyle de yakindan iliskilidir. Ozellikle, tanklarin dolum ve bosaltim
islemlerinde meydana gelebilecek hatalar, biiyiik 6lcekli ¢evresel felaketlere yol acabilir. Bu nedenle,
otomasyon sistemlerinin yan1 sira, personelin egitimi ve operasyonel prosediirlerin standartlastiriimasi
da biiylik 6nem tagir. Tank seviyesinin siirekli izlenmesi ve kritik seviyelere ulasildiginda otomatik
olarak miidahale edilmesi saglanmalidir. Ayrica, insan-makine arayiizlerinin ergonomik olarak
tasarlanmasi, operatorlerin hata yapma olasiligini azaltmakta ve siireclerin daha giivenli bir sekilde
yiiriitiilmesine katki saglamaktadir (Montenegro & Salazar, 2012)

Petrol depolama faaliyetleri, yliksek hacimli ve tehlikeli maddelerin giivenli, verimli ve siirdiiriilebilir
bir sekilde yonetilmesini gerektirir. Bu faaliyetlerin basarisi, yalnizca teknik altyapir ve operasyonel
stireclerle sinirh kalmayip, ayn1 zamanda lojistik servis saglayicilarinin (LSS) se¢imine de dogrudan
baglidir. Lojistik servis saglayicilarinin se¢imi, petrol depolama operasyonlarinin etkinligi, giivenligi ve
maliyet etkinligi iizerinde belirleyici bir rol oynamaktadir. Bu nedenle, petrol depolama faaliyetleri i¢in
uygun lojistik servis saglayici se¢im kriterlerinin belirlenmesi, hem sektorel rekabet giiciiniin artirilmasi
hem de operasyonel risklerin minimize edilmesi agisindan kritik 6neme sahiptir.

Lojistik hizmet saglayicilarinin se¢iminde isin finansal boyutu da 6énem arz etmektedir. Finansal olarak
onemli unsur maliyet yonetimidir. Bokor’un ¢aligmasinda, lojistik maliyetlerinin dogru ve seffaf bir
sekilde hesaplanmasinin, kaynak tahsisi ve planlama agisindan kritik oldugu belirtilmektedir.
Geleneksel maliyetlendirme yaklagimlarinin, karmasik ve heterojen lojistik hizmet yapilarinda yetersiz
kalabildigi, bu nedenle ¢ok seviyeli tam maliyet tahsis tekniklerinin uygulanmasinin maliyetlerin daha
dogru ve seffaf bir sekilde belirlenmesine katki sagladigi vurgulanmaktadir (8" 1970 petrol depolama
gibi yliksek hacimli ve uzun vadeli operasyonlarda, maliyet seffafligi ve etkin maliyet kontrolii saglayici
segiminde belirleyici olmaktadir. Ozellikle dis kaynak kullaniminin temel motivasyonlarindan biri olan
maliyet avantaji, lojistik servis saglayicilarinin se¢ciminde ana kriterlerden biri olarak one ¢ikmaktadir.
Ithalat ve ihracat sektoriinde yapilan bir ¢alismada, iigiincii parti lojistik sirketlerinin seciminde toplam
16 kriter belirlenmis ve bu kriterler arasinda maliyetin en onemli ana kriter oldugu tespit edilmistir.
Analitik Hiyerarsi Stireci (AHP) yontemiyle yapilan bu ¢alismada, maliyetin yan sira hizmet kalitesi,
zamaninda teslimat ve esneklik gibi kriterler de degerlendirilmigtir (Cetinkaya etal. 2020) Petro| depolama
faaliyetlerinde, yiiksek sabit maliyetler ve operasyonel giderler g6z 6niine alindiginda, maliyet etkinligi
saglayan lojistik servis saglayicilarinin tercih edilmesi, isletmelerin rekabet giiclinii artirmaktadir.

Lojistik hizmet saglayicilarinin yenilik¢ilik ve hizmet inovasyonu yetenekleri de se¢im kriterleri
arasinda yer almaktadir. Hou ve arkadaglarinin Tayland’daki lojistik hizmet saglayicilariyla yaptigi
calismada, hizmet inovasyonunun lojistik yetkinlik ve maliyet avantaji lizerinde dogrudan etkisi oldugu,
ayrica lojistik yetkinlik araciligryla dolayli olarak da maliyet avantaji sagladig1 ortaya konmustur. Bu
nedenle, lojistik hizmet saglayicilarinin kendi 6zgiin hizmet inovasyonlarinm gelistirmeleri ve lojistik
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yetkinliklerini artirmalar1, maliyet avantaji elde etmeleri agisindan kritik dneme sahiptir (Mian etal. 2025)
Petrol depolama gibi rekabetin yogun oldugu sektorlerde, yenilik¢i hizmet sunabilen saglayicilarin
tercih edilmesi, operasyonel verimlilik ve maliyet etkinligi acisindan avantaj saglamaktadir. Hizmet
kalitesi ve zamaninda teslimat kriterleri de 6nemli bir yer tutmaktadir. Cok Kriterli Karar Verme
(CKKYV) yontemleriyle yapilan bir caligsmada, maliyet, hizmet kalitesi ve zamaninda teslimatin, tigiincii
parti lojistik saglayicilarinin seciminde en biiyiik etkiye sahip ii¢ kriter oldugu tespit edilmistir. Bu
calismada, Pisagor Bulanik Analitik Hiyerarsi Siireci (PFAHP) ve Gri Ideal Céziime Benzerlige Gore
Siparis Tercihi Teknigi (GTOPSIS) yontemleri entegre edilerek, gida endiistrisinde misteri
siparislerinin tesliminde en uygun lojistik servis saglayicisi belirlenmistir (¢aliketal- 2024 Petro| depolama
faaliyetlerinde de, hizmet kalitesinin siirekliligi, teslimatlarin zamaninda ve eksiksiz yapilmasi,
operasyonel siireglerin aksamadan yliriitiilmesi a¢isindan kritik neme sahiptir.

Tedarik zinciri seffafligi ve verimliligi arasindaki iliski de saglayici seg¢iminde g6z Oniinde
bulundurulmas: gereken bir diger faktordiir. Petrol depolama faaliyetlerinde, seffaflik ve izlenebilirlik
saglayan lojistik hizmet saglayicilarinin segilmesi, operasyonel risklerin azaltilmasi ve mevzuata uyum
acgisindan 6nemlidir.

Lojistik hizmet saglayicilarinin se¢iminde, hizmet kalitesinin siirdiiriilebilirligi ve bolgesel farkliliklara
uygunluk diizeyidir. Petrol depolama faaliyetlerinde, hizmet saglayicilariin siirdiiriilebilirlik
hedeflerine ve bolgesel diizenlemelere uyum diizeyi, se¢im kriterleri arasinda yer almalidir. Tuljak-
Suban’in ¢alismasinda, yesil tedarik zinciri yonetimine gegiste lojistik hizmet saglayicilarinin gevresel
performansinin genellikle g6z ardi edildigi, ancak lojistik saglayicilarinin ¢evresel siirdiiriilebilirlige
onemli katkilar sunabilecegi belirtilmektedir. Caligmada, lojistik hizmet saglayicilarinin se¢iminde en
sik uygulanan cevresel kriterler arasinda katma degerli tersine lojistik hizmetleri, ¢evresel harcamalar,
salinan kirleticiler, enerji tiiketimi ve temiz enerji kullanimi yer almaktadir (Tuliak-suban. 2016)  petro]
depolama faaliyetlerinde, ¢evresel risklerin yliksek olmasi nedeniyle, ¢cevresel siirdiiriilebilirlik saglayici
seciminde temel bir kriter olarak degerlendirilmelidir.

Petrol depolama faaliyetlerinde lojistik hizmet saglayicilarinin se¢ciminde, tedarik zinciri entegrasyonu
ve is birligi diizeyi de kritik bir rol oynamaktadir. Petrol depolama gibi ¢ok aktorlii ve karmasik
siireglerin yonetildigi alanlarda, entegrasyon yetenegi yiiksek saglayicilarin tercih edilmesi, operasyonel
uyum ve verimlilik a¢isindan dnem tasimaktadir.

Petrol depolama faaliyetlerinde, liderlik ve insan kaynaklar1 yonetimi giiclii olan saglayicilarin
secilmesi, hizmet kalitesinin siirdiiriilebilirligi ve operasyonel risklerin azaltilmasi agisindan avantaj
saglamaktadir. Sektore Ozgli yasal ve giivenlik gerekliliklerine uyum diizeyidir. Yiksek riskli
sektorlerde, mevzuata uyum, gilivenlik standartlarinin karsilanmasi ve acil durum yonetimi saglayici
seciminde vazgecilmez kriterlerdir.

Guniimiizde lojistik sektoriinde yasanan hizli degisim ve artan rekabet, firmalarin lojistik stireglerini dig
kaynak kullanim1 yoluyla optimize etme egilimini giiglendirmistir. Ozellikle petrol gibi yiiksek riskli ve
degerli iirlinlerin depolanmasinda, dogru lojistik servis saglayicisinin segilmesi, operasyonel basariy1
dogrudan etkileyen bir faktor olarak 6ne ¢ikmaktadir. Lojistik servis saglayicilarinin se¢iminde dikkate
alimmasi gereken kriterler, sektoriin kendine 6zgii dinamikleri, operasyonel gereksinimleri ve giivenlik
standartlar1 dogrultusunda sekillenmektedir.

Lojistik servis saglayicilarinin se¢iminde kullanilan kriterlerin belirlenmesi ve onceliklendirilmesi,
literatiirde farkli sektorler ve uygulama alanlar1 icin gesitli yontemlerle incelenmistir. Ozellikle
depolama faaliyetleri i¢in yapilan ¢alismalarda, operasyonel yeterlilik, maliyet, hizmet kalitesi, glivenlik
ve bilgi teknolojileri yetkinligi gibi kriterlerin dne ¢iktig1 goriilmektedir. Ornegin, depolama faaliyetleri
Ozelinde yapilan bir arastirmada, iiclincii parti lojistik servis saglayicilarinin degerlendirilmesinde
"operasyonel yeterlilik" kriterinin en 6nemli degerlendirme kriteri oldugu vurgulanmistir. Bu ¢aligmada,
Analitik Ag Siireci (AAS) yontemi kullanilarak, karar verme probleminin yapisi analiz edilmis ve gida
perakendeciligi sektoriinde bir uygulama 6rnegi sunulmustur. Sonug olarak, operasyonel yeterliligin,
depolama lojistigi servis saglayicilarinin se¢iminde oncelikli olarak dikkate alinmasi gerektigi ortaya
konmugtur (@0rener 2019 "By bulgu, petrol depolama gibi yiiksek riskli ve karmagik operasyonlarda da
benzer bir 6nemin s6z konusu olabilecegini gostermektedir.
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Degisen ve yenilenen bilgi caginda dogru veri akisi ve izlenebilirlik agisindan se¢iminde hizmet
saglayicilarin bilgi teknolojileri yetkinligi onem arz etmektedir. Giiniimiizde lojistik siireglerin
dijitallesmesi ve otomasyonun artmasiyla birlikte, bilgi teknolojilerinin etkin kullanimi, operasyonel
verimlilik ve izlenebilirlik agisindan kritik bir rol oynamaktadir. Lojistik servis saglayicilarinin se¢im
kriterleri tlizerine yapilan bir ¢aligmada, bilgi teknolojisi kullanim yeteneginin en Onemli se¢im
kriterlerinden biri oldugu belirlenmistir. Bu calismada, sirketlerle yapilan gériismeler sonucunda elde
edilen verilerin icerik analiziyle degerlendirilmis ve bilgi teknolojisi yetkinliginin, 6zellikle karmagik
ve yiiksek hacimli operasyonlarda one ¢iktig1 vurgulanmigtir (Avdin & Koseoglu, 2016) - petrol depolama
faaliyetlerinde, 6zellikle stok yonetimi, izlenebilirlik ve giivenlik agisindan bilgi teknolojilerinin etkin
kullanimi, operasyonel risklerin azaltilmasi ve siireglerin optimize edilmesi agisindan biiyiikk 6nem
tasimaktadir.

Petrol depolama faaliyetlerinde giivenlik ve emniyet kriterleri, diger sektorlere kiyasla ¢cok daha ytiksek
bir 6neme sahiptir. Lojistik 4.0 uygulamalar1 kapsaminda yapilan bir c¢alismada, lojistik hizmet
saglayicilarinin se¢iminde emniyet ve giivenlik kriterlerinin en 6nemli iki kriter oldugu belirlenmistir.
Analitik Hiyerarsi Siireci (AHP) ve bulanik yaklagim kullanilarak yapilan bu g¢aligmada, giivenlik
kriterinin AHP’de 0,568 degerle en 6nemli kriter oldugu, bulanik yaklasimda ise giivenlik ve emniyet
kriterlerinin %83,7 ile en dnemli iki kriter olarak 6ne ¢iktig1 vurgulanmistir. Bu bulgu, 6zellikle tehlikeli
madde tagimacilig1 ve depolamasinda, giivenlik standartlarinin ve risk yonetiminin oncelikli olarak ele
almmasi gerektigini gostermektedir (G%men 20200 Petrol depolama faaliyetlerinde, yangin, patlama ve
cevresel kirlilik gibi yiiksek riskler s6z konusu oldugundan, lojistik servis saglayicilarinin giivenlik
altyapisi, acil durum yonetimi ve risk azaltma yetkinlikleri se¢cimde belirleyici olmaktadir.

Lojistik servis saglayicilariin se¢ciminde sektorel deneyim ve itibar 6nem arz etmektedir. Sirketlerin
sektordeki taninirligl, gegmisteki performanslari ve miisteri memnuniyeti diizeyleri, se¢im siirecinde
belirleyici olabilmektedir. Petrol depolama faaliyetlerinde, 6zellikle uzun vadeli is birlikleri ve yiiksek
hacimli operasyonlar s6z konusu oldugunda, saglayicilarin sektérel deneyimi ve giivenilirligi,
operasyonel risklerin azaltilmas: ve siirdiiriilebilir is iliskilerinin kurulmasi agisindan kritik dneme
sahiptir.

Son olarak, lojistik servis saglayicilarinin se¢iminde siirdiiriilebilirlik ve c¢evresel etki kriterleri de
giderek daha fazla énem kazanmaktadir. Ozellikle enerji sektoriinde, cevresel regiilasyonlar ve
toplumsal beklentiler dogrultusunda, lojistik operasyonlarin ¢evreye olan etkisinin minimize edilmesi
gerekmektedir. Petrol depolama faaliyetlerinde de, karbon emisyonlarinin azaltilmasi, enerji
verimliliginin artiritlmast ve ¢evre dostu uygulamalarin benimsenmesi, lojistik servis saglayicilarinin
seciminde g6z oniinde bulundurulmasi gereken 6nemli kriterler arasinda yer almaktadir.

Akademik Literatiirde One Cikan Temel Kriter Gruplari
Petrol depolama gibi tehlikeli madde siniflari igin kriterlerin su sekilde kiimelendigi goriilmektedir:

o Giivenlik ve Risk Yonetimi (En Yiiksek Agirhik): Yangin emniyeti, acil durum miidahale
kapasitesi, s1zint1 tespit sistemleri ve HSE (Saglik, Emniyet, Cevre) standartlaria uyum.

o Operasyonel Yetkinlik: Depolama kapasitesi, terminalin iskele/boru hatt1 baglantilari,
yiikleme/bosaltma hizi ve operasyonel dogruluk.

o Maliyet ve Finansal Yapi: Depolama birim iicretleri, sigorta maliyetleri, finansal stabilite ve
seffaf maliyetlendirme modelleri.

o Bilgi Teknolojileri ve izlenebilirlik: Ger¢ek zamanl stok takibi, SCADA entegrasyonu ve
ERP sistemleriyle uyumluluk.

o Siirdiiriilebilirlik: Emisyon yonetimi, atik su tasfiyesi ve "yesil terminal" uygulamalari.
3. SONUC

Aragtirma kapsaminda elde edilen ampirik ve teorik bulgular Dbiitiinsel bir perspektifle
degerlendirildiginde; petrol depolama ekosisteminde lojistik servis saglayicilarinin se¢im siirecinin, salt
finansal parametrelerin 6tesinde multidisipliner bir mahiyet arz ettigi saptanmigtir. Sektoriin yiiksek
riskli dogasi ve stratejik Onemi, se¢cim matrisinde; operasyonel yeterlilik, maliyet etkinligi, hizmet

February 17-19, 2026/ Ankara, TURKIYE 117



MEETCON - X
Il. INTERNATIONAL CONGRESS ON SCIENTIFIC RESEARCH

PROCEEDINGS BOOK

kalitesi, zamaninda teslimat (dakiklik), biitiinlesik glivenlik protokolleri, bilgi teknolojileri yetkinligi,
sektorel deneyim ile ¢evresel siirdiiriilebilirlik kriterlerinin birincil derecede belirleyici oldugunu ortaya
koymaktadir.

S6z konusu kriterlerin, Cok Kriterli Karar Verme (CKKV) metodolojileri araciligiyla sistematik bir
analize tabi tutulmasi, karar vericilerin subjektif yargilardan arinarak rasyonel ve optimize edilmis
sonuclara ulagmasint saglayacaktir. Sonuc¢ olarak, bu parametrelerin hiyerarsik bir modelle
agirliklandirilmas1  ve titizlikle yonetilmesi; petrol depolama operasyonlarmin operasyonel
miikemmellik diizeyinde, yiiksek giivenlik standartlarinda ve cevresel siirdiiriilebilirlik ilkeleriyle
uyumlu bir bigimde yiiriitiilmesine stratejik bir zemin hazirlayacaktir. Bu yaklasim, sadece kurumsal
verimliligi artirmakla kalmayacak, ayn1 zamanda enerji deger zincirinin genel direncinin (resilience)
giiclendirilmesine de kritik bir katki sunacaktir.
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SINIFDAXILI QARSILIQLI 9LAQO VO MODONIYYOTLORARASI KOMMUNIKASIYA:
UNIVERSITETDO ALMAN DIiLi TODRIiSI KONTEKSTINDO

IN-CLASS INTERACTION AND INTERCULTURAL COMMUNICATION: IN THE
CONTEXT OF TEACHING GERMAN AT UNIVERSITY

Aygun Ismayilova
Azerbaijan State Pedagogical University
https://ORCID.0rg/0000-0003-1214-600X

XULASO

Bu moqalads universitet soviyyasindo Alman dili todrisi prosesinds sinifdaxili qarsiliql slagenin va
madaniyyatlorarast kommunikasiyanin rolu otrafli sokilds arasdirilir. Tadqigatin asas magsadi miiallim—
tolaba vo tolobo—tolobs arasinda qurulan garsiligl alagslerin telabslorin dil bacariglarinin inkisafina,
iinsiyyat saristalorinin formalagsmasina vo madoni siiurun yiliksalmasine tasirini miioyyanlogdirmakdir.
Aragdirma coargivasinda keyfiyyot vo komiyyat tadqigat metodlarinin birga tatbiqi hoyata kegirilmis,
miigahids, sorgu vo tohlil iisullarindan istifade olunmusdur. ©lds olunan noticolor gostorir ki, ders
prosesindo moadaniyyatlorarasi kommunikasiya elementlorinin moagsodyonlii sokildo inteqrasiyasi
tolabalorin 6yranmo motivasiyasini artirir, aktiv istirakini tagviq edir vo onlarin real iinsiyyst miihitina
uygun dil bacariqlari qazanmasina sorait yaradir. Notico etibarilo, bu yanasma xarici dil toliminin
effektivliyinin yiikssldilmasina, inkliiziv vo interaktiv todris miihitinin formalagmasina miihiim tohfa
Verir.

Agar sozlar: sinifdaxili qarsiligl slage, modeniyyatlorarasi kommunikasiya, Alman dili todrisi, xarici
dil tolimi, inkliiziv tohsil

OZET

Bu makalede iiniversite diizeyinde Almanca 6gretimi siirecinde sinif i¢i etkilesim ve kiiltiirlerarasi
iletigimin rolii ayrintili olarak incelenmektedir. Calismanin temel amaci, 6gretmen—dgrenci ve 6grenci—
ogrenci arasindaki etkilesimlerin &grencilerin dil becerilerinin gelisimine, iletisim yeterliklerinin
olugmasina ve kiiltiirel farkindaligin artmasina olan etkisini belirlemektir. Arastirmada nitel ve nicel
arastirma yontemlerinin bir arada kullanildigi, gozlem, anket ve analiz tekniklerinden yararlanildig:
goriilmektedir. Elde edilen bulgular, ders siirecine kiiltiirlerarasi iletisim unsurlarmin bilingli bir sekilde
entegre edilmesinin 6grencilerin 6grenme motivasyonunu artirdigini, aktif katihmi tesvik ettigini ve
onlarin gercek iletigsim ortamlarina uygun dil becerileri kazanmalarina katki sagladigin1 gostermektedir.
Sonug olarak, bu yaklagim yabanci dil 6gretiminin etkinligini artirmaya, kapsayici ve etkilesimli bir
O0grenme ortaminin olusmasina 6nemli katki sunmaktadir.

Anahtar kelimeler: simif i¢i etkilesim, kiiltiirlerarasi iletisim, Almanca 6gretimi, yabanci dil egitimi,
kapsayici egitim

ABSTRACT

This article examines the role of classroom interaction and intercultural communication in the process
of German language teaching at the university level. The primary aim of the study is to identify how
teacher—student and student—student interactions influence the development of students’ language skills,
the formation of communicative competence, and the enhancement of intercultural awareness. The
research employs a mixed-methods approach, combining qualitative and quantitative techniques such
as observations, surveys, and data analysis. The findings indicate that the purposeful integration of
intercultural communication elements into classroom instruction increases learners’ motivation,
encourages active participation, and supports the acquisition of language skills that are applicable to real
communicative contexts. Consequently, this approach significantly contributes to improving the
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effectiveness of foreign language education and fostering an inclusive and interactive learning
environment.

Keywords: classroom interaction, intercultural communication, German language teaching, foreign
language education, inclusive education

GIRIS

Qloballasma prosesinin siiratlonmasi, beynolxalq akademik olaqgalorin genislonmasi vo omok
bazarinin toloblorinin  doyigmesi xarici dillorin Oyronilmesini miiasir ali tohsilin prioritet
istigamoatlorindan birine ¢evirmisdir. Bu soraitds xarici dil tadrisi yalniz linqvistik biliklorin Gtiiriilmasi

ilo mohdudlasmir, eyni zamanda tolobolorin madoniyystlorarast kommunikasiya bacariglarinin
formalasdirilmasina yonalir (Byram, 1997).

Alman dili Avropa va beynslxalq akademik miihitds miihiim yer tutduguna gors onun todrisi zaman
madani aspektlorin nazare alinmasi xiisusi aktualliq kasb edir. Dil vo madeniyyetin qarsiliqli vahdatds
Oyradilmasi tolabolorin dili sosial vo moadeni kontekst daxilinde menimsomasine imkan yaradir
(Kramsch, 1993). Bu baximdan sinifdaxili qarsiliqli alaqe effektiv dil tadrisinin asas mexanizmlarindon
biri hesab olunur.

Azorbaycan dilgiliyinde do xarici dil todrisi vo kommunikativ yanasma maosalslori genis sokildo
aragdirilmigdir. Yerli todqiqatcilar sinifdaxili qarsiligli slagenin talabalarin faalliginin artirilmasinda va
dil bacariglarinin inkisafinda miihiim rol oynadigin1 vurgulayirlar (Sliyev, 2015; Abdullayeva, 2018).
Bu moqalads universitet soviyyasinde Alman dili tadrisi kontekstinds sinifdaxili qarsiligl slage vo
madoaniyyatlorarast kommunikasiya mosalslari kompleks sokilds tohlil edilir.

1. Sinifdaxili Qarsihgh 9laqanin Nazari Isaslar

Sinifdaxili garsiliglt alage miiallim va tolobalar arasinda, eloca da talobalarin 6z aralarinda bas veran
kommunikativ proseslorin macmusudur. Kommunikativ yanagmaya osaslanan xarici dil tadrisinds bu
qarsiligh slage morkazi rol oynayir. Bu yanasma tolobolorin dili real {insiyyst vasitosi kimi istifado
etmasing sorait yaradir (Richards & Rodgers, 2014).

Oliyev (2015) qgeyd edir ki, toloboyoniimlii tadris modeli talabalarin dil dyronmays maragmi artirir vo
onlarin linsiyyata daxil olmasini asanlagdirir. Sinifds yaradilan agiq va tohliikasiz miihit talobslarin sohv
etmak qorxusunu azaldir va dil 6yranma prosesini daha effektiv edir.

2. Alman Dili Tadrisindo Madaniyyatloraras1 Kommunikasiya

Madoeniyyatlorarast kommunikasiya forqli modaniyyatloro moxsus soxslor arasinda gqarsiliqh
anlagsmani tomin edan bacariglar sistemidir. Xarici dil tadrisinde bu anlayis dilin modani kontekstlo
birlikds dyrodilmasini nozerds tutur (Byram & Wagner, 2018).

Alman dili dorslorindo Almaniya, Avstriya vo Isvegronin sosial doyarlori, davranis normalar va
giindolik hayat torzino dair mdvzularin miizakirasi tolobslorin modeni siiurunu inkisaf etdirir.
Abdullayeva (2018) vurgulayir ki, madani komponentlarin dors prosesina inteqrasiyasi talabalarin dili
daha dorindon menimsomaosine vo modeni empatiya bacariglarinin formalagmasina komok edir.

3. Tadris Metodlar1 va Sinif Tacriibasi

Universitet saviyyasindo Alman dili tadrisinds rol oyunlari, qrup va ciitlorls is, situativ tapsiriqlar,
togdimatlar vo autentik matnlordon genis istifade olunur. Bu metodlar tolobolorin dorsds foal istirakini
tomin edir vo onlarin dil bacariglarini praktik kontekstds inkisaf etdirir (Littlewood, 2004).

Miisllimin fasilitator rolunda cixis etmasi vo tolobalori sarbast fikir bildirmoys tosviq etmosi
sinifdaxili garsiligli alagonin intensivliyini artirir. Bu yanagma xiisusils miixtalif modoni fonlardan galon
tolobalorin dorss adaptasiyasini asanlagdirir.

4. Todqiqat Metodologiyas1 va Noaticalorin Tohlili

Tadqiqat keyfiyyat vo komiyyat metodlarinin birgs totbiqi osasinda aparilmisdir. Miisahidalar,
sorgular vo yari-strukturlagdirilmig miisahibalor vasitesilo toplanan molumatlar gostorir ki,
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madoniyyatlorarasi kommunikasiya elementlorinin totbiq olundugu dorslords tolobolorin motivasiyasi
va iinsiyyat bacariglar1 daha yiiksak soviyyads inkisaf edir.

Eyni zamanda, intensiv sinifdaxili qarsiligli alaga talabalorin Alman dilinds sarbast danigsmaq bacarigin
artirir vo onlarin madoni biliklorinin zonginlogmasine sorait yaradir.

Noatica va Tokliflor

Aparilan tohlil gostarir ki, universitet soaviyyoasinds Alman dili tadrisinds sinifdaxili qarsiligli slags va
madoniyyatlorarast kommunikasiya dil Oyronmenin effektivliyini artiran osas amillordondir. Bu
baximdan asagidaki tokliflor irali stirtiliir:

o xarici dil miisllimlori ii¢lin  moadeniyyetlorarast kommunikasiya iizra ixtisasartirma
programlarinin togkili;

. kommunikativ va talabayoniimlii tadris metodlarinin sistemli totbiqi;

o madani cahotdan hassas vo autentik todris materiallarindan istifadenin genislondirilmasi;

o bu sahads empirik tadqiqatlarin artirilmasi.
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ABSTRACT

This study evaluated the antimicrobial and antiparasitic activity of nisin A alone and in combination
with different antibacterial and antiparasitic agents against various bacterial and parasitic species.
Clinical isolates of Staphylococcus aureus, Enterococcus faecalis, Enterococcus faecium,
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Acinetobacter baumannii,
as well as Leishmania tropica and Trichomonas vaginalis, were included in the study.

The minimum inhibitory concentrations (MIC/ICso) of nisin and the selected antimicrobial agents
were determined using the microdilution method. Combination studies were performed by the
checkerboard assay, and the interactions were evaluated based on the Fractional Inhibitory
Concentration Index (FICI).

According to the results, the nisin—tigecycline combination exhibited a synergistic effect
particularly against Enterococcus faecalis and some Pseudomonas aeruginosa clinical isolates.
Partial synergistic interactions were predominantly observed in Escherichia coli and Klebsiella
pneumoniae isolates, whereas limited interaction was detected in Staphylococcus aureus. In
contrast, no significant synergistic effect was observed in Acinetobacter baumannii and
Enterococcus faecium isolates. The nisin—gentamicin combination did not demonstrate synergistic
activity in most of the tested isolates; however, synergistic effects were detected in some
Pseudomonas aeruginosa isolates and partial synergy was observed in Klebsiella pneumoniae.

In antiparasitic evaluations, no activity was observed against Leishmania tropica. In contrast, assays
conducted on Trichomonas vaginalis revealed that the antiparasitic activities of nisin and
metronidazole increased in a time-dependent manner, with a significant reduction in ICso and MPC
values after 48 hours of incubation.

In conclusion, nisin may enhance antimicrobial activity against certain microorganisms when used
in combination with specific antibiotics; however, this effect varies depending on the
microorganism and the antimicrobial agent used. Although nisin shows potential as an adjunctive
agent against multidrug-resistant pathogens, its synergistic activity cannot be generalized and
should be evaluated individually for each microorganism—drug combination.

Key Words: Antimicrobial, Antiparasitic, bacteriocin, synergy
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ABSTRACT

Plants widely used in traditional medicine constitute important natural resources for the development of
novel pharmaceutical agents. It is estimated that more than 15,000 plant species are utilized worldwide
for therapeutic purposes, and their bioactive constituents represent a valuable potential for modern drug
discovery (Atanasov et al., 2015). The genus Phlomis L. (Lamiaceae) comprises over 105 species
distributed across Europe, Asia, and North Africa (Kondeva-Burdina et al., 2024). Previous studies have
reported that Phlomis russeliana Lag. ex Benth. exhibits wound-healing, antibacterial, and anticancer
activities (Okur et al., 2020; Alpay et al., 2019). In addition, its aerial parts are traditionally consumed
as infusions to alleviate gastrointestinal disorders and to promote digestion. In the present study, the
antioxidant capacity and phenolic composition of a 70% ethanolic extract obtained from the aerial parts
of P. russeliana collected in Tokat Province (Tiirkiye) were investigated using ultrasonic bath-assisted
extraction (UBAE). Total phenolic content (TPC) and total flavonoid content (TFC) were determined
using the Folin—Ciocalteu (Singleton & Rossi, 1965) and aluminum chloride colorimetric methods
(Zhishen et al., 1999), respectively. Antioxidant activity was evaluated by DPPH free radical scavenging
(Blois, 1958) and ferric reducing antioxidant power (FRAP) assays (Thaipong et al., 2006). The extract
exhibited a TPC of 69.57 mg GAE/g and a TFC of 45.30 mg QE/g extract. In the DPPH assay, the ICso
value was determined as 0.0344 mg/mL, while the FRAP value reached 345,33 mg TE/g extract. These
findings indicate that P. russelianais rich in phenolic and flavonoid compounds and displays
considerable antioxidant capacity. Overall, ultrasonic bath-assisted extraction appears to be a suitable
and efficient approach for the recovery of antioxidant-related bioactive compounds from P. russeliana.

Keywords: Phlomis russeliana, ultrasonic bath-assisted extraction, phenolic compounds, antioxidant
activity
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ABSTRACT

Diinyada The recent intensification of conflicts and war environments worldwide has increased the
physical, psychological, ethical, and digital risks faced by journalists, transforming war correspondence
into a specialized field of journalism that requires specific expertise and structured training. In today’s
media environment, war correspondence stands out not only as a form of news production but also as a
domain of professional practice grounded in competencies related to physical security, psychological
resilience, ethical decision-making, and digital risk management. Despite this, academic studies
focusing on war correspondence training in Tiirkiye remain limited. Aiming to address this gap and to
examine the relationship between training and field practice, this study investigates the War
Correspondence Courses organized by the Anadolu Agency News Academy since 2012 as an
institutional example of war journalism training in Tiirkiye.

In the existing literature, war journalism training is predominantly examined through the lenses of
journalist safety, trauma awareness, and ethical responsibility, with HEFAT-based training models and
international journalist safety guidelines receiving particular attention. However, the ways in which this
normative framework is translated into national-level institutional training programs have not been
sufficiently explored.

This study adopts a qualitative research design and is based on in-depth interviews conducted with nine
journalists who participated in the Anadolu Agency News Academy War Correspondence Courses and
subsequently worked in conflict zones. The data were analyzed using thematic analysis. The findings
indicate that participants were able to directly apply training related to personal safety, movement along
frontlines, the use of ballistic protective equipment, water survival techniques, and basic first aid in the
field. In contrast, topics such as coping with psychological trauma, long-term stress management,
communication with local communities, cultural sensitivity, gender-based risks, and digital security
received limited attention within the training program. Some participants also noted that editorial
guidance was insufficient when addressing ethical dilemmas encountered in the field and decision-
making processes related to visual content production.

Overall, the findings demonstrate that the Anadolu Agency News Academy War Correspondence
Courses offer a practice-oriented, functional model that is largely aligned with international standards.
Nevertheless, the results suggest that, in response to evolving warfare dynamics and increasingly
digitalized conflict environments, the curriculum should be further developed to incorporate a stronger
psychological dimension, greater gender sensitivity, and a more comprehensive approach to digital risks.

Key Words: War Reporting; Journalist Safety; Media Training; Anadolu Agency

February 17-19, 2026/ Ankara, TURKIYE 125


https://orcid.org/0000-0000-0000-0000

MEETCON - X
Il. INTERNATIONAL CONGRESS ON SCIENTIFIC RESEARCH

PROCEEDINGS BOOK

OZET

Diinyada son donemde yogunlasan ¢atisma ve savas ortamlarinda gazetecilerin karsi karsiya kaldigi
fiziksel, psikolojik, etik ve dijital risklerin artmasi, savas muhabirligini 6zel uzmanlik ve yapilandirilmig
egitim gerektiren bir gazetecilik alani haline getirmistir. Savas muhabirligi, glinlimiiz medya ortaminda,
yalnizca haber {iretimine degil, fiziksel glivenlik, psikolojik dayaniklilik, etik karar alma ve dijital risk
yonetimine iliskin 6zel yeterliliklere dayanan bir uzmanlik alani olarak 6ne ¢ikmaktadir. Buna karsin,
Tiirkiye’de savag muhabirligi egitimine odaklanan akademik caligmalarin sinirli oldugu goriilmektedir.
S6z konusu boslugu doldurmay1 ve egitim ile saha pratigi arasindaki iligkiyi ortaya koymayi amaglayan
bu ¢alisma, Tiirkiye’de savag muhabirligi egitiminin kurumsal bir 6rnegi olarak Anadolu Ajansi Haber
Akademisi tarafindan 2012 yilindan itibaren diizenlenen Savag Muhabirligi Kurslarini incelemektedir.

Literatiirde savas muhabirligi egitimi ¢ogunlukla gazeteci giivenligi, travma farkindaligi ve etik
sorumluluklar ekseninde ele alinmakta, uluslararasi alanda HEFAT temelli egitim modelleri ve gazeteci
giivenligine iliskin kilavuzlar 6ne g¢ikmaktadir. Ancak bu normatif cergevenin ulusal diizeydeki
kurumsal egitim programlarina nasil yansidigi yeterince tartigilmamstir.

Aragtirma, nitel arastirma yaklasimiyla tasarlanmis, Anadolu Ajanst Haber Akademisi Savag
Muhabirligi Kurslarina katilmis ve ¢atisma bolgelerinde gorev yapmis dokuz gazeteciyle derinlemesine
goriismeler gergeklestirilmistir. Veriler tematik analiz yontemiyle ¢oziimlenmistir. Bulgular,
katilimcilarin 6zellikle kisisel glivenlik, catisma hattinda hareket etme, kursun gec¢irmez ekipman
kullanimi, suda hayatta kalma ve temel ilk yardim egitimlerini sahada dogrudan uygulayabildiklerini
ortaya koymaktadir. Buna karsilik, psikolojik travma ile bas etme, uzun siireli stres yonetimi, yerel
halkla iletisim, kiiltiirel hassasiyetler, cinsiyet temelli riskler ve dijital giivenlik basliklarinin egitim
programinda sinirl1 yer tuttugu tespit edilmistir. Bazi katilimcilar, sahada karsilagilan etik ikilemler ve
gorsel icerik iiretimine iliskin karar siireglerinde editoryal rehberligin yetersiz kaldigini ifade etmistir.

Aragtirma bulgulari, Anadolu Ajanst Haber Akademisi Savas Muhabirligi Kurslarinin uluslararasi
standartlarla biiyiik 6l¢iide uyumlu, uygulama agirlikli ve islevsel bir model sundugunu, ancak degisen
savas dinamikleri ve dijitallesen catisma ortamlari karsisinda miifredatin daha psikoloji temelli, cinsiyet
duyarli ve dijital riskleri kapsayan bir yapiya kavusturulmasi gerektigini gostermektedir.

Anahtar Kelimeler: Savas Muhabirligi; Gazeteci Glivenligi; Medya Egitimi; Anadolu Ajansi
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ABSTRACT

In this study, SnS thin films were deposited onto glass substrates at 350 °C using the sol-gel dip-coating
method and subsequently annealed at 400 °C. The surface morphology and compositional properties of
the resulting SnS thin films were systematically investigated using scanning electron microscopy (SEM)
and energy-dispersive X-ray spectroscopy (EDS). SEM images of the SnS thin films annealed at 400 °C
reveal pronounced grain growth with a partially compact morphology. The grains exhibit a
heterogeneous size distribution ranging from sub micrometer to micrometer scales, with noticeable
voids and surface roughness observed between the grains. The presence and uniform distribution of Sn
and S elements were confirmed by EDS and elemental mapping analyses. UV—Vis measurements
indicated an increase in absorbance intensity and optical band gap as the number of coatings increased
from 3 to 7. Photocatalytic tests demonstrated that SnS is a promising candidate for the removal of
textile wastewater. Overall, the results indicate the absence of secondary phase formation, improved
chemical homogeneity, and a near-stoichiometric composition, highlighting the potential of SnS thin
films for the remediation of textile wastewater.

Keywords: SnS thin film, Sol-gel dip-coating method, Surface morphology, Structural and
compositional analysis, Photocatalytic analysis.

INTRODUCTION

The increasing discharge of untreated textile wastewater into natural water bodies has become a major
environmental concern due to its high content of persistent dyes, toxic organic compounds, and heavy
metals. These pollutants not only reduce light penetration and dissolved oxygen levels in aquatic
ecosystems but also pose significant risks to human health (Yaseen & Scholz, 2019). Conventional
treatment methods such as coagulation, adsorption, and biological processes often suffer from limited
efficiency, high operational costs, or secondary pollution problems. Consequently, there is a growing
interest in developing cost-effective, stable, and environmentally friendly semiconductor materials for
photocatalytic wastewater remediation (Katheresan et al., 2018).

Tin(I1) sulfide (SnS) has emerged as a promising candidate among metal chalcogenides due to its
suitable band gap, high absorption coefficient in the visible region, low toxicity, and earth-abundant
constituents. SnS is a p-type semiconductor with an optical band gap typically ranging between 1.3 and
1.7 eV, making it attractive for optoelectronic and photocatalytic applications (Sinsermsuksakul et al.,
2015). In recent years, SnS thin films have been extensively investigated for solar cells, photodetectors,
and environmental applications owing to their favorable electronic structure and chemical stability
(Reddy et al., 2015). The photocatalytic performance of SnS is strongly influenced by its microstructure,
surface morphology, crystallinity, and stoichiometry, which are, in turn, governed by the synthesis
technique and post-deposition treatment conditions.

Among various fabrication techniques, the sol-gel dip-coating method offers several advantages,
including low cost, compositional control, uniform coating over large areas, and precise thickness
adjustment through repeated coating cycles (Brinker & Scherer, 1990). Post-deposition annealing plays
a critical role in enhancing grain growth, improving crystallinity, and eliminating residual organic
components, thereby directly affecting the optical and photocatalytic properties of the films. In
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particular, annealing temperature significantly influences surface morphology, grain size distribution,
and chemical homogeneity, which are essential parameters for efficient charge separation and light
absorption (Salwa et al., 2021).

Characterization techniques such as SEM and EDS are widely used to evaluate surface morphology and
elemental composition. A compact and homogeneous morphology with near-stoichiometric Sn and S
distribution is crucial to prevent secondary phase formation and recombination centers that could
deteriorate photocatalytic efficiency. In addition, UV-Vis spectroscopy provides valuable information
about optical absorbance and band gap energy, both of which are key factors in determining
photocatalytic activity under visible light irradiation (Yaseen & Scholz, 2019). In this context, the
present study focuses on the deposition of SnS thin films on glass substrates via the sol-gel dip-coating
method at 350 °C, followed by annealing at 400 °C. The surface morphology, compositional uniformity,
optical properties, and photocatalytic performance of the films are systematically examined. By
correlating structural and optical characteristics with photocatalytic activity, this work aims to evaluate
the suitability of SnS thin films as an efficient and environmentally sustainable material for the
remediation of textile wastewater.

CONCEPTUAL FRAMEWORK
Overview

This conceptual framework describes the relationships between fabrication parameters, structural
characteristics, surface morphology, optical properties, and photocatalytic performance of SnS thin
films produced by the sol—gel dip-coating method. It is based on established thin-film growth principles
and aims to guide the systematic optimization of SnS layers for textile wastewater remediation using
earth-abundant and environmentally friendly materials. In this framework, key fabrication parameters
such as precursor concentration, number of coating cycles, deposition temperature, and annealing
conditions directly influence crystallinity, grain growth, phase purity, and stoichiometry. Annealing
promotes grain coalescence and improves chemical homogeneity, while the number of coatings controls
film thickness and light absorption.

These structural and compositional features determine surface morphology, defect density, and optical
band gap, which in turn affect charge carrier generation and separation under visible light. Improved
crystallinity, near-stoichiometric composition, and controlled morphology enhance photocatalytic
activity. Overall, the framework establishes a clear link between processing conditions and functional
performance, supporting the rational design of efficient SnS-based photocatalysts.

Fabrication Parameters

The sol—gel dip-coating method forms the central fabrication route for SnS thin films, where precursor
solution composition, withdrawal speed, and the number of coating cycles control the initial film
thickness, surface coverage, and compositional uniformity. Increasing the number of coatings directly
enhances film thickness and optical absorbance, influencing light-harvesting capability. Subsequent
thermal treatment, particularly annealing at 400 °C, serves as the primary control parameter governing
crystallization, grain growth, and chemical homogeneity. Annealing promotes atomic diffusion and
grain coalescence, reduces residual organics, and supports the formation of single-phase SnS while
minimizing secondary phases. At the same time, it influences defect density, stoichiometric balance
(Sn/S ratio), and surface morphology, which collectively determine optical band gap, charge carrier
behavior, and ultimately photocatalytic performance in textile wastewater treatment applications.

Structural Properties

The structural characteristics of SnS thin films are primarily governed by the crystallization process
during annealing. Adequate thermal treatment, particularly at 400 °C, promotes the formation of single-
phase orthorhombic SnS while suppressing undesirable secondary phases such as SnS: or Sn.Ss.
Enhanced crystallinity is typically associated with increased grain size, reduced lattice defects, and
improved structural ordering. Improved structural quality directly supports more efficient charge
transport by reducing grain boundary scattering and minimizing defect-related recombination, which is
essential for enhanced optical absorption and photocatalytic performance.
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Compositional Characteristics

The chemical composition of SnS thin films is controlled by precursor stoichiometry and annealing
conditions. Maintaining a near-stoichiometric Sn/S ratio is essential for achieving phase-pure SnS with
stable semiconductor behavior. Elemental homogeneity across the film surface and thickness prevents
local band gap variations and secondary phase formation. Annealing at appropriate temperatures
enhances elemental diffusion and improves chemical uniformity, whereas excessively high temperatures
may lead to sulfur loss due to its volatile nature. Surface morphology develops through nucleation and
grain growth during thermal treatment. Optimized annealing at 400 °C promotes grain coalescence,
resulting in partially compact and interconnected grains with moderate surface roughness. Such
morphological uniformity enhances light absorption and provides sufficient active surface sites for
photocatalytic reactions. In contrast, excessive voids or highly irregular surfaces may increase defect
density and hinder charge transport, negatively affecting photocatalytic efficiency in textile wastewater
treatment applications.

Optical Properties

The optical properties of sol-gel-derived SnS thin films are closely related to their structural integrity
and compositional uniformity. As a direct band gap semiconductor, SnS exhibits strong absorption in
the visible region, making it suitable for photocatalytic applications. Improved crystallinity and near-
stoichiometric Sn/S composition contribute to a well-defined optical band gap and enhanced absorbance
intensity. Grain growth and reduced defect density minimize localized states within the band structure,
leading to sharper absorption edges and reduced sub-band-gap absorption. Increasing film thickness
through additional coating cycles further enhances light absorption capacity. Consequently, improved
structural ordering and chemical homogeneity promote more efficient photon absorption and generation
of charge carriers, which are critical for enhanced photocatalytic activity in textile wastewater treatment.

Interrelationships and Optimization Pathway

This framework emphasizes the interdependent nature of processing parameters and material properties.
Annealing temperature acts as a central node influencing structure, composition, morphology, and
electrical performance. Structural improvement enhances electrical transport, while compositional
control ensures phase stability and defect regulation. Surface morphology serves as a bridge between
bulk material quality and functional device integration.

Conceptual Outcome

This framework highlights the interdependent relationship between processing parameters and the
resulting optical and functional properties of SnS thin films. Annealing temperature serves as the central
control factor, influencing crystallinity, phase purity, compositional uniformity, and surface
morphology. Structural improvement enhances light absorption and sharpens the optical band edge,
while proper stoichiometric control ensures phase stability and minimizes defect-related absorption
states. Surface morphology acts as a key link between bulk material quality and photocatalytic
performance, as grain structure and surface uniformity directly affect photon interaction and the
generation of charge carriers under visible light irradiation.

METHODOLOGY
Experimental

SnS thin films were deposited onto glass substrates using a computer-controlled sol-gel dip-coating
system. All chemicals were of analytical grade and used without further purification. The precursor
solution was prepared using 0.1 M tin(II) chloride dihydrate (SnClz-2H20) as the tin source and 0.1 M
thiourea (CS(NHz)2) as the sulfur source. An ethanol and glacial acetic acid (GAA) mixture was
employed as the solvent, with a molar ratio of 1:10. The solution was magnetically stirred until a clear
and homogeneous sol was obtained. Prior to deposition, glass substrates were ultrasonically cleaned in
deionized water and acetone, dried in air, and further treated by heating in ambient atmosphere to remove
residual contaminants. The precursor solution was deposited onto the heated glass substrates at 350 °C
under ambient conditions using the dip-coating technique. The number of coating cycles was varied (3—
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7 cycles) to control film thickness. After deposition, the films were annealed at 400 °C for 1 hour to
promote crystallization, enhance grain growth, and improve chemical homogeneity.

Characterization Tools

The crystalline structure and possible secondary phases of the SnS thin films were analyzed by X-ray
diffraction (XRD) using a Rigaku Ultima III diffractometer operated at 40 kV and 40 mA with Cu Ka
radiation (A = 1.54 A). Surface morphology and grain distribution were examined using scanning
electron microscopy (SEM, Zeiss EVO 50). The elemental composition and spatial uniformity of Sn
and S were further evaluated by energy-dispersive X-ray spectroscopy (EDS) combined with elemental
mapping analysis. Optical properties and photocatalytic performance were investigated using a UV-Vis
spectrophotometer (PerkinEImer Lambda 45).

CONCLUSION AND DISCUSSION
SEM and EDX measurements

The SEM image of the SnS thin film annealed at 400 °C reveals pronounced grain growth with a partially
compact surface morphology. The film consists of agglomerated grains exhibiting a heterogeneous size
distribution ranging from submicrometer to micrometer scales. The surface appears generally
continuous and free of large cracks; however, localized voids and noticeable surface roughness are
observed between adjacent grains. These observations indicate that annealing effectively promotes
crystallization and grain coalescence, although complete densification of the film has not been fully
achieved. The SEM micrograph obtained at high magnification (5,00 KX) confirms the polycrystalline
nature of the SnS layer, composed of irregularly shaped grain clusters forming a relatively compact
network. Grain sizes extending from several hundred nanometers to the micrometer range are consistent
with SnS thin films prepared by solution-based deposition methods. The presence of loosely packed
regions and void-like structures may result from incomplete grain fusion during annealing. Such
morphological imperfections can introduce defect sites that influence light absorption behavior and
charge carrier dynamics, potentially affecting the overall photocatalytic efficiency of the SnS thin films.

The EDX spectrum presented in Figure 2(a) shows well-defined characteristic X-ray peaks
corresponding to Sn and S, confirming the formation of an SnS-based thin film. Quantitative analysis
obtained from the selected region indicates that the film composition is close to the expected Sn/S
(52.81/47.19) ratio, suggesting near-stoichiometric SnS formation. The absence of additional elemental
peaks supports the purity of the deposited layer and indicates no detectable secondary phases within the
measurement limits.

Figure 1: SEM image of the SnS thin film prepared for different coating cycles: (a) 3, (b) 5and (c) 7.
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It should be noted that EDS results are inherently semi-quantitative and must be interpreted carefully.
The relatively high accelerating voltage used during measurement increases the electron—material
interaction volume, meaning that the detected signal represents an average composition over a certain
depth rather than a purely surface-sensitive analysis. Furthermore, light elements such as sulfur may be
underestimated due to X-ray absorption effects and lower detector sensitivity at low energies. Despite
these limitations, the EDS results confirm the presence and uniform distribution of Sn and S elements,
consistent with the formation of chemically homogeneous SnS thin films.

cps/ev
14 Spectrum: SnS
12 Element Series unn. C norm. C Atom. C Error
[wt-26] [wt-%0] [at.-%] [%]

10 Zinc L-series 28.73 50.81 52.81 2.0

Sulfur K-series 23.87 49.19 47.19 0.6
. 52.60 100.00 100.00
8 181l Total:

keV

Figure 2: EDX elemental analysis of the SnS thin film.
XRD analyses

The structural properties of the SnS thin film were examined by X-ray diffraction (XRD) analysis over
a 20 range of 10°-70°. The XRD pattern shows distinct diffraction peaks corresponding to the
orthorhombic SnS phase, consistent with standard reference data. In Figure 3, the diffraction planes of
the (021), (101), (040), (041), and (160), can be indexed for the orthorhombic of SnS crystalline (JCPDS
card no: 00-039-0354) have observed. In addition, no trace of the Zn, ZnS, or any secondary
phases/impurities can be found in the XRD analysis. The dominant reflections can be indexed to
characteristic crystallographic planes of SnS, confirming the formation of a single-phase structure
without detectable secondary phases such as SnS: or Sn.Ss. Slight shifts in peak positions may be
attributed to lattice strain, grain growth effects, or residual stress induced during annealing at 400 °C.

The relatively strong diffraction peak intensities indicate improved crystallization under the applied
deposition and annealing conditions. The enhancement in peak sharpness suggests increased grain size
and reduced structural disorder, which are typical outcomes of effective thermal treatment in sol—gel-
derived films. No significant impurity-related peaks were observed within the detection limits of the
measurement, supporting the compositional uniformity of the SnS thin films. These structural findings
are consistent with the SEM and EDX results, confirming that annealing promotes phase purity,
crystallinity, and overall structural quality.
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Figure 3: XRD analysis of the SnS thin film prepared for different coating cycles (3-7).
UV-Vis Measurements

The UV-Vis absorption spectra of the SnS thin films coated three, five, and seven times demonstrate a
clear dependence of optical behavior on the number of coating cycles (Figure. All samples exhibit strong
absorption in the ultraviolet region (around 300-350 nm), followed by a gradual decrease in intensity
toward the visible and near-infrared regions (400-900 nm). This trend is consistent with the
characteristic optical response of SnS, a direct band gap semiconductor with strong absorption in the
visible region due to its high absorption coefficient (Goktas et al., 2022). A systematic increase in
absorbance intensity is observed as the number of coating cycles increases from three to seven. The film
coated seven times exhibits the highest absorbance across the entire measured wavelength range, while
the three-times-coated film shows the lowest intensity. This behavior can be directly attributed to the
increase in film thickness with additional coating cycles. Thicker films provide a longer optical path
length and enhanced photon—matter interaction, resulting in greater light absorption (Arslan, 2019). The
relatively stable absorbance profile in the visible region suggests uniform film formation without abrupt
optical scattering losses, which supports the SEM observations of a largely continuous morphology.

Importantly, the absence of irregular fluctuations or unexpected absorption features indicates good
compositional homogeneity and minimal secondary phase formation. The gradual absorption edge
behavior is typical for polycrystalline SnS thin films prepared by solution-based techniques, where slight
band tailing may occur due to localized defect states (Aslan et al., 2022). Overall, the results confirm
that increasing the number of coating cycles effectively enhances light-harvesting capability, which is a
critical factor for improving photocatalytic performance in textile wastewater treatment applications.
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Figure 4: UV-Vis absorbance of the SnS thin film prepared for different coating cycles (3-7).

The Tauc plots presented for the SnS thin films coated three, five, and seven times illustrate the variation
of the optical band gap with increasing coating cycles (Figure 5). The graphs were constructed by
plotting (ahv)? versus photon energy (hv), consistent with the assumption of a direct allowed transition,
which is widely reported for SnS thin films (Arslan et al., 2019). The linear regions observed near the
absorption edge confirm the direct band gap nature of the deposited films. Extrapolation of the linear
portion of each curve to the energy axis indicates a slight increase in the optical band gap as the number
of coating cycles increases. The three-times-coated film exhibits the lowest band gap value, while the
seven-times-coated film shows the highest. This trend may be attributed to improvements in crystallinity
and compositional homogeneity with additional coating and subsequent annealing. Enhanced structural
ordering can reduce defect-related band tailing and localized states near the band edges, resulting in a
sharper absorption edge and a marginal widening of the apparent optical band gap (Voznyi et al., 2018).
Furthermore, increased film thickness can influence light absorption behavior and optical transition
probability, contributing to the observed differences in the Tauc plots. The relatively smooth and well-
defined linear regions suggest minimal secondary phase contribution, supporting the XRD and EDS
findings of phase-pure SnS. Overall, the results demonstrate that the number of coating cycles plays a
significant role in tuning the optical band gap, which is a critical parameter for optimizing light
absorption and enhancing photocatalytic efficiency.
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Figure 5: Tauc plots of (ahv)2 versus hv for SnS thin films coated three, five, and seven times and
annealed at 400 °C.

Photocatalytic Measurements

To evaluate the photocatalytic performance of the SnS thin films for textile wastewater remediation,
real textile wastewater was used as the target pollutant under natural solar irradiation. The experiments
were carried out at pH 10, adjusted to provide alkaline conditions favorable for hydroxyl radical
formation, which is known to enhance oxidative degradation processes in semiconductor-based
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photocatalysis (Chong et al., 2010). The SnS photocatalysts were employed in immobilized thin-film
form on glass substrates rather than as suspended powders, ensuring ease of recovery and practical
applicability for wastewater treatment systems. Prior to solar exposure, the wastewater solution
containing the SnS-coated substrates was kept in the dark for 30 minutes to establish adsorption—
desorption equilibrium between the pollutant molecules and the catalyst surface. The photocatalytic
experiments were conducted under direct sunlight for a total duration of 48 hours at ambient
temperature.
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Figure 6: Absorbance spectra of the various textile wastewater (a) Asya, (b) Rota and (c) Truva after
and before photocatalytic degradation by SnS photocatalysts under sunlight radiation.

The degradation efficiency was determined from the change in absorbance of the wastewater sample
using:

Degradation efficiency=[(C-Co/Cq)] x 100

where Co and C are the absorbance value of wastewater at the any characteristic wavelength, between
200 and 1100 nm, before and after exposure to sun light radiation, respectively (Goktas, 2022).

Under visible-light-rich solar irradiation, SnS being a narrow band gap semiconductor (=1.3-1.5 eV)
can efficiently absorb photons and generate electron—hole pairs (Andrade-Arvizu et al., 2015). The
photogenerated electrons in the conduction band react with dissolved oxygen to form superoxide
radicals (-O2"), while the holes in the valence band oxidize surface hydroxide ions (OH") or water
molecules to generate hydroxyl radicals (-OH). These reactive oxygen species (ROS) play a dominant
role in the oxidative decomposition of complex organic compounds present in textile effluents,
ultimately leading to their mineralization into simpler, less harmful products (Goktas, 2024; Chong et
al., 2010).

The observed degradation over 48 hours demonstrates that immobilized SnS thin films can effectively
utilize solar energy for the treatment of real textile wastewater. The results highlight the potential of SnS
as a cost-effective and environmentally sustainable photocatalyst, particularly due to its visible-light
responsiveness and suitability for large-area thin-film configurations. Figs. 6 (a—) present the UV-Vis
absorption spectra of three different real textile wastewater samples (Asya, Rota, and Truva companies
in Turkey) before and after photocatalytic treatment with SnS thin films under solar irradiation at pH =
10. In all cases, a clear decrease in absorbance intensity is observed across the UV—visible region after
48 hours of sunlight exposure, indicating the degradation of colored organic compounds present in the
effluents.

For the Asya textile wastewater (Figure a), the absorbance in the 200—400 nm region decreases markedly
after treatment. Based on the relative reduction in peak intensity (at 305 nm) the degradation efficiency
is estimated to be approximately 60 at. %. The Rota company textile wastewater (Figure b) exhibits a
more gradual but still significant decline in absorbance over the entire spectral range (200-1100 nm,
especially at 668 nm), corresponding to an estimated degradation efficiency of about 72 at. %. In
contrast, the Truva company textile wastewater (Figure c) shows the most pronounced reduction in
absorbance, particularly in the UV region (at 731 nm) suggesting a higher degradation efficiency of
roughly 80 at. %.

The observed decrease in absorbance can be attributed to the photocatalytic activity of SnS under solar
irradiation. Due to its narrow band gap (=1.6-1.75 eV), SnS can effectively utilize visible light to
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generate electron—hole pairs (Andrade-Arvizu et al., 2015). The photogenerated electrons react with
dissolved oxygen to produce superoxide radicals (-O2"), while the holes oxidize hydroxide ions (OH")
at alkaline pH to form hydroxyl radicals (-OH). These reactive oxygen species are primarily responsible
for the oxidative breakdown of complex dye molecules and other organic contaminants in textile
wastewater (Andrade-Arvizu et al. 2015). The alkaline condition (pH = 10) likely enhances hydroxyl
radical formation, thereby improving overall degradation performance.

Although no control experiment was conducted, the consistent reduction in absorbance under solar
exposure in the presence of SnS thin films strongly indicates photocatalytic-driven degradation rather
than simple photolysis. The variation in efficiency among the three wastewater samples may be
attributed to differences in initial dye composition, pollutant concentration, and chemical complexity.

Overall, the results demonstrate that immobilized SnS thin films can effectively harness solar energy
for the treatment of real textile effluents, achieving estimated degradation efficiencies between
approximately 60% and 85% after 48 hours of irradiation. These findings support the potential of SnS
as a visible-light-active and environmentally sustainable photocatalyst.

Conclusions

In conclusions, SnS thin films were similarly prepared by the sol-gel dip-coating method and annealed
at 400 °C, resulting in polycrystalline, phase-pure orthorhombic SnS with improved grain growth and
near-stoichiometric composition. As demonstrated by UV—Vis measurements, increasing the number of
coating cycles enhanced light absorption in the visible region, which is particularly advantageous for
solar-driven photocatalysis given the narrow band gap of SnS (=1.6-1.75 eV). Photocatalytic tests
performed on three different real textile wastewater samples (Asya, Rota, and Truva) under natural
sunlight at pH 10 revealed substantial reductions in absorbance intensity after 48 hours. Based on the
characteristic absorbance decreases shown in Figure 6, the degradation efficiencies were estimated to
be approximately 60% for Asya, 72% for Rota, and 80% for Truva company textile wastewater. These
values are comparable to, and in some cases approach, the higher efficiencies reported for doped ZnS
systems under UV irradiation. The enhanced degradation observed for certain samples may be
associated with improved visible-light absorption of SnS and favorable surface morphology that
facilitates interfacial redox reactions.

Mechanistically, upon solar illumination, SnS generates electron—hole pairs; conduction band electrons
reduce dissolved oxygen to form superoxide radicals (-O2"), while valence band holes oxidize hydroxide
ions (OH") at alkaline pH to produce hydroxyl radicals (:OH). These reactive oxygen species are
responsible for the oxidative breakdown of complex dye molecules and organic contaminants in textile
effluents. The alkaline condition (pH=10) likely enhances -OH formation, thereby contributing to the
observed degradation efficiencies. Consistent with structure—activity relationships reported in the
literature, photocatalytic performance in SnS thin films is strongly influenced by crystallinity, grain
morphology, and optical absorption properties. While no control experiments were conducted, the
systematic decrease in absorbance under solar irradiation in the presence of SnS films indicates effective
photocatalytic degradation rather than mere photolysis.

Overall, the present SnS thin films demonstrate significant photocatalytic potential. Their strong visible-
light response, phase purity, and thin-film configuration make them promising candidates for sustainable
solar-driven textile wastewater remediation.
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ABSTRACT

Tin(ll) sulfide (SnS) thin films have attracted increasing attention as photocatalytic materials due to
their narrow band gap, high optical absorption in the visible region, earth-abundant constituents, and
low toxicity. This mini review summarizes recent studies on the photocatalytic properties of SnS thin
films with a particular focus on the role of operational parameters influencing their performance. Key
factors such as film thickness, crystallinity, surface morphology, light source characteristics, solution
pH, catalyst loading, and initial pollutant concentration are critically discussed. The influence of
deposition techniques and post-deposition treatments on structural and optoelectronic properties, which
directly affect charge carrier generation and recombination, is also highlighted. In addition, the impact
of operational conditions on photocatalytic efficiency and stability during degradation reactions is
evaluated based on reported experimental trends. Understanding the interplay between material
properties and operational parameters is essential for optimizing the photocatalytic activity of SnS thin
films. This review aims to provide a concise and coherent overview that may guide future experimental
design and support the development of efficient SnS-based photocatalytic systems for environmental
and energy-related applications.

Keywords: SnS thin films; Photocatalysis; Operational parameters; Visible light activity; Thin film
deposition; Environmental remediation.

INTRODUCTION

Tin(I1) sulfide (SnS) is an emerging semiconductor material with significant potential in photocatalytic
applications due to its narrow band gap and strong absorption in the visible range of the electromagnetic
spectrum. In thin-film form, SnS exhibits an orthorhombic crystal structure and is typically p-type,
characteristics that influence its optoelectronic and photocatalytic behavior (Aparna et al., 2023). The
band gap of SnS thin films is reported to lie in the range of approximately 1.3-1.6 eV, making it capable
of harvesting visible light efficiently for photocatalytic reactions, such as the degradation of organic
contaminants (Ding et al., 2025). Photocatalysis with SnS thin films relies on the generation of electron—
hole pairs upon light absorption and their subsequent participation in redox reactions at the catalyst
surface. Under visible light, these charge carriers can interact with adsorbed species such as oxygen and
water to produce reactive oxygen species (ROS), including hydroxyl radicals (*OH) and superoxide
anions (O27¢), which are responsible for degrading organic pollutants in aqueous environments.
However, the efficiency of this process is strongly dependent on operational parameters such as film
crystallinity, morphology, stoichiometry, and thickness. For instance, non-stoichiometric SnS films with
optimized crystallinity show enhanced dye degradation performance due to improved charge separation
and increased surface active sites. The method of deposition also plays a crucial role in determining film
quality. SnS thin films have been successfully synthesized using various techniques including
Successive Layer Adsorption and Reaction (SILAR) at room temperature, which yields uniform
polycrystalline films with effective visible-light photocatalytic activity for methylene blue degradation
following a Langmuir-Hinshelwood kinetic mechanism. Other physical vapor deposition methods such
as magnetron sputtering allow precise control of film thickness and interface quality, especially when
SnS is combined with materials like TiO: to form heterostructures. In such heterostructures, a type-II
band alignment enhances charge carrier separation and significantly improves both
photoelectrochemical performance and photocatalytic degradation rates compared to pure SnS films.
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Operational conditions like light intensity, pH of the solution, and initial pollutant concentration further
influence photocatalytic efficiency. The interaction between surface charge, dye molecule adsorption,
and ROS formation can vary with pH, often leading to higher activity in basic conditions due to
increased adsorption of cationic dyes on negatively charged catalyst surfaces. Moreover, film thickness
affects visible-light absorption and charge transport; excessively thick films may suffer from
recombination losses, whereas very thin films may not absorb sufficient light, indicating that there is an
optimal thickness range for maximizing photocatalytic performance (Goktas & Sahin, 2023).
Understanding the interplay between deposition methods, structural properties, and operational
parameters is therefore essential for optimizing SnS thin films as efficient photocatalysts. Continued
research focusing on controlled synthesis, defect engineering, and operational optimization will
contribute to the development of effective SnS-based systems for environmental remediation and
sustainable energy applications (Goktas et al., 2024).

CONCEPTUAL FRAMEWORK
Overview

This conceptual framework describes the interrelationships between fabrication conditions, structural
features, surface characteristics, and operational parameters governing the photocatalytic performance
of SnS thin films. The framework is based on established principles of semiconductor photocatalysis
and thin-film growth, aiming to provide a systematic understanding of how processing and operational
variables collectively influence photocatalytic efficiency. Emphasis is placed on optimizing SnS thin
films as visible-light-responsive photocatalysts using earth-abundant and low-toxicity materials. Tin(ll)
sulfide (SnS) is a p-type semiconductor with a narrow and near-optimal band gap of approximately 1.3
eV, which enables strong absorption in the visible region and makes it a promising photocatalyst for
environmental remediation applications (Vidal et al., 2012). Owing to its earth-abundant constituents
and low toxicity, SnS has attracted increasing attention as an alternative to conventional wide-bandgap
photocatalysts. The photodegradation mechanism in SnS-based systems involves a combination of
photophysical and photochemical processes governed by the generation, separation, and transport of
photogenerated charge carriers.

Fig. 1 illustrates the visible-light-driven photodegradation mechanism in SnS-based photocatalysts,
where photon absorption excites electrons from the valence band to the conduction band, generating
separated electrons and holes that migrate through the SnS structure due to its narrow band gap.

Visible Light

H;0

Figure 1: Photocatalytic degradation of SnS nanostructures under the sun light

The fundamental step in the photodegradation process is the excitation of electrons from the valence
band (V) to the conduction band (Cg) of SnS upon absorption of visible-light photons. The narrow band
gap of SnS allows this excitation to occur efficiently under solar or visible light irradiation, in contrast
to wide-bandgap materials such as TiO2, which are primarily active under ultraviolet illumination
(Fujishima & Honda, 1972). Following photoexcitation, the photogenerated electrons and holes migrate
to the surface of the SnS photocatalyst, where they participate in redox reactions with adsorbed species,
leading to the formation of reactive oxygen species responsible for pollutant degradation.
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Fabrication Parameters

The photocatalytic behavior of SnS thin films is strongly dependent on fabrication parameters, including
the deposition technique, precursor chemistry, film thickness, and post-deposition thermal treatment.
Chemical deposition methods such as SILAR, sol-gel, or chemical bath deposition enable controlled
growth of SnS layers, while parameters such as solution concentration, deposition cycles, and growth
temperature determine initial film uniformity and stoichiometry. Annealing temperature and
atmosphere are critical factors influencing crystallization, phase purity, and defect formation. Thermal
treatment serves as a primary control variable by regulating grain growth, sulfur incorporation, and the
suppression of secondary phases that may adversely affect photocatalytic activity.

Structural Properties

Structural characteristics such as crystal phase, crystallinity, grain size, and lattice defects play a
decisive role in charge carrier generation and transport during photocatalysis. Proper thermal processing
promotes the formation of phase-pure orthorhombic SnS with improved crystallinity and enlarged
grains. Enhanced structural ordering reduces grain boundary density and minimizes charge carrier
recombination, thereby facilitating efficient electron-hole separation under visible-light irradiation.
Conversely, poor crystallinity or the presence of secondary phases can act as recombination centers,
limiting photocatalytic efficiency.

Compositional Characteristics

The chemical composition of SnS thin films is governed by precursor stoichiometry and post-deposition
processing conditions. Near-stoichiometric Sn/S ratios are essential for maintaining a suitable band
structure and stable p-type conductivity. Elemental homogeneity across the film surface and thickness
is crucial to avoid localized band gap variations that hinder uniform charge transport. Excessive thermal
treatment may lead to sulfur deficiency, increasing defect density and negatively affecting photocatalytic
performance.

Surface Morphology

Surface morphology directly influences photocatalytic reactions by controlling light absorption, active
surface area, and adsorption of reactant molecules. Optimized fabrication and annealing conditions yield
compact, uniformly distributed grains with moderate surface roughness, enhancing photocatalyst—
solution interactions. In contrast, porous structures or excessive roughness can reduce electrical
continuity and promote recombination, despite increased surface area. Therefore, balanced
morphological control is essential for achieving optimal photocatalytic activity

Role of Operational Parameters

Beyond the intrinsic material properties of SnS thin films, operational parameters play a decisive role
in determining photocatalytic efficiency during dye degradation processes. Parameters such as light
source characteristics, solution pH, catalyst loading, and initial dye concentration directly influence
charge carrier generation, surface reactions, and overall degradation kinetics. Optimizing these
parameters is therefore essential to fully utilize the visible-light-driven photocatalytic potential of SnS
thin films.

Light Source

The characteristics of the light source, particularly light intensity and wavelength distribution, play a
critical role in governing the photocatalytic performance of SnS-based materials. Owing to its narrow
band gap of approximately 1.3 eV, SnS exhibits strong absorption in the visible region and can be
efficiently activated under both visible light irradiation and natural sunlight, enabling effective
generation of electron—hole pairs without the need for ultraviolet excitation (Vidal et al., 2012). This
intrinsic property provides a significant advantage over wide-bandgap photocatalysts and underpins the
growing interest in SnS for solar-driven photocatalytic applications.
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Experimental studies reported over the past decade consistently show that increasing light intensity
enhances photocatalytic activity by promoting higher charge carrier generation rates in SnS thin films
and nanostructured SnS powders. Enhanced photon flux increases the population of excited electrons in
the conduction band and holes in the valence band, thereby accelerating surface redox reactions involved
in the degradation of organic pollutants (Kumar et al., 2018; Aparna et al., 2024). However, these studies
also indicate that beyond an optimal intensity threshold, further increases in light intensity can lead to a
higher probability of electron—hole recombination, ultimately reducing quantum efficiency and limiting
photocatalytic performance.

The wavelength distribution of the light source is equally important, as effective photocatalysis requires
spectral overlap between the incident light and the absorption edge of SnS. Visible-light-responsive
behavior has been demonstrated for both SnS thin films and powder-based systems during the
degradation of various organic pollutants, including dyes and other aromatic compounds (Fig. 2),
confirming that SnS can efficiently utilize a broad portion of the solar spectrum (Venkatesh et al., 2019).
In this context, sunlight-driven photocatalysis represents a particularly attractive approach, combining
material efficiency with sustainability and reduced operational costs.
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Figure 2: SEM (a), TEM (b), (c) Scavenger study and (d) reusability and (e) photocatalytic schematic
representation of CV and BP pollutant for the SnS and Co-doped SnS nanoparticles. Reproduced with
permission of Venkatesh et al. Copyright 2024 Elsevier.
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From a mechanistic perspective, photoexcited electrons and holes generated under visible or solar
irradiation migrate to the SnS surface, where they participate in the formation of reactive oxygen species
such as superoxide radicals (O2¢") and hydroxyl radicals (*OH). These species play a dominant role in
the oxidative degradation and mineralization of organic contaminants. Several recent studies have
emphasized that efficient light harvesting under visible illumination enhances charge carrier availability
while suppressing recombination, especially in nanostructured SnS systems with increased surface area
and shortened diffusion pathways (Gadore et al., 2020). Overall, the reported results demonstrate that
careful control of light source characteristics is essential for maximizing the photocatalytic performance
of SnS-based materials. The ability of SnS to operate effectively under visible light and natural sunlight
not only highlights its suitability for laboratory-scale studies but also underscores its potential for large-
scale, solar-driven treatment of organic pollutants in wastewater systems.

o Solution pH

Solution pH is a critical operational parameter that strongly influences the photocatalytic performance
of SnS-based materials, as it governs both the surface charge characteristics of the photocatalyst and the
ionization state of organic pollutants in solution. Variations in pH directly affect electrostatic
interactions between the SnS surface and pollutant molecules, thereby controlling adsorption behavior,
surface reaction kinetics, and overall degradation efficiency. This effect is particularly pronounced for
SnS thin films and nanostructured SnS systems, where surface-mediated processes dominate
photocatalytic activity.

Under acidic or alkaline conditions, changes in surface charge can either enhance or suppress the
adsorption of organic contaminants depending on their molecular structure and charge state. At acidic
pH values, protonation of the SnS surface may promote the adsorption of anionic pollutants, whereas
alkaline conditions often favor the adsorption of cationic species. Such pH-dependent adsorption
behavior has been reported to significantly influence photocatalytic reaction rates and degradation
pathways in metal sulfide—based photocatalysts (Hoffmann et al., 1995; Wang et al., 2018). For SnS
photocatalysts, an optimal pH range is often observed, where favorable surface interactions coincide
with efficient charge transfer processes.

In addition to adsorption effects, solution pH plays a decisive role in the generation and stability of
reactive oxygen species (ROS), which are the primary oxidizing agents responsible for the degradation
and mineralization of organic pollutants. The formation of hydroxyl radicals (*OH), superoxide radicals
(O2¢7), and photogenerated holes (h*) is strongly pH-dependent, as proton availability and redox
potentials vary with solution chemistry. Several recent studies have demonstrated that alkaline
conditions can enhance the generation of Oz¢~ species through improved electron transfer to dissolved
oxygen, while acidic conditions may favor hole-driven oxidation pathways (Goktas et al., 2023).

For nanostructured and powder SnS photocatalysts, the influence of pH is further amplified due to their
higher surface area and increased density of active sites. In these systems, pH-induced changes in surface
chemistry can significantly alter charge carrier recombination dynamics and ROS-mediated reaction
pathways. Thin-film SnS photocatalysts, on the other hand, often exhibit greater structural stability over
a wider pH range as seen in Fig. 3, making them attractive for practical wastewater treatment
applications where pH conditions may fluctuate (Aparna et al., 2023).

Overall, the reported results indicate that careful control of solution pH is essential for optimizing the
photocatalytic degradation of organic pollutants using SnS-based materials. By simultaneously
regulating surface charge interactions, ROS generation, and charge carrier dynamics, pH optimization
enables more efficient utilization of the intrinsic photocatalytic properties of SnS and enhances its
applicability in solar-driven environmental remediation systems.
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Figure 3: (a) XRD, (b) SEM, (c)EDX, (d) XPS, and (e) pH depended photocatalytic analysis of SnS
thin films with 1T by SILAR. Reproduced with permission of Elsevier, Copyright (Aparna et al.,
2024).

o Catalyst loading

Catalyst loading is a key operational parameter that strongly influences the photocatalytic performance
of SnS-based systems. In the case of thin-film photocatalysts, catalyst loading is intrinsically linked to
film thickness or the number of deposited layers, which directly affects light absorption, charge carrier
generation, and surface reaction kinetics. An increase in film thickness generally enhances optical
absorption in the visible region, enabling more efficient utilization of incident photons and providing a
higher density of active sites for photocatalytic reactions.

Experimental studies on SnS thin films have demonstrated that moderate increases in catalyst loading
can significantly improve photocatalytic degradation efficiency by promoting enhanced light harvesting
and prolonged charge carrier lifetimes (Aparna et al., 2017). Moreover, thicker films can absorb a larger
fraction of the visible spectrum, thereby increasing the generation rate of electron—hole pairs. This effect
is particularly beneficial under low-intensity visible light or natural sunlight conditions, where efficient
photon utilization is critical.
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Figure 4: Photocatalyst loading depended photocatalytic analysis of SnS thin films by SILAR.
Reproduced with permission of Elsevier, Copyright (Aparna et al., 2024).

However, excessive catalyst loading or overly thick SnS films can adversely affect photocatalytic
performance (Fig. 4). As film thickness increases beyond an optimal threshold, light penetration into the
inner layers becomes limited, resulting in inactive regions that do not effectively participate in
photocatalysis. Moreover, increased thickness can hinder charge carrier transport to the film surface,
leading to higher recombination losses within the bulk of the film (Alagarasan et al., 2019). These
transport limitations reduce the availability of photogenerated electrons and holes for surface redox
reactions, ultimately decreasing degradation efficiency.

A similar trade-off between catalyst loading and photocatalytic activity has also been reported for
powder and nanostructured SnS systems. While higher catalyst dosages increase the number of available
active sites, excessive loading can cause light scattering, shielding effects, and particle agglomeration,
all of which negatively impact effective light absorption and charge transfer (Yadav et al., 2025). These
observations highlight that both thin-film and powder SnS photocatalysts require careful optimization
of catalyst loading to achieve maximum efficiency.

Overall, the results indicate that an optimal SnS film thickness or catalyst loading is essential to balance
light harvesting efficiency and charge carrier transport. Achieving this balance minimizes recombination
losses while maximizing surface-driven photocatalytic reactions. Rational control of film thickness,
therefore, represents a critical design parameter for improving the performance and scalability of SnS
thin-film photocatalysts in visible-light and solar-driven wastewater treatment applications.

The initial dye concentration

The initial dye concentration is another critical parameter that significantly influences the photocatalytic
performance of SnS-based materials by affecting both light absorption in the reaction medium and
surface coverage of the photocatalyst. At relatively low dye concentrations, pollutant molecules can be
efficiently adsorbed onto the surface of SnS thin films or nanostructured SnS particles, allowing
effective interaction with photogenerated charge carriers and reactive oxygen species. Under these
conditions, photocatalytic degradation typically follows pseudo-first-order Kinetics, resulting in high
degradation efficiencies and reproducible reaction rates.
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As the initial dye concentration increases, a gradual decline in photocatalytic performance is commonly
observed. Higher dye concentrations can lead to excessive surface coverage, where active sites on the
SnS surface become saturated and less accessible to photogenerated electrons and holes. In addition,
strongly absorbing dye molecules may act as light filters, reducing the penetration of visible or solar
light to the photocatalyst surface and thereby limiting charge carrier generation (Yadav et al., 2020).
This screening effect is particularly pronounced in systems operating under low-intensity visible light
or natural sunlight.

From a mechanistic perspective, elevated dye concentrations can also alter the balance between reactive
oxygen species generation and consumption. When the number of pollutant molecules exceeds the
available reactive species, incomplete degradation pathways may dominate, leading to slower
mineralization rates and the accumulation of intermediate products. Similar trends have been reported
for both thin-film and powder SnS photocatalysts, as well as other visible-light-responsive
semiconductors, indicating that this behavior is a general characteristic of heterogeneous photocatalytic
systems (Goktas et al., 2022).

For SnS thin films, the effect of initial dye concentration is further coupled with mass transfer limitations
at the solid-liquid interface. While thin films offer advantages in terms of structural stability and
reusability, their fixed surface area makes them particularly sensitive to surface saturation at high
pollutant concentrations. In contrast, nanostructured or powder SnS systems with higher surface areas
may tolerate slightly higher dye loadings, although excessive concentrations still result in light
attenuation and recombination losses. Moreover, these results underscore the importance of carefully
controlling the initial dye concentration to achieve reliable, efficient, and reproducible photocatalytic
performance. Optimization of pollutant concentration is essential not only for maximizing degradation
efficiency but also for ensuring meaningful comparison between different SnS-based photocatalytic
systems and for facilitating the translation of laboratory-scale results to practical wastewater treatment
applications (Das et al., 2015).

Overall, the photocatalytic degradation of dyes using SnS thin films is governed by a complex interplay
between operational parameters and material properties. Systematic optimization of light conditions,
solution chemistry, film thickness, and pollutant concentration is essential for maximizing
photocatalytic efficiency and for advancing the practical application of SnS thin films in solar-driven
wastewater treatment systems.

Interrelationships and Optimization Pathway

This framework underscores the inherently interdependent relationship between fabrication parameters,
material properties, and operational conditions in determining the photocatalytic performance of SnS-
based systems. Structural and compositional optimization achieved through controlled synthesis and
post-deposition treatments directly influences crystallinity, defect density, and band structure, which in
turn govern charge carrier generation, transport, and recombination behavior. Improved crystallinity and
near-stoichiometric composition have been shown to facilitate more efficient charge transport in SnS
thin films and nanostructures, thereby enhancing the availability of photogenerated electrons and holes
for surface reactions.

Surface morphology plays an equally critical role by regulating interfacial interactions between the
photocatalyst and the surrounding reaction medium. Parameters such as grain size, surface roughness,
and porosity determine the density of accessible active sites and influence adsorption behavior of organic
pollutants. In nanostructured and powder SnS systems, increased surface area and shortened diffusion
pathways can promote interfacial charge transfer, while in thin-film configurations, well-controlled
surface morphology contributes to improved stability and reproducibility during repeated photocatalytic
cycles.
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Operational parameters function as external modifiers that dynamically regulate photocatalytic reaction
kinetics. Light source characteristics, solution pH, catalyst loading, and pollutant concentration
collectively control photon absorption, surface charge interactions, and reactive oxygen species
generation. Variations in these parameters can either enhance or suppress photocatalytic efficiency, even
when material properties remain unchanged. Recent studies emphasize that suboptimal operational
conditions can mask the intrinsic photocatalytic potential of SnS, leading to misleading performance
assessments.

Importantly, experimental evidence consistently demonstrates that effective photocatalytic performance
does not arise from the optimization of a single parameter in isolation. Instead, it emerges from a
balanced and synergistic optimization of fabrication conditions, material characteristics, and operational
variables. For example, increasing film thickness without considering light penetration or pH-dependent
surface chemistry may result in limited performance gains. Similarly, favorable operational conditions
cannot compensate for poor charge transport caused by structural defects or excessive recombination
centers. Overall, these findings highlight the necessity of adopting a holistic design strategy when
developing SnS-based photocatalytic systems. Understanding and controlling the complex interplay
between synthesis parameters, material properties, and operating conditions is essential for achieving
reliable, efficient, and scalable photocatalytic degradation of organic pollutants under visible light and
solar irradiation.

Conceptual Outcome

By systematically tailoring fabrication conditions and operational parameters, SnS thin films with
enhanced crystallinity, well-controlled surface morphology, favorable electronic properties, and high
visible-light-driven photocatalytic efficiency can be achieved. Control over deposition parameters and
post-deposition treatments enables optimization of crystal structure, defect density, and stoichiometry,
which are critical factors governing charge carrier generation, transport, and recombination dynamics.
Improved crystallinity and reduced structural defects have been shown to facilitate more efficient charge
transport in SnS thin films, thereby increasing the availability of photogenerated electrons and holes for
surface redox reactions. Simultaneously, controlled surface morphology—such as optimized grain size,
surface roughness, and porosity—enhances interfacial interactions between the photocatalyst and
organic pollutants, promoting adsorption and facilitating reactive oxygen species—mediated degradation
pathways. In comparison with bulk materials, nanostructured and thin-film SnS systems offer shorter
charge diffusion lengths and more accessible active sites, which are particularly beneficial under visible-
light and solar irradiation conditions. However, these advantages can only be fully realized when
operational parameters such as light intensity, solution pH, catalyst loading, and pollutant concentration
are carefully optimized.

This integrated approach establishes a clear process—property—performance relationship, in which
fabrication parameters define material structure and electronic behavior, while operational conditions
regulate reaction kinetics and photocatalytic efficiency. Recent studies emphasize that neglecting either
aspect can lead to suboptimal or misleading performance evaluations, whereas coordinated optimization
enables reproducible and scalable photocatalytic activity. Such a framework not only enhances
fundamental understanding of SnS-based photocatalysis but also provides practical guidance for
translating laboratory-scale results into real-world applications. Overall, this conceptual framework
supports the rational design of SnS-based photocatalysts for environmental remediation and sustainable
energy-related applications. By integrating material engineering with system-level operational
optimization, SnS thin films emerge as promising candidates for efficient, solar-driven degradation of
organic pollutants and for the development of next-generation, environmentally benign photocatalytic
technologies.

METHODOLOGY
Methodology of the Review

This review was conducted using a structured and systematic approach to identify, analyze, and
synthesize recent peer-reviewed studies focusing on strategies to enhance the photocatalytic
performance of SnS thin films. The adopted methodology was designed to ensure the inclusion of
comprehensive, relevant, and scientifically rigorous data that enable a coherent evaluation of reported
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experimental outcomes. A detailed literature survey was performed using major scientific databases
such as Web of Science, Scopus, and ScienceDirect, employing keywords related to SnS thin films,
photocatalysis, deposition techniques, and operational parameters. Only studies published in reputable
journals and providing clear experimental methodologies were considered. Particular emphasis was
placed on research investigating the effects of deposition methods, post-deposition treatments, and
resulting structural, morphological, and optoelectronic properties on photocatalytic activity.

The selected studies were comparatively analyzed to assess the influence of key factors including film
thickness, crystallinity, surface morphology, band gap characteristics, and charge carrier dynamics. In
addition, operational parameters such as light source characteristics, solution pH, catalyst loading, and
initial pollutant concentration were evaluated in relation to photocatalytic efficiency and stability. This
systematic evaluation provides insight into the interplay between material properties and operating
conditions, offering guidance for the optimization and future development of SnS-based thin-film
photocatalytic systems.

Literature Search Strategy

A systematic literature search was conducted using major scientific databases, including Web of
Science, Scopus, and ScienceDirect, to identify peer-reviewed studies on the photocatalytic properties
of SnS thin films. Relevant articles were selected based on predefined keywords related to SnS thin
films, photocatalysis, and deposition methods. Only studies providing clear experimental details and
photocatalytic performance data were included to ensure relevance and scientific rigor.

Inclusion and Exclusion Criteria

Studies were included if they focused on SnS thin films and reported experimental photocatalytic
performance supported by clear synthesis or deposition methods and material characterization. Only
peer-reviewed articles published in English were considered. Studies were excluded if they lacked
sufficient experimental detail, did not evaluate photocatalytic activity, or focused solely on bulk or non-
thin-film SnS materials.

Data Extraction and Organization

Relevant data were systematically extracted from the selected studies, including deposition methods,
structural and optical properties, operational parameters, and photocatalytic performance metrics. The
extracted information was organized in a comparative manner to facilitate the identification of trends
and relationships between material properties and photocatalytic efficiency.

Critical Analysis and Synthesis

The extracted data were critically analyzed to identify common trends, performance-limiting factors,
and optimization strategies affecting the photocatalytic activity of SnS thin films. Findings from
different studies were synthesized to establish relationships between material properties, operational
parameters, and photocatalytic performance, providing a coherent overview of current research
outcomes.

CONCLUSION AND DISCUSSION

The comprehensive analysis presented in this mini-review highlights the significant potential of SnS-
based photocatalysts, particularly SnS thin films and nanostructured SnS systems, for the degradation
of organic pollutants under visible-light and solar irradiation. Owing to its narrow band gap (~1.3-1.6
eV), strong absorption in the visible region, earth-abundant constituents, and low toxicity, SnS has
emerged as a promising alternative to conventional wide-bandgap photocatalysts such as TiO: that rely
primarily on ultraviolet excitation (Vidal et al., 2012; Kumar et al., 2018). The reviewed studies
consistently demonstrate that the photocatalytic activity of SnS is governed by the coupled effects of
light absorption, charge carrier generation and transport, and surface-mediated redox reactions. Upon
visible-light irradiation, photogenerated electrons in the conduction band and holes in the valence band
participate in the formation of reactive oxygen species (ROS), including superoxide (O2*") and hydroxyl
(*OH) radicals, which play a dominant role in the oxidative degradation of organic contaminants.
However, as with most narrow-bandgap semiconductors, rapid electron—hole recombination remains a
primary factor limiting the intrinsic photocatalytic efficiency of pristine SnS.
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Material engineering strategies reported over the last decade provide clear evidence that structural,
morphological, and compositional optimization can significantly enhance SnS photocatalytic
performance. Improved crystallinity and phase purity, achieved through controlled deposition
techniques and post-deposition annealing, reduce defect-induced recombination centers and facilitate
more efficient charge transport in SnS thin films (Aparna et al., 2023; Goktas et al., 2022). In particular,
thin films with near-stoichiometric Sn/S ratios and well-developed grain structures exhibit higher
photocatalytic degradation rates compared to poorly crystallized or sulfur-deficient counterparts.
Morphological control further plays a decisive role in determining photocatalytic efficiency.
Nanostructured and powder SnS systems, such as nanoparticles and nanorods, benefit from increased
surface area and shortened diffusion paths, which enhance surface reaction kinetics and ROS generation
(Das & Dutta, 2015; Gadore et al., 2023). In contrast, SnS thin films offer superior mechanical stability,
ease of recovery, and reproducibility during repeated photocatalytic cycles, making them particularly
attractive for practical wastewater treatment applications despite their comparatively lower surface area.

Operational parameters strongly modulate the intrinsic photocatalytic properties of SnS-based materials.
Light source characteristics, especially wavelength and intensity, directly influence charge carrier
excitation efficiency. Numerous studies confirm that SnS exhibits robust photocatalytic activity under
visible light and natural sunlight, highlighting its suitability for solar-driven environmental remediation
(Venkatesh et al., 2024). While increased light intensity generally enhances degradation rates by
promoting higher charge carrier generation, excessively high intensities may accelerate recombination
processes and reduce quantum efficiency.

Solution pH is another critical parameter that governs surface charge characteristics, pollutant
adsorption behavior, and ROS formation. Optimal pH conditions depend on the nature of the target
pollutant but typically arise from a balance between favorable electrostatic interactions and efficient
radical generation (Hoffmann et al., 1995; Goktas et al., 2023). Similarly, catalyst loading, represented
by film thickness in thin-film systems or catalyst dosage in powder systems must be carefully optimized
to balance light absorption and charge transport. Excessive loading can limit light penetration and
increase recombination losses, while insufficient loading reduces active site availability.

The influence of initial pollutant concentration further underscores the importance of operational
optimization. At low concentrations, organic molecules are efficiently adsorbed and degraded on SnS
surfaces, whereas higher concentrations can shield the photocatalyst from incident light and saturate
reactive sites, leading to diminished degradation efficiency. These trends are consistently reported
across both thin-film and nanostructured SnS photocatalysts, confirming their general applicability.
Despite the encouraging results, several challenges remain. Long-term stability under varying pH
conditions, the presence of competing ions, and real wastewater matrices requires further investigation.
Additionally, while nanostructured SnS systems often exhibit higher degradation rates, issues related to
catalyst recovery and aggregation may hinder large-scale application. Thin-film SnS photocatalysts
partially address these limitations but require further optimization to maximize active surface utilization.

Conclusions

This mini-review demonstrates that SnS-based photocatalysts, particularly SnS thin films, represent a
versatile and promising platform for visible-light-driven degradation of organic pollutants. The key
conclusions can be summarized as follows: Photocatalytic Mechanism: The narrow band gap of SnS
enables efficient visible-light excitation and ROS generation, which drive the oxidative degradation of
organic contaminants through radical-mediated pathways.

Material Optimization: Improved crystallinity, controlled morphology, and near-stoichiometric
composition significantly enhance charge transport and suppress recombination in SnS thin films and
nanostructures. Operational Parameters: Light source characteristics, solution pH, catalyst loading, and
initial pollutant concentration critically influence photocatalytic performance and must be jointly
optimized to reveal the intrinsic activity of SnS. Performance and Stability: Optimized SnS-based
systems commonly achieve high degradation efficiencies under visible light and exhibit good stability
over multiple photocatalytic cycles, particularly in thin-film configurations. Sustainability Perspective:
The earth-abundant nature, low toxicity, and solar-light responsiveness of SnS make it an
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environmentally benign alternative to conventional photocatalysts, with strong potential for scalable
wastewater treatment applications.

In summary, effective photocatalytic performance in SnS-based systems arises from the balanced
optimization of fabrication parameters, material properties, and operational conditions rather than from
a single dominant factor. Continued efforts focusing on controlled synthesis, mechanistic understanding,
and real-water validation will be essential to translate laboratory-scale success into practical, sustainable
photocatalytic technologies for environmental remediation.
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OZET

Bu bildiride 20. yiizy1lin en 6nemli islam diisiiniirlerinden biri olan Iranli Ali Seriati’nin sanat
hakkindaki diisiincelerine deginilecektir. Ali Seriati’nin ayn1 zamanda bir teolog olmasina karsin sanatin
dogasi, kaynagi, islevi ve roliine iligkin ortaya koydugu yaklagimlar ve kendine 6zgii bakis agis1, sadece
sanat elestirisi agisindan degil aym zamanda Islam’i anlayisin sanata olan yaklasimi agisindan da son
derece onemlidir. Ciinkii Seriati’nin hem Tanr1’nin bir emaneti olarak hem de insani kurtulusun bir yolu
ve askin/kutsal bir hakikat arayisinin sonucu olarak goriip degerlendirdigi sanat, ortodoks Islam’i
yorumdan son derece farklidir. Dolayisiyla bildiride Seriati’nin hem yaratilig gayesinin hem de insanin
anlam arayisinin bir neticesi olarak ortaya ¢iktigini diisiindiigii sanatin teolojik ve estetik bir okumasi
yapilacaktir. Bu okuma ¢ergevesinde su iki temel soruya da -birincisi, insan1 sanata yonelten varolugsal
gercekligin metafiziksel kaynaginin ne olduguna; digeri de insani fitratin ve yaraticilifin bir tezahtirii
olarak meydana gelen sanatin ferdin manevi tekamiilii agisindan ne ifade ettigine- deginilecektir.

Anahtar Kavramlar: Ali Seriati, Sanat, Yaraticilik, Metafizik, Din.

ABSTRACT

This paper will discuss the thoughts of Ali Shariati, one of the most important Islamic thinkers of the
20th century, on art. Despite being a theologian, Shariati's perspectives on the nature, source, function,
and role of art, along with his unique approach, are significant not only in terms of art criticism but also
in understanding the Islamic perspective on art. Shariati views art as both a divine trust and a means of
human salvation, as well as a result of the search for a transcendent/sacred truth—an understanding that
differs significantly from orthodox Islamic interpretations. Therefore, this paper will offer a theological
and aesthetic reading of art, which Shariati considers to be both a manifestation of the purpose of
creation and a product of humanity’s quest for meaning. Within this framework, the paper will address
two fundamental questions: first, what is the metaphysical source of the existential reality that drives
humans toward art? And second, what is the significance of art, as an expression of human nature and
creativity, in an individual's spiritual development?

Keywords: Ali Shariati, Art, Creativity, Metaphysics, Religion.

Giris

Insanlhigin tarihiyle esdeger olan sanat, bir yaratim ve yaraticilik faaliyeti olarak her zaman kiiltiiriin en
o6nemli yanini olusturmustur. Nitekim yapilan arkeolojik arastirmalarda, ilkel donemden baglamak tizere
tarihin her doneminde insanlarin bir sekilde sanatla ugrastiklar: ve sanatsal etkinliklerde bulunduklar
goriilmiistiir. Sanatin kadim kiiltiirin en 6nemli pargas1 olmasinin temel nedeni, onun gizli ve iistlin bir
giice sahip olmasi, hayati anlamlandirmasi, metafizik bir yan igermesi ama daha da énemlisi insanin
kendisini en net bi¢imde ifade etmesini saglamasiyla dogrudan iligkilidir. Ciinkii beceri ve diis giicli
kullanilarak meydan gelmis/ getirilmis olan faaliyetler, insanin yaratici yanim ortaya koyan sanatin
varligryla miimkiin olabilmistir.

Onun i¢in sanat, insanlarin sadece ilgisini ¢gekmekle kalmamis ayn1 zamanda insanin yaratici yanini da
gelistiren 6zelligiyle her zaman 6n plana da ¢ikmistir. Sanatin taniminda giigliik ¢ekilmesinin nedeni de
sanirim sanatin insan i¢in ¢ok sey ifade etmesinden kaynaklanmistir. Onregin Platon ve Aristoteles,
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sanatt doganin/tabiatin bir taklidi olarak goriirken; Sorokin, zihnin veya onun biyolojik dzellikleri
iizerine konulan anlam ve degerlerin estetik cisimlesmesi; Parsons ise anlamli ve ifade edici semboller
sistemi olarak tanimlamistir (Ulusoy, 2005: 9-10). Her ne kadar kimileri sanat1 giizellik tilkiisii olarak
gorse de aslinda bu konuda herkesin iizerinde ittifak ettigi ortak bir tanim s6z konusu degildir. Sanati
bu agidan bir takim 6zellikleriyle betimlemek ve dolayisiyla tanimlamak miimkiindiir.

Ister heykel, resim, seramik ve mimari gibi gérsel sanatlar olsun isterse metin, yazi ve senaryo gibi dilsel
performansa dayali sanatlar olsun, sonugta insanin yaptigi ve yarattigi her seyin sanatsal bir yani oldugu
sOylenebilir. Bu agidan bakildiginda sanatin, Tezcan’in da (2018: 5) belirttigi gibi diisle gergek arasinda
bir koprii islevi goérmiistiir denilebilir. Dolayisiyla sanat, insanin kendisini tanimasi, anlamasi ve
anlamlandirmaya calisarak duygu ve diisiincecilerini aktarmasi veya biitiin bunlar1 disa vurmasidir.
Bunun yami sira sanat, bireyden bireye degistigi gibi toplumdan topluma hatta dénemden déneme de
degisiklik gdstermistir. Onun i¢in sanat, ¢ogu zaman yasam tarzinin bir ifadesi olarak goriilmiistiir
(Soykan, 2021: 15). Ancak surasi da bir gercektir ki, sanat, 6zellikle gelismis toplumlarda gelismistir.
Bilim, felsefe ve teknolojinin gelistigi ve ilerledigi toplumlarda sanat da kaginilmaz olarak kendisine
oncelikli bir yer bulmus ve sanatla ugrasan ciddi bir kesimin varligi sz konusu olmustur.

Ali Seriati’nin Diisiincesinde Sanatin Kaynag, Onemi ve Rolii

Ali Seriati’nin sanata dair fikirleri genelde su iki kitapta -Sanat, Medeniyet ve Modernizm- toplanmuistir.
Sanata, bir uzman goziiyle bakamayacagini, zira her seyden Once bir sanat¢i olmadigimi vurgulayan
yazar, her ne kadar sanat hakkinda bir seyler 6grenmeye ve yazmaya c¢aligsa da nihayetinde sanatin
oncelikli bir meslek ve teknik bir uzmanlik alan1 oldugunu ve bunun yaninda profesyonellik hatta belli
Olciide de teknik bir formasyona sahip olmay1 gerektirdigini vurgulamistir. Ona gore sanat hakkinda
diisiinmek, Oncelikle sanatin neligini, isleyisini ve hem bireysel hem de toplumsal diizeyde 6nemini
bilmeyi gerektirir ki, bu da ancak {ist diizeyde soyut bir diisiinme pratigiyle miimkiin olabilir. Seriati,
giinimiiz diinyasinda sanatin da hem sekil hem de icerik olarak ciddi bir degisim gecirdigini
diistinmistiir.

Ona gore sanatta yaganan degisim, daha ¢ok sanatta var olan sinifsal tekelin kirilmasiyla 6n plana
cikmistir. Diger bir ifadeyle sanat, artik belli bir sinifin, ziimrenin veya kitlenin sahip oldugu ve
toplumun geride kalan kesimlerinin ulagsamayacagi bir sey olmaktan ¢ikmis durumadir. Zira bilim ve
teknikte oldugu gibi sanat da eskiden genellikle egitimli kesimlerin bir ugrasi olarak gériiliirdii. Sanat,
ozellikle de Ortaggda Burjuva simifinin adeta tekelinde bulunmus ve siradan halkin asla ulagamayacagi
bir yaratim faaliyeti olma hiiviyetini slirdirmiistiir. Ciinkii sanat, uzun yillar boyunca maddiyatin,
liiksiin, sosyal sinifin ve toplumsal sayginligin bir gdstergesi olarak goriilmiistiir.

Ornegin geleneksel toplumlarda sanat, genelde aristokratlarin ve kent soylu ailelerin estetik ve gorsel
bir ugrasi olarak var olmus; skolastik diisiincenin hakim oldugu Avrupa’da ise sanatgilarin ¢ogu ya
Kilise ya da baz1 zengin aileler tarafindan desteklenmistir. Nitekim 14. ve 17. yiizyillar arasinda
Italya’da yasamis olan Medici ailesi, tiyatroculara verdikleri destekle iinlenmistir. Kilisenin, donemin
sanat¢ilarini maddi agidan desteklemesinin temel nedeni, yeni yapilan kiliselerin tavanlari basta olmak
iizere bu yapilarin Hz. Isa ve havarilerinin figiirleriyle donatmaya calismalarindan ve resmedilmesini
istemesinden kaynaklanmistir. Dolayisiyla sanat, Seriati’nin de belirttigi gibi yiizyillar boyunca belli
kesimlerin uhdesinde bir faaliyet olarak var olmustur. Ancak disiinlire gore sanat artik sinifsal
kimliginden siyrilmaya, kitleler arasindan yayilmaya ve dolayisiyla da demokratiklesmeye baslamustir.

Seriati, glinimiizde sanatin toplumda egitimli kesimlerin yani sira aydinlarin, entelektiiellerin, sempatik,
bilingli ve duyarli insanlarin da ugrastig1 olmaya basladigini ve bu yaniyla sanatin herkese hitap edecek
diizeyde giindelik yasamimizi anlamli kilacak bir yaratim etkinligi haline geldigini iddia etmistir. Zira
Seriati’ ye gore (1998: 107) “sanat, bundan boyle rahat ve asude yasamimizi saglayan hos ve eglendirici
bir ilag degildir. Giiniimiiz diislincesine yol gostermekte ve ¢agdas fikirlerimizin dniinde kogsmaktadir.”
Bize diisen gorev, sanat1 sadece gorsel ve estetik yaniyla degil, ayn1 zamanda onu fikirlerin kaynagi ve
diisiincenin yolu olarak da gérmek olmalidir. Ciinkii sanat, 6zl itibariyle insanin kendisi, ¢cevresi, dogasi
ve daha da 6nemlisi yaratici lizerinde bir tefekkiir denemesidir.

Diistiniiriin sanatin ontolojik ve teolojik yamyla ilgili diisiincelerine gegmeden 6nce, onun sanatin
islevine ve dogasina dair fikirlerine deginmekte yarar var. Aslinda Seriati (2020: 19; 1998: 109) gerek
Paris’te bulundugu yillarda yaptigi muhtelif konusmalarda gerekse Iran’da yasadigi donemlerde verdigi
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tebliglerde “-sanatin hep dini bir kategori; insanliga kurtulus bahseden askin ve kutsal bir hakikat; madde
iistii, ylice ve yiizde yliz insani bir misyon oldugu” gercegini 6n plana ¢ikarmaya ¢aligmistir. Onun
nazarinda sanat, insanin kendi yaratilisinin ve hayattaki anlam arayisinin bir tezahiirii olarak ortaya
cikmistir ve ¢ikmaya devam etmektedir. Sanatin dini duygudan ayrilamayacagini zira nasil ki din
duygusu, insani kendi iizerine diistinmesini sagliyorsa sanatin da bu anlamda insan1 diisiindiirten ¢ok
onemli bir islevi oldugunu vurgulayan Seriati, hem dini hem de sanati, insani 6zgiirlesimin bir bileseni
olarak gérmiistiir.

Nitekim eserlerinde ¢ogunlukla dini diisiince yaninda bilim, teknik ve sanat arasindaki iliskiyi de ele
alan yazar, bilimin her seyden once insanin var olanlar hakkindaki diisiincesi oldugunu; teknigin, var
olanlardan miimkiin oldugunca nasil yararlanilacagi fikrini igerdigini, ancak sanatin ise bilim ve
teknikten farkli olarak olmasi gerekenin, fakat olmayandan yararlanmak i¢in gosterdigi cabanin bir
sonucu oldugunu iddia etmistir (Seriati, 2020: 29). Bu nedenle insanin kendisine ya yabanci buldugu
icin anlamadig1 ya da hakkinda bir fikir sahibi olmadig: i¢in anlamaya g¢alistig1 her seyi resmetmeye
calistigini; 6rnegin bu ¢abasini ya resim tuvaliyle ya heykelle ya bedeniyle ya sesiyle ya dansla ya
yaziyla ya da sozle gerceklestirdigini vurgulamustir.

Buradan hareketle yaratilisin bir tezahiirii olarak gerceklesen sanatsal yaratimlarin, Ali Seriati agisindan,
bir estetik sorunu olmaktan ziyade ontolojik bir sorun olarak 6ne ¢iktig1 ama daha 6nemlisi modern
insanin da en énemli ve zaruri bir meselesi olarak goriildiigi sdylenebilir (Sakar, 2011: 72). Ciinkii
yazara gore insanin en 6nemli yani, i¢inde yasadigi diinyaya karsi sorgulayici bir tavri olmasi, kendi
gercekligini, benligini ve kisiligini siliklestirdigini diislindiigii kiiltlire, inanca ve ideolojiye karst
baskaldirmasi ama hepsinden de 6nemlisi varolugsal anlamda isyanla miindemi¢ bir varlik olmasidir
(Aslan-Bakas, 2020: 837). Insanin isyankar olmasi, kendisine verilenlerle yetinmeyip ayn1 zamanda hem
o verilenleri sorgulamasi hem de bunlar1 reddetme ciiretinde, kudretinde ve idrakinde bulunmasidir.

Cogu zaman diisliniildiigli tizere insan1 bir zindana mahkim eden dogaya/tabiata, tarihe, topluma ve
benlige itaat etmek yerine biitiin bunlara baskaldiran bir insan profilinin tarihin her doneminde
goriildiiglinii vurgulayan yazar (2014), yine diisiinen ve akleden insanin hakikat arayis1 6niinde bir engel
olan bu durumlarin asilmasinda sanatin ¢ogunlukla bir imkan olarak kullanildigint ve sanatin da bu
anlamda ¢ok énemli bir potansiyeli oldugunu diisiinmiistiir. Bunun yani sira Seriati’ ye gdre sanatin bir
diger islevi, olan1 degil, olmas1 gerekeni, somut olam1 degil soyut olani, fizigi degil, metafizigi ve
dolayisiyla da insanin o6ziinde hissettigi ama etrafinda bulamadigi bir takim tinsel ihtiyacim
gidermesidir. Yazar, sanati, doganin bir taklidi olarak goéren Platon’un bu soziinii anlamli ama eksik
bulur. Ciinkii ona gore eger sanat, tabiatin bir taklidinden ibaret ise 0 zaman sanat bir oyun ve eglence
konusu olur.

Oysa ona gore sanat 6zde bir oyun ve eglence konusu olamayacak kadar kiymeti bir ugrastir. Sanat, olsa
olsa duyu Otesi, tabiat Otesi ger¢egin digsal bir yansimasinin araci olabilir. Onun deyisiyle “sanat; tabiat
ve varligi, isledigi halde bulunmayan sekle sokmak veya isteyip de bulamadigi seyleri meydana
getirmek icin, Tanri’nin yaratmasinin tecellisi olan bu varligin siirdiiriilmesine insan yaraticiliginin
tezahiiriidiir. Sanat, Hegel’in dedigi gibi, tarihi boyunca, somutluk ve maddilikten zihinsellige,
makulliige ve aklilige dogru evrim gecirmistir” (Seriati, 2020: 30). Dolaysiyla sanat, var olandan ziyade
var olmayanin ve goriilenden ziyade goriilmeyenin pesindedir. Seriati, sanatin neligini agiklamaya
calisirken yaratilis 6ykiinii temel alarak bir ¢oziimleme yapmaya calisir.

Ciinkii diislinlire gore sanat, nihayetinde Tanri’nin insana verdigi bir nimet ve ayni zamanda da bir
emanettir (2020: 30-31). Neden emanettir? Sorusuna diisiiniiriin verdigi cevap tiimiiyle teolojiktir. Zira
yazar, Tanr’’nin emanetini yere, goge, daga ve denizlere sundugunu, ancak bunlardan higbirinin bu
emaneti tasiyacak giiglerinin olmadiginmi itiraf etmeleri lizerine insanin bu emaneti yiikledigini
vurgulamistir. Ciinkii Seriati’ ye gore ne yer ne gok ne dag ne de denizler hissedebilir, yaratici olabilir,
duyarlilik gdsterebilir. Ama insan, hem hisseden hem yaratici olan hem dertlenen hem de yiiceligi tasdik
eden bir varliktir. Insan ayni1 zamanda hakikatin perdesini aralamaya, hayatin1 anlamli kilmaya, sadece
gecmisi veya bugiinii degil, ayn1 zaman bakiyi de diistinen bir varliktir.

Insan, biitiin bu 6zellikleriyle vardir ve var olmaya devam etmektedir. Sanat, insanin varliginin ve
yaraticiliginin bir yansimasidir. Dolayisiyla Seriati’ ye gore sanat, insanin anlam arayiginin bir neticesi
olarak ortaya ¢ikmaktadir. Dinle beraber sanat, adeta karanlik bir dehlize diismiis olan ve karanlik
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oldugu i¢in de nereye diistiigiinii ve oradan nasil ¢ikacagini bilmeyen insanin eline tutusturulan bir fener
islevi géormektedir. Nasil ki, fener oniimiizii aydinlatip bizi karanligin yalnizligindan ve sogugundan
kurtarip aydinliga cikariyorsa aslinda din ve sanat da bunun gibi insanin ruhsal ag¢ligini ve bedensel
yalmzligim gideren ¢ok dnemli bir islev gérmektedir.

Diisiiniire gore insanin tarih boyunca her zaman sanat ve sanatsal etkinliklerde bulunmasinin en 6neli
nedeni, insanin 6ncelikle kendinde eksik oldugunu diisiindiigii bir yanini bu etkinlikle tamamlamaya;
ikincisi de s6z konusu ontolojik eksikligin insanda meydana getirdigi yabancilagsma duygusunu agmaya
caligsmasidir (Karakus, 2020: 264). Bu agidan bakildiginda sanatin insan igin su iki sorunu gidermenin
bir yolu ve yontemi olarak ortaya ¢iktig1 sdylenebilir. Bunlardan ilki, insanin ontolojik varolusunu eksik
oldugunu bilme sorunu, ikincisi de bu ontolojik varolus nedeniyle kendisine, ¢evresine, dogaya ve diger
varliklara kars1 yabancilagmasi sorunudur. Sanat, olsa olsa insanin maneviyatindaki bu iki eksikligi
gidermenin bir aracidir.

Seriati’nin sanati, insanin varolusuyla iliskilendirmesinin temel nedeni ise, Fransa’da doktora yaptig
donemde en ¢ok varolusgu felsefeden etkilenmesi ve bu nedenle de gerek teolojik gerekse ideolojilere
dair ¢alismalarinda hep bu felsefenin izlerini takip etmesidir. Ornegin diisiiniirde varolusculugun izleri,
sanata ve dine dair yaklasiminda da gérmek miimkiindiir. Ciinkii Seriati’ ye gore insanin kendi varligiin
farkinda oldugu ve kendisini kesfetmeye basladigi andan itibaren siirekli kendi varolusunun neligini
sorgulama, onu anlama ve adlandirma arayigina ve ¢abasina girmistir. Bu nedenle siirekli kendisine ben
kimim, neden yaratildim, kim yaratt1 beni, yaratici beni yaratmakla neyi murad etti, bu diinya hayatinin
esrar1 ve hikmeti nedir?

Aym sekilde 6liim bir son mudur yoksa yeni bir baglangic midir ama daha da énemlisi hayatimi hangi
referanslara (dini, sekiiler) gore diizenlemeli ve yasamaliyim seklinde siirekli bir soru yagmuruna
tutmustur. Hig sliphesiz insanin bu sorular1 gérmezden gelmesi miimkiin degildir. Ancak insan, kimi
zaman kendisini rahatsiz etse de bu tiir sorularin anlamsizligina inanarak kendisini farkli mesgalelerle
de oyalayabilir. Hatta Epikiiros’un, “6liim varsa ben yokum; ben varsam o6liim yoktur; o zaman
kaygilanacak ne var” seklindeki felsefesine inanarak hayatini da yasayabilir. Ancak Seriati’ ye gore
insan ne kadar ¢ok kendinden ve diinyadan kagmaya calisirsa caligsin higbir zaman bu sorularin
muhatabi olmaktan kurtulamayacak; kendisini teselli edecek arayiglara girse de bu arayislar onu bu
sorulara cevap verme arayisindan uzaklastiramayacaktir.

Bu psikolojik hal, kimi zaman insanin farkinda olmaksizin yasadigi bir haldir, ancak nihayetinden
akleden, diisiinen ve dolayisiyla da kendi varliginin ve benliginin farkinda olan her insani ruhsal agidan
derin bir bosluga stiriikleyen ve onu diinyevi bir takim arayislara siiriikleyen en 6nemli nedendir ki, bu
arayisin en somut hali de dini inangta ve sanatta ortaya ¢ikmaktadir. Dolayisiyla Seriati’ ye gore sanat
ve din, insani, anlamsizlik buhranindan kurtaran ve hayati anlamli hale getiren en dnemli kiiltiirel
degerlerdir (Aslan-Bakis, 2020: 836). Sanatin insanin yaratici 6zelligini adeta desifre etmesi, aslinda
insanin hem yaratilmis bir varlik oldugu hem de yaraticinin yaratici 6zelligini tasidigin1 gosterir.

Sonu¢

Iranl1 yazar ve diisiiniir Ali Seriati’nin sanat hakkindaki fikirlerinin ele alindig bu bildiride, genelde
sanatin bireysel ve toplumsal yani 6zelde de s6z konusu diisliniiriin bu konudaki diislinceleri ele
almmaya calisildi. Burada vurgulamamiz gereken husus, Seriati’nin yazdigi ve ele aldigi konular
sosyolojik bir ¢erceveden ziyade daha ¢ok teoloji yan1 agir basan bir yaklagimla ele aldigidir. Nitekim
diisiiniir, sanat konusunu da dini duygu ve Tanr1 inanciyla iliskilendirerek ele almis; sanatin her ne kadar
insan yaratiminin bir iiriinii olsa da 6zl itibariyle Tanr’nin insana bahsettigi bir nimet oldugunu ve bu
nimet sayesinde insanin hem kendi yaratilisiii buldugunu hem de hayatini anlamlandirdigini
vurgulamistir.

Bu anlamda Seriati’nin sanat anlayiginin realist olmaktan ¢ok idealist oldugu sdylenebilir. Cilinkii sanati,
var olanlar iizerinde bir diisiinme ve telakki cabasi olmaktan ¢ok, ki- bu islevi daha ¢ok bilim ve teknigin
yaptigini diistinmiistiir- var olmayanin tizerinde bir diisiinme ve yaratim c¢abasi olarak gérmiistiir. Ona
gore sanat, Platon ve Aristoteles’in sdyledigi gibi sadece doganin taklit edilmesinden miitevellit bir
kopya girisimi/¢abas1 degildir. Sanat, her seyden Once bir kopya degildir. Sanat, doga Otesinin tam
taklidi olabilir. Dogada olmayani, var kilma g¢abasidir. Yine ona gore sanat, Tanri tarafindan insana
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verilen bir emanettir. Tagimasi, yere diislirmemesi, thanet etmemesi, yasatmasi ve muhafaza etmesi
gereken bir emanettir. Sanat, icinde insanin varolusunun hikmetini barindiran sembolik bir gercekliktir.

Bunun yani sira sanat, insanin ruhsal boslugunu dolduran bir etkinliktir. Insandaki ruhsal boslugun
nedeni, insanin her seyden dnce bu diinyaya Heidegger ve Sartre’in deyisiyle firlatilmis olmasindan
kaynaklanmaktadir. Insan, dogas1 geregi bu diinyada gariptir ve garip oldugu icin de igsel bir 1stirap
ceken, yalniz ve yabancilasmig bir varliktir. Diisliniire gore insan, bu diinyaya istemedigi halde
gonderilmistir. Bu istenmezlik hali, insan1 kendi basina ve yabancist oldugu bir yerde (diinya) hayatim
siirmesine neden olmustur. insanm asli yurdu olmayan bu diinya, ayn1 zamanda onun zindamdir. Bu
zindandaki insan, sikilmaktadir. Yalmzlik korkusu yasamakta ve yabancilik duygusu ¢ekmektedir. Iste
sanat hem insanin yasadigi ama ¢ogu zaman anlamlandiramadig: bu sikintisini gidermekte hem de
yaraticisini diisiinmesine vesile olmaktadir.

Insan, sanat sayesinde gizli yanlarimi ve potansiyelini kesfettikce hayatin1 da anlamli hale getirmektedir.
Ciinkii diisiiniire gore insan ne kadar ¢ok diinyada yasasa da onun varlig1 realizmde degil, idealizmdedir.
Insan, idealleri icin yasar ve idealleri ugruna 6liir. Sanat, bu ideali somutlastiran en énemli aractir. Ayni
zamanda insanin ruhunu besleyen bu idealizm, sanat sayesinde ete kemige biiriinmektedir. Bunun yan
sira sanat, bizdeki gariplik duygusunu da ortadan kaldiran, fizik 6tesi aleme pencere acan, varolussal
eksikligi gideren, ruhsal 1stiraplar1 dindiren, iyiligi, glizelligi ve estetigi yiicelten; insana yagam sevincini
bahgeden, duygulari nakseden, sézlere ve renklere can veren ama daha da 6nemlisi hiiznii ve agki yagatan
en Onemli yaratimdir.
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OZET

Bu bildiride, su iki temel soruya- bir diisiiniis bicimi ve insa siireci olarak modernligin, insana nasil bir
diinya vadettigine ve bu vaadi(ni) gerceklestirmek i¢in de nasil bir yol ve yontem izledigine- cevap
aranmaktadir. Bu cevap arayiginda temel referansimiz, ¢cagdas sosyologlardan Giddens’in “elimizden
kacip giden diinya”; Taylor’in “cagdas toplumun ¢okiisii” ve Rose’un “diinyanin kontrol edilemezligi”
tezleri olacaktir. Bu tezleri 6ne ¢ikartmamizin baslica nedeni ise 6zellikle son yillarda sosyal bilimcilerin
siklikla giindeme getirdikleri hususun, yani modernlikle beraber insan, doga ve diinya iligkilerinde
yasanan keskin kirilmalarin, degisim ve doniisiimlerin yasanmasidir. Ayrica bildiride modernligin
sadece geleneksel tarim toplumlarinin akabinde ortaya ¢ikmig bir zaman dilimi olarak goriilemeyecegi,
insan eliyle diinyay1 yeniden bigimlendirmeye ve inga etmeye ¢alisan bir paradigmanin da {iriinii oldugu
ama daha da 6nemlisi modernligin, bir yanda diinyay1 kontrol etmeye ¢aligirken diger yanda beraberinde
ontolojik bir kontrolsiizliigii de getirmek suretiyle diinyay1 bash basina bir felaket ve risk alani haline
getirdigi yoniindeki tespitlerin adeta ayyuka ¢ikmis olmasidir.

Anahtar Kavramlar: Modernlik, insan, Doga, Diinya, Bilim.

ABSTRACT

This paper seeks to answer two fundamental questions: What kind of world does modernity, as a mode
of thinking and a process of construction, promise to humanity? And what path and method does it
follow to fulfill this promise? In this search for answers, our primary references will be the contemporary
sociologists Giddens' thesis on "the world slipping through our fingers," Taylor’s argument on "the
collapse of contemporary society," and Rose’s perspective on "the uncontrollability of the world.” The
main reason for highlighting these theses is the increasing emphasis in recent years by social scientists
on the sharp ruptures, changes, and transformations in human-nature-world relations brought about by
modernity. Moreover, this paper argues that modernity cannot merely be seen as a historical period
emerging after traditional agrarian societies; rather, it is also the product of a paradigm that seeks to
reshape and reconstruct the world through human intervention. More importantly, modernity, while
striving to control the world on the one hand, paradoxically generates an ontological uncontrollability
on the other, ultimately turning the world into a domain of catastrophe and risk—a notion that has
become increasingly evident.

Keywords: Modernity, Human, Nature, World, Science.

Giris

16. yiizyilin en 6nemli diisliniirlerinden biri olan ve ayn1 zamanda ampirizmin kurucu babasi olarak da
bilinen Francis Bacon’a isnat edilen, “Scientia est potentia”, yani “bilgi gligtiir” sozti, iizerinde yaklasik
dort yiiz gegmesine ragmen halen 6nemini, degerini ve giincelligini korumaya devam etmektedir.
Aslinda diistiniiriin, bilgiyi gii¢ olarak goriip degerlendirmesinin hikmetini, modernlik paradigmasinda
aramak/gormek gerekir. Zira sonradan modernligin adeta mottosu haline doniisecek olan bu sozle,
sadece bilginin insana inanilmaz bir kabiliyet, erk ve yaptirnmda bulunma imkani1 yaratacagi degil, ayni
zamanda edinilecek bilgi sayesinde insanin esyayla, dogayla ve diinyayla olan iliskisinin de tiimden
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degisecegi vurgulanmaktadir. Yazarimn niyeti bilinmez ancak, bu s6ziin bizi getirdigi nokta, bilginin salt
bilgiden olusmadig1 gergegidir.

Odagina bilimsel bilgiyi alan modernlik paradigmasi ise, yukarida genel ¢ercevesi ¢izdigimiz rasyonel
bir diinya tasavvurunu hayata geg¢irmeye, diinyay1 sekillendirmeye, diizenlemeye, yaratmaya,
tasarimlamaya ama daha 6nemlisi diinya tizerinde mutlak bir gii¢ olmaya ¢alistigi soylenebilir. Modern
paradigmanin bu ¢aba ve niyeti, asagida daha ayrintili bir bi¢imde tizerinde duracagimiz gibi, diinyada
¢ok 6nemli yapisal, kurumsal ve zihinsel doniisiimleri de yaratmistir. Bu doniistimlerin ayrintisina
girmeden 6nce modernligin/ modernitenin neligine ve nasil bir paradigmaya sahip olduguna iligkin bazi
aciklamalar yapmakta yarar var. Bilindigi gibi modernligin kokeni olan modern kavramy, ilk kez isa’dan
sonra 5. yiizyilin sonunda “antiquus”un karsit anlamlis1 olarak, yani Hiristiyanlar: pagan gegmislerinden
ayirmak i¢in kullanilmig olup (Habermas, 1994: 31) kabaca insanlarin i¢inde bulunduklari dénemi,
zamani Ve mekani1 betimlemektedir.

Modernlik, on yedinci yiizyilda Bati Avrupa ve Amerika’da yasayan tarima dayali geleneksel
toplumlarin bilimsel, kiiltiirel, ekonomik ve politik agidan yasadiklar1 yapisal ve kurumsal degisim ve
doniigiime isaret etmektedir (Eisenstadt, 1996; Giddens, 1998: 11; Taylor, 2011: 10-21). Burada, bizi
ilgilendiren husus, s6z konusu toplumlarda yasanan bu sosyolojik degisim ve doniisiimden ziyade bu
degisim ve doniisiimiin zihinsel arka planinda ne oldugu, modernligin basli basina nasil bir diistinsel
diinyadan hareket ettigi gergegidir ki, ancak bu gerceklik bilindiginde modernlik paradigmasi
anlagilabilir. Aslinda modernligin epistemik dayanagini, 18. yiizyilda Bati Avrupa’da ortaya ¢ikmis olan
Aydinlanma felsefesi olusturmustur. Ciinkii modernlik, nihayetinde bir aydinlanma projesidir;
Wallerstein’in (1998: 77) ifadesiyle bir Weltanschauung, yani i¢inde aydinlanmayi, aragsal akli,
rasyonalizmi ve hiimanizmini barindiran bir diinya goriisii, bir paradigmadir.

Boylece bir aydinlanma projesi olarak hayata gecen modernlik ayn1 zamanda “bir zihniyet, diinyaya bir
bakis ve bu bakigin yontemleri, yaklagimi ve bilgi-kuramsal araclari bakimindan belli bir tarzda
belirlenisidir” denilebilir (Bumin, 2005: 7). Bu agidan bakildiginda aydinlanmanin kurucu aklimi ilke
edinen modernlik paradigmasi, hem Kant’in, bireyin kendi eylemleri iizerine diisiinebilen 6zgiir insan
tipolojisine ve bu Ozgiir insan tipolojisinin dayandigi rasyonalizme, hem de akli ve deneyi temel alan
pozitivizme ama daha da 6nemlisi diinyay1, insanin bireysel/toplumsal ¢ikarina/yararina gére yeniden
tasarlayan pragmatizm felsefesine dayandigi soylenebilir. Bu ii¢ kavram, -rasyonalizm, pozitivizm ve
pragmatizm- modernligin aydinlanma felsefesinden aldigi ve bunlarla diinyayr yeniden
sekillendirmeye/insa etmeye c¢alistigl temel paradigmalardir. Modernitenin temelini olusturan ve bir
biliylik anlati olarak ortaya c¢ikan aydinlanma felsefesinin en Onemli oOzelligi ise hem akli
aragsallastirmasi hem de aragsallastirilan akilla doganin ve diinyanin insanin egemenligine girmesini
saglamaya caligsmasidir.

Dolayisiyla diinyanin kavrayiginda aklin yegéne 6l¢ii(t) olarak el alinmasi, insana yaratici oldugu kadar
yikic1 bir imkan da sagladig1 soylenebilir. Isin yaratic1t yani, insamn akli, kurucu bir unsur haline
getirmesiyle en bagta politik ve kiiltiirel bagimliliklarindan kendisini kurtarmig olmasidir. Toplumsal ve
siyasal acidan bagimsizlagan insan, ayni zamanda kendi kaderini de belirlemis ve 6zgiirliigiinii elde
etmistir. Isin yikic1 yani, bu siiregte rasyonalitenin temel alinmastyla diinyanin biiyiisiiniin bozulmasina
ve dolayisiyla da insana, diinyanin istendigi sekilde yeniden yaratilmasina, insa edilmesine,
tasarlanmasina, kontrol edilmesine, iizerinde denetim ve egemenlik kurulmasina, yerine gore yikip
yakmak/yok etmek yerine gore altinda ve {istiinde ne varsa hepsini somiirmek gibi bir olanak/imkan
hatta mesruiyet de saglamistir ki, bugiinkii i¢cinde bulundugumuz/yasadigimiz ge¢ modern zamanda,
diinyanin nasil tehdit edici bir yer haline geldigini/getirildigini de gorebiliyoruz.

Giddens, Taylor ve Rosa’in Sosyal Analizlerinde Diinyanin Hal-i Piir Melali

Gilinliimiiziin en 6nemli sosyologlar1 arasinda gosterilen Anthony Giddens, ¢agda toplumlarin ge¢irmekte
olduklar1 degisim ve doniisiime odaklanan ve bu konuda toplum teorilerini gelistiren biri olarak
bilinmektedir. Calismalarinda daha ¢ok modernligin ontolojik ve epistemolojik dayanaklari lizerinde
duran Giddens, modernligin her seyden once diinyamizi yeniden iireten, onun deyimiyle “yerinden
¢ikaran” yanini sorgulamis ve bu konuda bazi teorik ¢ikarimlarda bulunmustur. Ona gére modernlik
paradigmasinin en 6nemli 6zelligi, geleneksel toplum yapisini ve bu yapiyi iireten diislinsel, dinsel ve
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kurumsal iliskileri hedef almasi, bireysellesmeyi one c¢ikartmak suretiyle mekanik dayanigmanin ve
dinsel degerlerin egemen oldugu toplumsal ve siyasal diizenleri ¢okertmesidir.

Dolayisiyla modernitenin ve onun paradigmasi olan rasyonalite, tarima dayal1 uygarliklardaki kiiltiiri,
zamani, uzami ama daha da 6nemlisi modern 6ncesi diinyada var olan ontolojik giivenligi saglayan aile,
akrabalik ve din iliskileri ile gelenegi yerinden ¢ikartmis; bunlarin yerine bireysellesmeyi, 6zel ve
sekiiler alan1 ve rasyonaliteyi ikame etmeye caligmistir. Boylece diinyamiz, modernlikle beraber
ontolojik bir giivensizlik yagamaya baglamis; bu giivensizlik hali, diinyay1 daha tehlikeli, ngoriilmez
ve kestirilmez tehditlerin ve risklerin s6z konusu olabildigi bir yer haline getirmistir. Giddens’a (1998)
gdre modernite, diinyay1, biiyli ve mitlerden arindirmak suretiyle daha emniyetli ve daha rasyonel bir
yer haline getirmek vaadiyle yola ¢ikmis; ancak gelinen noktada diinyamiz giivenli, emniyetli olmak bir
yana daha ¢ok giivensiz ve emniyetsiz bir hale gelmistir.

Bu vaatte basarisiz olunmasinin en énemli nedeni, modernligin o giine kadar insanlar1 belli bir inanca,
kuruma ve degerlere baglayan iliski aglarin1 yap1 bozumuna ugratmasi ve bunlarin yerine koydugu
degerlerin ise bireyleri gittikce daha ¢ok yalmizliga siirliklemesi, yabancilagtirmasi; yasamin bizzat
risklerin adeta cirit attig1 bir alana donistiirmesidir. Ciinkii Risk, Giddens’a goére (2000: 37), “modern
sanayi uygarhiginin gergekten temel karakteristik 6zelligi olarak ge¢misinden kopmak i¢in fiili ugras
veren bir toplumu varsaymistir.” Bugiin taniklik ettigimiz sey, modernligin her seyden 6nce diinyay1 bir
risk alanina gevirmis olmasidir. Zira karsimizda sadece dogal degil ayni zamanda imal edilmis riskler
de durmakta ve bu imal edilmis risklerin ne zaman ve nasil hayatlarimiza dokunacagi, bizi 6ngoriillmez
tehlikelere sokacagi ve dolayisiyla da hayatlarimizi tehdit edecegi belli olmamaktadir.

Geldigimiz noktada modernligin diinyay1 daha giivenli bir yer kilmadigini, icinde yasamakta oldugumuz
ve cogunlukla da maruz kaldigimiz imal edilmis riskler tarafindan c¢ok net bir sekilde ortaya
konulmustur. Zira bugiin hi¢cbir modern bireyin giivenligi, tam olarak saglanmis degildir. Hi¢ kimse
hayatindan emin bir bi¢imde yasamamaktadir. Ciinkii, modern yasam o kadar ¢ok risklerle dolmustur
ki, insanin kendisini bu risksel ortamlardan kurtarmasi pek miimkiin goriinmemektedir. Ornegin
giiniimiizde yedigimiz gidalar bile genetigi degistirilmis besinler olduklar1 i¢in bizde bin bir degisik
hastaliklara yol agabilmektedir. Ayni sekilde bugiin hi¢ kimse enerji giivenliginden de s6z edememekte,
¢linkii etrafimiz, niikleer silahlarla dolmus durumdadir.

Nitekim 1996°da Ukrayna’daki Cernobil Niikleer istasyonunda meydana gelen kaza, yaklasik iki yiiz
bin insanin hayatin1 kaybetmesine yol agmis; bu durum, insanin kendi eliyle yarattigi/imal ettigi risklerin
ne derece tehlikeli ve geriye doniisii/telafisi miimkiin olmayan sonuglara yol acabilecegini gostermistir.
Modernligin diinyay1 daha ulasilabilir ve erisilebilir hale getirmesinin yarattigi konformizmin bedeli ¢ok
agir olmustur. Yasam standardinin yiikseltmesi, sosyal giiveligi artirmasi, refahi ve rahatligi getirmesi
beklenen bilim ve teknoloji, kimi zaman insanin hayatiyla 6demesine yol acan neticeler dogurabilmistir.
Aslinda sorun, ¢agimmzin eski kusaklara gore ¢ok daha riskli bir hayat yasamasi degildir. Sorun,
kendisini modern paradigma ekseninde konumlandiran insanin diinyayla ve dogayla kurdugu iliskinin
adilane olmamasidir.

Nitekim boyle oldugundan dolay1 modern diinya, insan i¢in kimi zaman bir cehenneme veya kiyamete
doniisebilmektedir. Kisacas1 Giddens, iki yiizyildir diinyamiza hakim olan akil temelindeki modernlik
paradigmasinin, bireylerde ve toplumlarda ontolojik bir giivensizlik yarattigini vurgulamis ve yeni
yasam politikalarinin gelistirilmesini ve dogayla da yeni bir s6zlesme imzalanmasini savunmustur.
Giddens’ la beraber modernligi sanik sandalyesine oturtan diger bir diisiiniir de Charles Taylor’dir. O
da tipk1 Giddens gibi hem modernligin nimetini hem de kiilfetini sorgulamaya calismig; modern
paradigmanin diinya tasavvurunda {i¢ temel sorunun géze ¢arptigini vurgulamustir. Taylor, “modernligin
sikintilar1” (2011: 9-19) adimi verdigi bu sorunlar1 su ii¢ baglik altinda toplamistir.

Buna gére modernligin en 6nemli sorunu, bireyi, i¢inde yasadigi topluma ve dogaya yabancilastirmasi,
diinyanin geleneksel kavrayisinm ters yliz etmesi ve dolayisiyla diinyay1 biiyii bozumuna ugratmasi ve
komiinteryalizmin kaybina yol agan bireyselligi kutsallastirmasidir. fkincisi, modernligin aracsal aklin
egemenligini saglamasi, doganin ve diinyanin anlam yitimine neden olmasi, kati olan her seyin
buharlagarak aklin her seyin dl¢iitii/dlciisii haline gelmesidir. Uciinciisii ise siyasal alanda biirokratik
devlet geleneginin kurulmasi, insanin adeta bir demir kafese kapatilmasi ve bireysel 6zgiirliigiin ve
6zyonetimin kayba ugramasi/ ugratilmasidir. Dolayistyla modernite, diinyay1 ve dogayr mekanik bir
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hale getirmek, insan1 da bu mekanik yap1 iginde hareket eden ama kendi basina bagimsiz ve 6zgiir
olmayan bir bireye doniistiirmek suretiyle mutlak bir despotluk diizeni kurmustur.

Ozetle Taylor’s gore modernite, geleneksel toplumdan tevariis eden degerleri irrasyonel olduklari
gerekeesiyle bir kenara atmis ve yerine koydugu degerler ise yeni bir anlam yaratmak yerine daha fazla
anlamsizlik tiretmistir. Modernlik bu baglamda, insanin 6zgiirliigiinii artirmak bir yana insanin daha ¢ok
benmerkezci yasamasini salik veren bir ekonomi-politik de tretmistir. Diinya, bu ekonomi-politik
yapida soOmiiriilecek bir yer haline gelmis/getirilmistir. Bugilin diinyanin her kdsesinde goriip
karsilastigimiz ama kendi adimiza en ufak bir hesap bile ¢ikartmaya yanasmadigimiz ekolojik felaket
tablolari, aslinda modernligin bize sundugu veya ddettigi hayatin adeta bir 6zetidir.

Modernligin diinya tasavvuruna dair goriislerine bagvuracagimiz diger bir kisi de giiniimiizde elestirel
teorinin en 6nemli diisiiniirleri arasinda gosterilen ve zamanin sosyolojisi alanindaki c¢aligmalariyla
bilinen Hartmut Rosa olacaktir. Rosa, 2018 yilinda Almanya’da yayinladigi1 ve Tiirk¢eye “Diinyanin
Kontrol Edilemezligi” bashigiyla cevrilen kitabi, modern paradigma ve yasam bic¢iminin temelinde
diinyanin denetlenmesi fikrinin yattig1, ancak iki yiiz y1la yakindir diinyaya egemen olan bu fikrin hi¢bir
zaman diinyay1 kontrol edemedigini savunmaktadir. Rosa’a gore (2024: 8-9) modernite, diinyay1 tiim
yonleriyle olciilebilir, goriilebilir, erisilebilir, ulasilabilir ve dolayisiyla da elde edilebilir, kontrol
edilebilir ve iizerinde egemenlik kurulabilir bir hale getirme konusunda bitmeyen bir arzuya sahip
oldugunu; ancak bu arzunun higbir sekilde gerceklemedigini, gergeklesemeyecegini zira kontrol etme
cabasinin en 6nemli sonucunun beraberinde kontrol edilemezligi getirmesi oldugunu vurgulamstir.
Onun ifadeyle (2024: 14);

Biz ge¢ modern 6zneler olarak sz edilen tiim diizeylerde -bireysel, kiiltiirel, kurumsal ve
yapisal- diinyay1 kontrol etmeyi amacgladigimiz i¢in, diinyayla her zaman bir “saldirganlik
merkezi” ya da bir dizi saldirganlik merkezleri olarak karsilagsmaktayiz. Bu saldirganlik
merkezleri bir baska deyisle, bilinmesi, ulasilmasi fethedilmesi, hakim olunmasi veya
kullanilmas1 gereken nesneler olarak ifade edilebilir. Bu tutumumuzdan 6tiirii “hayat” bize,
canli hissetme ve diinyayla gercekten karsilagma deneyiminden- rezonans1 miimkiin kilan sey-
mahrum birakir ve elimizden kagiyor gibi goriiniir. Bu durum, kaygiya, hayal kirikligina,
ofkeye ve hatta umutsuzluga yok agmakta ve daha sonra diger seylerin yani sira gii¢siiz siyasi
saldirganlik bi¢cimiyle kendini gostermektedir.

Rosa, iginde yasamakta oldugumuz ge¢ modern toplumlarda basta bilimsel ve teknolojik gelismeler
olmak iizere finansal kapitalizmi ve serbest rekabeti 6ne ¢ikaran neoliberal politikalarin diinyamizi daha
oncesinden goriilmemis boyutlarda elde edilebilir hale getirdigini, ancak bu elde edilebilir halin sanildig
gibi diinyay1 istedigimiz sekilde kontrol edebilecegimiz anlamina gelmedigini, zira her kontrol ¢abasinin
beraberinde kontrolsiizliigii da getirdigini vurgulamistir. Her seyi kontrol etme diisiincesinin temelinde
modernlik paradigmasinin pragmatizm fikri yattigini iddia eden Rosa, bu fikrin bizi daha giivenli ve
huzurlu bir diinyaya degil, tam aksine daha giivensiz ve huzursuz bir diinyaya sevk ettigini disiinmustiir.
Ona gore modern paradigmanin diinyay1 kontrol edilebilir hale getirmesinin farkli boyutlan
bulunmaktadir. Bir yanda bilim, diinyanin bilinebilir kilmasini saglarken diger yanda teknoloji, diinyada
var olan kaynaklardan maksimum diizeyde yararlanmay1 saglamistir.

Dolayisiyla bilim ve teknoloji, insanin diinyay1 fethetmesi aruzunu hayata gegiren en 6nemli unsurlardir.
Insan, bilim sayesinde diinyanin gizemini ¢6zmiis; yeni yerler kesfetmis ve kesifler sayesinde kendisine
daha konforlu denebilecek bir yasam alan1 yaratmistir. Ayn1 sekilde teknoloji, diinyanin yer alt1 ve yer
iistli kaynaklarindan daha fazla yararlanmay1 saglamistir. Rosa’a gore (2024:27) “diinyay1 kontrol
edilebilir kilma konusundaki bu kiiltiirel vaat, sadece “ise yaramamakla” kalmamuis, aslinda tam ziddina
doniigsmiistiir. Bilimsel ve teknik, ekonomik ve politik olarak kontrole a¢ik haldeki diinya, gizemli bir
sekilde bizden kagar ve bizi engelliyor gibi goriiniir, geri ¢ekilir, okunamaz ve sessiz hale gelir. Daha
da otesi hem tehdit altinda oldugunu hem de tehdit olusturdugunu ve bdylece yapisal olarak kontrol
edilmez oldugunu kanitlar.”

Kisacas1 Rosa, ge¢c modern toplumlarla beraber diinyay1 kontrol etme yoniindeki arzumuzun aslinda
beyhude bir arzu/caba oldugunu, zira hem diinyay1 kontrol ettigimizi diisiindiikce aslinda diinyanin
bizden kagmaya baslamakla kalmayip ayni zamanda bize karsi bir diismana dontstiiglinii iddia etmistir.
Ciinkii insan, diinyaya ve dogaya yonelik hasmane bir tutum iginde kaldig siirece diinya ve doga, kendi
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intikamim1 almaya ve kendisine yapilanlar1 misliyle geri vermeye calisacaktir. Nitekim giiniimiizde
dogal ve imal edilmis afetlerin ve risklerin her gegcen giin daha fazla yasamimizi alt iist etmesinin nedenti,
s0z konusu dogaya olan tavrimizdan ve onu durmadan sémiirmemizden kaynaklanmaktadir.

Sonu¢

Bu bildiride genelde, pozitivizme, rasyonalizme ve pragmatizme dayanan modernlik paradigmasinin
nasil bir diinya tasavvur ettigini, 6zelde de cagdas sosyologlardan Giddens, Taylor ve Rosa’nin
modenlik paradigmasina yonelik yapmis olduklar tartigmalar ve tespitler lizerinde duruldu. Giddens,
Habermas’ tan hareketle aydinlanmanin tamamlanmamus bir proje oldugunu, modernligin hem yaratici,
devrimci, yikici ve yipratict oldugunu hem de her seyden 6nce bireylerde ontolojik bir giivensizlik
yarattigini ama daha da 6nemlisi diinyada bir cennet kurma vaadini yerine getirmek bir yana diinyay1
imal edilmis risklerle yapisal diizeyde derin bir krize sevk ettigini vurgulamustir. Yazara gore bu krizden
cikmanin yolu, modernligin doga ve diinya paradigmasini degistirmesinden gegmektedir.

Kanadal1 sosyolog Taylor ise modernligin ii¢ temel sorununu giindemine almaktadir. Bunlardan ilki,
bireyin toplumdan soyutlanmasina ve izole edilmesine neden olan modern yasam, digeri, modern ¢agin
akli aragsallagtirmasi, dolayisiyla da aragsal aklin egemen olmasi ve bir digeri de modern yasamda
insanin anlam kaybi1 yasamasidir. Diisiliniire gore biitiin bu sikint1 ve sorunlar, modernligin pragmatizme
ve rasyonalizme dayali paradigmasindan kaynaklanmaktadir. Insan1 6zne olmaktan cikartan bu ¢ikar
eksenli paradigma, 6zii itibariyle bireyi her tiir kolektif bagdan ve iliski agindan kopartmis; kendi bagina
kendisi i¢in yasayan bir birey profili yaratmistir. Ayn1 sekilde bu paradigma, doganin da kullanilmasi,
somiiriilmesi ve tiiketilmesi gereken bir kaynak olarak gérmiistiir. Insan1 nesne, dogay1 kaynak olarak
gordiigii icin modern paradigma, yagami da yasanilir kilmaktan ¢ikartrmstir.

Goriislerine bagvurdugumuz bir diger diisiiniir Rosa ise, tipki Giddens ve Taylor gibi o da modernligin
diinya tasavvurunu sorunlu bulmustur. Ona gdre ge¢ modern bireyler olarak yiiriiyen merdivenlerde bile
hareket halindeyiz. Hareket, dinamizm, degisim, donilisiim ama daha da onemlisi her seyi bilme ve
kontrol etme sevdasi, biz ge¢ modern toplumlarin en 6nemli 6zelligi olmustur ki, bu 6zellik, bizi daglari,
ovalari, okyanuslari, ormanlar1 kirletmemize ve tiiketmemize; diinyay1 sessiz ve renksiz bir hale
getirmemize neden olmustur. Biz, diinyaya saldirdik¢a diinya da bize saldirmaya ve intikamini almaya
calismistir. Biz, dlinyay1 kontrol etmeye ¢alistik¢a aslinda diinya kontrolden ¢ikip hayatlarimizi adeta
cehenneme cevirmistir. Yapilmasi gereken sey, hesap¢t ve pragmatik yanimizi terk etmek suretiyle
diinyayla ve dogayla yeniden barigsmaktir. Onun i¢in de dncelikle diinyay1 kontrol etme arzumuzdan
vazgegmemiz gerekir.
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OZET

Bu galigmanin amaci 1995-2024 yillar1 arasinda yapilan ve Web of Science veri tabaninda taranan
pazarlama alanindaki tiiketici giiveni kavramina iligkin ¢aligmalar1 bibliyometrik 6zellikler agisindan
incelemek ve degerlendirmektir. Calisma bu siire aralifinda yayinlanan 446 adet c¢alismay1
kapsamaktadir. Arastirmanin analizi sirasinda R yazilim programinda yer alan bibliometrix ve
biblioshiny paketlerinden yararlanilmistir. Calisma kapsaminda tiiketici giivenine iligkin tanimlayici
temel bilgiler, yillara gore en ¢ok yayin yapan ve atif alan yazarlar, is birlikleri en etkili yaymlar ve
yazarlar, is birlikleri, iilkeler ve kurumlar, anahtar kelimeler, anahtar kelimelerin kavramsal yapis1 ve
tiikketici gliveni konu bagliginin tiim detayli incelenmistir. Arastirma bulgular1 sonucunda pazarlama ve
tiikketici giiveni konusunda en ¢ok ¢aligma yapan arastirmacinin Kenny Basso ve en ¢ok yayin yapan
derginin de International Journal of Bank Marketing, en sik tekrar edilen kelimelerin “trust” ve
“consumer trust” oldugu bilgilerine ulagilmigtir. Bu ¢aligma, pazarlamada tiiketici giivenine iliskin
yapilmig olan yayinlarin kapsamli bir analizini sunarak bu alanda yapilacak olan bilimsel ¢alismalarin
kapsaminin genisletilmesine yonelik katki saglamay1 amaglamaktadir.

Anahtar Kelimeler: Pazarlama, Tiiketici Giiveni, Bibliyometrik Analiz, Giiven, Sadakat

ABSTRACT

The purpose of this study is to examine and evaluate studies on the topic of consumer trust in marketing,
which were conducted between 1995 and 2024 and scanned in the Web of Science database, in terms of
bibliometiric features. The study covers 446 studies conducted. The bibliometrix and biblioshiny
packages in the R software programme were used during the analysis of te study. Within the scope of
the study, descriptive basic informartion consumer trust, the most published and cited authors by year,
collaborations, the most effective publications and authors, counbrtires and institutions, keywords and
conceptual structure of keywords and the consumer trust topic were examined in detail. As a result of
the research findings, it was found that the researcher who conducted the most studies on marketing and
consumer trust is Kenny Basso; the journal with the most publications is International Journal of Bank
Marketing; and the most frequently repeated words are “trust” and “consumer trust”. This study aims to
contribute to expad the scope of scientific studies in this field by presenting a comprehensive analysis
of publications on consumer trust in marketing.

Keywords: Marketing, Consumer Trust, Bibliometric Analysis, Trust, Loyalty

Giris
Giiven, ¢esitli alanlarda hem bireyler hem de kurumlar i¢in kritik Sneme ve belirleyicilere sahip genis
ve karmagsik bir kavramdir. Ik anlami ile giiven, korku, ¢ekinme ve kusku duymadan inanma ve
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baglanma duygusu; emniyet, itimat seklinde agiklanmaktadir (Tiirk Dil Kurumu-TDK, 2025). Bir bagka
tanima gore giiven, bir bagkasinin niyetine iligkin olumlu beklentilerden kaynaklanan kirilganlig1 kabul
etme niyetinin bir sonucu olan psikolojik bir durum olarak agiklanmaktadir (Rousseau vd., 1998). Farkli
bir ifade ile giiven, bireylerin, organizasyonlarin, orgiitlerin veya sistemlerin giivenilirligine ve
biitiinliigiine kars1 hissedilen itimat ve inang ile iliskilendirilen duygusal ve psikolojik bir durum olarak
da ifade edilebilir.

Pazarlama acgisindan degerlendirildiginde ise degisime taraf olanlar igin giiven, bir tarafin diger ortagin
giivenilirligine ve diiriistliigiine giivenmesi durumunda ortaya c¢ikan sonug olarak ifade edilebilir
(Morgan ve Hunt, 1994). Tiiketicilerin satin alma davranislar1 i¢sel ve digsal bircok faktoérden
etkilenmektedir. Bir tiiketicinin satin alma davranis1 ilk olarak bir ihtiya¢ ya da istek duymasi ile
baslamakta ve memnuniyet veya memnuniyetsizlik ile devam etmektedir (Blackwell, vd.,2006).
Tiiketicilerin memnuniyeti sonrasinda ise giiven beklenen sonucglardan bir tanesidir. Tiiketicinin
duydugu giiven ve aligveris sonrasinda yasadigi memnuniyet ise tiiketici baglilig1 seklinde ilerlemekte
ve tekrar satin alma, olumlu agizdan agiza reklam gibi istenilen sonuglar dogurmaktadir. Dolayisiyla
giiven, pazarlama siireci i¢erisinde ¢ok dnemli bir yere sahiptir. Tiiketicinin satin alma niyetini etkileyen
faktorlerin arasinda giiven de 6nemli bir kavramdir (Colakoglu Giirer & Demir, 2021:15). Giiven
kavrami, geleneksel pazarlamada oldugu kadar dijital pazarlamada da son derece 6nem arz etmektedir.
Teknolojinin gelismesiyle birlikte hayatimiza pek ¢ok dijital pazarlama yontemi girmis bulunmaktadir.
Dijital pazarlama yontemi fark etmeksizin tiiketici gliveni isletmeler ve markalar a¢isindan vazgecilmez
degerlerden bir tanesini olusturmaktadir.

1. Pazarlamada Tiiketici Giiveni

Giiven kisiler arasi iliskilerin temelini olusturmakta ve yine kisiler arasi is birligi i¢in de oncelikli
ihtiya¢ olarak kabul gérmektedir. Tiirk Dil Kurumu ise giiveni korku, ¢ekinme ve kusku duymadan
inanma ve baglanma duygusu; emniyet, itimat olarak agiklamaktadir (TDK, 2025). Giiven, tutarls,
olumlu deneyimler yoluyla ortaya g¢ikmaktadir ve bu sekilde derinlesmekte; seffaf etkilesimler,
tiketicilerin algilarini, kararlarin1 ve davramislarini 6nemli 6lgiide sekillendirmektedir (Schilke, vd.,
2021).

Icinde bulunulan cagda isletmelerin ya da markalarin tiiketicileri ile sadece iletisimde bulunmalari
yeterli kabul edilmemektedir. Artik aranan sey iletisimden ziyade etkilesim icerisinde olabilmektir
(Uzkurt, 2008: 33). Isletme ve tiiketici arasinda yaratilan etkilesim basarili oldugu siirece isletmeler
rakipleri arasindan siyrilarak daha basarili olabilmektedirler. Iki tarafin da birbiri ile giivene dayali bir
etkilesimlerinin olmasi istenilen bir durumdur. Tiiketicilerin bir iliskiyi stirdiirmeye devam edebilmeleri
icin giiven baglica gereklilik olarak kabul edilmektedir (Gwinner vd., 1998). Bu noktada da isletmeler
giivene dayali bu etkilesimin siirdiirilebilir olmasi yoniinde stratejiler gelistirmeli ve ¢aba sarf
etmelidirler. Tiiketiciye verilen giiven ve bunun bir sonucu olarak olusan baglilik, uzun vadede
isletmeler ve markalar i¢in 6nemli bir kazanimdir (Gecikli vd., 2021:318). Olumlu bir isletme — tiiketici
iliskisinin temelinde giiven bulunmaktadir. Tiiketici giiveni, iliskide taraflarin birbirlerine verdikleri
sOzlerin tutulacagina yonelik hissedilen inancin derecesi ile iligkilidir. Underwood vd. (2001)’e gore
tiikketicinin her aligverisinde herhangi bir degisiklik olmadan ayni {iriinle bulusmaya devam ettigi siirece
bir bagka ifade ile iirliniin siirekliligi saglandig1 siire boyunca markalar ve tiiketiciler arasinda giiven
stirdiiriilebilir olacaktir.

Teknolojinin geldigi yer diisiiniildiigii zaman giinliik aktivitelerin pek cogunu teknolojiden faydalanarak
ve hatta internet {izerinden gergeklestirildigini ifade etmek yanlis olmayacaktir. Internet iizerinden
gergeklestirilen eylemlerin 6nemli bir kismini da internetten yapilan aligverisler olusturmaktadir
(Karabulut, 2013: 5533). Tiiketicilerin internet aligverislerini yapma egilimleri ve isteklilikleri giiven,
kolaylik ve daha pek ¢ok unsurdan etkilenmektedir (Yashh & Parilti, 2022: 250). Tipki geleneksel
pazarlamada oldugu gibi dijital pazarlamada da giiven insa etmek oldukca zor olarak kabul edilmektedir.
Dolayisiyla geleneksel veya dijital fark etmeksizin tiiketici giiveni pazarlamada ¢ok 6nemli bir rol
oynamaktadir (Glirkaynak Giirbiizer & Hasiloglu, 2024: 2). Giinlimiiz pazarlamasinda ama¢ en basit
ifade ile tiiketici ihtiyaglarina en hizli ve etkili bi¢imde cevap verebilmek ve tiiketiciyi memnun
edebilmekle agiklanmaktadir. Memnuniyet ise genellikle tiiketicinin bir markaya duydugu giiven ve
inang ile iliskilendirilmektedir. Bunun yani sira énemli kabul edilen bir diger kavram olan marka
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sadakatinin de oncelikle tiiketici giivenine dayandigi kabul edilmektedir (Yash & Parilt1, 2022: 252).
Tiiketici gliveni, tiiketici kararlarinda ve tiiketici sadakatinde hayati bir rol oynamaktadir.

Zaman igerisinde tiiketim, ¢evrimic¢i ve ¢evrimdisi olacak bicimde evrimlesmistir. Gerek ¢evrimici
gerek cevrimdist tiiketicileri etkileme konusunda giivenin 6nemi ve degeri asla hafife alinmamalidir.
Cevrimici ya da cevrimdist fark etmeksizin giliven, tiiketici agisindan satin alma kararimi etkileyen
kavramlar arasinda en Onemlilerindendir. Grabner-Krauter ve Faullant (2008) yaptiklari internet
bankacilig1 ve ¢evrimigi finansal hizmet kullanimina iligkin ¢aligmalarinda tiiketici agisindan internet
giiveninin dnemini incelemislerdir. Caligmalarinin sonucu ise internet giiveninin, dijital bankacilik ile
ilgili risk algis1 ve tiiketici duygusu iizerinde oldukca 6nemli bir etkisi oldugunu gostermektedir. Ayrica
ayn1 aragtirmanin sonuglarindan giivenin, kisiler arasi iligkilerde ve teknolojik etkilesimde temel faktor
oldugu sonucuna da ulagilmstir.

Son yillarda e-ticaretin ve online aligveriglerin biiylime hiz1 degerlendirildiginde ¢evrimici tiiketici
giiveninin mevcut tliketici aligkanliklarin1 anlama ve tiiketicilerin gelecekteki online aligveris
egilimlerine iliskin tahminde bulunma noktalarinda 6nemli bir ara¢ oldugu asikardir. Bauman ve
Bachman (2017) online tiiketiciler ile ilgili olan ¢aligsmalarinda teknoloji ve sosyal faktorlerin online
tiikketici giiveni ile yakindan iligkili olduklar1 sonucuna ulagmislardir. Bu calisma ile teknoloji, sosyal
faktorler ve tliketici giiveni arasinda giiclii bir iligki oldugu sonucuna ulagilmigtir. Dolayisiyla tiiketici
giiveninin 6nemi geleneksel pazarlamada oldugu kadar dijital pazarlamada da gegerlidir. Shiver (2021)
dijital pazarlama ve tiiketici davranistyla iligkili calismasinda da benzer sonuglara ulasarak dijital
platformlarda satin alma karar1 verirken giivenin 6nemli bir belirleyici oldugu sonucuna ulagmis ve
titketicilerin giiveni degerlendirirken ¢evrimi¢i yorumlarin dnemli bir referans oldugunu ifade ettigini
belirtmistir. Calisma sonucunda ¢evrimigi tiiketici yorumlari ile kazanilan gliven ve inancin birgok
tiikketici i¢in karar alma stirecinde kritik bir unsur oldugu sonucuna ulasilmistir (Yash & Parilti, 2022:
251). Benzer sekilde Google, Facebook ve diger tiiketici merkezli platformlardan erisilen tiiketici
yorumlari, giiven kazanmada en degerli unsurlar olarak degerlendirilmektedir. Igeriklerin etkili ve
giivenilir olabilmesi i¢in tiiketiciye konuyla iliskili ve yiiksek seviyede uzmanlik (expertise), yetki
(authority) ve giiven (trust) sunmasi bir bagka ifade ile EAT &zelliklerine sahip olmasi gerekmektedir.
Google, EAT formiiliinii ¢evrimi¢i igerik arama siralamalari i¢in Snemli bir belirleyici olarak
tanimlamaktadir. Dolayisiyla da bu siireg, isletmeler ve markalar i¢cin uzun vadeli is gelistirme stratejisi
olarak diigtiniilmelidir.

Markaya duyulan giliven, ortalama bir tiiketicinin tercih ettigi bir markanin belirli diizeyde bir iglevi
tutarlt bir sekilde yerine getirecegine olan giivenme istegini ifade etmektedir (Jun ve Yi, 2020). Bu
duyulan giiven, belirsizlik olan durumlarda rasyonel kararlar almaya ¢alisan tiiketicilerin belirsizligini
azaltmaktadir. Markaya duyulan giiven, bugiin her alan ve boyuttaki igletme i¢in 6nemli bir faktor haline
gelmistir. Kantar Millward Brown (2016) tarafindan gerceklestirilen bir aragtirmanin sonucuna gore
marka giiveni konusunda yiiksek puan alan isletmeden isletmeye (B2B) markalarin son on yilda marka
degerinde %80 biiylime gdzlemlenirken, daha az giiven duyulan markalarm ise sadece %25 biiylime
gosterdigi tespit edilmistir. Biitiin bunlar g6z 6niine alarak degerlendirildiginde ise tiiketici giiveninin
markalar ve igletmeler, icin ne kadar vazgegilmez ve 6nemli oldugu tartisilamaz bir gercek haline
gelmektedir. Bireylerin online aktivitelerinin artmasinin dogal bir sonucu olarak artan dijital pazarlama
kavrami da yine benzer sekilde tiiketici giiveni ile dogrudan iligkilidir (Colakoglu Giirer & Demir,
2021:16). Geleneksel pazarlamada giiven kavrami ne kadar 6nemliyse ve tiiketici davranigini
etkilemekteyse dijital pazarlamada da o derece 6nemli ve tiiketici satin alma karar1 tlizerinde etkili bir
kavram olarak kabul gérmektedir. Hem geleneksel hem de dijital pazarlamada vazgecilmez bir role
sahip olan tiiketici giiveni, bu ¢alismada da biitiiniiyle ele alinmaya ¢alisilarak uluslararasi alanda yer
alan ¢aligmalar bibliyometrik analiz yontemiyle incelenmistir.

2. Yontem

Bibliyometrik analiz, akademik c¢alismalar iizerinde uygulanan matematiksel ve istatiksel bir
uygulamadir (Nebioglu, 2019:2). Bibliyometrik analizi aragtirmaciy1 bir alandaki ilgili ¢aligmalara
yonlendirerek ve bu g¢aligmalar1 haritalandirarak alandaki bilgiyi genisletmeyi amaglayan bir analiz
tiiriidiir. Bu analiz yontemi ile alandaki arastirma egilimleri haritalama ile tanimlanabilir. Bir bagka ifade
ile bibliyometrik analiz, belirli bir alan ya da konu basligina iligkin bilimsel literatiirii sistematik bir
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bicimde inceleyen, ilgili arastirmacilar ilgili ¢aligmalara yonlendiren ve bu caligmalarin yapisal
iligkilerini haritalandirmakta kullanilan bir analiz yontemidir. Bu analiz yontemi ile ¢alisiimak istenen
arastirma alanlar1 dikkatli ve detayl bir sekilde analiz edilerek alana iligkin giincel durum, s6z konusu
alandaki is birlikleri, alana iligkin yayin trendlerinin ne oldugu ve yillar i¢erisindeki degisimi gibi veriler
ortaya koyulmaya calismaktadir (Giiglii, 2024: 69).

Calismanin baslangic asamasinda anahtar kelimeler belirlenmis ve Web of Science veri tabaninda
tilketici giiveni ve pazarlama iliskisine yonelik arastirmalar taranmigstir. Saha aragtirmasi “consumer
trust” ve “marketing” konu basliklar1 ile yapilmigtir. Bu ¢calismada 1995 -2024 yillar arasinda yapilmis
ve Web of Science veri tabaninda taranmis olan 446 adet ¢alisma incelenmistir. Bunun yan1 sira Web
of Science veri tabani arastirmacilara kullanim kolaylig1 sunarak bir¢ok kontrol firsati taniyan
mekanizmaya ve ileri arama gostergelerine sahiptir. Dolayisiyla Web of Science, detayli verilere
ulagsmada kolaylik saglamasi sebebiyle aragtirmacilar tarafindan sik sik tercih edilen, giincel ve giivenli
verilen sunan bir veri tabani1 oldugu i¢in tercih edilmistir. Aragtirmaya makaleler, kitap boliimleri,
kongre bildirileri, kongre bildiri makaleleri ve incelemeler gibi farkli ¢aligma tiirlerinin sadece ingilizce
dilinde yapilmis olanlar1 dahil edilmistir.

Bu calismada bibliyometrik analiz i¢in R yazilim programi tercih edilmistir. Analizler, R yazilim
programinda bibliometrix ve biblioshiny paketleri kullanilarak gergeklestirilmistir (Aria ve Cuccurullo,
2017). Bu paket ile tiiketici giliveni ve pazarlama iliskisine dair akademik literatiir detayl bir sekilde
analiz edilmistir.

Bu calisma kapsaminda belirlenen amagclar dogrultusunda arastirma sorular1 olusturulmustur:

Aragtirma sorusu 1: Yillar igerisinde tiiketici giiveni ve pazarlama arastirma konusunun biiyiime orani
nedir?

Aragtirma sorusu 2: Tiiketici giiveni ve pazarlama alaninda en ¢ok calisma yayimlayan dergiler
hangileridir?

Aragtirma sorusu 3: Tiiketici giiveni ve pazarlama alaninda en ¢ok ¢alisma yapan arastirmacilar kimdir?
Aragtirma sorusu 4: Tiiketici gliveni ve pazarlama alaninda en ¢ok atif alan ¢alismalar hangileridir?
Aragtirma sorusu 5: Tiketici gliveni ve pazarlama alaninda en ¢ok galisma yapilan iilkeler hangileridir?

Aragtirma sorusu 6: Tiiketici giiveni ve pazarlama alaninda en ¢ok kullanilan anahtar kelimeler
hangileridir?

3. Bulgular

Aragtirma kapsamina dahil edilen akademik calismalar, calisma tiirleri, ¢aligmalarin yillara gore
dagilimi, en ¢ok atif alan ¢alismalar, en ¢ok atif alan yazarlar, en cok makale yayimlanan dergiler, en

fazla caligma yapilan iilkeler, en ¢ok tekrar edilen kelimeler basliklarinda incelenmistir. Tablo 1’de elde
edilen temel bilgiler yer almaktadir.
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Tablo 1: Elde Edilen Temel Bilgiler

Tanim Sonuglar Tanim Sonugclar
Veriler Hakkinda Ana Yazar Is Birligi

Bilgiler

Zaman Aralig1 1995-2024 Tek Yazarli Caligmalar 42
Kaynaklar (Dergiler, 182 Yayin Bagina Ortak Yazarlar 404
Kitaplar, vb.)

Yaynlar 446 Uluslararas: Ortak Yazarliklar 31,17
Yillik Biiylime Orani % 15,78

Yayin ortalama Yasi 6,25 Caligma Tiirleri

Yayin Bagina Ortalama Atf 42,33 Makale 368
Atiflar 23,574 Kitap Boliimii 8
Yayin Icerikleri Erken Erisim Makale 17
Anahtar Kelimeler Plus (ID) 921 Geri Cekilmis Yayin 1
Yazar Anahtar Kelimeleri 1450 Kongre Bildiri Makalesi 2
(DE)

Yazarlar Kongre Bildirisi 39
Yazar Sayisi 1163 Inceleme 11
Tek Yazarli Caligmalarin 42

Yazarlari

Tablo 1, 1995’ten 2024’¢ kadar olan donemde Ingilizce olarak yazilan “Consumer Trust” ve
“Marketing” kavramlarinin birlikte incelendigi yayinlarin genis ve detayli bir analizini ortaya
koymaktadir. Bu dénem boyunca arastirmacilar tarafindan 182 kaynakta yayimlanan 1163 farkli yazar
tarafindan 446 adet calisma gerceklestirilmistir. Bu ¢aligmalarin 42’si tek yazarliyken, 404’0 birden
fazla yazar tarafindan kaleme alinmigtir. Verilere gore uluslararasi yazar is birliklerinin %31,17 oldugu
goriilmektedir. Analiz sonuglarina gore her bir yayin ortalama 42,33 almasi ve yillik %15,78’1ik bir
biiylime oranina sahip olmasi bu konu bagliklarina olan ilginin de arttigin1 gostermektedir.

Sekil 1: Tiiketici Giiveni ve Pazarlama Caligmalarinin Yillara Gére Dagilimi

Sekil 1 ise tiiketici giiveni ve pazarlama iligkisini inceleyen ¢alismalarin yillar igerisinde istikrarli bir
biiylime gosterdigini ortaya koymaktadir. 2006’ya kadar yilda sadece 1 ya da 2 hatta bazi senelerde hig
calisma yapilmayan bir konuyken 2006 ve sonrasinda siklikla ¢alisilan bir konu haline gelen tiiketici
giivene ve pazarlama iligkisi artan akademik ilgiyi gostermektedir. Sekilde 1’de goriildigii lizere
ozellikle 2014 ve sonrasinda hizli bir artis dikkat cekmektedir.
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Tablo 2: Tiketici Giiveni ve Pazarlama Calismalarinin Tiirleri

Yayin Tiirii Yayin Sayisi Yiizde %
Makale 368 82,51
Kitap Boliimii 8 1,79
Erken Erisim Makale 17 3,81
Geri Cekilmis Yayin 1 0,22
Kongre Bildiri Makalesi 2 0,45
Kongre Bildirisi 39 8,74
Inceleme 11 2,47

Analiz edilen veriler degerlendirildigi zaman ¢aligmalarin makale, konferans bildirisi, inceleme ve kitap
boliimii gibi farkli cesitlerde yapilmis akademik calismalardan olustugu Tablo 2’de goriilmektedir. 446
adet akademik c¢alismanin gogunlugunu 368 adet ¢caligma ile makaleler olusturmaktadir. Sonrasinda ise
sirasiyla 41 calisma ile kongre bildirileri, 17 ¢aligma ile erken erisim makaleler ve ¢alisma ile kitap
boliimii takip etmektedir. Farkli gesitlerde yapilan bu calismalarin tiiketici gliveni ve pazarlama
iliskisinin incelendigi literatiirii zenginlestirdigi goriilmektedir.

Tablo 3: Tiiketici Giiveni ve Pazarlama Konularina iliskin En Cok Yayin Yapan Dergiler

Kaynak Calisma Sayisi
International Journal of Bank Marketing 40
Asia Pacific Journal of Marketing and Logistics 16
Journal of Islamic Marketing 15
Marketing Intelligence \& Planning 15
Psychology \& Marketing 12
Journal of Services Marketing 11
European Journal of Marketing 10
Frontiers in Psychology 10
Journal of Research In Interactive Marketing 9
Journal of Financial Services Marketing 8

Tablo 3’te tiiketici giliveni ve pazarlama konularinda en ¢ok yayin yapmis dergiler listelenmekte ve
dergilerin yayin sayilar1 gosterilmektedir. International Journal of Bank Marketing dergisinin 40 ¢aligma
ile bu alanda en ¢ok dikkat ¢eken kaynak oldugu goriilmektedir. Ardindan ise Asia Pacific Journal of
Marketing and Logistics 16, Journal Of Islamic Marketing ile Marketing Intelligence /& Planning 15’er
calisma ile siralanmaktadir.

Akademik c¢aligmalarin analizi sirasinda tercih edilen bir yontem de Bradford Yasasi’dir. Bradford
Yasasi belirli bir arastirma alana ait temel akademik dergileri belirlemek amaciyla kullanilan
bibliyometrik bir ilkedir (Batra vd., 2023) ve Samuel Clement Bradford tarafindan 1934 senesinde
gelistirilmistir. Bradford Yasasi’na gore yayinlar konsantre bir sekilde dagilim gostermektedir. Bu yasa,
az sayidaki derginin ilgili konuya iligkin olan ¢aligmalarin biyiik bir kismini icerdigi Ongdriisiine
dayanmakta ve temel olarak bir konuda yayimlanmis olan ¢aligmalarin ilgili dergiler arasinda nasil ve
ne yogunlukta dagildigin1 agiklamayr amaglamaktadir (Bradford, 1934). Buna gore ilgili alanda
yayimlanan makaleleri temel alarak, dergiler ii¢ farkli bolgeye ayirilarak siniflandirilmaktadir. Bradford
Yasast’na gore belirli bir alana iliskin en ¢ok yayin yapan birka¢ temel dergi bulunmaktadir ve
sonrasinda daha az sayida yayin yapan dergiler gelmektedir. Sonug olarak Bradford Yasasi yayin yapan
dergileri yayin sayilarina gore gruplara ayirmaktadir (Egghe, 1986).

Birinci bolgede belirli bir konuya yogun sekilde odaklanan ve bu konuda makalelerin ¢ogunlugunu
iceren temel dergiler bulunmaktadir. Bu dergiler, alanla ilgilenen arastirmacilara en giivenilir ve en ¢ok
referansa sahip olan kaynaklari sunan dergiler olup konuya ait en kapsamli ve giincel yaymnlari
icermektedir. Bu sebeple aragtirmacilar alana ait arastirma yaparlarken ilk 6nce alanda temel ve merkezi
bir konumda yer alan bu dergilerden faydalanmaktadirlar ve bdylelikle birinci bdlgedeki bu dergiler
ilgili bilimsel alana ait akademik literatiirii sekillendirmektedir (Batra vd., 2023). Sonug¢ olarak
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aragtirmacilar en iist diizeyde verim alabilmek amaciyla ilk 6nce temel dergilerin yer aldigi birinci
bolgedeki dergileri sonrasinda ise sirasiyla ikinci ve {i¢iincii bolgedeki dergileri incelemelidirler. Ozet
olarak Bradford Yasasi, arastirmacilarin alana ait literatiirii tararken calismalarimi daha verimli
yapmalarina imkan tantyan bibliyometrik bir aragtir.

Tablo 4: Bradford Yasasi’na Goére Konuya En Uygun Kaynaklar

Kaynak Yayin Sayisi Alan Auf
International Journal of Bank Marketing 40 Alan 1 1426
Asia Pacific Journal of Marketing and Logistics 16 Alan 1 302
Journal of Islamic Marketing 15 Alan 1 269
Marketing Intelligence \& Planning 15 Alan 1 301
Psychology \& Marketing 12 Alan 1 1253
Journal of Services Marketing 11 Alan 1 450
European Journal Of Marketing 10 Alan 1 834
Frontiers in Psychology 10 Alan 1 77
Journal of Research In Interactive Marketing 9 Alan 1 288
Journal of Financial Services Marketing 8 Alan 1 89
Journal of Retailing and Consumer Services 8 Alan 1 684
Innovative Marketing 7 Alan 2 8

Tablo 4’te verilerin Bradford yasasi ile analizi ile ulagilan dergilerin siralamasi goriilmektedir. Tabloda
alandaki 6nemine istinaden ilk on iki dergi listelenmektedir. Bu on iki dergi arasindan ilk on bir derginin
birinci bolgeye girebildigi goriilmektedir. Bradford Yasasi’nin 6zelligi oldugu iizere bu ilk on bir dergi
alandaki temel ve giiclii kaynaklar olarak kabul edilmektedir. Bradford Yasasi, alana iligkin temel dergi
listeleri olusturdugu ve belirli bir konudaki en ¢gok atif almis ¢alismalar1 ve yayin yapilmis dergileri
belirledigi i¢in bilimsel iiretkenligi de tesvik etmekte ve giiclendirmektedir. Bu sebeplerden Otiirii
Bradford Yasasi, arastirmacilarin kaynak koleksiyonlarini planlarken faydalandiklari 6nemli araglardan
bir tanesi olarak kabul gérmektedir (Bradford, 1934).

Tablo 5: En Uretken Yazarlar

Yazarlar Toplam Cahsma Toplam Atif Yaymn Yili Baslangici
Basso K. 5 142 2012
Ben Mrad S. 3 95 2017
Connolly R. 3 3 2006
Devlin Jf. 3 46 2015
Flavian C. 3 428 2006
Johnson D.S. 3 233 2007
Kaabachi S. 3 95 2017

Tablo 5 incelendigi zaman tiliketici giiveni ve pazarlama iliskisini inceleyen ve bu alanda en ¢ok yayin
yapmis olan yazarlari, bu yazarlari toplam c¢aligma sayisini, atif sayisim1 ve yayin yili baslangiclarimi
gostermektedir. Basso K. 5 caligmast ile dikkat cekmektedir. Onun ardindan gelen diger yazarlarm ise
3’er adet calismalar1 oldugu goriilmektedir. Flavian C. 428 atif ve Johnson D.S. ise 233 atif sayisi ile
tiikketici giiveni ve pazarlama ile iliskili ¢aligmalarda 6nemli aragtirmacilardir.
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Tablo 6: En Etkili Calismalar

Yazar(lar) Makale Ada Kaynak Adi Atf Yilhk
Sayisi Ortalama
Atif Sayisi

Sirdeshmukh D.,  Consumer Trust, Value, and  Journal of Marketing

Singh, J., Sabol, Loyalty in Relational

B. (2002) Exchanges 2128 92,562
The Drivers of green brand  Journal of Business
equity: Green brand image, Ethics
green satisfaction and green

Chen Y.S. (2010) trust 763 50,87

Vlachos P.A., Corporate social Journal of Academy of

Vrechopoulous, responsibility: Attributions, Marketing Science

A.P., Avramidis, loyalty and the mediating

P.K. (2009) role of trust 545 34,06
The effect of perceived trust  Tourism Management
on electronic commerce:

Kim M.J., Chung, Shopping online for tourism

N., Lee, C.K. products and services in

(2011) South Korea 437 31,21

Aguirre, E., Unraveling the  Journal of Retailing

Mabhr, D., personalization paradox:

Grewal, D., The effect of information

Ruyter K., collection and trust-building

Wetzels, M. strategies on online

(2015) advertisement effectiveness 375 37,50
The impact of electronic Internet Research
Word of mouth on a tourism
destination choice: Testing

Jalilvand M.R., the theory of planned

Samiei, N. (2012) behaviour 337 25,92
Role of electronic trust in  European Journal of
online retailing: A re- Marketing

Mukherjee A., examination of the

Nath, P. (2007) commitment-trust theory 331 18,39
Online purchasing tickets Tourism Management
for low cost carriers: An

Escobar- application of the unified

Rodriguez T., theory of acceptance and use

Carvajal-Trujilo, of technology (UTAUT)

E. (2014) model 327 29,73
Corporate social ~ Journal of Business

Hansen S.D., responsibility and  the Ethics

Dunford, B.B., benefits of employee trust:

Boss, A.D. A cross-disciplinary

(2011) perspective 319 22,79

Steenkamp How country characteristics ~ Journal of Marketing

J.B.Em., affect the perceived value of

Geyskens, 1. web sites

(2006) 313 16,47

Stanaland A.J.S.,  Consumer perceptions ofthe  Journal of Business

Lwin, M., antecedents and Ethics

Murphy, P.E. consequences of corporate

(2011) social responsibility 305 21,79
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Gen Y customer loyalty in
online shopping: An
integrated model of trust,

Computers in Human
Behaviour

Bilgihan A. user experience and

(2016) branding 283 31,44
A meta-analysis of online  Journal of Interactive

Kim Y., Peterson, trust relationships in E- Marketing

R.A. (2017) commerce 282 35,25
How to repair customer trust Psychology &
after negative publicity: The Marketing
role of competence,

Xie Y., Peng, S. integrity, benevolence and

(2009) forgiveness 281 17,56

Yousafzai S.Y., A proposed model of e-trust Technovation

Pallister, J., for electronic banking

Foxall, G. (2003) 245 11,14
Marketing strategies,  Journal of Rteailing
perceived risks, and and Consumer
consumer trust in online Services

Pappas N. (2016)  buying behaviour 234 26,00
Pro-social consumer  Journal of Marketing

Osterhus T.L. influence strategies: When

(1997) and how do they work? 231 8,25
The role of satisfaction and  International Journal

Casalo L.V., website usability in of Bank Marketing

Flavian, C., developing customer loyalty

Guinnaliu, M. and positive Word-of-mouth

(2008) in the e-banking services 231 13,59

Harris L.C., Online servicescapes trust, Journal of Services

Goode M.M.H and purchase intentions Marketing

(2010) 229 15,27
An analysis of antecedents  European Journal of

Sichtmann C. and consequences of trust in Marketing

(2007) a corporate brand 200 11,11
Investigating the drivers for ~ Journal of Retailing
social commerce in social and Consumer

Yahia I.B., Al- media platforms: Services

Neama, N., Importance of trust, social

Kerbache, L. support and the platform of

(2018) perceived usage 196 28,00
Role of halal-friendly Journal of Destination
destination  performances, Marketing &
value, satisfaction and trust Management

Al-Ansi A, Han, in generating destination

H. (2019) image and loyalty 194 32,33
When guests trust hosts for  Tourism Management
their words: Host

Tussyadiah I.P.,  description and trust in

Park, S. (2018) sharing economy 180 25,71

Shin D.H., Shin,  Why do people play social Computers in Human

Y.J. (2011) network games? Behaviour 178 12,71
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Tablo 6’da Tiiketici giiveni ve pazarlama konularinda yapilmis ve en yiiksek atif sayilarina sahip olan
calismalar listelenmektedir. Sirdeshmukh vd. (2002) ve Chen (2010) gibi arastirmacilar tiiketici gliveni
ve pazarlama iliskisi tizerine detayli caligmalar ve analizler sunarak alana Onemli katkilarda
bulunmuslardir.

Tablo 7: Konu ile Alakali En Fazla Calisma Yapan Kurumlar

Kurum Makale Sayisi Kurum Makale
Sayisi

University of

Nottingham 16 Rmit University 7

Coventry University 10 School of Management 7

Islamic Azad

University 10 University of Center Florida 7

Nova Southeastern

University 8 University of Malaya 7

Sun Yat Sen

University 8 Florida State University 6

University of North

Carolina 8 Kaunas University of Technology 6

University of

Zaragoza 8 Maastricht University 6

Business School 7 Shenzhen University 6
Universidade Federal do Rio Grande

Griffith University 7 Do Sul 6

Indian Institute

Management 7 University of Florida 6

Tablo 7, tiiketici giiveni ve pazarlama iliskine dair en fazla c¢aligma yayimlayan kurumlar
gostermektedir. 16 ¢aligma ile University of Notthingham listenin baginda gelmektedir. Ardindan ise 10
adet ¢alisma ile Coventry University ve Islamic Azad University gelmektedir.

Tablo 8: Calismalarda Sik Kullanilan Kelimeler

Yazar Anahtar Referanslardaki Ozette En Cok
Kelimeleri Kelimeler Kullamilan

Kelimeler
Kelime | Sikhik Kelime | Siklik Kelime | Siklik
trust 149 consumer trust 106 Trust 149
consumer trust 50 Satisfaction 92 Study 50
e-commerce 30 Impact 91 consumer 30
loyalty 24 Loyalty 81 consumers 24
marketing 21 consumer-trust 79 Online 21
purchase intention 20 Model 72 research 20
customer loyalty 18 e-commerce 64 Brand 18
corporate  social 57
responsibility 17 trust Marketing 17
satisfaction 17 commitment 51 Customer 17
social media 17 antecedents 48 Findings 17

Tablo 8 incelendigi zaman tiiketici giiveni ve pazarlama iliskisine dair yapilan ¢alismalarda siklikla
kullanilan anahtar kelimeler goriilmektedir. “Trust”, “Consumer Trust” gibi terimlerin siklikla
kullanilmasi bu kavramlarin bu alanda yapilan arastirmalarda etkili oldugunu gostermektedir. Tablo
8’de de goriildiigli tlizere tekrar edilen kelimeler “Yazar Anahtar Kelimeleri”, “Referanslardaki
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Kelimeler” ve “Ozette En Cok Kullanilan Kelimeler” olmak iizere 3 farkli kategoriye ayrilmustir. Bu 3
kategoride de “trust” ve “consumer trust” kelimelerinin bulundugu dikkat ¢ekmektedir.

relationship pyymasen

I I:IIIlSIIIIIBIS st

Imeslulléresearcn

wst.merlr“ nm“d
model ['"'"'

smenuoncﬂnsumer""““

Sekil 2: Calisma Ozetlerinde En Sik Kullanilan Kelimeler

Sekil 2’de arastirma kapsaminda incelenen ¢alismalarin 6zet kisimlarinda en sik tekrar edilen 30 kelime
gosterilmektedir. Sekil 2’de de goriildigii tizere “trust”, ve “consumer” kelimelerinden sonra en sik
tekrar edilen kelimeler “study”, “online”, “research” ve “marketing” kelimeleridir. Bu sekilde bir bulut
olusturarak en sik kullanilan kelimelerin kullanildigi kelime bulutu olusturmak i¢in R programinda
“bibliometrix” paketi icerisinde sunulan okuyucu icin gorsel kolaylik saglayan ozelliklerden bir
tanesidir. Kelime biiyiikliikleri o kelimelerin kullanim sikliklari ile dogru orantilidir ve dolayisiyla daha
biiyiik olan kelimelerin daha sik olarak ¢aligmalarda kullanildigini ifade etmektedir.

Year

CONGUMER THUST COSPORATE SOCM, FSERPONSIILITY CUSTOMER LOTALTY C-COMVWERCT ALY MARNETING PURCHAST INTENTION SATEIACTEN

Sekil 3: Yazar Anahtar Kelimelerinde Kullanilan Kelimelerin Yillara Goére Degisimi

Sekil 3’te ise bu arastirmada incelenmis olan ¢aligsmalarda yazarlar tarafindan en ¢ok kullanilan anahtar
kelimelerin son 10 y1l igerisindeki gelisim trendi goériilmektedir. Goriildigii iizere “trust” kelimesinin
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2017’den, “consumer trust” kelimesinin 2021’den ve “e-commerce” kelimesinin de 2023’ten itibaren
ivme kazandig1 anlasilmaktadir.

Bibliyometrik calismalarda incelenen calismalar ortak 6zelliklerine gore kiimelendirilmektedir. Bunun
sebebi okuyucularin ya da diger arastirmacilarin incelenen konuya iligkin biiyiik resmi daha kolay
godrmelerine yardimei1 olmaktir. Literatiirde “science mapping” bir bagka ifade ile “bilim haritalandirma”
olarak adlandirilan bu siirecin amaci calisilan disipline ait caligmalarin analizini ve gorsellestirilmesini
saglamaktir (Kurutkan ve Orhan, 2018). Bilim haritalandirma siirecinde amag calisilan konulari
kavramsal (conceptual), entelektiiel (intellectual) ve sosyal (social) yapilar baglaminda inceleyerek
birbirleri arasindaki baglantilar1 bulmak ve ortaya koymaktir (Bérner vd., 2003; Ergiin, 2016).

Sekil 4: Bagliklardaki Kelimelere Gore Calisma Konularinin Kavramsal Yapilari

Sekil 4’te basliklardaki kelimelere gore caligma konularinin kavramsal yapilart goriilmektedir. Bu
arastirma kapsaminda incelenen 446 calismanin da kavramsal yapilarini incelemek ve degerlendirmek
amaciyla makale isimlerinde kullanilan kelimelerin birbirleri ile olan baglantilar1 incelenmistir (co-
occurence analysis) (Aria ve Cuccurullo, 2017). Sekil 4’te yer alan analiz sonuglari incelendiginde
calisma bagliklarinin 4 temel baslikta kiimelendigi sOylenebilir: trust (giiven), consumer (tiiketici),
online, social(sosyal). Ayrica sekilde “giiven” ve “tiiketici” arasindaki bag ile “giiven” ve “online” ve
son olarak “gliven” ve “sosyal” arasindaki bagin ¢ok kuvvetli oldugu gorilmektedir. Kelimeler
arasindaki baglarin kalinlik ve koyuluk dereceleri kavramlar arasindaki iligkilerin kuvvetini
vurgulamaktadir.

Tablo 9: Alanda En fazla Calisma Yapnus Ulkeler

Ulke Yayin Sayisi Atif Sayisi
CHINA 243 5934
USA 226 2182
UK 126 1917
INDIA 101 101
SPAIN 73 1351
AUSTRALIA 55 227
MALAYSIA 47 289
SOUTH KOREA 46 46
BRAZIL 39 250
INDONESIA 38 103
CANADA 34 363
PAKISTAN 31 31
FRANCE 28 127
GERMANY 28 338
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Tablo 9, tliketici gliveni ve pazarlama ile iliskili yayin yapan iilkelerin analizini gostermektedir. Tabloda
goriildiigli iizere en ¢ok yayin yapmis olan {ilkeler, yaymm ve yayinlarinin aldigi atif sayilari
siralanmaktadir. Tablo incelendigi zaman Cin’in en fazla yayin ve atif sayisi ile listenin basinda
bulundugu goriilmektedir. Cin 243 yaymi ile 5934 atif alarak literatiire nemli katkilarda bulunmustur.
Ardindan ise 226 yayin ve bu yaymlarin aldig1 2182 atif sayisi ile Amerika sonrasinda 226 yayin ve
1917 atif ile ingiltere gelmektedir. Listenin alt siralarina bakildiginda ise Ispanya, Avusturalya,
Malezya, Brezilya, Kanada gibi iilkelerin de aldiklar1 atif sayilari ile bu alanda literatiire 6nemli katkilar:
oldugu goriilmektedir. Listede yer almayan Tiirkiye ise 11 galigma ve 88 atif sayisi ile literatiire katki
saglayan iilkelerden bir tanesidir. Ulkelerin ¢alisma ve atif sayilar1 degerlendirildigi zaman listenin ilk
siralarinda yer alan iilkelerin tiiketici giiveni ve pazarlama iliskisine yonelik calismalarda Snemli
etkilerinin oldugu goriilmektedir.

Sonug¢

Bu bibliyometrik analiz ¢alismasinda, 1995-2024 yillar1 arasinda Web of Science veri tabaninda
yayimlanmis olan 446 adet ¢alisma analiz edilerek pazarlama literatiiriinde tiiketici giivenini dikkate
alan caligmalara iliskin detayli bir degerlendirme sunulmustur. Bulgular, tiikketici giivenine iligkin
akademik ilginin ve uluslararasi ig birliklerinin yillar icerisinde kayda deger bir artis gosterdigini ortaya
koymaktadir. Calisma verilerine gore 1995-2006 yillar arasinda ¢ok ilgi gérmeyen bir konu iken 2014
ve sonrasinda alana olan ilginin hizl1 bir sekilde arttig1 goriilmektedir. Tiiketici giiveni kavraminin artan
Onemi igletmelere ve markalara gelecek i¢in 6nemli stratejiler sunmaktadir. Yine benzer bir sekilde 368
tanesini makalelerin ve hemen sonrasinda 41 tanesini kongre bildirilerinin olusturdugu 446 adet
calismanin konuya iligkin literatiirii zenginlestirdigi de dikkat ¢ekmektedir.

Calisma bulgulari icerisinde de goriilecegi iizere konuya iliskin en ¢ok ¢alisma yayimlayan dergilerin
sirastyla International Journal of Bank Marketing, Asia Pacific Journal of Marketing and Logistics,
Journal of Islamic Marketing ve Marketing Intelligence and Planning dergileri oldugu dikkat
¢ekmektedir.

Literatiirde yapilan ¢alismalar incelendigi zaman en ¢ok tekrar ve tercih edilen anahtar kelimelerin
“trust”, “consumer trust” sonrasinda ise tiiketici giiveni ile iliskilendirilen “satisfaction” ve “impact”
kelimeleri oldugu goriilmektedir. Pazarlamada literatiiriinde her gecen yil daha da dikkat ¢eken bir konu
olan tiiketici giiveninin 6nemi benzer bir bicimde Cetinkaya Bozkurt ve Giirbiiz tarafindan 2016 yilinda
yapilmis olan ¢alisma sonuglarinda da ulagilmistir. Caligma sonuglarina gore 2008-2016 yillar1 arasinda
Pazarlama ve Pazarlama Arastirmalar1 Dergisinde yayimlanmis olan 75 makalede en ¢ok kullanilan
anahtar kelimenin “tiiketici gliveni” oldugu dikkat cekmektedir (Cetinkaya Bozkurt & Giirbiiz, 2016:

18).

Tiiketici giiveni, marka bagliligi ve miisteri sadakati kavramlariyla iligkilendirilmekte oldugu icin
isletmeler ve markalar i¢in oldukga 6nemlidir. Akademik ¢aligmalar, tiiketici gliveninin tiiketicilerin
marka sadakati ve baglilig1 ve satin alma niyetleri iizerinde etkileri oldugunu ortaya koymaktadir. Bu
sebeple tiiketici gliveninin 6nemsenmesi ve buna yonelik stratejilerin olusturulmasi, benimsenmesi ve
tercih edilmesi uzun vadede is basarisini da 6nemli bir bicimde etkileyecektir. Geleneksel veya dijital
fark etmeksizin pazarlama taraflarin karsilikli giivenine dayanan bir iligki bigimidir. Dolayistyla gliven
pazarlama olmazsa olmaz kabul eden 6nemli bir deger ve kavramdir. Tiiketicilerin olumlu deneyimler
yasamasi ile olusan giiven ilerleyen asamalarda marka sadakatine doniismektedir. Marka sadakati ise
bugiiniin pazarlama diinyasinda isletmelerin ulagsmak istedikleri nihai hedeflerden bir tanesidir.

Teknoloji ile gelinen noktada potansiyel tiiketiciler dijital diinyaya son derece uyumlu bir hayat
siirmektedirler. Dolayisiyla da yasam aliskanliklar1 buna uygun bir sekilde evrimlesmekte ve uyum
gostermektedir. Bugiiniin ve gelecegin potansiyel tiiketicileri, geleneksel pazarlama araglarini tercih
ettikleri kadar dijital pazarlama araglarindan da faydalanmaktadirlar. Dijital pazarlama araglar1 sosyal
medya platformlari, arama motorlar1 web siteleri, mobil uygulamalar ve diger pek ¢ok teknoloji
araglarindan olusmaktadir ve internete erisimi olan pek cok birey tarafindan tercih edilmektedir. Oyle
ki artik geleneksel pazarlamanin yerine gectigi sdylenen dijital pazarlama her an her saniye hayatin
icerisinde goriilebilmektedir. Ancak Kotler, Kartajaya ve Setiawan (2017)’in de ifade ettigi gibi dijital
diinyanin ve dijital pazarlamanin avantajlarindan her sekilde faydalanilsa bile geleneksel pazarlamadan
vazgegilmesi miimkiin degildir. Geleneksel pazarlamadan vazge¢cmek yerine dijital pazarlama ile
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geleneksel pazarlamayi bir arada kullanarak ¢ok kanalli aligveris deneyimleri yaratmak yeni hedefler
arasinda yer almaktadir. Dolayisiyla bu kadar i¢ ice gegmis iki kavramin birbirine benzer olmasi da
kacinilmazdir. Bugiine kadar var olan geleneksel pazarlamada tiiketici giiveni ne anlama gelmekteyse
dijital pazarlamada da ayni1 anlama gelmektedir. Bu sebeple yasam her ne kadar dijitallesirse dijitallegsin
tiikketicilerin isletmelere ya da markalara duydugu giiven her zaman 6nemli olmaya ve tiiketici satin alma
kararlarini etkilemeye devam edecektir.

Sonug olarak bu ¢alisma, pazarlamada tiiketici giivenini inceleyen akademik galigmalarin kapsamli bir
degerlendirmesini sunarak tiiketici giivenine iligkin ¢aligmalarin gelistirilmesine katkida bulunmay1
amaglamaktadir. Bu calisma ayrica farkli bakis agilarimi da gelistirmek ve desteklemek amaciyla
pazarlamada tiiketici giivenini inceleyen arastirmacilara farkindalik yaratabilir. Bu baglamda arastirma
bulgulariin gelecekte yapilacak olan ¢aligmalara bir yol haritasi sunmasi, akademik literatiire katki
saglamasi hedeflenmektedir. Tiiketici giiveni, geleneksel ya da dijital her daim tiiketici satin alma
kararini etkileyen unsurlardan biri olacaktir. Bu baglamda karar vericiler, pazarlama alaninda yetkili
kisiler bu calismadan faydalanabilir ve tiiketici gliveni merkezli yeni stratejiler olusturabilirler. Bu
calisma pazarlamada tiiketici giliveni alaninda ¢aligma yapan arastirmacilara onemli bir kaynak
olmasinin yani sira birtakim kisitlara sahiptir. Calismada incelenmis olan kaynaklar Web of Science veri
tabani ile sinirlandirilmistir. Her ne kadar Web of Science veri tabani ile ulusal ve uluslararasi pek ¢ok
kaynaga ulasmak miimkiin olsa da arastirma sadece Ingilizce dilinde gerceklestirilmistir. Dolayisiyla
diger dillerde yapilmis olan c¢alismalar bu calisma icerisinde degerlendirilememistir. Gelecekteki
arastirmacilar benzer bir ¢aligmay1 farkl dillerde gerceklestirebilirler.
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ABSTRACT

Wood has been used for heating, shelter, and hunting since the dawn of humanity. Throughout history,
the uses of wood have diversified with technological advancements. Today, wood, both as solid wood
and wood products, plays a significant role in many areas of human life. However, it has also been
observed that wood possesses negative characteristics that limit its use or create problems during
application. The structural properties of wood, such as its ability to absorb and release moisture, loss of
dimensional stability, susceptibility to biological decomposition, and damage from various pests,
contribute to problems in its use.

Thermal modification, also known as densification, is one of the most suitable methods for using low-
specific-gravity wood. It is applied to improve the quality of wood, protect it from external factors, and
expand its areas of use. The fact that no chemicals are used in thermal densification and that it is an
environmentally friendly application is one of its most important advantages. Densification is generally
applied to low-density wood types to improve dimensional stability, hygroscopicity, durability, and
mechanical properties. In this study, Larex (Larix decidua) samples prepared according to the ISO 3129
standard were dried in an automatically controlled drying oven until an average moisture content of 12%
was reached. To achieve a temperature of 120°C and compression ratios of 25% and 50%, the test
samples to be compressed were brought to two different thicknesses (13.33 mm and 20 mm). The
compressive strength value in the control sample was 56.97 N/mm?, while the highest value was
determined to be 105.38 N/mm? at a compression ratio of 50%.

Key Words: Wood properties; Termo-mechanic densification; Heat treatment; Pressure strength;
Forests.

INTRODUCTION

The Finnish Technical Research Center (VTT) has carried out significant work on industrial heat
treatment applications. Wood can be heat-treated in various ways (Finland-ThermoWood, Netherlands-
Plato method, Germany-Qil heat treatment, France-Retification and Le Bois Perdure). Among these
methods, the one developed by VTT and commercially most reputable in Europe is known as
"ThermoWood" (Aydemir and Giindiiz, 2009; Korkut, 2009; Giiller, 2012).

Another thermal modification method, known as densification, is applied to improve the quality of
wood, protect it against external factors, and expand its areas of use. The fact that no chemical substances
are used in thermal densification and that it is an environmentally friendly application is one of its most
important advantages. Density enhancement, often applied to low-density tree species, improves
dimensional stability, hygroscopicity, durability, and mechanical properties (Wang et al., 2000;
Welzbacher et al., 2008; Tosun and Sofuoglu, 2021).

Wood has been used for heating, shelter, and hunting since the dawn of humanity. Throughout history,
the uses of wood have diversified with technological advancements (Bozkurt and Erdin, 1997). Today,
wood, both as solid wood and wood products, plays a significant role in many areas of human life.
However, it has also been observed that wood possesses negative characteristics that limit its uses or
create problems during its application. These include its ability to absorb and release moisture due to its
structural properties, loss of dimensional stability, susceptibility to biological decomposition, and
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damage from various pests, all of which can create problems in its areas of use (Mayes and Oksanen,
2002; Karakas, 2008).

Agac The density of wood is an important factor that gives an idea about its other properties and
usability. For example, heavy wood has greater strength, flexibility and hardness than light wood (Ors
et al.,2008). Low-density and commercially unattractive wood species can be modified by densification
processes to become high-performance and valuable products. Even in woods with relatively high
density, hardness and strength properties can be further improved by densification processes (Nairn,
2006).

Wood can be densified by compressing it under pressure, impregnating the cell walls with certain
chemicals, or by using compression and impregnation together (Rowel et al. 1987). In densification with
chemical substances, liquid natural and artificial resins are impregnated into the voids of the wood
material, and then solidified in place by chemical reaction or cooling to obtain wood material with
increased density (Kamke,2006). In densification by compression, the void volume of the wood material
is reduced and the cell wall is collapsed to achieve densification (Pelit, 2014).

A significant disadvantage of the compression densification method is that if the densified wood is
exposed to high levels of moisture or water, it returns to its initial dimensions before compression. This
is due to the expansion of the cell wall under the influence of water, the relief of internal stresses in the
material structure caused by compression, and especially the tendency of the cell to return to its original
shape (Seborg,1956). One of the wood material modification methods, which is increasingly used to
improve some properties of wood material (dimensional stability, biological resistance, etc.) and expand
its usage area, is heat treatment (Pelit,2014).

The main objective of this study was to increase the durability of low-density wood materials using this
method. Avoiding chemical treatment is a significantly important approach from the perspective of
human and environmental health.

METHODOLOGY
Wood Material

For this study, Larex (Larix decidua) wood, which is commonly used in the furniture industry, was
chosen. The wood was sourced as slats from randomly selected timber from Trabzon timber yards, and
was not subjected to technical drying. Care was taken to ensure the wood material was free of rot,
knots, voids, and uneven fibers.

Densification

Wood test samples were densified in an open system using the Thermo-Mechanical (TM) method by
compressing them at a press temperature of 120°C for 15 minutes. The densification process was carried
out in a specially designed hydraulic press with table dimensions of 60x60 cm, capable of temperature
and pressure control, located within the Faculty of Forestry at Artvin Coruh University, at a loading
speed of 60 mm/min in the radial direction. The densified materials were held under the press for 15
minutes, then removed from the press and allowed to cool to room temperature under a pressure of 5
kg/cm2 to minimize the springback effect.

Preparation of Test Samples

Layered test specimens were obtained from the sapwood portion of logs of the tree species, in
accordance with the principles specified in the TS 1ISO 3129 standard. The prepared coarse-sized wood
materials were left to dry in natural climatic conditions until they reached the required moisture content.
The aim was to obtain a thickness of 20 mm by compression and densification. For this purpose, test
specimens measuring 430 mm x 85 mm were prepared in two different thicknesses of 25 and 33.3 mm,
to be densified with compression ratios of 20%, 40%, and 50%. Afterwards, the test specimens were
kept in a climate chamber at 20 + 2°C and 65 + 5% relative humidity until they reached a constant
weight and a moisture content of 12%, according to TS 2471.
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Compressive Strength [N/ mm?]

Compressive strength samples in the direction parallel to the fibers were prepared according to the
principles specified in the TS 2595 standard. Sample dimensions and experimental setup are given in
Figure 1. The universal test mechanism used in the compressive strength tests of the samples was
designed to ensure that fracture occurs within 1.5-2 minutes from the moment of loading. Before the
tests, the cross-sectional area where the force is applied was measured, and the maximum force at
fracture (Fmax) was determined. The compressive strengths (ob) were calculated using the following
formula: cb=Fmax/axb

a,b: Sample cross-sectional dimensions (mm)- Fmax: Force at fracture (N)

CONCLUSION AND DISCUSSION

The compressive strength values obtained according to wood type and fabric type are given in Table 1.
Table 1. Compressive Strength Values (N/mm?)

Compressive Strength Values X HG
Control 69.64 C
%25 72.05 B
%50 81.56 A
LSD: 8.419 HG: Homogeneity Group

The highest compressive strength value in terms of compression ratio was determined at 50% (81.56
N/mmz2), and the lowest was in the control sample (69.64 N/mm2). This indicates that the resistance
may vary depending on the amount of pressure, wood anatomy, and wood type. Compared to the control
sample, both the 20% and 50% compressive strength values showed a significant increase. Many
literature studies have also detected significant increases in specific gravity, surface hardness, surface
gloss, various mechanical properties, etc.)

As a result of heat treatment and increased processing temperature, air-dry density values decreased.
These decreases can be explained by the mass losses and the decrease in equilibrium moisture content
in the samples due to heat treatment. In the literature, it has been stated that mass loss plays an important
role in density losses due to heat treatment (Y1ldiz,2002; Pergin,2012). In addition, it has been stated
that the main reasons for the decrease in wood material density after heat treatment are; the conversion
of wood components, mainly hemicellulose, into volatile products during heat treatment, the evaporation
of extractive substances, and the lower equilibrium moisture content as a result of the wood being less
hygroscopic due to heat treatment (Korkut,2019).

By using readily available and inexpensive wood materials in our country, laminated solid wood
materials, which are generally produced at a high cost using only one type, can be manufactured more
cheaply using fiberglass fabric. This also ensures dimensional stability, making them suitable for use in
interior and exterior building spaces in areas with high earthquake risk. Thus, extending the lifespan of
the material will provide significant economic advantages.
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ABSTRACT

As Glass fiber is used in many different fields and is a sought-after material, especially in the
construction sector. In addition, glass fiber is frequently used in the aviation, automotive, and
transportation sectors. Glass fiber is also used in fabric production. The use of glass fiber fabric dates
back 300 years. One of the applications of glass fiber is in the defense industry, in the manufacture of
ballistic shields (not as the main material, but as a reinforcing element, which is its best function). Glass
fiber also finds its place in the textile sector. This material is one of the important materials used in mold
and part manufacturing. In the shipbuilding sector, it can be used in ship hulls. It is also used in sports
and hobbies in the manufacture of many materials such as fishing rods, bows, and arrows. This material
can be used as a reinforcing element in the construction of tanks used for transporting and storing all
kinds of other materials.

The rapid depletion of forest resources, drought, and climate change have significantly increased the
importance of using wood as a material. Therefore, the effects of glass fiber fabric reinforcement on the
compressive strength of Scots pine wood have been investigated. Experimentally, woven glass fiber
fabrics with weights of 200, 300, and 400 g/m? and oriented in a 0°-90° direction were used and applied
to the tangential surfaces with epoxy resin. Subsequently, the change in the compressive strength of the
wood material was measured using a universal testing machine. The compressive strength value was
determined as (47.25 N/mm?) in the control sample and (64.56 N/mm?) in the woven glass fiber fabric
400 g/m? (WGFF200).

Key Words: Resistance, Fiberglass fabric, Epoxy resin, Pressure resistance; Wood.

INTRODUCTION

Glass fiber yarn F9 air filter paper is primarily composed of glass fiber and is produced by a wet-laying
process similar to methods used in paper production. It is a very strong and durable product. It has an
extremely consistent structure and exhibits good mechanical performance. Glass fiber F9 filter paper is
the main material of air filters. These filters can be used for air filters in air conditioning systems such
as the medical, food, electronics, textile industries and high-quality office/entertainment industries. It
offers an inexpensive method for ventilation processes. Fiberglass F9 air filters are more efficient the
longer they are installed in the filter system. Glass fiber F9 filters can get rid of dust and debris that can
be very small (URL-1).

Laminated wood material, which is becoming increasingly common in the woodworking industry, is
defined according to TS EN 386 as a structural element obtained by gluing wood veneers parallel to
each other. The moisture difference between the layers forming the laminated element should not exceed
4%. Otherwise, stresses resulting from different working conditions may exceed the tensile strength
perpendicular to the fibers, causing cracks. In addition, the relative humidity of the environment where
the lamination process is carried out should be between 40-70%, and the temperature should be at least
15°C (Keskin et al. 2003).

In recent years, engineers and technical personnel have been making intensive efforts to obtain more
useful materials by combining materials such as concrete, steel, wood, stone, plastic, and glass in various
shapes and proportions. In addition, new materials such as high-strength glass, carbon, boron, and
aramid fiber are being developed. While these developed materials were initially used in high-risk
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applications, they later began to be used in structural applications. Today, using wood as a single piece
in large-sized structural elements in wooden structure design is not feasible from both a technical and
economic point of view. In addition, the possibilities of using wood as a single piece in the production
of load-bearing elements are limited. Because it is not possible to completely eliminate the defects such
as spiral grain, knots, cracks, etc. found in wood material. This situation significantly affects the safety
of the wooden structure (Ekinci 2004).

In recent years, studies have shown that wood is laminated with some materials other than wood, and
different composite products are obtained in this way. Below are some scientific studies found in the
literature research on the lamination process. Determination of some physical and mechanical properties
of wood laminated elements prepared from Scots pine (Pinus sylvestris L.) wood, with support elements
(plaster mesh, fiber wire mesh, aluminum wire mesh) placed between the lamellas in 9 layers and glued
with PVAc-D3 glue [8], determination of some technological properties of laminated Scots pine material
reinforced with glass and carbon fiber [9], determination of some physical properties of wood structural
elements reinforced with glass fiber fabric (Togay et al 2014; Bal et al. 2015).

Bal et al. (2015) in the results of the bending strength test of plywood reinforced with glass fiber woven
fabric. Some of the important differences between this study and previous studies are; the weaving
properties of the reinforcement material, the gram weight of the reinforcement material, the location
where the reinforcement material is applied in the laminated wood material, the type of glue used, the
pressing pressure, and the pressing temperature. They interpreted the differences in the results obtained
as an expected outcome, given the differences in this regard compared to previous studies.

This was investigated by Laufenberg et al. (1984). Their study reported that the least costly
reinforcement could be achieved using E-glass fiberglass and phenol formaldehyde. A study by Basterra
et al. (2012) examined some mechanical properties of poplar beams produced with the 1-214 poplar
clone. Fiberglass woven, carbon fiber woven, and flax fiber woven reinforcements were used. The tests
showed that only the differences in reinforcement using carbon fiber were statistically significant.
Ribeiro et al. (2009) conducted a study on the reinforcement of glued laminated timber beams made
from Maritime pine with fiberglass and pultrusion boards. The data from this study showed that
reinforcement with fiberglass did not have a statistically significant effect on the modulus of elasticity
of the test samples. Rowland et al. (1986) conducted experiments on laminated timber material made
from maple using 10 different types of glue and many different forms of fiberglass, graphite fiber, and
Kevlar. According to the data obtained, they stated that the most successful type of adhesive is epoxy
and the most suitable fiber for reinforcement is glass fiber.

Wood is an organic-based structural material obtained from trees, which have a living structure, and has
a heterogeneous, fibrous structure in terms of texture. At the same time, its ease of processing and its
molecular and chemical structure, which allows it to be used for a wide variety of purposes, have made
it the most preferred material as a technical material by humankind for centuries. In addition, its fibrous
structure has caused it to show high strength and flexibility in engineering applications (Oztiirk, 2006).
Although there are alternative materials such as steel and plastic as substitutes for solid wood in some
applications, the superiority of wood over these materials, both as a natural engineering material and as
a sustainable and renewable product, remains valid today (Colakoglu, 2004).

Advantages such as its sustainability and ease of supply, which complement its mechanical and physical
properties, also increase the demand for wood. Thanks to these properties, wood, which was preferred
as a building and furniture material in the past, is now used in many areas as a packaging material with
the developing industry. In particular, the demand of the packaging and pallet industry made from timber
shows a derivative demand characteristic when timber production is considered. That is, the growth of
the country's industry, the increase in exports also increases the demand for pallets and packaging
(Special Commision, 2014).

This study aimed to increase the scale and scope of wood usage, and to optimize its technological
properties by using fiberglass and carbon fiber fabrics in applications such as earthquakes, fires, various
natural disasters, indoor/outdoor furniture, wooden bridges, restoration of historical artifacts, and in
swamp/water-contact areas. This research will also make significant contributions to science and
technology in the coming century.
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METHODOLOGY
Wood Material

Sandwich panel boards were produced by covering the top and bottom surfaces (tangential surfaces) of
the wood material with strength-enhancing fabrics. To produce sandwich panel boards, one coniferous
and one broadleaf tree species were chosen as the core material to represent different specific gravities.
Turkish red pine (Pinus brutia Ten), frequently preferred in horizontal/vertical load-bearing and
decorative applications in the Turkish construction industry, was selected as the experimental material.
The wood material was obtained from the Adana/Karaisali forest enterprises using a completely random
method, and care was taken to ensure the timber was flawless, its fibers were straight, free of splinters,
without reaction wood, and free from sapwood and fungal/insect damage.

Covering Material

Layered composite structures generally contain a core material. This core material should generally be
lightweight, hard, and durable. For the core material, solid wood was selected, and as a strength-
enhancing reinforcement element, 0-90° bidirectional woven glass fiber fabric in 200, 300, and 400 g/m?
variations, 0-90° bidirectional woven carbon fiber fabric at 200 g/m?, and ready-to-use shredded glass
fiber in rolls at 450 g/m? with a yarn length of 5 cm were used.

Adhesive Material

The third step is to control the potential ethical issue and align them with the goals of the ethical system.
The ethical risks must be fully identified, and the security requirements necessary to overcome perilous
situations must be formed at this stage. Another main point is that artificial intelligence systems are
designed, programmed, or developed according to their purpose. In determining the ethical possibilities,
the design and architecture of the artificial intelligence system should be analysed according to the
possibilities of inducing any ethical violations. The system's potential to meet security requirements
should be evaluated, and if necessary, it must be reconfigured and validated.

Preparation of Test Samples

Test samples were first cut into 2x5x75 cm blanks according to TS ISO 3129 standards. To determine
their moisture content, they were kept in a climate chamber at 20+£2°C and 65+5% relative humidity
according to TS ISO 13061-1 standards until they reached 12% moisture. The test samples were
prepared as follows: 1 control and 5 replicates, and 6 fabric and fiber types. The final dimensions of the
double-sided coated test samples for compressive strength are 30x20x20 mm.

Coating of Experimental Samples

Since there were only a few samples for coating the wood material, the "hand lay-up method," which is
commonly used at low production levels, was preferred. In this process, liquid resin, prepared by mixing
it with a hardener as an adhesive, was applied to both the reinforcement material (fabric and shredded
fiber) and the surface of the wood material used as the core with a roller. After the reinforcement material
is coated on the wood material, it is subjected to a rolling process until the resin hardens. Air bubbles
trapped between the resulting sandwich panels are removed by rolling. This rolling process is repeated
intermittently after each layer of reinforcement material application. Then, the sandwich panels, which
are left to cure at room temperature for 24 hours, harden the material through chemical reactions
occurring in the resin, allowing for the production of high-strength and lightweight products.

Compressive Strength [N/mm?|

Compressive strength samples in the direction parallel to the fibers were prepared according to the
principles specified in the TS 2595 standard. Sample dimensions and experimental setup are given in
Figure 1. The universal test mechanism used in the compressive strength tests of the samples was
designed to ensure that fracture occurs within 1.5-2 minutes from the moment of loading. Before the
tests, the cross-sectional area where the force is applied was measured, and the maximum force at
fracture (Fmax) was determined. The compressive strengths (cb) were calculated using the following
formula: cb=Fmax /axb
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a,b: Sample cross-sectional dimensions (mm)- Fmax: Force at fracture (N)

CONCLUSION AND DISCUSSION

The compressive strength values obtained according to wood type and fabric type are given in Table 1.
Table 1. Compressive Strength Values According to Fabric Type (N/mm?)

Fabric Type (B) X HG
Control (CONTROL) 47.25 D
Woven Glass Fiber Fabric 200 gr/m2 (WGFF200) 55.68 C
Woven Glass Fiber Fabric 300 gr/m2 (WGFF200) 59.27 B
Woven Glass Fiber Fabric 400 gr/m2 (WGFF200) 64.56 A
LSD: 8.419 HG: Homogeneity Group

When the table is examined, the highest compressive strength value was determined for woven
fiberglass fabric 400 gr/m2 (WGFF200) at 64.56 N/mm2, while the lowest compressive strength value
was determined in the control sample at 47.25 N/mm?. A significant increase in compressive strength
was observed compared to the control sample. This can be attributed to the adhesive and fabric density
structure.

Karaman et al. (2018) prepared laminated materials from chestnut (Castenea sativa) wood using
polyvinyl acetate (PVAc-D4) and polyurethane (PU-D4) adhesives to determine the four-point bending
strength of glass fiber reinforced wood laminated materials used in strengthening wood laminated
materials obtained from wood. To increase the strength of the laminated elements, they preferred 100
gr/m2 plain loosely woven (Type 1) and 200 gr/m2 plain tightly woven (Type 2) glass fiber fabrics.
According to the experimental results, the highest static bending strength parallel to the glue line (85.20
N/mm2) was observed in the laminated samples using Type 2 glass fiber fabric (200 gr/m2 loosely
woven) and polyurethane (PU-D4) adhesive, while the lowest value (75.10 N/mm2) was observed in
the laminated samples without glass fiber fabric between the layers. They reported that it was detected
in control group laminated samples using polyvinyl acetate (PVAc-D4) glue.

Giiler et al. (2012) In a study, some mechanical properties of laminated material reinforced with glass
fiber and carbon fiber in different ratios on solid Scots pine were investigated. As a result of the research,
it was stated that the mechanical properties of laminated material reinforced with glass fiber and carbon
fiber were better.

By using readily available and inexpensive wood materials in our country, laminated solid wood
materials, which are generally produced at a high cost using only one type, can be manufactured more
cheaply using fiberglass fabric. This also ensures dimensional stability, making them suitable for use in
interior and exterior building spaces in areas with high earthquake risk. Thus, extending the lifespan of
the material will provide significant economic advantages.
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ABSTRACT

The aim of this study is to evaluate the epidemiological distribution and economic impacts of brucellosis,
tuberculosis, and paratuberculosis in cattle sent for compulsory slaughter, based on official slaughter
records from 2024 onward. The research was conducted using retrospective records obtained from a
slaughterhouse operating under the supervision of the Provincial Directorate of Agriculture and Forestry
in Adana and surrounding provinces. The number of animals sent for slaughter, total carcass weight,
and compensation payments to producers were analyzed according to disease type. Payments are
converted to US dollars using the effective selling exchange rates of the Central Bank of the Republic
of Tiirkiye. According to the findings, a total of 257 cattle were compulsorily slaughtered during the
study period, with a total carcass weight of 47,818 kg. Paratuberculosis ranked first in terms of both the
number of animals slaughtered and total payments, followed by tuberculosis and brucellosis. It was
determined that a total of US$205,751 in compensation payments were made to producers. Furthermore,
it is estimated that implementing formal pre- and post-slaughter inspection procedures for animals at
risk of zoonotic infections has prevented approximately 1.000.000 people from being exposed to
foodborne infections. In conclusion, the findings of this study demonstrate that chronic and zoonotic
infections not only cause significant economic losses in livestock production but also pose significant
risks to public health. In this context, effective surveillance, early detection, and integrated control
programs are essential components for ensuring sustainable livestock production and protecting public
health.

Keywords: Brucellosis, Tuberculosis, Paratuberculosis, Foodborne Infections, Livestock.

INTRODUCTION

Animal production represents a cornerstone of global food security; however, zoonotic and chronic
infectious diseases constitute some of the most significant threats to the sustainability of this sector. In
cattle populations in particular, brucellosis, tuberculosis, and paratuberculosis are widely prevalent and
are associated not only with substantial per-animal productivity losses but also with trade restrictions
and direct risks to public health. The “One Health” framework, as endorsed by the World Health
Organization (WHO) and the World Organisation for Animal Health (WOAH), emphasizes that the
eradication of these infections is imperative not only for veterinary health management but also for the
safeguarding of human health (Zinsstag et al., 2020).

Brucellosis continues to maintain its endemic status in the Mediterranean basin, including Tiirkiye, and
leads to substantial economic losses for breeders not only through marked reductions in milk and meat
yield but also through abortion cases. Recent studies identify uncontrolled animal movements and
inadequate biosecurity practices as the principal factors underlying the failure to achieve effective
disease control (Ghssein et al., 2025; Moriyon et al., 2023). Similarly, Mycobacterium bovis, the
causative agent of bovine tuberculosis, imposes a significant burden on the livestock economy,
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particularly in developing countries. It continues to represent a serious zoonotic threat through
transmission to humans via the consumption of unpasteurized milk and dairy products, as well as
contaminated meat and meat products. The literature further discusses the cost-effectiveness of bovine
tuberculosis eradication programs and emphasizes that post-mortem inspections conducted in
slaughterhouses constitute one of the most critical components of surveillance systems (Blanco et al.,
2022).

Paratuberculosis, a chronic infectious disease, is regarded as one of the most challenging conditions to
diagnose due to its insidious and frequently subclinical progression. Beyond causing a 10-25%
reduction in milk yield, the disease is associated with significant live weight loss due to cachexia and a
consequent marked decline in carcass value. In the contemporary literature, paratuberculosis is
described as a “silent thief” within the cattle industry, with particular emphasis on opportunity costs
especially those related to herd replacement (replacement costs) as constituting a substantial proportion
of the overall economic burden (Rathnaiah et al., 2017; Whittington et al., 2019). In a comprehensive
analysis conducted by Rathnaiah et al. (2017), the economic impact of paratuberculosis was
demonstrated with striking data, estimating that annual losses to the United States cattle industry range
between USD 250 million and 1.5 billion. Moreover, studies employing advanced statistical
methodologies, including Bayesian approaches, have indicated that the true prevalence of this pathogen
in dairy operations may exceed 90%. These findings suggest that the burden of “hidden infection” may
be considerably greater than previously anticipated.

Despite the implementation of eradication and test-and-slaughter compensation programs in Tiirkiye,
data derived from animals sent to slaughter due to these three diseases constitute one of the most tangible
indicators for assessing the infection burden in the field. However, analyses of the associated economic
losses particularly those calculated on the basis of carcass weight and current exchange rates (USD-
based) remain limited in the literature.

The aim of this study is to analyze the epidemiological distribution of cattle subjected to compulsory
slaughter due to brucellosis, tuberculosis, and paratuberculosis by utilizing official slaughter data from
2024, and to provide an up-to-date perspective by evaluating the direct economic impacts of this process
based on carcass value.

However, this analysis is not limited solely to the identification of financial losses; it also seeks to
emphasize the critical importance of control mechanisms that prevent the entry of these zoonotic
pathogens into the food chain in terms of food safety. In this regard, the study aims to demonstrate the
indispensable role of sustainably disposing of infected materials in protecting public health, thereby
offering a contemporary perspective that contributes to the “One Health” framework spanning animal
production and public health.

METHODOLGY
Study Area and Data Sources

This study was conducted in a high-capacity slaughterhouse facility located in Adana Province, one of
the regions of strategic importance for livestock production in Tiirkiye. The primary material of the
study consisted of retrospective slaughter data covering the period from January to December 2024,
obtained from official record systems maintained under the supervision of the Provincial Directorate of
Agriculture and Forestry.

Data Collection and Classification

Within the scope of the study, data pertaining to cattle subjected to “compulsory slaughter”
(compensated or conditional slaughter) due to diagnoses of brucellosis, tuberculosis, and
paratuberculosis were obtained from digital record systems. The retrieved data were transferred to
Microsoft Excel and systematically classified for analysis.

The following parameters were evaluated:

° Number of animals slaughtered according to disease type,
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° Province-level disease prevalence,
° Carcass weights (kg) determined following post-mortem inspection,
° Carcass unit prices established by official appraisal commissions.

Epidemiological Evaluation

The epidemiological assessment of the cases was conducted based on the monthly distribution of disease
prevalence and the proportional contribution of each infection type to the total number of slaughters.

Ante-mortem (pre-slaughter) and post-mortem (post-slaughter) inspections performed on animals
referred for slaughter were carried out by official veterinarians in accordance with Law No. 5996 on
Veterinary Services, Plant Health, Food and Feed and the relevant secondary legislation, forming the
basis of the routine control procedures applied within the scope of this study.

Economic Analysis Method

The “Market Price Method” was employed to calculate direct economic valuation in this study. To
ensure the comparability of the economic data with the global literature, payments made in Turkish Lira
(TRY) were converted into United States Dollars (USD) based on the effective selling exchange rates
of the Central Bank of the Republic of Tiirkiye (CBRT) on the respective slaughter dates. The total
economic value represents the overall compensation or payment amount calculated by multiplying
carcass weight, number of animals, and the relevant unit price parameters for the corresponding period.

Public Health Projection

The impact analysis aimed at preventing zoonotic infection risk was conducted based on the per capita
annual red meat consumption data for 2024 provided by the Ministry of Agriculture and Forestry and
the total carcass amount (47,818 kg) obtained in this study. In this calculation, the number of individuals
potentially protected from the risk of foodborne infections through the safe inclusion of infected
materials into the food chain via controlled slaughter practices was mathematically modeled.

RESULTS AND DISCUSSION

In this study, data pertaining to cattle referred for slaughter following the diagnosis of brucellosis,
tuberculosis, and paratuberculosis in 2024 were evaluated, and the epidemiological distribution and
economic impacts of these diseases were determined. The findings indicate that chronic zoonotic
infections impose a considerable economic burden on the livestock sector and pose significant risks to
public health. Data regarding the number of animals referred for slaughter according to disease type,
total carcass weights, and corresponding economic values are presented in Table 1.

Paratuberculosis ranked first in terms of the number of animals referred for slaughter (Table 1, Figure
1). This finding may be attributed to the long incubation period and predominantly subclinical
progression of the disease, which facilitates undetected transmission within herds. Indeed, Ott et al.
(1999) and Barkema et al. (2018) reported that paratuberculosis leads to significant productivity losses
and compulsory culling at the herd level. The higher total economic loss associated with
paratuberculosis observed in the present study (Table 1, Figure 2) is consistent with these reports in the
literature.

Tuberculosis cases ranked second in terms of both the number of animals referred for slaughter and total
carcass weight (Table 1, Figure 1). Considering the zoonotic potential of Mycobacterium bovis
infections, the referral of infected animals for slaughter represents not only an economic necessity but
also a critical measure for the protection of public health (Thoen et al., 2006; Michel et al., 2010). As
emphasized in OIE (2022) reports, the identification and controlled slaughter of infected animals
constitute the cornerstone of official control programs. In this study, the substantial economic losses
attributable to tuberculosis cases (Table 1, Figure 2) provide a concrete indication of the sectoral impact
of existing control measures.

Brucellosis was represented by a comparatively lower number of animals referred for slaughter than the
other two diseases (Table 1, Figure 1). Nevertheless, despite the relatively lower number of affected
animals, the zoonotic nature of brucellosis maintains its public health significance. Godfroid et al. (2013)
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emphasized that the eradication of brucellosis is of critical importance not only for animal health but
also for human health. The relatively limited economic losses associated with brucellosis observed in
this study (Table 1, Figure 2) may suggest the partial effectiveness of ongoing vaccination and control
programs.

An examination of the provincial distribution of diagnosed cases revealed that infections were
concentrated in specific regions (Figure 3). This pattern suggests that regional variations in animal
movement, herd management practices, and biosecurity levels may influence disease transmission
dynamics.

The findings of this study demonstrate that without early diagnosis, regular screening, and effective
biological safety measures, persistent infections will ultimately lead to mandatory slaughter. This
process is of critical importance for preserving valuable livestock resources, ensuring the sustainability
of production, and preventing zoonotic infection risks from entering the food chain.

In conclusion, a total of 47,818 kg of carcass was safely introduced for consumption following official
ante-mortem and post-mortem inspection procedures conducted in accordance with the applicable
legislation (Table 1). During this process, a total payment of USD 205,751 was made to producers,
thereby preventing substantial economic losses. Furthermore, preventing the entry of products carrying
zoonotic infection risks into the food chain through official control procedures may have reduced the
risk of foodborne infections for approximately 1,000,000 individuals, based on per capita average red
meat consumption data. These findings clearly demonstrate that science-based control and decision-
making mechanisms are indispensable for both economic sustainability and the protection of public
health across the continuum from animal production to community health.
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Table 1. Quantity, carcass weight (kg), and price datas according to diseases.

DISEASES QUANTITY CARCAS PRICES (TL) | PRICES(USD)
KG
TUBERCULOSIS 99 19470 2.528.232,80 79.007,28
BRUCELLOSIS 42 9304 1.208.889,30 37.777,79
PARATUBERCULOSIS 115 19044 2.846.919,80 88.966,24
TOTAL 257 47818 6.584.041,90 205.751,31

Figure 1. Distribution of Cattle Referred to Slaughter according to Disease Type
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Figure 2. Carcasses Values according to Disease Type
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ABSTRACT

Hesperidin is a flavonoid with a broad pharmacological profile, including anticancer, antioxidant, and
anti-inflammatory properties, and is a key phytochemical found particularly in citrus fruits such as
lemons, oranges, and mandarins. Numerous in vitro and in vivo studies have demonstrated the anticancer
potential of hesperidin alone, but recently, its synergistic effect with chemotherapy agents has attracted
attention. Osteosarcoma is a common type of cancer affecting young individuals, usually occurring
between the ages of 15-19, and predominantly found in long bones such as the legs. Olaparib is a next-
generation chemotherapy agent that exerts its activity by inhibiting DNA repair in cancerous cells by
suppressing the Poly (ADP-ribose) polymerase (PARP) enzyme. In this study, the synergistic effects of
the hesperidin + olaparib combination on human U20S osteosarcoma cells were investigated. Cell
viability was assessed using WST-1 analysis, and half maximal inhibitory concentrations (ICso) were
calculated for olaparib and hesperidin. Additionally, a wound healing scratch assay was performed to
examine the synergistic effect on cell migration. Caspase-3 ELISA and Cell Death Detection ELISA
(CDDE) analyses were performed to evaluate apoptosis. The findings of the study show that when
hesperidin is administered in combination with olaparib, it significantly inhibits the viability and
migration of U20S cells, inducing their tendency towards apoptosis. The potential synergistic
interaction of hesperidin with chemotherapeutics may offer new clinical approaches in cancer treatment.

Key Words: Olaparib; Hesperidin; Osteosarcoma; Apoptosis
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ABSTRACT

Colon cancer is one of the cancer types with the highest incidence and mortality worldwide. Clinical
approaches to colorectal cancer (CRC) treatment include surgery, radiotherapy, and chemotherapy;
however, these approaches, whether used alone or in combination, have serious side effects. Irinotecan
is a camptothecin derivative chemotherapeutic agent that targets the topoisomerase-1 enzyme, causing
double-strand breaks in DNA during replication and transcription, thereby suppressing the proliferation
of cancerous cells. It is known that the use of irinotecan in colon cancer patients can cause several side
effects, including loss of appetite, diarrhea, shortness of breath, increased risk of infection, and vomiting.
Many phytochemicals are being investigated as promising agents to reduce the side effects of
chemotherapy when used in combination. Genistein, found in significant amounts in many plants such
as soy, is an isoflavone with pharmacological potential. This study comprehensively investigated the
synergistic effect of genistein combined with irinotecan on human Caco-2 colon carcinoma cells. In this
context, the effects of genistein alone and in combination with irinotecan on cell viability were evaluated
using the MTT assay. Furthermore, the effects of the combined treatment on colony survival, cellular
migration, reactive oxygen species (ROS), and vascular endothelial growth factor (VEGF) levels were
also analyzed. The findings revealed that genistein exhibited a synergistic interaction with irinotecan,
suppressing proliferation, colony formation, and migration in colon cancer cells. This study suggests
that genistein's pharmacological effects may have significant potential when used in combination with
chemotherapeutic agents.

Key Words: Genistein; Colon cancer; Irinotecan; VEGF
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OZET

XVI. yiizy1l baglarinda bir astronom olarak ¢alisan Semsiiddin el-Hafri, Safevi Devleti (1501-1736)
yillarinda yasamis ve faaliyet gdstermistir. Islam biliminin gerileme déneminde oldugu sanilan bir
donemde devrim niteliginde yaptig1 teorik astronomi ¢aligmalari ile iin kazanmistir. Safevi Devleti’nin
0 donemde bir catigsma i¢inde olmadigini kanitlayan 6dnemli bir figiirdiir. Onun en énemli ¢aligmasi,
Nasiriiddin et-Tasi’nin et-Tezkire’sine yazdigi el-Tekmile adli serhtir. Bu eserde el-Hafri, Batlamyus
astronomisindeki fiziksel tutarsizliklari -6zellikle diizensiz hiz1 temsil eden ekant problemini- gidermeyi
amacglamustir. Ay, st gezegenler ve Merkiir igin Tisi Cifti ve episikl gibi matematiksel teknikleri
kullanmis ve Batlamyus’un matematiksel dogrulugunu korumaya calismistir. Ancak bunlar1 yaparken
bir taraftan da fiziksel olarak daha tutarli modeller gelistirmistir. El-Hafri’nin ay modeli, kendinden
onceki Miieyyeddin el-Urdi ve Kutbiiddin Sirdzi’nin teorilerini birlestirse de Batlamyus'un gozlemsel
verilerine asir1 bagliligi nedeniyle Ay’in goriiniir boyutuyla ilgili hatalar1 tekrarlamistir. Bu durum el-
Haftri’nin bir gdzlemciden ziyade matematiksel bir teorisyen oldugunun gostergesidir. Ozellikle Merkiir
i¢cin sundugu birbirine esdeger dort farkli model, bilim tarihinde “modellerin statiisii” lizerine 6nemli
tartigmalar baslatmistir. El-Hafri’ye gore bir model, fiziksel gercegin kendisinden ziyade, gezegen
konumlarim hesaplamaya yarayan matematiksel bir arag olabilir. Bu yaklasim, Greko-Islam astronomi
geleneginde radikal bir bakis agisidir. El-Hafri sadece bir astronom degil, o ayn1 zamanda ¢oziilememis
karmasik problemleri ele alan bir matematik¢i ve din alimidir.

Anahtar Kelimeler: El-Hafri, Sasaniler, Astronomi, Miieyyeddin el-Urdi, Kutbiiddin Sirazi

ABSTRACT

Shams al-Din al-Khafri, an astronomer who worked in the early 16th century, lived and was active
during the Safavid Dynasty (1501-1736). He gained fame for his revolutionary theoretical astronomical
studies during a period believed to be in decline for Islamic science. He also played a role as a religious
authority in the Safavid Dynasty's process of making Shi‘ism the official religion. He is an important
figure who, through his works, proved that science and religion were not in conflict during that period.
His most important work is his commentary, al-Takmila, on Nasir al-Din al-Tusi's al-Tadhkira. In this
work, al-Khafri aimed to resolve the physical inconsistencies in Ptolemaic astronomy—especially the
problem of the quanta representing irregular velocity. He used mathematical techniques such as the Tusi
pair and the epicycle for the Moon, the outer planets, and Mercury, and tried to preserve Ptolemy's
mathematical accuracy. However, while doing this, he also developed more physically consistent
models. Although al-Khafri's lunar model combined the theories of his predecessors, Mu'ayy al-Din al-
Urdi and Qutb al-Din al-Shirazi, its excessive reliance on Ptolemy's observational data resulted in errors
regarding the apparent size of the Moon. This indicates that al-Khafri was more of a mathematical
theorist than an observer. His four equivalent models, particularly for Mercury, sparked significant
debates in the history of science regarding the "status of models." According to al-Khafri, a model could
be a mathematical tool for calculating planetary positions, rather than the physical reality itself. This
approach represents a radical perspective within the Greco-Islamic astronomical tradition. Al-Khafri
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was not only an astronomer but also a mathematician and religious scholar who tackled complex,
unsolved problems.

Keywords: Al-Khafri, Sasanids, Astronomy, Mu’ayy al-Din al-Urdi, Qutb al-Din al-Shirazi
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OZET

X. yiizyihn ikinci yarisinda Irak’ta yasayan Ebii’s-Sakr el-Kabisi, Orta Cag’in en etkili astronom ve
astrologlarindan biridir. Hamdani Emiri Seyfiiddevle’nin himayesinde ¢alismig ve egitimini donemin
{inlii matematikgisi Ali b. Ahmed el-imrani’den alnustir. Batlamyus’un Almagest adli eseri iizerine
yogunlagsmistir. Hayat1 hakkinda kisith bilgi olsa da eserlerinin Orta Cag bilim diinyasindaki etkisi
oldukea genistir. Kabisi’nin en taninmus eseri, Kitdb el-mudhal ild sind'ati ahkdami ' n-niiciim (Astroloji
Sanatina Girig) adli bes boliimliik ¢alismasidir. Bu eser Latinceye ¢evrildikten sonra Orta Cag Avrupa
iiniversitelerinde, o6zellikle tip egitiminin bir pargasi olarak okutulan temel bir ders kitabi haline
gelmistir. XV. ve XVI. yiizyillarda ise defalarca basilmistir. Astronomik agidan Kabisi, gezegenlerin
uzakliklari ve hacimleri lizerine teknik risaleler yazmis ve bu veriler daha sonra Bir(ini tarafindan kaynak
olarak kullanilmistir. Ayrica astronomik tablolarin (zic) mantigini agiklayan ve Batlamyus’un teorilerini
elestirel bir siizgegten geciren Siikitk el-Mecisti (Almagest Uzerine Siipheler) gibi ileri diizey ¢aligmalar
kaleme almistir. Onun 6zgiin yonlerinden biri de astrologlari entelektiiel derinliklerine gore dort
kategoriye ayirdig1 Risdle fi imtihani’l-miineccimin (Astrologlarin Imtihani) adli eseridir. Burada sadece
aletlere giivenen veya bilgiyi korii koriine kabul edenleri elestirerek, kanita dayali bilgiye sahip olan
“kamil” astronom tipini yliceltmistir. Kabisi, astrolojiye yonelik bilimsel elestirilere kars1 bu disiplini
savunmus, ancak onu matematik ve astronomi temelli bir yetkinlik alan1 olarak tanimlamustir.

Anahtar Kelimeler: Kabisi, Astronomi, Batlamyus, Hamdaniler

ABSTRACT

Living in Irag during the second half of the 10th century, Abu al-Sakr al-Qabisi was one of the most
influential astronomers and astrologers of the Middle Ages. He worked under the patronage of the
Hamdanid Emir Sayf al-Dawla and received his education from the renowned mathematician Ali ibn
Ahmad al-Imrani. He focused on Ptolemy’s Almagest. Although limited information is available about
his life, the influence of his works on the medieval scientific world is quite extensive. Qabisi’s most
famous work is his five-part treatise, Kitab al-mudhal ila sina'ati ahkam al-nujum (Introduction to the
Art of Astrology). After being translated into Latin, this work became a fundamental textbook in
medieval European universities, especially as part of medical education. It was reprinted numerous times
in the 15th and 16th centuries. From an astronomical perspective, al-Qabisi wrote technical treatises on
the distances and volumes of planets, and this data was later used as a source by al-Biruni. He also
authored advanced works such as Shuquq al-Majisti (Doubts on the Almagest), which explained the
logic of astronomical tables (zij) and critically examined Ptolemy's theories. One of his original works
is Risala fi imtihani al-munajjimin (The Test of the Astrologers), in which he categorized astrologers
into four categories based on their intellectual depth. Here, he criticized those who relied solely on
instruments or blindly accepted information, while glorifying the "perfect” astronomer who possessed
evidence-based knowledge. Al-Qabisi defended astrology against scientific criticisms, but defined it as
a field of expertise based on mathematics and astronomy.

Keywords: Al-Qabisi, Astronomy, Ptolemy, Hamdanids
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METHOED OF VARIATION OF PARAMETER AND ITS APPLICATION IN ENGINEERING

NITHISH V
ELECTRONICS AND COMMUNICATION ENGINEERING
R.M.K. ENGINEERING COLLEGE, KAVARIPETTAI, INDIA.

ABSTRACT
Introduction and Purpose:

The Method of Variation of Parameters is an important analytical technique used to obtain particular
solutions of non-homogeneous linear differential equations. Unlike other methods, it does not impose
restrictions on the form of the non-homogeneous term, making it highly versatile. This method is widely
applied in engineering mathematics for modeling physical systems such as mechanical vibrations,
electrical circuits, and control systems. The purpose of this study is to present a systematic explanation
of the Method of Variation of Parameters and to emphasize its significance in engineering applications.

Materials and Methods:

This study is based on a theoretical and analytical approach. The method is derived from the general
solution of homogeneous linear differential equations by allowing the constants to vary as functions of
the independent variable. Standard mathematical formulations were used to obtain the particular
solution. Representative engineering-based examples were analyzed to demonstrate the practical
implementation of the method.

Results:

The analysis shows that the Method of Variation of Parameters provides an exact and reliable solution
for a wide class of non-homogeneous differential equations. It is particularly effective when other
methods such as the method of undetermined coefficients fail. The method ensures mathematical
accuracy and flexibility in solving engineering problems involving external forces or inputs.

Discussion and Conclusion:

The study highlights that the Method of Variation of Parameters is a powerful tool in engineering
mathematics, offering a deeper understanding of system behavior governed by differential equations. Its
broad applicability makes it essential for engineering students and researchers. In conclusion, the
method serves as a fundamental analytical technique for solving complex engineering problems
involving non-homogeneous systems.

Key Words: Method of Variation of Parameters; Differential Equations; Engineering Mathematics;
Non-homogeneous Equations; Mathematical Modeling
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DETERMINATION OF MONOSODIUM GLUTAMATE (MSG) AND SODIUM ION
CONCENTRATION IN SELECTED SEASONING SOLD IN SOKOTO METROPOLIS

Sani, B.Y™, Abdulmajid, I, Muhammad, B?, Bashir, S.B*, and Tukur, Z.S?
Chemistry Unit, Department of Science, State College of Basic and Advanced Studies, Sokoto.

*Biology Unit, Department of Science, State College of Basic and Advanced Studies, Sokoto.

ABSTRACT

Monosodium glutamate (MSG) and sodium ions (Na*) are widely used as flavour enhancers in
commercial seasonings, contributing to the characteristic umami taste. However, excessive intake of
MSG and sodium has been associated with adverse health effects, including hypertension,
cardiovascular disorders, and renal dysfunction. This study aimed to determine the MSG and sodium
contents of selected seasoning brands commonly consumed in the study area, evaluate their potential
health implications, and relate the findings to WHO/JECFA and NAFDAC regulatory standards. MSG
was extracted from the seasoning samples using formic acid, which effectively solubilizes MSG while
minimizing interference from other components. The extracted MSG was quantified as a percentage of
the sample using established analytical protocols. Sodium ion concentration was determined by Flame
Atomic Emission Spectrophotometry (FAES) at 589.0 nm, following sample filtration and appropriate
dilution to bring concentrations within the linear range of the instrument. The results revealed significant
variations in MSG content among the analyzed samples. Ajinomoto and Vedan recorded the highest
MSG levels (67.4%), while Maggi (62.2%), Onga (60.6%), Mr. Chef (60.4%), and Royce (60.3%)
contained moderate amounts. Bean seasoning showed the lowest MSG content (37.4%). Sodium
analysis mirrored these trends, confirming that these seasonings contribute substantially to daily sodium
intake. Although MSG and sodium additives are permitted under WHO/JECFA guidelines and regulated
by NAFDAC, the high concentrations observed suggest that frequent consumption of these seasonings
could pose potential health risks, particularly among sensitive individuals or populations with pre-
existing conditions. This study underscores the importance of moderation in seasoning use, accurate
product labeling, and consumer awareness, as well as the need for continuous regulatory monitoring to
ensure food safety and minimize the public health risks associated with excessive MSG and sodium
consumption. The findings also highlight the effectiveness of formic acid extraction coupled with FAES
as reliable methods for quantitative determination of MSG and sodium in seasoning products.

Key Words: Monosodium glutamate (MSG), Glutamate, Seasoning, Sodium

Introduction

Flavoring is a food additive that can add flavor and aroma to food. The demanding need for that food
that tastes good and delicious causes the use of flavoring agents to increase over time such as
monosodium glutamate (MSG). Monosodium glutamate use has become controversial since 1980 and
many questions have been raised since then about its safety (Tuschar, & Parmeshwar, 2017). It has been
identified as a determining factor of a syndrome known as “Chinese Restaurant Syndrome”
(Muhammad, Kabir, & Adeleke, 2021). Industrial food manufacturers use MSG as a flavour enhancer
because it balances, blends and rounds the total perception of other taste (Lonliger, 2022).

Monosodium glutamate (MSG) is a widely used food additive classified primarily as a flavor enhancer,
valued for its ability to impart the savory taste known as ‘umami’ (Izah, & Aigberua, 2017). From a
food chemistry perspective, MSG is the sodium salt of L-glutamic acid, a non-essential amino acid that
occurs naturally in both plant and animal proteins. It is sold as a fine white crystals substance similar in
appearance to salt or sugar; it ionizes in water into free sodium and glutamate ions. It has a carboxylic
(-COOH) group and an amino (-NH>) group attached to an alpha carbon (Mustapha, Yasir, & Samina
2015). The chemical structure of glutamic acid and monosodium glutamate are shown in Figure 1.0 and
1.1 respectively.
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Figure 1.0 Chemical Structure of Glutamic Acid
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Figure 1.1 Chemical Structure of Monosodium Glutamate (MSG)

Free glutamate is responsible for umami perception, while protein-bound glutamate contributes to
nutritional amino acid pools following digestion. The glutamate present in MSG is chemically identical
to glutamate naturally occurring in foods such as tomatoes, mushrooms, cheese, meat, fish, and
fermented products, making MSG a purified source of free glutamate rather than a synthetic foreign
compound (Mustapha et al., 2015).

In food systems, MSG functions by dissociating into sodium ions and glutamate upon dissolution. The
glutamate component interacts with umami-specific taste receptors (mGluR4, T1R1/T1R3) on the
tongue, enhancing palatability and depth of flavor. This interaction not only intensifies savory
perception but also synergistically enhances other taste compounds, allowing for improved sensory
quality at relatively low concentrations (Muhammad et al., 2021). From a formulation standpoint, MSG
is particularly valuable in processed and convenience foods, where it can compensate for flavor losses
due to reduced fat or salt content. Notably, MSG contains approximately one-third the sodium of sodium
chloride, making it useful in sodium-reduction strategies without compromising taste (Prasetyo, 2022).

Within the Nigerian context, the safety, regulation, and use of MSG fall under the oversight of the
National Agency for Food and Drug Administration and Control (NAFDAC). NAFDAC regulates MSG
as a permitted food additive and flavor enhancer, ensuring that products containing MSG comply with
established safety, labeling, and quality standards (Walker, & Lupien, 2020). In line with international
best practices, NAFDAC’s regulatory framework aligns with guidelines from global authorities such as
the Codex Alimentarius Commission, the World Health Organization (WHO), and the Food and
Agriculture Organization (FAO), all of which recognize MSG as safe for consumption when used in
accordance with good manufacturing practices (Prasetyo, 2022).

In Nigeria, MSG is commonly present in commercially packaged seasonings and flavoring agents,
widely used in household cooking and food service establishments. As such, toxicological risk
assessment emphasizes exposure level, frequency of consumption, and overall dietary pattern, rather
than MSG as an isolated chemical entity (Sharma, 2023). Public health concerns surrounding MSG in
Nigeria often stem from misinformation, confusion between MSG and excessive consumption of highly
processed foods, and the broader nutritional challenges associated with high salt and fat intake
(Muhammad et al., 2021). Regulatory agencies therefore emphasize consumer education, proper
labeling, and moderation rather than outright restriction.

Monosodium Glutamate in Seasoning Cubes

Food seasoning is a substance that adds flavor to food, they include salt, peppers and other spices. Spices
are vegetables substances of indigenous origin which are aromatic and have hot piquant tastes, used to
enhance the flavor of foods or to add to them the stimulant ingredient contained in them (Muhammad
et al., 2021). Seasoning can also be used to replace common salt in a great variety of other industrially
prepared food items as well as in the preparation of foods items as well as in the preparation of food
both in restaurants, catering, home kitchen etc. Such seasonings are particularly suitable for soups, beefs,
and other foods in which salty or spiced seasonings are used (Zhou, & Da-Costa, 2018). The ingredients
mixture and seasonings when added to various food items change the food composition (Prasetyo,
2022). There are various brands of food seasonings readily available in Sokoto Central Markets, in street
shops and supermarkets. These include: Mr chef, Maggi star, Royco, Larsor (powdered), knorr, Doyin,
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Jumbo (cubes), Onga, Mixpy, Benny (powdered), Aluba shrimps seasoning (powdered), A-one, Vedan,
Aji-no-mo-to, Salsa, Doli etc. Reports have indicated that the major active ingredient in flavor enhancers
are salts (NaCl) and monosodium glutamate (MSG) (Muhammad et al., 2021).

Toxicity and safety of Monosodium Glutamate

MSG has been used for more than 100 years to season food, with a number of studies conducted on its
safety (Bera, Shankar, Parmeshwar, Sanji, & Bishal, 2017). Concern about the hazard of MSG for health
has been debated all over the world for many decades. Since 1958, glutamate has been listed as a safe
substance by the U.S Food and Drug Administration (FDA). Its safety is proven by numerous
biochemical, toxicological and medical studies, hence, nowadays it is used as food ingredients. At that
time, an acceptable daily intake of 0-120 mg/kg of body weight was set (Zanfirescu, Ungurianu,
Tsatsakis, Nitulescu, Kouretas, Veskoukis, & Margina, 2019).

On the opposite side, MSG is described as having potential side effect related to few health problems.
A study by He, Zhao, Daviglus, Dyer, Van, and Stamler (2018) from China concluded that glutamate
intake may indirectly increase overweight in humans. The study by Geha, Ren, Beiser, and Yarnold
(2020) also tried to find if there is any reaction of body to glutamate. Although there were claims that
glutamate might cause headache or other symptoms (Bera et al., 2017). The first published report of a
reaction to monosodium glutamate appeared in 1968 when Robert Ho Man Kwok, who had emigrated
from China, reported that although he never had the problem in China, about 20 minutes into a meal at
certain Chinese restaurants, he suffered numbness, tingling, and tightness of the chest that lasted for
approximately 2 hours. When certain people consume food that contains monosodium glutamate,
symptoms may occur such as nausea, facial pressure, tightness, chest pain and warmth (Kazuhiro,
Masaharu, Soichi, Yoichi, Mitsuru, & Takuya, 2018). MSG causes retinal degeneration, endocrine
disorder, addiction, stroke, epilepsy, brain trauma, neuropathic pain, schizophrenia, anxiety, depression,
Parkinson’s disease, Alzheimer’s disease, Huntington disease, and amyotrophic lateral sclerosis (Eweka
& Ucheya, 2017).

Mounir and Zaid (2013) carried out direct assay of monosodium glutamate multi-sourced bouillon cubes
by first derivative potentiometric titration. The percentage purity of 99.94% was obtained in their study
for the standard MSG. The highest percentage MSG content in the work was 75.14% while the lowest
percentage recorded was 55.96%.

Malina, Amran and Ulianas (2018) conducted a research on monosodium glutamate analysis in
meatballs soup. The highest and lowest reproducibility and recovery of monosodium glutamate in their
research was 93% and 82% respectively. The analysis of MSG content in the meatball soup was
0.00372M and 0.0370M in their two samples respectively.

Colorimetric determination of monosodium glutamate in food samples using L-glutamate oxidase was
carried out by Inuwa (2011) which was based on the bioreaction for quantitation of MSG in food. The
average L-glutamate in the common food samples of their research ranged from 0.93-4.9g/kg.

Statement of Research Problem

Monosodium glutamate (MSG) is a common flavor enhancer used in seasonings to improve the savory
taste of foods. While generally considered safe, excessive consumption may contribute to health issues
such as headaches, flushing, and increased sodium intake, which can affect blood pressure. In Sokoto
metropolis, seasonings are widely consumed, but there is limited information on their actual MSG
content, especially for products sold in informal markets with minimal regulatory oversight. This lack
of data makes it difficult to assess potential health risks and guide safe consumption. Therefore, it is
necessary to determine the MSG levels in selected seasonings consumed in Sokoto metropolis to provide
baseline information for public health and regulatory purposes.

Justification of the Study

The widespread use of monosodium glutamate (MSG) in seasonings highlights the need for awareness
of its concentration in foods commonly consumed in Sokoto metropolis. Excessive intake of MSG can
contribute to health concerns such as headaches, flushing, and elevated sodium intake, which may
increase the risk of hypertension and other cardiovascular conditions. Despite its popularity, there is
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limited data on the actual MSG content of seasonings in local markets, particularly in informal or
unregulated sources.

This study is justified as it will provide quantitative information on MSG levels in selected seasonings,
enabling consumers, researchers, and regulatory bodies like NAFDAC to make informed decisions
regarding food safety and dietary exposure. Furthermore, the findings can support public health
awareness campaigns, encourage compliance with food additive regulations, and guide safe
consumption practices, ultimately contributing to improved nutrition and food safety in the community.

Aim and Objectives

Aim

The aim of this study is to determine the level of monosodium glutamate (MSG) in Maggi, Royco, Onga,
Mr chef, Lucust bean, Vedan and Ajinomoto seasonings sold within Sokoto metropolis.

Objectives

The objectives of the research include:

i To extract glutamate from the seasoning samples using formic acid.

ii. To determine concentration of MSG in each of the sample using UV-Vis

iii. To determine other alkali metal (Na) in the glutamate containing seasoning samples using FAES
(Flame Atomic Emission Spectroscopy).

Scope and Limitations of the Study

This study focuses on the quantitative determination of monosodium glutamate (MSG) levels in selected
seasonings commonly consumed in Sokoto metropolis. It includes branded and locally produced
seasonings obtained from retail outlets and formal markets within the metropolis. The study will employ
appropriate analytical techniques to measure MSG content. The study is limited to MSG as a flavor
enhancer and does not cover other food additives, preservatives, or chemical contaminants in
seasonings. It is also restricted to Sokoto metropolis and may not represent MSG content in seasonings
sold in other regions of Nigeria. The findings aim to provide baseline data for consumer awareness,
regulatory monitoring, and public health guidance regarding safe MSG consumption.

Methodology
Samples collection

Samples were collected randomly at Sokoto central market. The samples include Ajinomoto, Vedan,
Maggi, Royco, Onga, and Mr Chef. The local seasoning locust bean (Daddawa in Hausa) was obtained
at Marina market, Sokoto North Local Government of Sokoto state.

Glutamate Extraction

The samples were grounded into powdered form using mortar and pestle. The powdered samples were
transferred into a dry clean crucible and placed in an oven set at temperature of 110°C for 2 hours to
remove the moisture. This was repeated until constant weight of the sample was obtained. Thereafter,
approximately 2g of the dried powdered sample was dissolved in 25cm?® 0.1M formic acid solution. The
solution was filtered into a beaker and the filtrate was placed on a boiling water bath set at 100°C. The
solution was constantly stirred at 3 minutes intervals. The solution was evaporated to dryness and
allowed to cool at room temperature. The procedure was repeated for six remaining samples
(Andarwulan & Hanifah, 2024).

Determination of Sodium lon by Flame Atomic Emission Spectrophotometry

Sodium ion in the seasoning samples was determined using Flame Atomic Emission Spectrophotometry
(FAES). About 1.0 g of each sample was dissolved in distilled water, filtered, and diluted to 100 mL in
a volumetric flask. Appropriate dilutions were made where necessary. Sodium standard solutions were
prepared from a 1000 mg/L stock solution. Analysis was carried out using an air—acetylene flame at a
wavelength of 589.0 nm. The instrument was calibrated with the standards, and sample emission
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intensities were measured in triplicate. Sodium concentrations were obtained from the calibration curve
and expressed as percentage sodium content as reported by Mustapha et al., (2015).

Determination of Percentage Content of MSG in the Selected Samples Using UV-Vis

A concentration of 1 gdm? of one the seasoning sample was taken and run in a UV-Vis
spectrophotometer at a wavelength of 600nm. The process was repeated trice to obtain the average
concentration and standard deviation. The absorbance obtained was at pH 10. The entire process was
repeated for the remaining samples and the concentration of the various seasoning samples was
calculated using the equation below (Muhammad et al., 2021):

. mol g
) = Concentration (—) X Molar mas(—)
d mol

Concentration ( g
m3

dm3

Concentration of MSG in Sample(i)

%MSG = dms-—x 100

Concentration of Sample(&)

Results and Discussion
Results of the Extraction of Glutamate from the Seasoning Samples Using Formic Acid

The extraction of monosodium glutamate (MSG) from the selected seasoning samples using formic acid
proved to be effective, as evidenced by the clear solubilization of MSG from the complex food matrix.
Formic acid provided a mildly acidic environment that enhanced the release of free glutamate by
protonating the glutamate moiety, thereby increasing its solubility in the aqueous phase. The clarity of
the extract and absence of excessive turbidity suggest minimal interference from insoluble components
such as fats, starches, and spices, indicating good selectivity of the extraction method. The effectiveness
of formic acid in extracting MSG can be explained by its chemical action on glutamate. In acidic
conditions, glutamate exists predominantly in a protonated form, which enhances its solubility and
facilitates separation from other food constituents. Unlike strong mineral acids, formic acid minimizes
excessive protein hydrolysis and matrix degradation, thereby reducing analytical interference. This
agrees with literature reports indicating that weak organic acids are suitable solvents for MSG extraction
due to their efficiency and minimal alteration of the analyte.

Concentration of Monosodium Glutamate (MSG) in the Samples Using UV-Vis

The concentration of MSG was determined using UV-Visible spectroscopy and the results obtained are
presented in Table 1.0

Table 1.0 Percentage MSG in samples using UV-Vis spectrometry

Samples Code Percentage MSG(%)
Ajinomoto A 71.7
Vedan Vv 62.9
Maggi Star MS 51.6
Onga O 41.4
Mr chef MC 26.5
Royco R 47.1
Locust bean LB 11.8

The percentage composition of monosodium glutamate (MSG) in the analyzed seasoning samples
(Table 1.0) reveals substantial variation among brands, with values ranging from 11.8% to 77.7%. These
findings are significant when considered alongside international and national regulatory guidelines
established by the World Health Organization (WHO), the Joint FAO/WHO Expert Committee on Food
Additives (JECFA), and Nigeria’s National Agency for Food and Drug Administration and Control
(NAFDAC). According to JECFA, MSG is classified as a food additive with an “Acceptable Daily
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Intake (ADI) not specified”, implying that MSG is considered safe when consumed at levels necessary
to achieve its technological function in food. However, WHO and FAO emphasize that excessive intake
may lead to transient adverse effects in sensitive individuals, particularly when consumed in large
quantities or without food. NAFDAC similarly permits the use of MSG in seasonings and processed
foods but mandates proper labeling and compliance with Good Manufacturing Practices (GMP) to
prevent excessive exposure. In the present study, Ajinomoto recorded the highest MSG content (77.7%),
followed by Vedan (62.9%). These high values indicate that these products are largely MSG-based and,
when used excessively or frequently, could significantly contribute to daily glutamate intake. Although
MSG itself is not inherently toxic, high consumption has been associated in some individuals with
symptoms such as headache, flushing, sweating, chest discomfort, nausea, and weakness, collectively
referred to as MSG symptom complex. Frequent use of high-MSG seasonings may therefore increase
the likelihood of these symptoms, particularly among sensitive consumers. Seasonings such as Maggi
Star (51.6%), Royco (47.1%), and Onga (41.4%) showed moderate MSG levels. These products are
typically used in multiple meals daily in many Nigerian households, which may result in cumulative
MSG intake that approaches or exceeds levels considered comfortable for sensitive individuals. When
combined with MSG naturally present in foods such as tomatoes, meat, and fermented products, total
glutamate exposure may be considerably higher than anticipated. Mr. Chef (26.5%) and Bean seasoning
(11.8%) contained relatively low MSG levels, suggesting reduced reliance on synthetic flavour
enhancers. From a public health perspective, these products may present a higher risk of excessive MSG
intake, particularly for populations with high seasoning consumption patterns.

Sodium lon (Na?*) Content in Selected Seasoning Samples

The sodium ion (Na?*) contents was determined using flame atomic emission spectroscopy (FAES) and
the results obtained are presented in Table 1.1

Table 1.1 Percentage MSG in samples using flame spectrometry

Sample Percentage MSG
Ajinomoto 67.4
Vedan 67.4
Maggi Star 62.2
Royco 60.6
Onga 60.4

Mr chef 60.3

Locust bean 374

The sodium ion (Na*) content of the analyzed seasoning samples (Table 1.1) reveals consistently high
sodium levels across most brands, with values ranging from 37.4% to 67.4%. Sodium is an essential
dietary mineral involved in nerve transmission, muscle contraction, and fluid balance; however,
excessive intake is a well-established risk factor for several non-communicable diseases. The results of
this study therefore raise important nutritional and public health considerations when evaluated against
World Health Organization (WHO) and National Agency for Food and Drug Administration and Control
(NAFDAC) guidelines. Ajinomoto and Vedan recorded the highest sodium ion content (67.4%),
indicating a substantial contribution of sodium-based compounds, particularly monosodium glutamate
and possibly sodium chloride, in their formulations. These findings are expected, as both products are
heavily MSG-based, and MSG dissociates in aqueous media to release sodium ions. The high sodium
levels imply that frequent or excessive use of these seasonings could significantly increase total daily
sodium intake, especially in populations where seasoning cubes or powders are used repeatedly in meal
preparation. Maggi Star (62.2%), Onga (60.6%), Mr. Chef (60.4%), and Royco (60.3%) also exhibited
comparably high sodium ion contents, suggesting that sodium is a major constituent across most
commercially available seasonings. Although these products are often perceived as composite spice
blends, the results indicate that sodium-containing additives remain central to flavour enhancement.
Given that these brands are widely consumed in Nigerian households, their cumulative contribution to
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sodium intake may be substantial. The Locust Bean seasoning sample recorded the lowest sodium ion
content (37.4%), markedly lower than all other samples. This suggests reduced inclusion of sodium-
based flavour enhancers or salt and potentially greater reliance on natural spices or non-sodium
flavouring agents. From a nutritional standpoint, this product may represent a relatively healthier option
for individuals seeking to limit sodium consumption. From a regulatory perspective, the WHO
recommends a maximum sodium intake of less than 2,000 mg per day, equivalent to 5 g of salt (NaCl),
to reduce the risk of hypertension and cardiovascular diseases. Similarly, NAFDAC aligns with
international food safety standards by permitting sodium-containing additives, including MSG, provided
their use complies with Good Manufacturing Practices (GMP) and that products are clearly labeled to
inform consumers. While the sodium ion percentages observed in this study do not necessarily imply
regulatory non-compliance, they highlight the potential for dietary sodium intake to exceed
recommended limits, particularly when multiple sodium-rich foods are consumed within the same day.
The health implications of high sodium intake are well documented. Chronic excessive sodium
consumption is strongly associated with hypertension, stroke, coronary heart disease, and kidney
dysfunction. In Nigeria, where the prevalence of hypertension is increasing, high-sodium seasonings
may represent a hidden but significant contributor to dietary sodium burden. Furthermore, when high
sodium intake from seasonings is combined with processed foods, salted snacks, and traditional soups
prepared with seasoning cubes, the cumulative risk becomes more pronounced. Although MSG contains
less sodium by weight than common salt, its frequent use in large quantities can still meaningfully
increase sodium exposure. Therefore, seasonings with high sodium ion content, such as Ajinomoto,
Vedan, and Maggi, may indirectly exacerbate sodium-related health risks if not used in moderation.
Vulnerable populations, including individuals with hypertension, cardiovascular disease, renal
disorders, and pregnant women, may be particularly affected.

Conclusion and Recommendations
Conclusion

In conclusion, monosodium glutamate (MSG) was extracted using formic acid and the MSG and sodium
ion (Na*) contents of selected seasoning brands were also evaluated.

The results revealed notable variations among the samples, with Ajinomoto and Vedan consistently
recording the highest levels of both MSG and Na*, confirming their strong reliance on sodium-based
flavour enhancers. Other widely consumed seasonings such as Maggi Star, Onga, Royco, and Mr. Chef
contained moderate but still substantial amounts, while Locust Bean seasoning showed comparatively
lower MSG and sodium contents.

Although MSG use in foods is permitted under WHO/JECFA guidelines and regulated by NAFDAC,
the high Na* levels observed across most samples raise public health concerns. Frequent consumption
of these seasonings may significantly contribute to excessive dietary sodium intake, which is associated
with hypertension, cardiovascular diseases, and renal disorders. The combined presence of MSG and
other sodium-containing additives further increases the potential health risk, particularly for vulnerable
populations.

Overall, the findings highlight the need for moderation in seasoning consumption, improved consumer
awareness, and sustained regulatory monitoring to minimize the health risks associated with excessive
MSG and sodium intake.

Recommendations
Based on the findings of this study, the following recommendations are made:
1. Consumer Awareness:

Consumers should be educated on the potential health implications of excessive MSG and sodium intake
and encouraged to use seasonings in moderation, particularly those with high MSG and sodium contents.

2. Regulatory Monitoring:
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NAFDAC should strengthen routine surveillance and laboratory verification of MSG and sodium levels
in commercial seasonings to ensure compliance with labeling regulations and Good Manufacturing
Practices.

3. Improved Labeling:

Manufacturers should clearly and accurately declare MSG and sodium content on product labels to
enable informed consumer choices, especially for individuals with hypertension or other sodium-
sensitive conditions.

4, Product Reformulation:

Seasoning manufacturers are encouraged to explore formulation strategies that reduce sodium and MSG
levels, such as the use of natural flavour enhancers and spices, without compromising product quality.

5. Public Health Policy:

Public health agencies should integrate seasoning consumption into national salt reduction strategies in
line with WHO recommendations to reduce the prevalence of diet-related non-communicable diseases.

6. Further Research:

Future studies should assess daily intake levels, consumer usage patterns, and the cumulative dietary
contribution of MSG and sodium from multiple food sources, as well as investigate possible long-term
health effects.
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DETERMINATION OF HEAVY METALS IN SELECTED COSMETIC PRODUCTS SOLD
IN SOKOTO OLD MARKET, NIGERIA: CONCENTRATIONS AND HEALTH RISK
ASSESSMENT

Sani B.Y'., Bawa H.Y.2, Muhammad B.%, Bashir S.B.%, and Tukur Z.S.
Chemistry Unit, Department of Science, State College of Basic and Advanced Studies, Sokoto.
*Computer Department, State College of Basic and Advanced Studies, Sokoto.
*Biology Unit, Department of Science, State College of Basic and Advanced Studies, Sokoto.

ABSTRACT

The presence of heavy metals in cosmetic products poses potential public health concerns due to chronic
dermal exposure. This study determined the concentrations of selected heavy metals and evaluated their
associated health risks in cosmetic products sold in Sokoto Old Markets, Nigeria. Representative
samples of jellies, creams, lotions, face powders, and lipsticks were collected and analyzed for lead (Pb),
cadmium (Cd), chromium (Cr), and nickel (Ni) using Atomic Absorption Spectrophotometry. The
measured concentrations of all metals were below the permissible limits set by the World Health
Organization and the National Agency for Food and Drug Administration and Control. Despite
regulatory compliance, health risk assessment based on the United States Environmental Protection
Agency dermal exposure model revealed important toxicological implications. Hazard Quotient and
Hazard Index values indicated negligible non-carcinogenic risk for adults, whereas cumulative exposure
in children exceeded the acceptable threshold, primarily due to nickel and chromium contributions.
Carcinogenic risk assessment showed that cadmium and chromium accounted for the major proportion
of total cancer risk, which marginally exceeded the recommended acceptable range for lifetime
exposure. These findings demonstrate that concentration-based regulatory limits alone may
underestimate health risks associated with long-term cosmetic use, particularly among vulnerable
populations. The study underscores the need for routine monitoring of cosmetic products and the
integration of risk-based assessment approaches into cosmetic safety regulation in informal markets.

Key Words: Cosmetics, Heavy Metals, Risk Management, Carcinogenic
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ISOTOPIC AND HYDROCHEMICAL ANALYSIS OF THE GHIS-NEKOR AQUIFER
MOROCCO: ORIGIN OF SALINITY AND GROUNDWATER QUALITY

Ahalli Taoufik 2 Driss khatchb, Nouayti Nordinea*, Cherif ELKHALILa, Ouassila RIOUCHI®
4 Environmental Management and Civil Engineering Team, Laboratory of Applied Sciences, National

® Laboratoire de Géosciences Appliquées, Département de Géologie, Faculté des Sciences, Université
Mohammed ler, Oujda Environmental Management and Civil Engineering Team,

‘Laboratory of Applied Sciences for the Environment and Sustainable Development, School of
Technology Essaouira, Cadi Ayyad University, Essaouira, Morocco

ABSTRACT

The chemical characterization of the Ghis-Nekor aquifer has attracted significant attention from
researchers in Morocco. It is a crucial indicator of the environmental situation and the socio- economic
development of this Moroccan region. Indeed, it helps decision makers to conduct a conscious and
sustainable management. The primary objective of this study is to investigate the origin of salinity using
isopoly elements such as Stronstium and Bromide and to evaluate the physicochemical quality of
groundwater in the Ghis-Nekor aquifer region and to determine the sources of pollution in order to
establish maps of the qualities of the Ghis-Nekor water table.

For this reason, of Ghis-Nekor aquifer 19 samples were examined during the month of July 2023, in
terms of isotopic elements such as bromine (Br) and strontium (Sr) et tantalum (Ta) (03 samples), and
in terms of physico-chemical parameters such as pH, temperature, electrical conductivity (EC),
Chlorides, Nitrates, Ammonium, Nitrite, Sulfates, Sodium, Potassium, Bicarbonates, Calcium,
orthophosphates and Magnesium . The spatial distribution of the results was visualized through thematic
maps generated using a Geographic Information System (GIS), offering crucial insights for decision-
making processes related to water resource management in the region.The water temperature varies
between 15.1 and 49°C. The pH is close to neutral, varying between 6.65 and 7.86.

The waters are classified into three distinct chemical facies: chlorinated and sulfated calcic-magnesium
facies, bicarbonated calcic-magnesium facies, and chlorinated sodium-potassium facies. The degradation
of water quality in the aquifer of the basin of

Ghis-Nkour could have geological and anthropogenic origins.

The analysis of bromide and strontium contents allows to discriminate the origin of salinity anomalies.
Molar ratios such as CI/Br, Br/Cl, and Sr/Ca are employed to distinguish areas influenced by geological
factors, such as the leaching of salt formations and facies, from those impacted by anthropogenic
activities.

Keywords : Groundwater - Quality - Pollution - GIS - Ghis-Nekor, water table -Morocco.
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EFFECTS OF E-AGRICULTURE EXTENSION SERVICE USAGE AMONG POULTRY
FARMERS IN NIGER STATE, NIGERIA

'Umar, U. N,; 'Olaleye, R. S,; Ajayi® 0. J,; Ahmad® I. | & Jibrin* S
Federal University of Technology Minna, Niger State, Nigeria

'Department of Agricultural extension and rural development

ABSTRACT

Agriculture remains a critical sector for economic development, food security, and poverty reduction in
Nigeria. Thus, this study was conducted to assess e-agricultural extension Service delivery for enhancing
poultry production in Niger State. Specifically, the study aimed at; determine the factors influencing
poultry farmers usage of e-agricultural extension services; and assess the challenges associated with e-
agricultural extension service usage in the study area. A multi-stage sampling technique was used to
select 226 poultry farmers. Data were collected from primary sources using a semi-structured
questionnaire and analysed using descriptive statistics and operationalized using 5-point Likert scale.
The results showed that access to information on improved breeding techniques and genetic information
had a mean value of (4.33) with 62.9%. Digital platforms provided effective brooding information with
a mean of (2.76) with 46.2%, but indicators for growing and rearing stages showed that not all conditions
were adequately covered online with a mean value of (4.44) at 96.7%. Online record-keeping tools had
a mean value of (2.42) 89.9%.The study concluded that e-agriculture extension service usage positively
influence poultry production practices in feeding, housing, marketing, and management. It therefore
recommended that government and development partners strengthen farmers access to cooperatives,
credit facilities, and tailored e-agricultural extension

Keywords: E-Agriculture, Extension Service Delivery, Poultry Farming, Information Communication
Technology ICT in agriculture, Digital tools in Poultry Extension.

INTRODUCTION

Agriculture remains a critical sector for economic development, food security, and poverty reduction in
Nigeria, with poultry production playing a vital role in improving nutrition, creating employment, and
generating income for rural households (Food and Agriculture organization (FAO) 2020). Niger State,
located in the North-Central region of Nigeria, has substantial agricultural potential, with poultry
farming being one of the most promising enterprises. However, despite its potential, poultry production
in the state faces several challenges, including limited access to updated agricultural information, poor
veterinary services, disease outbreaks, and inefficient management practices.

Agricultural extension services are essential for bridging the gap between research and farmers by
disseminating improved practices and innovations. Traditionally, extension services in Nigeria have
been delivered through face-to-face methods, which are often characterized by limited coverage, high
costs, and logistical challenges, especially in rural areas (Agwu et.al 2019). This situation has
necessitated the exploration of alternative methods for delivering agricultural information effectively
and efficiently.

E-agriculture, which involves the use of Information and Communication Technology (ICTs) for
agricultural development, presents a viable solution to these challenges. Tools such as mobile phones,
social media, online platforms, and SMS-based advisory services have emerged as promising
innovations for improving extension service delivery ( Filli et al., 2021). E-agricultural extension
services can provide poultry farmers in Niger State with timely information on disease prevention,
vaccination schedules, feeding practices, and market opportunities, thus enhancing productivity and
profitability (Oladupe and Olaniyi, 2020).
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Despite the growing relevance of e-agriculture, its adoption and impact on poultry production in Niger
State remain underexplored. There is a need to assess how digital extension services are currently
utilized by poultry farmers, the challenges encountered, and the potential for scaling up such
interventions to enhance poultry production in the region. Understanding these dynamics is essential for
developing strategies that leverage ICTs to improve agricultural extension service delivery and promote
sustainable poultry farming practices in Niger State.Based on the foregoing, the study was conducted to
achieve the set objectives.

i. examine the effects of e-agricultural extension service usage on poultry production.
Methodology

The study was conducted in Niger State, the State was created out of defunct North Western State and
became a fully autonomous State on 3rd February, 1976, with headquarter at Minna. Niger State is in
the North-central region of Nigerig and lies between longitude 3° 3°1 and 7° 2°1 East of the Greenwich
Meridian and latitude 8° 2°1 and 11°3°1 North of the equator (Niger State Bureau of Statistics (NSBS),
2022). Three stage sampling procedure was used to select 226 poultry farmers. The data collected was
analysed using descriptive statistics such as; mean, frequency and percentage.

In this study, a list of factors were provided to the respondents to indicate their interest this factors are
as follows; breeding, brooding, growing and rearing, production, health management, feeding and
nutrition, and marketing and processing. This was operationalized using 5-point Likert rating scale of
strongly agreed (5) Agreed (4) neutral (3) Disagree (2) and strongly disagree (1) This was aggregated
as 5+4+3+2+1=15 divided by 5 to get the mean score value of 3.0. This value greater than 3.0 was
adjudge agreed, while less than 3.0 was adjudge disagree.

Results and discussion
The results obtained from the analyses carried out to achieve the objective of the research.
Breeding

The results in table 1 reveal that access to improved breeding techniques and genetic information were
with effective (35.2%) strongly agreeing and (62.9%) agreeing, while the mean score of (4.33).
Secondly, faster access to information sharing was strongly validated by (73.3%) agreeing and (24.8%)
strongly agreeing. However, (97.1%) acknowledged the risk of misinformation if sources are unreliable.
This shows that e-agricultural platforms are critical in disseminating breeding innovations, such as
improved stock selection and genetic upgrades, which directly impact poultry productivity. The strong
reliance on digital platforms means farmers benefit from timely access to genetic knowledge and
breeding programme that enhance flock performance. These findings are consistent with Krell et al.
(2020), who noted that smallholder farmers in Kenya used mobile training modules to access breeding
innovations, though challenges of misinformation were common.

Brooding

The results in table 1 shows that only a small proportion (20.0%) of respondents agreed that digital
platforms provide effective guidelines on brooding (temperature, lighting, ventilation), with (46.2%)
neutral and over (33.0%) disagreeing or strongly disagreeing. The mean score of (2.76) reflects low
effectiveness in this aspect. In contrast, a significant 91.4% agreed or strongly agreed that overreliance
on digital information can lead to neglect of practical experience. This suggests that while farmers may
occasionally receive useful brooding tips online, many find them either insufficient or not tailored to
their specific farm conditions. Practical brooding often requires hands-on demonstration, which digital
platforms cannot adequately provide. The e-agricultural extension service are less effective in brooding
management, and over-dependence can hinder practical learning. This aligns with Shehu et al. (2022),
who reported that poultry farmers in Borno state found extension services inadequate for practical
brooding, and with Jiriko and Amah (2018), who highlighted that face-to-face extension support is
irreplaceable in sensitive stages like brooding.
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Growing and Rearing

Table 1: Effects of e-agricultural Extension service usage on Poultry Production

The results in table 1 revealed that in terms of advice on housing, feeding, and vaccination schedules,
most farmers were neutral (42.4%) or disagreed (35.7%), resulting in a low mean of 2.73. Similarly,
growth monitoring via apps had limited support, with only (15.7%) agreeing, while (46.2%) disagreed
or strongly disagreed, giving a mean of (2.47). However, (96.7%) strongly agreed or agreed that not all
local conditions are covered online, which had a mean of (4.44). This indicates that while digital tools
offer general advice, they often fail to account for the diverse climatic and environmental conditions in
Niger State. This is similar to findings by Groher et al. (2020), who stated that adoption of digital rearing
technologies is highly context-specific, with poor adaptability across varying climates. Olayiwola et al.
(2023) also affirmed that ICT tools were widely accessed in Taraba State but often failed to address
local realities, such as seasonal disease outbreaks and climatic stress.

Variable

Strongly
Agree
(Freq %)

Agree
(Freq %)

Neutral
(Freq
%)

Disagree Strongly
(Freq Disagree
%) (Freq %)

Weighted Mean
Sum X)
(WS)

Breeding

Access to improved
breeding techniques
and genetics
information

Faster access to
information sharing
Risk of
misinformation if
sources are
unreliable
Brooding

Provide guidelines
on temperature
control, lighting, and
ventilation during
brooding

Over- reliance on
digital information
may lead to neglect
of practical
experience

Growing and Rearing

Advice on housing,
feeding and vaccines
schedules

Growth monitoring
through apps or
online platforms

Not all local
conditions are
covered online

74(35.2)

52(24.8)

78(37.1)

13(6.2)

105(50.0)

18(8.6)

8(3.8)

101(48.1)

132(62.9)

154(73.3)

126(60.0)

29(13.8)

87(41.4)

28(13.3)

25(11.9)

102(48.6)

4(1.9)

4(1.9)

6(2.9)

97(46.2)

14(6.7)

89(42.4)

80(38.1)

6(2.9)

0(0.0)  0(0.0)

0(0.0)  0(0.0)

0(0.0)  0(0.0)

36(17.1)  35(16.7)

3(14)  1(0.5)

30(14.3) 45(21.4)

42(20.0)  55(26.2)

1(0.5)  0(0.0)

910 4.33

888 4.23

912 4.34

579 2.76

922 4.39

574 2.73

519 2.47

933 4.44

Source: Field Survey, 2025

Production

The results in table 2 shows that online record-keeping tools, which should enhance productivity, were
not widely supported. Only (10.0%) strongly agreed, while (89.9%) were neutral with a mean score of
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(2.42). This suggests that respondents either do not use such tools effectively or lack the technical
capacity to manage them. On the other hand, 91.5% of respondents agreed or strongly agreed that over-
dependence on technology may reduce hands-on production skills, with a mean of (4.32). This agrees
with Olanrewaju et al. (2023), who found that only 18.4% of poultry farmers used computers for record-
keeping, showing poor adoption despite clear benefits in Nigeria. Health Management

The results in table 2 further reveal mixed perceptions of health management practices. Only (15.8%)
agreed or strongly agreed that e-agricultural extension service provide early disease detection and
veterinary advice, while (84.3%) were neutral or disagreed, the mean of (2.95). Similarly, wrong
diagnosis was identified as a concern, with (42.4%) agreeing, while (31.4%)disagreed. This shows that
e-agricultural platforms have potential in health management such as providing vaccination schedules,
detecting symptoms, and connecting farmers to veterinarians, but the trust in such services remains low
among farmers. The effect on poultry production is that farmers still face challenges in relying on digital
veterinary advice, likely due to the risk of self-medication or incorrect application without physical
verification by experts. These findings affirmed with Sadique et al. (2023), who stated that physical
extension agents were more effective than ICT alone in livestock health, and with Pousga et al. (2022),
who found that livestock health often received less attention in extension services compared to crops.

Feeding and nutrition

The results table 2 revealed that access to feed formulation guidelines and cost-effective feeding
strategies had moderate adoption, with (36.6%) agreeing or strongly agreeing and 33.8% disagreeing,
giving a mean of (3.80). This indicates that digital platforms were somewhat helpful in guiding feeding
decisions, especially in balancing nutrients and managing feed costs. More strongly, (73.3%) of
respondents agreed or strongly agreed that standardised advice often does not align with local feed
resources or flock conditions, with a mean of (4.10). This highlights the critical limitation of generalised
digital feeding recommendations, which may not address local realities such as feed shortages, high
costs, or flock variability. Similar limitations were reported by Eleke et al. (2024), who found ICT-based
training to improve feeding practices but was constrained by local feed availability. Jiriko and Amah
(2018) also identified high cost of feed and scarcity as major barriers to poultry farmers, showing that
ICT tools alone cannot solve resource-based challenges.

Marketing and processing

The results in table 2 revealed that marketing and processing show strong positive effects of e-
agricultural extension service. A total of (84.8%) agreed or strongly agreed that platforms provide wider
market access, price updates, and digital sales opportunities, reflected in a mean of (4.10). Similarly,
(92.4%) recognised the risk of cyber fraud and market saturation, with a mean of (4.24). These findings
show that farmers benefit significantly from digital marketing platforms, gaining access to wider
networks and improved bargaining power, thereby increasing income and profitability. However, they
also face risks such as fraud and high competition. The effect on poultry production is substantial, as
digital marketing and processing directly connect farmers to buyers, reduce middlemen exploitation,
and expand opportunities for processed products. This aligns with Ekokogbe et al. (2024), who
highlighted that WhatsApp adoption significantly improved marketing and communication for poultry
farmers.

Waste Management

The results in table 2 indicate that e-agricultural platforms were least effective in waste management.
Only (19.6%) of respondents agreed or strongly agreed that they provide innovative ideas on waste
recycling, composting, and biogas production, while (44.7%) disagreed or strongly disagreed, with a
mean of (2.42). Similarly, (51.9%) strongly disagreed or disagreed that online platforms provide
effective waste management support, giving a low mean of (2.36). This suggests that respondents either
access or do not access useful information on digital platforms regarding poultry waste utilisation. These
findings of Wongsim et al. (2018), who noted that ICT adoption in agriculture in Thailand focused
more on production than waste management, leaving gaps in environmental sustainability. Likewise,
Mohammed et al. (2019) stated that while ICT improved livestock production in Tunisia, it contributed
little towards waste utilisation or sustainable recycling practices.
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Table 2: Effects of e-agricultural Extension service usage on Poultry Production

Variable Strongly  Agree

Agree

(Freq%o)

(Freq%o)

Neutral
(Freq%o)

Disagree
(Freq%o)

Strongly
Disagree
(Freq%o)

Weighted
Sum
(WS)

Mean

Production

Online record keeping 8(3.8)
tools enhance productivity

Over dependency on 90(42.9)
technology may reduce

hands-on skills

Health Management

Provide early disease 6(2.9)
detection online

veterinary services and

vaccines

Wrong diagnosis if 17(8.1)
farmers self-medicate

based on online

information without

expert verification

Feeding and Nutrition

Access to feed 20(9.5)
formulation guidelines,

nutritional requirements

and cost-effective feeding

strategies

Standardized advice may  38(18.1)
not locally feed resources

or specific flock condition
Marketing and Processing

Wider market access, 64(30.5)
prices update online sales

platforms digital

marketing skills

Cyber fraud risk, market ~ 71(33.8)
saturation due to

increased competition

online

Waste Management

Online innovative ideas 10(4.8)
on waste recycling

composting and biogas

production

Online challenges without  14(6.70
physical demonstrate or

technical support

13(6.2)

102(48.6)

27(12.9)

72(34.3)

57(27.1)

116(55.2)

114(54.3)

123(58.6)

31(14.8)

37(17.6)

96(45.7)

15(7.1)

79(37.6)

55(26.2)

62(29.5)

39(18.6)

24(11.4)

13(6.2)

71(33.8)

50(23.8)

36(17.1)

2(1.0)

29(13.8)

15(7.1)

18(8.6)

9(4.3)

5(2.4)

1(0.5)

23(11.0)

18(8.6)

57(27.1)

1(0.5)

69(32.9)

51(24.3)

53(25.2)

8(3.8)

3(1.4)

2(1.0)

75(35.7)

91(43.3)

509

908

502

619

603

797

861

890

508

495

2.42

4.32

2.39

2.94

2.87

3.79

4.10

4.24

2.42

2.36

Source: Field Survey, 2025

Conclusion

The study revealed that e-agricultural extension services significantly enhance poultry production in
Niger State by improving farmers’ knowledge and practices in feeding, housing, marketingand

processing, and waste management.
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DIFFERENTIAL EQUATIONS AND THEIR APPLICATIONS IN ENGINEERING

Rakshith Kumar, Raghul S.R, Nanjundeeswar S, Pranav P.R, Prodhosh L.K.M
Department of Electronics and Communication Engineering

R.M.K. Engineering College, Kavaraipettai , India

ABSTRACT

Differential equations form the backbone of mathematical modeling in engineering, providing powerful
tools to describe dynamic systems and predict their behavior. They are widely applied in diverse fields
such as mechanical vibrations, electrical circuits, fluid dynamics, and control systems. Despite their
importance, many engineering students and practitioners face challenges in understanding the practical
applications of differential equations due to the abstract nature of the subject.

The objective of this paper is to explore the role of differential equations in engineering applications
and to highlight how various types—ordinary and partial differential equations—are employed in
solving real-world problems. The study emphasizes classical solution techniques as well as modern
computational approaches, including numerical simulations. Case studies are presented to demonstrate
applications in mechanical oscillations, heat transfer, and electrical networks.

The results indicate that differential equations not only provide theoretical insights but also serve as
essential tools for designing and optimizing engineering systems. It was observed that computational
methods significantly enhance the ability to solve complex problems that are otherwise analytically
intractable.

This study contributes to bridging the gap between mathematical theory and engineering practice. The
findings are useful for students, researchers, and engineers seeking to understand the practical
significance of differential equations in applied sciences.
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EVALUATION OF PROXIMATE COMPOSITION , FUNCTIONAL AND SENSORY
PROPERTIES OF GARRI FROM BLENDS CASSAVA AND SWEET POTATO FORTIFIED
WITH AFRICAN YAM BEAN

Onyekwelu, Chinyere Nkemakonam?
!Department of Food Technology, Federal Polytechnic, Oko, Anambra State, Nigeria.

ABSTRACT

The study aimed at evaluating proximate composition functional and sensory properties of garri from
blends cassava and sweet potato fortified with African yam bean. Cassava, sweet potato and African
yam bean were formulated in the ratio of 100:0.0, 70:30:0, 55:35:10 and 45:40:15 which were coded as
0OG1, 0G2, OG3 and OG4 respectively. Sample OG1 served as control. The result of proximate
composition revealed that moisture content ranged from 1021 to 1.369% protein content from 1;20 to
536%, fat content 0 20 to 060% fibre from 234 t0309%ash content from 0 87 t114% and carbohydrates
from 8032 to 8168 %increasing proportion of African yam bean significantly (P<005) increased protein
, fat and as content the functional properties result showed that water Absorption ranged from 34880 to
41470%, swelling index from 477 to 680%, , bulk density from 057 to 064 g/m and viscosity from 5141,
85 to 7655 m pas the sample OG4 (45% cassava, 40% sweet potato and 15% African yam bean) was
more preferred by panelist in term of taste mouldability and aroma to other formulated garri sample t
although garri samples were accepted this study recommend that 15% African yam should be in
cooperated in garri produced from either cassava or sweet potatoes or blend of cassava and sweet
potatoes
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STRATEGIC SYNERGIES IN THE INDO - PACIFIC: THE SIGNIFICANCE OF INDIA -
JAPAN ECONOMIC RELATIONSHIP

Dr. Amna Mirza
Khushi Gupta
University of Delhi

ABSTRACT

This study attempts to examine the political economy of the relations between India and Japan along
with broader aspect of Indo-Pacific region. In past few years Indo-Pacific emerged as a centre region
for economic cooperation among the countries, strategic competition and most importantly regional
stability. India and Japan both regards each other as trusted partners in the region. Hence, we can see
this partnership resulting to cooperation like “special strategic and global partnership” in 2014. The
partnership attempts to cover many aspects such as economic cooperation, defence engagements and
most importantly people-to-people exchange. While we can already see a lot of existing sources
explaining the economic and strategic aspect of India-Japan relations which leaves less scope of it to
study in a combined manner.

The very main objective of this entire research is to analyze how economic cooperation and strategic
cooperation between both the countries are interconnected in Indo-Pacific. Looking at the economic
perspective, the study focuses on the key areas such as trade and infrastructure cooperation, development
assistance, maritime security etc. It also looks from the regional framework such as Indo-Pacific
strategy, ASEAN and QUAD led mechanism in shaping the bilateral cooperation between both the
countries.

The respective study follows a qualitative and descriptive research methodology. It attempts to include
the combination of both primary as well as secondary sources. Primary sources including the official
government reports released by MEA (Ministry of External Affairs of India) and MOFA(Ministry of
Foreign Affairs of Japan). Secondary source including the academic books, journals articles, policy
papers. Along with this, semi structured interviews and questionnaire survey involving both Indian and
Japanese respondents both so as to give the perspective on the Indo-Japan relations.

The study aims to give a clear and complete understanding of India-Japan relations and to contribute to
the research of political economy and strategic cooperation in Indo Pacific.

1. INTRODUCTION

The area of Indo Pacific has become one of the important region in the world both economically and
strategically. Along with the presence of important maritime routes, rich natural resources and presence
of important and emerging powers , this region plays a crucial role in global trade, security and most
importantly politics. There is strong and trusted partnership between both India and Japan and that too
in the different sectors such as trade, defence, development, Along with it they have strategic, regional
and economic relationship between each other. Taking it ahead, the partnership was formally upgraded
to “Special strategic and global partnership” showing the shared interest in regional stability, sustainable
development and in much more. Both the countries consider each other as trusted partners in the whole
region and that is why try to collaborate on many other areas in order to increase the collaboration and
cooperation between India and Japan.

Tracing back in past we could see that both the countries have immensely worked in the areas of
economy such as trade and infrastructure along with the development assistance which is ODA (official
development assistance of Japan) which is the policy of granting aid of Japan to help the developing
countries grow their economies. But from the last two decades both the countries have tried to focus on
the different dimensions such as strategic cooperation as well as defence cooperation. It could be seen

February 17-19, 2026/ Ankara, TURKIYE 218



MEETCON - X
Il. INTERNATIONAL CONGRESS ON SCIENTIFIC RESEARCH

PROCEEDINGS BOOK

particularly in the areas of the regional stability, maritime security and much more. Both the countries
focused on the regional cooperation through the framework such as Indo-Pacific strategy, QUAD and
ASEAN - led initiatives. Along with this people-to-people exchange, cultural diplomacy and
development program between both the countries have laid down a foundation of interconnectedness
between the natives of the country. It strengthens mutual understanding as well as trust between both
the nations. This has actually led both the countries come close to each other for more and tries to
cooperate in economic and strategic sectors even more.

If we look at the review of existing literature, we could examine that the relation between India and
Japan could be largely seen in the terms of economic cooperation, strategic partnership and diplomatic
relations. These studies offer a valuable insight in the areas of trade, development assistance and security
cooperation. However it could be seen that very less attention has been given to people-to-people
cooperation especially in the areas of culture, education, science and technology. These aspects are often
given less attention even though they help to build trust, encourage technology exchange, and supporting
long term relations. This limited attention often creates a gap in understanding the relationship between
India and Japan in broader context.

2. STATEMENT OF PROBLEM

The region of Indo pacific is becoming a crucial centre for economic growth and strategic competition.
Both India and Japan collaborates through infrastructure, trade, development assistance, investment but
little research shows how these efforts strengthen strategic influence. Hence, the impact of people-to-
people exchange on education, science and technology is still not well studied, clearly examines the gap
study address.

3. SCOPE OF RESEARCH

The study attempts to understand the political economy between India and Japan relations in Indo
Pacific. It covers insight collected from respondents in India and Japan through questionnaire and
survey. The views of different people related to the topic were taken by interviewing them. The scope
of the study is based on the research objectives and it focuses on the main areas related to the topic.

4. AIM

The main aim of the research is to understand the relation between India and Japan, Their different
aspects and the main areas of collaboration and cooperation related to the research problem.

5. OBJECTIVES

1. To examine the evolution of the region of Indo Pacific through the lens of political economy
perspective.

2. To view how economic cooperation helps enhance the strategic partnership in Indo Pacific?
3. To study how trade, investment, development trade and even Infrastructure projects help in
strategic cooperation between India and Japan.

4, To see how development assistance strengthen the long term relations between India and Japan.
5. To look how People-to-people cooperation in education, science and technology supports

economic cooperation.

6. To study how regional institution plays an important role in maintaining the relationship
between both the countries in the Indo Pacific region.

7. To help identify the institutions included in enhancing the economic and strategic cooperation
between both India and Japan.

8. To examine the main challenges coming in the path of economic, strategic and People-to-people
cooperation in working together in the region effectively.
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6. RESEARCH QUESTIONS

1. How can we see the partnership of India and Japan evolving in Indo-Pacific framework from a
political economy perspective?

2. In order to strengthen the strategic partnership between both the countries, highlight the role of
economic cooperation in it?

3. How does the trade, investment, development assistance between both the countries play a
crucial role in maintaining the strategic engagement in Indo-Pacific region?

4. How does development assistance play an important role in the relationship of India and Japan?
5. How does People-to-People program in education, science and technology play an important
role in supporting economy between India and Japan?

6. What institutions are included in coordinate economic and strategic cooperation between both
the countries?

7. What role does regional platforms plays in influencing cooperation in the Indo pacific
framework?

8. What issues restricts the economic, strategic and people-to-people cooperation from working

together between India and Japan?

7. HYPOTHESIS
Hi

Economic cooperation between India and Japan plays a very important role in strengthening the strategic
partnership in Indo-Pacific region.

H-

Trade, investment, infrastructure initiatives, development assistance contribute in enhancing the
strategic cooperation between India and Japan in Indo-Pacific.

Hs

People-to-people cooperation in education, science and technology supports long term economic and
strategic cooperation between India and Japan.

8. CENTRAL QUESTION

How do economic cooperation and people-to-people engagement play a significant role in shaping the
strategic partnership between India and Japan in Indo Pacific?

9. RELATED QUESTIONS

1. How does trade, investment and other infrastructure projects between India and Japan helps to
increase the influence in Indo Pacific?

2. How does people-to-people cooperation focuses on maintaining long term strategic partnership
between India and Japan.

3. How well do regional institutions and platforms helps in strengthening the economic and
strategic cooperation between India and Japan?

4. What restrictions could be viewed in working of economic, strategic and people-to-people
cooperation together between India and Japan?
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10. METHODOLOGY
11.1 RESEARCH APPROACH

This study adopts the Mixed Method including both qualitative as well as quantitative approach to
analyze the relationship between India and Japan in the Indo Pacific Framework. The mixed method
proves out to be appropriate method as it attempts to include both measurable method through data,
survey as well as helps to dive deep into the insight and knowledge of the particular topic through
interviews and discussions. Quantitative data provides patterns and perceptions wile qualitative provides
us with contextual understanding of institutional, regional, economic and strategic dimensions.

11.2 RESEARCH DESIGN

The Research design is analytical and descriptive. The descriptive method is used to understand the
ongoing economic, strategic and institutional cooperation between India and Japan. The analytical
method is applied to view how these engagements influence peace, stability and regional influence in
the Indo-Pacific. A comparative perspective is added to consider both Indian as well as Japanese context.

11.3 DATA SOURCES
The study includes both Primary as well the Secondary source of data.

1. PRIMARY DATA - It includes interviews, questionnaire, survey providing the first hand
insight about the research topic.

2. SECONDARY DATA - It is generally collected from books, academic journals, articles,
various think tank reports which generally help us to study the insight from the existing literature.

These sources help us to gain useful insights and supporting the analysis of the research.
11.4 METHOD OF DATA COLLECTION
A combination of Quantitative and Qualitative technique has been used :-

1. QUALITATIVE - Semi structured Interview and discussion allows exploration of experts
insight, policy coordination and people-to-people engagement.

2. QUANTITATIVE - Structured surveys records public perception and trends related to India-
Japan relations.

The use of these methods generally helps to understand the research problem in ever more broader way.
11.5 DATA COLLECTION METHODS AND PROCEDURES

The data collected is both primary as well as secondary data. Primary data is collected through
guestionnaire (conducted online for easy participation) and interviews (conducted offline for better
understanding). Secondary data was collected through books, academic journals and credible online
sources in India-Japan relations.

The data collection process was carries out in an organized manner. Firstly all the secondary sources
were read to understand the topic. After understanding the topic, questionnaire was prepared so as to
share with the suitable respondents. The collected data is then combined and used for analysis.

11.6 SAMPLING FRAMEWORK

This study uses purposive sampling which means sources and people were chosen because they were
related to the India Japan relations. This actually helped to gain the useful information instead of random
opinion. Different types of people were chosen to understand the topic in a much better way.

11.7 SAMPLE SIZE JUSTIFICATION

The number of people chosen for this study is suitable for the research. Since the study aims to
understand the opinions and experiences in details, a small but relevant sample was sufficient. This also
fits the limited time and scope of the research.
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11.8 IDENTIFICATION OF VARIABLES
The two types of variables can be indentified in the study :-

1. INDEPENDENT VARIABLE — The independent variable includes economic cooperation,
infrastructure projects and strategic partnership between both the country India and Japan.
2. DEPENDENT VARIABLE - The dependent variable is the impact of these factors on regional

influence and cooperation in the Indo Pacific.
11.9 DATA ANALYSIS PLAN AND VISUALIZATION

The collected through questionnaire and interviews will be analyzed in a simple and systematic way.
The responses will be arranged question wise and it will be groups to understand and common views
and differences among respondents during the collection. Interview responses will be given more
emphasized to understand the opinions in details. The key findings will be shown clearly wherever it
will be needed so that it will be easy to understand. The full analysis will be done in the analysis chapter.

11.10 ETHICAL CONSIDERATION

Ethical guidelines were followed during the conduction of interview and survey. The respondents were
already informed and everything was done voluntary by them. The personal information will be kept
confidential and the data extracted will only be used for the academic purpose.

ASPECT DESCRIPTION

Research Approach Mixed-Method approach

Research Design Descriptive and Analytical

Data Type Primary and Secondary Data

Primary Data Interview, Survey, Focus Group Discussion
Secondary Data Books, Journal, Articles and Policy Papers
Unit of Analysis Indo Japan Relation in Indo-Pacific

Data Analysis Qualitative and basic Quantitative analysis
Ethical Consideration Informed consent, confidentiality maintained

11. LIMITATION

The study has few limitations. Most of the respondents were from India and very less were from Japan,
due to the practical difficulties. Along with that reaching and identifying the suitable and right candidate
for the interview was challenging which limited the number of interview responses.
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QUESTIONS CHALLENGE IDEAS , DEEPEN UNDERSTANDING , AND TURN
KNOWLEDGE INTO PROGRESS . KEEP QUESTIONING . THAT IS HOW LEARNING
TRULY MOVES FORWARD

Enida Lutaj , MSc
External lecturer , Faculty of Education
" Aleksander Moisiu ** University

ABSTRACT

Questioning plays a pivotal role in advancing knowledge, fostering critical thinking, and transforming
learning into meaningful progress. In contemporary educational and professional contexts, where
information is abundant but deep understanding is often limited, the capacity to formulate and engage
with purposeful questions has become increasingly significant. This study examines how structured and
sustained questioning enhances cognitive development and supports intellectual growth.

The primary aim of this paper is to analyze the function of questioning as a pedagogical and
epistemological tool that deepens understanding and promotes active knowledge construction. Adopting
a qualitative, theory-based approach, the study draws upon contemporary educational literature, inquiry-
based learning models, and cognitive science research to explore the relationship between questioning,
metacognition, and learner engagement.

The analysis indicates that environments that encourage open-ended, reflective, and analytical
questioning significantly improve comprehension, critical reasoning, and problem-solving skills.
Furthermore, questioning stimulates metacognitive awareness, enabling learners to monitor their
thinking processes and refine their conceptual frameworks. The findings suggest that when questioning
is systematically integrated into teaching and learning practices, it transforms passive information
acquisition into dynamic intellectual engagement.

In conclusion, questioning is not merely a supportive educational technique but a fundamental
mechanism for generating progress. By cultivating a culture of inquiry, educational institutions and
professional settings can promote deeper understanding, innovation, and lifelong learning. Continuous
and purposeful questioning remains the driving force through which knowledge evolves into sustainable
intellectual advancement.

Keywords: Questioning; Critical Thinking; Inquiry-Based Learning; Knowledge Construction;
Metacognition; Intellectual Growth; Lifelong Learning; Educational Innovation.
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GOLD NANOPARTICLE-BASED LATERAL FLOW IMMUNOASSAYS FOR
TUBERCULOSIS DIAGNOSIS: MECHANISTIC INSIGHTS, OPTIMIZATION
STRATEGIES, AND TRANSLATIONAL PROSPECTS

Emmanuel Tomisin Bello!, Majekodunmi Rachael Adedayo?

1. Department of Science Laboratory Technology, Newland Polytechnic and College of
Health Technology, Ilorin.

2. Department of Microbiology, Kwara State University, Malete.

ABSTRACT

Tuberculosis (TB), caused by Mycobacterium tuberculosis, remains one of the leading causes of
infectious mortality worldwide, with the greatest burden in low- and middle-income countries where
access to centralized molecular diagnostics is limited. Although nucleic acid amplification platforms
such as GeneXpert have improved case detection, their infrastructure requirements and cost restrict
widespread deployment. Lateral flow immunoassays (LFIAs) offer a rapid, low-cost, and field-
deployable alternative; however, conventional antibody-based TB serological tests have demonstrated
inconsistent diagnostic performance, resulting in limited clinical acceptance. Gold nanoparticles
(AuNPs), owing to their localized surface plasmon resonance properties, tunable size-dependent optical
behavior, and ease of surface functionalization, have emerged as promising signal reporters for next-
generation TB LFIAs. This review critically synthesizes current advances in AuNP-based LFIA
development for TB diagnosis, with emphasis on the mechanistic determinants of assay performance.
We examine how nanoparticle synthesis methods, size control, surface charge modulation, conjugation
chemistry, and antibody orientation influence immunorecognition Kinetics, signal amplification, and
analytical sensitivity. The role of antigen selection, including ESAT-6, CFP-10, Ag85 complex proteins,
and lipoarabinomannan (LAM), is evaluated in the context of TB immunopathology and HIV co-
infection. Additionally, we analyze membrane flow dynamics, hook effects, and stability challenges that
contribute to historical limitations of TB serology. Translational considerations such as cross-reactivity,
differentiation of active versus latent TB, clinical validation in high-burden settings, and regulatory
pathways are also discussed. By integrating insights from nanotechnology, immunodiagnostics, and
clinical microbiology, this review proposes a rational engineering framework for optimizing AuNP-
based TB LFIAs. We highlight emerging strategies, including signal amplification approaches,
multiplex detection architectures, and digital readout integration, that may overcome prior performance
barriers. This synthesis offers a path forward for the set up of clinically sound, cost-effective, and robust
point-of-care TB diagnostics that are suited for environments with limited resources.
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PHYTOCHEMICAL CONSTITUENTS, ANTIBACTERIAL, AND ANTIOXIDANT
PROPERTIES OF VITELLARIA PARADOXA ROOT EXTRACT

Musa Isah®, Baba Bamaiyi', Murtala Sa’adu’, Farida Abubakar Tomo®, Amina Muhammad?,
Bilyaminu Garba Jega®, and Baha'uddeen Salisu®

!Department of Microbiology, Faculty of Life Sciences, Kebbi State University of Science and
Technology, Aliero, P.M.B. 1144, Kebbi State, Nigeria

*Department of Microbiology, Umaru Musa Yar'adua University, Katsina, Nigeria

ABSTRACT

Background: Medicinal plants are rich sources of bioactive compounds with potential antibacterial and
antioxidant effects. Vitellaria paradoxa (shea butter tree) is traditionally used for managing several
diseases, but scientific evidence on the therapeutic potential of its root extract remains limited. This
study evaluates the antibacterial and antioxidant activities of shea butter root extract as a natural
alternative to synthetic agents. Methods: Roots of V. paradoxa were collected from Aliero (May 2025)
and authenticated (Voucher No: AFUSTA/PSB/H/Voucher No: 832). The dried roots were pulverized
and extracted using 70% ethanol by cold maceration. Qualitative phytochemical screening was
performed using standard protocols. Antibacterial activity against Escherichia coli and Staphylococcus
aureus was evaluated using a broth dilution assay to determine minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC). Antioxidant activity was assessed using the DPPH
radical scavenging method. Results: Phytochemical screening confirmed the presence of alkaloids,
flavonoids, tannins, saponins, steroids, terpenoids, glycosides, and phenols. The extract showed potent
antibacterial activity against S. aureus (MIC: 6.25 mg/mL; MBC: 12.50 mg/mL) than E. coli (MIC: 12.5
mg/mL; MBC: 25 mg/mL). Antioxidant findings revealed an ICso of 40 pg/mL for the root extract,
indicating moderate radical-scavenging activity. The observed antibacterial and antioxidant effects are
likely linked to phenolic and flavonoid compounds, which can disrupt bacterial membranes and donate
electrons to neutralize free radicals. Conclusion: Ethanolic root extract of V. paradoxa possesses
measurable antibacterial and antioxidant activities, supporting its potential as a natural source of
bioactive compounds for therapeutic development.

Keywords: Vitellaria paradoxa, medicinal plants, Antibacterial activity, Phytochemicals, antioxidant
activity.
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SOCIAL PROTECTION OF OLDER PERSONS IN PUNJAB, PAKISTAN

Dr. Naima Nawaz®, Saeed Ahmad Zaman?, Dr. Imran Ibrahim?, Dr. Zain Nawaz’, Dr. ljaz Ashraf®,
Dr. Muhammad Idrees®, Nadia Idrees®, Lubna Anjum®, Dr. Shahzad®, Ayesha Riaz®, Abdul
Rahman®, Muhammad Tarig?,

a Department of Sociology, The University of Lahore, Pakistan.
b Department of Rural Sociology, University of Agriculture Faisalabad.
¢ Department of Geography, Government College University Faisalabad.

ABSTRACT

This study is to analysis the social protection of older people in Pakistan. Social protection is a major
arena of government activity aimed at ensuring that vulnerable population groups receive appropriate
and effective public support to ensure their financial security and to safeguard their health. However,
despite the growth and extent of social protection programs in both developed and developing countries,
most emerging economies have an ascent system and only a small portion of all such efforts address the
specific vulnerabilities and needs of older people. This paper is (a) to discusses the vulnerabilities of
older people and the benefits of crafting social programs to address them; (b) to describes the nature of
social protection and the forms it can take to address those vulnerabilities; (c) to reports descriptive
evidence on the availability and use of social protection programs; and (d) to delineates steps that can
be taken to remedy the shortfalls experienced by older people. The objectives of this paper are to
discusses the vulnerabilities of older people and the benefits of crafting social programs to address them,
to describes the nature of social protection and the forms it can take to address those vulnerabilities, to
reports descriptive evidence on the availability and use of social protection programs and to delineates
steps that can be taken to remedy the shortfalls experienced by older people. The problem of common
technique bias is avoided by using all scales with a single study questionnaire. This study is not without
limitations. The study is primarily limited to one Tehsil Okara. The problem of common technique bias
is avoided by using all scales with a single study questionnaire. A sample of 200 people is chosen at
random for this study. This study concluded that the older people are often poor and frequently have
inadequate access to healthcare. ANOVA test was also used in this study. The health is very important
for all the people at it also effects that the freedom, decisions and movement of the elderly people. Due
to changing social circumstances have left older people vulnerable to losing whatever social or personal
safety nets they do have. This study also found that there is lack of old age house in Punjab, Pakistan.
So, the government should establish the old houses that provide the shelter to poor old and helpless
people.

Key Words: older people, vulnerabilities, social protection, financial security and safeguard.
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DEVELOPMENT AND EVALUATION OF CALCIUM-ENRICHED COOKIES FORTIFIED
WITH EGGSHELL POWDER

MD Moien
Student M.Sc. FT, DFST, 1.K. Gujral Punjab Technical University, Kapurthala

ABSTRACT

Calcium deficiency remains a significant public health concern in India, contributing to osteoporosis,
reduced bone mineral density, and increased fracture risk across different age groups. The recommended
dietary allowance (RDA) for calcium in adults is approximately 600 mg/day; however, habitual diets
often fail to meet this requirement. Food fortification offers a practical and sustainable approach to
improving calcium intake at the population level. Eggshell powder (ESP), a by-product of the poultry
industry, is a rich and economical source of calcium carbonate (CaCOs), containing approximately 38—
40% elemental calcium. The present study aimed to develop and evaluate calcium-enriched cookies
fortified with eggshell powder and to assess their physicochemical, nutritional, and sensory
characteristics.

Eggshells were collected, cleaned, boiled for sterilization, oven-dried, and finely ground to obtain
standardized eggshell powder. The elemental calcium content of ESP was considered as 38%, and
fortification levels were calculated based on the Indian RDA for calcium. Cookies were formulated
using refined wheat flour with ESP incorporated at varying levels (0%, 3%, 4%, and 5% per 100 g flour),
corresponding to approximately 20-30% of the RDA per serving. The prepared cookies were evaluated
for proximate composition, calcium content, physical properties (diameter, thickness, spread ratio),
texture profile analysis, and sensory attributes using a semi-trained panel.

Results indicated a significant increase in ash and calcium content with increasing levels of eggshell
powder incorporation. Calcium content increased proportionally with fortification level, confirming the
efficiency of ESP as a natural calcium source. However, higher fortification levels slightly affected
physical properties, with a marginal reduction in spread ratio and increased hardness due to mineral
interaction with the gluten matrix. Sensory evaluation revealed that cookies fortified up to 4% ESP were
acceptable in terms of color, taste, texture, and overall acceptability, whereas 5% incorporation resulted
in a slight chalky mouthfeel.

The optimized formulation (4% ESP per 100 g flour) provided approximately 150-170 mg calcium per
serving, contributing around 25-28% of the adult RDA. This level aligns with recommended
fortification practices while maintaining desirable sensory quality. The study demonstrates that eggshell
powder can serve as an effective, low-cost, and sustainable calcium fortificant in bakery products.
Additionally, the utilization of eggshell waste supports environmental sustainability by reducing agro-
industrial by-products.

In conclusion, calcium-fortified cookies developed using eggshell powder represent a nutritionally
enhanced functional food with potential for addressing dietary calcium insufficiency. Further studies on
bioavailability, storage stability, and consumer acceptability at a larger scale are recommended to
support commercial application.
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THE CLINICAL SIGNIFICANCE OF NORMAL PHYSIOLOGICAL BLOOD
PARAMETERS IN HEALTH ASSESSMENT

Taskeen Fatima
Hajvery University

ABSTRACT

Blood parameters are vital indicators of physiological and pathological processes in the human body.
Normal physiological values serve as reference ranges that guide clinical interpretation of laboratory
results, aiding in the diagnosis, monitoring, and management of various diseases. These parameters,
including hemoglobin concentration, white blood cell count, platelet count, glucose levels, electrolytes,
renal and liver function markers, provide crucial insights into the functional status of different organ
systems. This study aims to highlight the importance of maintaining and understanding normal ranges
of key blood parameters in clinical practice. It also explores how deviations from these normal values
can signal early signs of systemic diseases such as infections, anemia, metabolic disorders, organ
dysfunction, and hematological abnormalities. The research emphasizes the variability of normal ranges
based on age, sex, physiological state, and geographical or ethnic differences, underscoring the need for
context-specific interpretation. Accurate interpretation of blood test results depends not only on
identifying abnormalities but also on understanding what constitutes “normal.” Misinterpretation of
these values can lead to misdiagnosis, delayed treatment, or unnecessary interventions. Therefore, this
paper advocates for increased awareness among healthcare professionals and students regarding the
physiological significance of these reference values. In conclusion, normal blood parameter values are
foundational to evidence-based medicine. Recognizing their role enhances diagnostic accuracy, supports
early detection of diseases, and promotes better clinical outcomes.

Key words: Blood parameters, Health assessment, clinical Outcomes, Laboratory results
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ABSTRACT

In recent years, the key role of food culture in forming identity, health, and community connections has
received growing attention. Food is far more than simple sustenance; it represents cultural heritage,
nurtures social bonding, and plays a key role in health outcomes. This study considers how food
practices serve as a medium for expressing cultural identity, forging social ties, and influencing health.
A comprehensive literature review analyzes the relationship between food practices and cultural
heritage, showing how traditional foods serve as anchors of identity. Recipes and cooking methods are
often passed along through generations, developing a sense of affiliation and continuity. Group meals,
characteristic of many cultures, support both the body and social bonds, generating an atmosphere of
inclusion and bonding among varied backgrounds. Observational studies of communal dining practices
show that these occasions are pivotal for collective morale. They act as social equalizers, enabling
cultural sharing and reciprocal support. (Dunbar, 2017) Interviews with community members more
clearly explain local food dynamics, offering qualitative knowledge of how food choices reflect cultural
identities. (A Qualitative Study of the Meaning of Food and Religious ldentity, 2024) Stakeholders such
as farmers and chefs highlight the significance of culturally significant foods for health and well-being,
while likewise addressing the pressures of globalization that threaten traditional practices. Significantly,
dietary habits are changing due to the rise of processed foods, associated with increased rates of obesity
and other health issues. (Juul et al., 2025) However, the study notes the strength of food cultures,
showing how communities adapt to modern-day challenges by promoting traditional cooking practices
and communal meals. (Alrhmoun et al., 2025) Initiatives supporting the inclusion of traditional foods—
like cooking classes and local food festivals—emerge as crucial recommendations. (Cultural Influence
of Local Food Heritage on Sustainable Development, 2022) Ultimately, the research stresses the
importance of food culture for public health and social cohesion, advocating strategies that recognize
the complex relationship among food, culture, and community. (Defining social gastronomy:
Multidisciplinary viewpoints and a new paradigm for positive social impact through food and
gastronomic practices, 2025)

Keywords: Food Culture, Identity, Health, Community, Traditions, Social Bonds, Globalization,
Obesity, Food Heritage, Public Health.

Introduction: Understanding the connection between food culture, health, and community is crucial in
today’s rapidly changing world. This study considers how traditional and modern eating habits influence
personal and collective identities and their impact on public health. The primary finding is that
appreciating food culture may lead to healthier food choices and stronger community relationships. Food
culture encompasses the beliefs, practices, and emotions surrounding food, determined by social,
economic, and environmental elements. Research demonstrates that food plays a vital role in expressing
identity, preserving traditions, and encouraging connections among people. As communities evolve,
their eating habits too change. Traditional foods frequently promote health and well-being, but
globalization and urbanization are shifting diets towards processed and convenience foods, negatively
affecting public health (Mingay et al., 2021). With obesity rates on the rise—over 2.2 billion people
worldwide were reported as overweight in 2016—there is a strong need for healthy food systems
(Mingay et al., 2021).
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Past studies have shown that individual efforts to change behaviour often fail, underscoring the need for
a broader examination of food culture and its impact. (Parks et al., 2025) Meals are essential for cultural
communication and social connection. Events like celebrations, festivals, and communal dining help
preserve traditions and strengthen social ties. However, as city life becomes increasingly busy, people
may lose cooking skills and cultural practices, leading to a reliance on unhealthy processed foods
(Mingay et al., 2021). The media and globalization create a complex food landscape, granting easy
access to diverse cuisines but also bringing challenges in making healthy choices. It is important to
understand the food environments that promote healthy eating. This study intends to fill a knowledge
gap on how food culture affects health outcomes and to suggest practical ways to improve community
health. By exploring how traditional foods can fit into modern diets and influence social behaviour and
health, this research intends to clarify how food heritage can revive community values. (Yasmeen &
Fischer, 2024) Reconnecting with our food roots can help create inclusive communities and improve
personal well-being. (Bellin et al., 2025, pp. 492-497) This study argues that understanding and
appreciating food culture is an effective way to promote better health and build community connections.
By examining how food practices shape our identities and affect our health, this research adds a valuable
perspective to the existing literature, highlighting the key role of food in public health discussions. While
societies face challenges arising from globalization and the growing dependence on processed foods,
our findings offer practical strategies to improve local health programs. We believe that celebrating food
culture, such as traditional recipes and group meals, can lead to improved lifestyles and stronger social
ties, encouraging a view of health that connects culture, identity, and well-being. (Kapelari et al., 2020)

Literature Review: Food is a key part of culture. It helps people express their backgrounds and connect
with others. According to Evans (2023), food represents cultural values and traditions, forming an
essential part of family and community relationships. UNESCO recognizes many culinary traditions,
showing how dishes like Jordan’s Al-Mansaf and Japan’s sushi contribute to cultural identity. This
illustrates the role of food in showing a nation’s history and spirit, as seen in national dishes such as
Spain’s paella and America’s hamburgers (Evans, 2023). Immigration greatly affects food culture.
Immigrants carry their traditional dishes to new areas, mixing regional cuisines and expanding cultural
diversity. Evans (2023) notes that this mix celebrates the particular contributions of different cultural
groups. Meals often become common experiences that fortify social bonds during celebrations and
gatherings. Food also serves an essential role in health and well-being. Community groups like the SLO
Food Bank understand the significance of culturally relevant foods for health and nutrition, especially
for marginalized populations (SLO Food Bank, n.d.). By providing fresh produce and culturally
significant food options, these organizations aim to ensure that everyone can access nutritious meals
that reflect their cultural identity.

Sharing recipes and helping nutrition education safeguard cultural traditions while encouraging a
healthier community (SLO Food Bank, n.d.). From a public health perspective, food consumption
patterns have changed significantly over the years, resulting in health problems such as obesity and
chronic diseases. Mingay et al. (2021) report that, as of 2016, over 2.2 billion people were overweight,
with this number expected to rise to 3.28 billion by 2030. Poor food choices, frequently due to more
ultra-processed foods, are linked to 11 million deaths in 2017. This shows the immediate need to address
food culture in health conversations (Mingay et al., 2021). The relationship between food culture and
public health is complex. Many social and environmental elements shape food beliefs, practices, and
feelings.

Media and community shape what we consider normal to eat, and the places where we eat—Ilike homes,
workplaces, and schools—are important (Mingay et al., 2021). Economic and community factors also
affect our food choices and behaviours, rendering it essential to understand food culture to tackle health
difficulties effectively. Globalization, urbanization, and technology have changed how we consume
food over time. Although globalization provides more food options, it also leads to unhealthy choices,
as convenience frequently takes priority over nutrition (Mingay et al., 2021). Urban lifestyles, with busy
schedules and less time or ability to cook, usually lead to a dependence on quick, processed meals. Such
reliance can undermine a healthy food culture and harm health. Food plays a vital role in our cultural
fabric and strongly affects public health. Looking at food culture through a socio-cultural perspective
helps us understand dietary behaviours, the impact of our surroundings, and the need to preserve
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traditional cooking practices, especially in the face of modern public health challenges. This stresses the
complex relationship among food, culture, and health, stressing the need for a just approach that honours
traditions while supporting healthier choices.

Methodology: My research methodology starts by outlining the main objectives of my study, which
explores the relationship between food culture and individual identities. To establish a solid foundation,
I review the existing literature on food culture, including scholarly articles, books, and case studies that
examine how cultural backgrounds influence food practices. This thorough examination helps me
identify gaps within current research and provides context for my study. | use a qualitative research
approach to explore personal experiences and cultural characteristics. To collect detailed data, | conduct
semi-structured interviews and focus groups with participants from diverse backgrounds. These sessions
are intended to be conversational, motivating participants to share their food narratives. | create open-
ended questions designed to prompt respondents to reflect on their experiences in a way which invites
storytelling. For example, I might ask, “Can you describe a memorable meal from your childhood and
what it meant to you?” This format elicits individual insights and emotions, creating a richer dataset.
Creating a comfortable setting is essential during these communications.

| strive to build rapport with participants, ensuring they feel protected and honoured, which encourages
more candid sharing of their thoughts and feelings about their relationship with food. | employ thematic
analysis to detect common themes and patterns across responses, coding the data and identifying
recurring themes and experiences. | also pay attention to unique stories that offer valuable insights into
cultural practices. To improve the credibility and validity of my findings, | use member checking by
asking participants to review my interpretations of their input. This feedback loop confirms that my
understanding corresponds with their lived experiences, strengthening the reliability of my conclusions.
My research seeks to clarify how food culture shapes individual identities and influences public health
programs. By underscoring these connections, I hope to give insights that inform policies and programs
promoting health and well-being throughout diverse communities.

Results: Food is not just something we eat; it represents our culture, heritage, and community values.
Dishes like Al-Mansaf from Jordan and pasta from Italy show how food connects us to our identity and
each other. Although globalization has given us more food options, it has also led to poorer choices.
Many people now prefer convenient, ultra-processed foods due to their hectic urban lifestyles. This shift
in what we eat relates to the growing problems of obesity and chronic diseases. Studies show a clear
link between eating processed foods and health issues. This illustrates the need for public health
campaigns that promote healthy eating. Community organizations, like the SLO Food Bank, help
provide access to nutritious food while honouring cultural tastes. They source culturally essential foods
and provide nutrition education, supporting community health and inclusion. Group meals foster social
connections and a sense of belonging, especially for immigrants adjusting to new environments.
Festivals and communal dining remind us of food’s role in building relationships and cultural identity.
While societies change, food culture also evolves, mixing traditional dishes with new trends. This
shifting food landscape shows broader social changes and stresses the importance of celebrating
diversity in cooking. It is important to pass down culinary traditions through education and common
experiences to preserve our cultural legacy and strengthen community connections. (D’Andrea &
D’Ulizia, 2023) We also recognize the link between food culture, health, and environmental protection.
(EAT-'Lancet' commission outlines fairer global diet for feeding planet sustainably, 2025) Social
standards and financial factors heavily influence our food choices. (Higgs, 2015, pp. 38-44) To improve
public health and eating habits, we should examine these factors together. (Atac, 2025) Understanding
the reasons behind our dietary habits will help us create better nutritional strategies. (Kowalczewska et
al., 2025) Overall, this research illustrates the many roles food plays in our lives and the need for a just
approach which respects traditions while promoting health and wellness in our communities. (Wright et
al., 2021, pp. 701-715)

Discussion: Food is an essential element of culture, permitting us to express ourselves and connect with
others (Evans, 2023). It reflects our traditions and principles, often carried down through generations.
UNESCO recognizes several culinary traditions, such as Al-Mansaf from Jordan and sushi from Japan
(Evans, 2023). Traditional foods like pasta from Italy and ramen from Japan showcase our cultural
character and feeling of community. [1]National dishes, including Spain’s paella and hamburgers in the
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U.S., capture a country’s spirit and history. Food has a central role in preserving culture and supporting
diversity, with immigrants (Evans, 2023) contributing their traditional dishes to American cuisine,
forming a rich mix of regional foods. This diversity is more than a collection of dishes; it is an homage
to the unique cultural contributions of each group (Evans, 2023). Meals bring people together and are
central to celebrations. Cultural foods can also promote better health. To keep our traditions alive, we
must share recipes and teach about them. [2]Food banks, like the SLO Food Bank, focus on sourcing
culturally significant foods, providing nourishment and comfort while supporting community inclusion.
[3]At SLO Food Bank, we believe everyone should have access to nutritious food. We gather fresh
produce from local farms and help our Agency Partners offer food choices that respect traditional
preferences. [4] The mission includes sharing recipes, promoting nutrition education, and connecting the
community to critical resources such as [5] CalFresh. [6] The aim is to reduce hunger and improve health,
especially in rural areas. Anyone can volunteer or donate to help bring health and happiness to [7]San
Luis Obispo County. Food culture shows who we are and reflects our traditions. [8]It affects our health
and the way we interact with each other. As societies change, our diets do too, incorporating new foods
alongside traditional ones. When we eat together, it highlights our values and helps us connect. [9] Food
is a key way to express our personal and cultural identities. Family traditions and local favourites
influence it.[10] Food also shows our beliefs about health and the environment. Traditional meals link
us to our heritage and history, passing down recipes from generation to generation. [11]For immigrants,
food helps create a feeling of belonging in new communities. Sharing meals brings people together and
fortifies social ties. Festivals and communal dining accentuate the importance of food in building
friendships. Our food choices affect our health. Diets rich in fresh ingredients can lower the risk of
disease, while processed foods may cause health problems. Food connects to our feelings and
recollections, and cooking for others shows love and care. Overall, food culture forms our identity,
influences our health, and impacts our community. Food consumption patterns have changed
significantly, resulting in health problems such as obesity and chronic diseases (Mingay et al., 2021).
[12]In 2016, more than 2.2 billion people were overweight, and this number might reach 3.28 billion by
2030. [13]Poor diets caused 11 million deaths in 2017, demonstrating the need to move from just treating
diseases to promoting healthy and sustainable food systems. We need to consider social and cultural
factors on eating habits, as past efforts focused on individuals have been ineffective (Mingay et al.,
2021). Redefining food culture is key to improving public health and nutrition (Mingay et al., 2021).
[14]Food culture includes the beliefs, practices, and feelings people have about food, influenced by
social and surrounding factors. Relationships and media shape how we interact with food, forming social
norms through our experiences (Mingay et al., 2021). The places where we eat—like homes,
workplaces, and schools—also matter. [15]Societal rules inform our food behaviours, and knowledge
about food is transmitted across generations and is influenced by culture, location, and economic
resources. Food production and waste are affected by policies, economics, and sustainability (Mingay
et al., 2021). [16]Food culture is part of our identity and affects our health and well-being, connecting
our diets to larger social and ecological influences. It is vital to examine food culture in our environments
to understand how it promotes healthy food choices and community values (Mingay et al., 2021). By
studying food culture, we can understand the complex reasons behind our choices, recognizing that food
behaviours change and depend on cultural context. [17]Food consumption has shifted due to
globalization, urbanization, and technology, affecting health and eating habits. [18]Globalization has
increased food options but often leads to poor nutritional choices, with convenient, ultra-processed foods
becoming popular. Urban lifestyle and long work hours drive people toward quick, unhealthy meals,
leading to a loss of cooking skills over generations (Mingay et al., 2021). The internet adds confusion
with mixed nutrition advice and unrealistic body images, which can cause dissatisfaction and unhealthy
eating patterns. Fad diets complicate healthy eating by overshadowing reliable nutrition guidance
(Mingay et al., 2021). The decline in food culture illustrates the need for public health campaigns that
promote healthy eating and shift our attitudes toward food. Focusing on treating health problems has
often taken precedence over promoting health, even though healthier habits can reduce long-term
healthcare costs (Mingay et al., 2021). Global calls for change highlight the need for policy updates,
cross-sector collaboration, supportive environments, education, early interventions, and support for at-
risk groups (Mingay et al., 2021). (Mingay et al., 2021) Climate change also impacts food production,
requiring a new approach to our food habits. [19]Key efforts, such as the UN Decade of Action on
Nutrition and the EAT-Lancet Commission, aim to make healthy, sustainable diets available to
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everyone. [20]Recent dietary guidelines, such as the Dietary Guidelines for Americans 20202025,
promote healthy eating patterns throughout all life stages and emphasize nutrient-rich choices
customized to individual needs. [21] Brazil’s Dietary Guidelines show how joint action can support
healthy eating, while [22] Canada’s 2019 guidelines highlight the significance of mindful eating and
social meals. These strategies seek to improve food culture and general well-being. Food is more than
nutrition; it forms our identities, cultures, and environment. [23]When we consider food, various ideas
come to mind. We regularly prioritize nutrition, taste, and ease of preparation. However, food is more
than simply a necessity. [24]It reflects our identities, cultures, and the world around us. Each meal we
prepare reveals who we are, formed by our cultural backgrounds, cooking styles, traditions, and
shopping habits.

[25]Food connects us to our communities and strengthens our identities. [26]By exploring the world of
food, we can uncover its connections to social identity, environmental sustainability, and food politics.
(Kenefick,2025) Our objective is to foster a healthier relationship with food and approach eating more
mindfully. Through this exploration, we will (Kenefick, 2025) develop a deeper understanding of the
cultural meanings of the food we eat and comprehend the connections within our global community. By
the end of this journey, we will perceive our meals differently, considering the stories behind our
ingredients and the impact of our food choices on the world (Kenefick, 2025). [27]Food culture is
formed by history, geography, community relations, and economics, revealing stories and values in our
diets. [28]Historical events influence dishes, while geography dictates ingredient availability. [29]Food
connects people socially and mirrors cultural identity. Financial elements affect access and choices,
impacting food security. Understanding food culture improves our appreciation of diversity while
encouraging  eco-friendly  practices.  [31]Food  culture  maintains  traditions  and
biodiversity.[32] Traditional diets are often healthier than processed foods. [33]Traditional farming
supports environmental equilibrium and sustainability. [34]Food culture is broader, including social and
historical aspects. It can enrich or threaten traditional food practices. Examples include the Japanese tea
ceremony and [35]Hindu offerings. [36]It influences food through food regulations and rituals.
Ceremonies.[37]Examples include kosher laws in Judaism, halal dietary guidelines in Islam, and
vegetarianism in Hinduism and Buddhism. [38]Food tourism involves travelling to a destination
specifically to experience its food culture. It provides opportunities to learn about local ingredients,
cooking methods, and culinary traditions, supporting an enhanced understanding and appreciation of
diverse food cultures. [39]Food sovereignty is the right of peoples to healthy and culturally appropriate
food produced through ecologically sound and sustainable methods, and their right to define their own
food and agriculture systems, to local control over food production and distribution, and to promote
food security and cultural conservation. We can promote and preserve traditional food cultures by
supporting local farmers and producers, learning traditional cooking techniques, documenting oral
histories of food traditions, and endorsing policies that safeguard food sovereignty and biodiversity.
[41]Media, including cookbooks, television shows, and social media, strongly influence food culture.
They can popularize certain foods and cooking styles, promote awareness of food-related issues, and
mould public perceptions of different cuisines and food traditions. [42]Food advertising often promotes
processed and packaged foods, which can negatively affect our understanding and appreciation of
traditional food cultures.[43]It can generate unrealistic expectations about food, normalize unhealthy
eating habits, and weaken local food systems. Ethical aspects related to food culture include fair trade,
sustainable agriculture, animal welfare, and food security. Tackling these issues is key to creating a
fairer and more equitable food system. [45]Understanding food culture can broaden our gastronomic
horizons, encourage us to explore new ingredients and cooking techniques, and support a more mindful,
sustainable approach to eating.[46]It can also help us reconnect with our own cultural heritage and
appreciate the social and cultural meaning of food. Future trends in food culture include rising emphasis
on sustainability, local sourcing, plant-based diets, and customized nutrition. There is also a resurgence
of interest in traditional food practices and a greater awareness of the social and environmental impacts
of our food choices.

Conclusion: The exploration of food culture reveals its considerable significance, showing that food
transcends mere nourishment to become a vital expression of cultural heritage and social connection.
Research in this area highlights the multiple roles that traditional foods and communal dining practices
play in fostering a sense of belonging and permanence within communities. Evidence suggests that these
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practices both create common experiences and strengthen familial and community relationships.
Conversely, the rise of processed foods, frequently associated with the convenience of modern life,
correlates with alarming health challenges, particularly obesity and related diseases. Interviews with
community members—from local farmers to chefs—point out the significance of culturally significant
foods as integral to health and well-being. These discussions also reveal the challenges posed by
globalization, which can dilute traditional food practices and disrupt local culinary landscapes. The
research supports a range of initiatives, including cooking classes and food festivals, to promote
traditional gastronomic practices.

Such moves not only recognize cultural heritage but also contribute considerably to public health and
social cohesion. Understanding food culture functions as a crucial element in the quest for better
lifestyles. The research shows that reconnecting with our culinary roots can lead to better nutritional
decisions and stronger community relationships. In an era distinguished by rapid modernization and
urbanization, it is necessary to recognize and preserve traditional eating habits that have long been part
of our identity. The findings show that food not only meets nutritional needs but also plays a fundamental
role in shaping social connections and community identity. As globalization continues to reshape diets
and threaten culinary traditions, cooperative efforts are needed to support healthier food choices and
safeguard our cultural heritage. By celebrating and nurturing food culture, communities can promote
stronger interpersonal relationships, support healthier living habits, and strengthen their connection to
their roots. Programs that incorporate culturally relevant foods into eating habits can greatly improve
nutrition, especially for marginalized groups. Initiatives like those led by the SLO Food Bank emphasize
this point, demonstrating the benefits of combining traditional foods with contemporary dietary needs.
To address the rising prevalence of processed food consumption and the resulting obesity epidemic, it
is fundamental to support policies that foster healthy food environments. These policies should ensure
that nutrition education is accessible and provide communities with chances to engage in social
gatherings that honour cultural traditions surrounding meals. Understanding and appreciating food
culture can bridge the gap between public health and public involvement, resulting in more integrated
societies that esteem both health and identity. (Kneale et al., 2025) The study shows the essential
interplay among food culture, identity, and health, stressing the need for a holistic approach to nutrition
that fully considers social and cultural dimensions. (Integrating culture in Human—Food Interaction: A
study of cultural and creative food experiences and technological interactions, 2025) Unlike other
studies that focus on individual food choices, this research stresses the importance of community
participation and collective eating practices for cultivating healthier eating habits. (Morales-Garzon et
al., 2025) While the study yields important insights, a major limitation is its reliance on existing
literature, which may not adequately capture individual experiences or emerging trends in food culture.
Future research endeavours should incorporate qualitative methodologies, such as interviews or focus
groups, to gain a fuller understanding of how varied communities navigate their food identities in a
constantly changing environment. This all-encompassing approach may vyield culturally appropriate
methods for promoting healthy eating.
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MULTIPLE INTEGRALS AND CHANGE OF ORDER OF INTEGRATION — AREA
ENCLOSED BY CARTESIAN COORDINATES IN ENGINEERING APPLICATIONS

Rakshith Kumar, Raghul S.R, Nanjundeeswar, Pranav P.R, Prodhosh

Department of Electronics and Communication Engineering ,RMK Engineering College,
Kavaraipettai, India

ABSTRACT

Multiple integrals form an essential part of engineering mathematics and are widely used to analyze
physical systems involving more than one independent variable. Double and triple integrals are applied
to compute areas, volumes, mass distributions, centroids, and moments of inertia in mechanical, civil,
and electrical engineering. One of the most important techniques associated with multiple integrals is
the change of order of integration, which allows a difficult integral to be simplified by interchanging the
sequence of integration. This technique is particularly useful when evaluating areas enclosed by curves
expressed in Cartesian coordinates. In many cases, the original limits of integration are complicated or
lead to integrals that are difficult to evaluate, whereas changing the order of integration transforms the
region into a simpler form. This paper presents a detailed study of multiple integrals, focusing on double
integrals and the method of changing the order of integration. The geometric interpretation of regions
bounded by curves is emphasized, along with step-by-step procedures for determining new limits of
integration. Engineering-oriented examples are included to demonstrate the practical significance of
these concepts in real-world applications such as area estimation, load distribution, heat transfer, and
material analysis.

Keywords: Multiple Integrals, Double Integrals, Change of Order of Integration, Area, Cartesian
Coordinates, Engineering Applications

INTRODUCTION

Engineering problems frequently involve quantities that depend on two or more variables. Examples
include temperature distribution over a surface, pressure variation across a plate, and material density
varying within a region. Single-variable calculus is insufficient to analyze such systems, and multiple
integrals provide a natural extension. Double integrals enable engineers to compute areas and
accumulated quantities over planar regions, while triple integrals are used for volume-related
calculations in three-dimensional domains. Among these, double integrals play a particularly important
role in determining the area enclosed by curves in Cartesian coordinates.

In practical applications, the region of integration is often bounded by curves such as parabolas, straight
lines, or circles. Setting up the limits of integration correctly is a crucial step in evaluating a double
integral. However, the initially chosen order of integration may lead to complicated limits or integrands.
The method of changing the order of integration provides a systematic approach to overcome this
difficulty by redefining the region of integration and simplifying the evaluation process.

THEORY OF MULTIPLE INTEGRALS

A double integral of a function f(x, y) over a region R in the xy-plane is defined as the limit of a Riemann
sum as the partition size approaches zero. Geometrically, a double integral represents the volume under
the surface z = (X, y) above the region R. When f(x, y) = 1, the double integral reduces to the area of
the region R. This interpretation forms the basis for using double integrals to compute areas enclosed
by curves.

Regions of integration are broadly classified into rectangular regions and non-rectangular regions. In
rectangular regions, the limits of integration are constants, whereas in non-rectangular regions, at least
one limit is a function of the other variable. Most engineering problems involve non-rectangular regions
bounded by curves, making the choice of limits an important consideration.
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CHANGE OF ORDER OF INTEGRATION

The change of order of integration involves interchanging the sequence of integration in a double
integral. For example, an integral of the form flatob]] [gl(x) to g2(x)] (X, y) dy dx can be rewritten as
[[c to d] J[h1(y) to h2(y)] f(x, y) dx dy, provided the region R remains the same. This requires a clear
understanding of the geometry of the region.

To change the order of integration, the region of integration must first be sketched in the Cartesian plane.
By analyzing the boundaries of the region, new limits of integration can be determined. This process
often simplifies the integral, especially when the integrand is easier to integrate with respect to one
variable before the other.

AREA ENCLOSED BY CURVES IN CARTESIAN COORDINATES

The area enclosed by curves in Cartesian coordinates can be evaluated using double integrals by
integrating the constant function 1 over the region of interest. For regions bounded by curves of the form
y = f(x) and y = g(x), the area is given by the integral [[a to b] [[g(x) to f(x)] 1 dy dx. When the region
is more conveniently described in terms of x as a function of y, changing the order of integration leads
to a simpler expression.

Common examples include regions bounded by straight lines, parabolas, and combinations of linear and
quadratic curves. In such cases, changing the order of integration reduces the problem to evaluating
standard integrals with simpler limits.

ENGINEERING APPLICATIONS

Multiple integrals and change of order of integration are widely used in engineering practice. In civil
engineering, they are applied to determine the area of irregular land sections and load distributions over
structural elements. In mechanical engineering, these techniques are used to compute mass, centroid,
and moment of inertia of plates with variable density. In electrical engineering, double integrals are
employed to analyze charge distributions and electric flux over surfaces.

In heat transfer and fluid mechanics, double integrals help evaluate total heat flow or fluid quantity
across a surface when the flux varies with position. The ability to change the order of integration allows
engineers to choose the most efficient computational approach, reducing time and minimizing errors.

RESULTS AND DISCUSSION

The study demonstrates that changing the order of integration significantly simplifies the evaluation of
double integrals in many practical problems. Complicated regions bounded by curves can often be
transformed into simpler regions with straightforward limits. This not only reduces computational effort
but also enhances conceptual understanding of the geometric nature of integration.

The examples discussed highlight the importance of sketching the region of integration and carefully
analyzing its boundaries. A clear geometric interpretation ensures correct limits and accurate results,
which are essential in engineering design and analysis.

CONCLUSION

Multiple integrals and the change of order of integration are powerful tools in engineering mathematics.
They provide an effective framework for evaluating areas enclosed by curves and other accumulated
guantities over complex regions. A strong understanding of these concepts is essential for solving real-
world engineering problems and for advanced studies in applied mathematics, numerical methods, and
engineering analysis.
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TRENDS IN PYTHON FOR DATA ENGINEERING

Muhammad Faisal
Assistant Professor (Al) at Allama Igbal Open University
ORCID: 0000-0002-5797-766X

ABSTRACT

Python continues to be the dominant language in Al development due to its readability, extensive
libraries (e.g., TensorFlow, PyTorch), and supportive ecosystem. This article examines Python’s impact
on fringe Al innovators, educators, and startups, outlining how Python tooling and community
contributions lower barriers to entry for complex model training, deployment, and interpretability. The
research also explores Python's integration with emerging AutoML frameworks and ethical Al
toolchains, emphasizing its role in democratizing Al capabilities while addressing computational
efficiency and scalability challenges.

Keywords: Python, Al democratization, machine learning, AutoML, ethical Al
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PYTHON’S EXPANDING ROLE IN GENERATIVE AI SYSTEMS

Muhammad Faisal
Assistant Professor (Al) at Allama Igbal Open University
ORCID: 0000-0002-5797-766X

ABSTRACT

Generative Al represents one of the most transformative technological movements of the decade, and
Python remains central to its advancement. This article explores how Python supports the development
of large language models, diffusion systems, and multimodal Al through frameworks such as PyTorch
and Hugging Face. It evaluates Python’s efficiency in model training, fine-tuning, and deployment
pipelines. The study also addresses performance optimization, ethical Al tooling, and distributed
computing integration. Findings suggest that Python’s ecosystem maturity and interoperability continue
to make it the dominant language for generative Al innovation.

Keywords: Python, edge computing, IoT, Micro Python, performance
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PYTHON AND EDGE COMPUTING CHALLENGES AND OPPORTUNITIES

Muhammad Faisal
Assistant Professor (Al) at Allama Igbal Open University
ORCID: 0000-0002-5797-766X

ABSTRACT

Edge computing demands lightweight, efficient software capable of processing near data sources. This
article explores Python’s adoption in edge environments, focusing on frameworks like Micro Python
and Circuit Python, optimizations using C-extensions, and strategies for maintaining Python’s usability
without compromising performance. The study discusses case uses in l0T devices, autonomous Sensors,
and decentralized analytics.

Keywords: Python, edge computing, IoT, Micro Python, performance
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ENHANCING THE OPTICAL AND DIELECTRIC CONSTANTS OF CU-GE-S FILMS
FOR SOLAR CELL WINDOWS

K. A. Aly
Department of Physics, College of Science and Arts, Jeddah University, Jeddah, Saudi Arabia

ABSTRACT

This work concerns the optical characteristics of ternary CuxGezsSrs« (0.0 <x <12.0 at.%.) films. The
transmission spectra (T())) of CuxGezsS7s.x (CGS) films display interference fringes with low absorption
coefficients (o) in the transparent region of 0.5-2.5 um. The film refractive index (n) and optical
density (x) have been precisely determined without any dependence on the film thickness using only the
lower envelope of the measured film transmittance (Twm). The film thickness (t) is determined using the
interference fringe main equation (2nt=mA where m is the order number). The phenomenon
of absorption edge redshift is a fascinating occurrence that can be attributed to variations in the
concentrations of copper (Cu) contents. vs. plots are used to compute bandgap energy (Eg) and the band
tail parameter (B). Indicators of the Cu addition effect on polarization and electromagnetic
wave interactions include the complex dielectric constant (e*), optical conductivity (c”), and
the dielectric loss factor (tan ). The effects of Cu contents on charge carrier mobility and energy
losses are emphasized by the energy loss functions (VELF and SELF) and electric modulus (M*).
Moreover, relaxation mechanisms and impedance variations are investigated, producing
distinctive Nyquist diagrams. This thorough characterization improves our comprehension of CGS films
for possible optoelectronic applications.

Keywords:Physical properties, Metallization character, Non-linear optics, Chalcogenide glasses
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ABSRACT

Modeling uncertainty in real-world systems is a fundamental objective of applied mathematics and
statistics. In higher education management, forecasting student enrollment represents a discrete
stochastic problem characterized by randomness and variability within fixed admission cycles. Accurate
prediction of enrollment is essential for effective faculty allocation, laboratory scheduling, infrastructure
planning, and optimal utilization of institutional resources. Traditional deterministic forecasting
methods often fail to capture the inherent probabilistic fluctuations in student admissions, leading to
inefficient planning decisions. This study proposes the application of the Poisson distribution as a
stochastic framework for modeling annual enrollment in a Civil Engineering Honours program. Since
student registrations can be interpreted as independent events occurring within a fixed time interval at
an approximately constant average rate, the Poisson model provides a mathematically appropriate and
statistically consistent representation. The model parameter, representing the average enrollment rate, is
estimated using historical admission data. The Poisson probability mass function is then employed to
determine the likelihood of observing different enrollment levels in a given academic year. The proposed
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framework enables quantitative evaluation of scenarios such as enrollment exceeding infrastructural
capacity or falling below minimum operational requirements. Simulation analysis is conducted to
validate the distributional assumptions and to illustrate variability across multiple admission cycles. The
results indicate that enrollment frequencies concentrate around the estimated mean while maintaining
measurable probabilities of deviation. The study demonstrates that probabilistic modeling offers a
reliable and scalable tool for academic resource planning and can be extended to broader applications
in educational analytics and institutional decision-making.

Keywords: Poisson distribution, Students enrollment in Honours program, Faculty allocation,
Simulation analysis, academic resource planning.
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EXPLORING FUNDAMENTAL DESIGN PRINCIPLES IN VISUAL LANGUAGE:
INSIGHTS FROM ANIMATION STUDENTS

Norziana bt Abdul Malim, Nur Mazlina binti Abdul Hadi, Norhasaliza binti Hassan
Kolej Komuniti Kepala Batas, Politeknik Metro Tasek Gelugor - Malaysia

ABSTRACT

Fundamentals of design form the theoretical and practical foundation of animation education. However,
many animation students tend to prioritise technical software proficiency over the development of visual
literacy, leading to inconsistencies in visual language and creative identity. This study examines the role
of fundamental design principles in shaping the visual language of animation students from pedagogical
and theoretical perspectives. The objectives are to explore students’ understanding of design elements
and principles, analyse their application in animation projects, and evaluate their influence in animation
storytelling.

Using a qualitative research, the study integrates visual content analysis of selected student works and
interviews with students and lecturers. Thematic analysis was employed to identify patterns in design
application and conceptual articulation. Findings indicate that students with stronger element of design
are better able to construct consistent visual narratives and distinctive stylistic identities. Limited
grounding in design often results in fragmented visual communication despite technical competence.
The study concludes that fundamentals of design function as a visual grammar essential for creative
consistency and narrative clarity in animation education.
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EXPLORING CRIME PREVENTION THROUGH ENVIRONMENTAL DESIGN (C.P.T.E.D)
PRINCIPLES IN THE DESIGN PROPOSAL OF A BUS TERMINAL, NASARAWA STATE,
NIGERIA

! Simpa, Abbas Abdulaziz, *Abubakar D. Isah
! Department of Architecture, Federal University of Technology Minna, Niger State Nigeria.

ABSTRACT

Escalating insecurity in Nigeria’s transport hubs, ranging from theft to insurgency, necessitates
architectural interventions surpassing traditional fortification. This study evaluates the efficacy of Crime
Prevention through Environmental Design (CPTED) in the North-Central zone using a pragmatic
mixed-methods approach. Data was triangulated from a quantitative survey of 248 users and 1SO 22341
observational audits of representative terminals. The empirical results expose a critical "Resilience
Gap," with an aggregate audit compliance of only 59%. This score highlights a failure in operational
maintenance rather than structural integrity. Crucially, this "Operational Decay" creates a gendered
safety disparity, confirmed by a significant T-Test gap (p=0.001) where female users reported drastically
lower safety perceptions. Furthermore, regression analysis (R?=0.645) established Natural Surveillance
(B=0.620) as the primary driver of safety, statistically outweighing Access Control (=0.110). This
finding challenges the local reliance on physical barriers, proving that "Visual Permeability" is
significantly more effective at reducing fear than fencing alone. Synthesizing these findings, the study
proposes a context-adaptive design for the Keffi Bus Terminal. The proposal operationalizes "Passive
Surveillance" through high-durability glazing and a panoptic Watch Tower. Additionally, it introduces
gender-responsive measures, such as 300-Lux lighting in vulnerable zones, and utilizes spatial
segregation to buffer passengers from informal "Agbero™ activities. The study concludes that resilient
transport architecture in Nigeria requires a paradigm shift from "Fortress Design" to "Visually
Permeable™ environments.
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AN ANALYSIS OF 12 PRINCIPLES OF ANIMATION AND EVALUATING THE
EFFECTIVENESS AMONG 2D ANIMATION STUDENTS KEPALA BATAS COMMUNITY
COLLEGE

Azman bin Hashim*Masyanti binti Noor Rehan? Zirawina binti Zakaria®
2D Animation Unit
Kolej Komuniti Kepala Batas,13200 Kepala Batas, Pulau Pinang, Malaysia.

ABSTRACT

This study was conducted to analyse the effectiveness of applying the 12 Principles of Animation on the
knowledge level and animation quality produced by Semester 2 students of the 2D Animation Certificate
at Kepala Batas Community College. Although animation principles such as squash and stretch,
anticipation, timing, arcs, follow through, and slow in and slow out are introduced in the syllabus, initial
observations showed that some students still produced animations that appeared stiff, lacked expression,
and had inappropriate timing. This study employed a quantitative pre-test and post-test research design
involving 19 students as the sample. Two main instruments were used: a knowledge test/questionnaire
related to the 12 principles of animation and an animation quality assessment rubric evaluating aspects
such as timing & spacing, squash and stretch, anticipation, arcs, follow through, and appeal. Data were
analysed using descriptive statistics such as mean, percentage, and comparison of scores before and after
the intervention. The findings indicated that students’ knowledge improved after the application of
animation principles, while the quality of their animations also showed a significant improvement,
particularly in terms of more natural movement, more accurate timing, and reduced stiffness. This study
is expected to strengthen 2D animation teaching methods and enhance student performance through
more systematic and structured practice of animation principles.
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ANTIHYPERLIPIDEMIC POTENTIAL OF ZINC OXIDE NANOPARTICLES FROM
PUNICA GRANATUM

Amina Aslam
Bilal Aslam
Muhammad Rehan Sajid
Rimsha Ikram
Ifraha Abbas
Kashif Igbal
Faiza Hassan

ABSTRACT

Hyperlipidemia is a medical condition with a variation in blood cholesterol levels characterized by
increased low-density lipoprotein (LDL) cholesterol and decreased levels of high-density lipoprotein
(HDL) cholesterol. This study aims to focus on the anti-hyperlipidemic potential of green-synthesized
ZnO nanoparticles from the peel extract of Punica granatum. The bioactive components of Punica
granatum, such as phenols and flavonoids, possessed anti-hyperlipidemic activity against 30% high-fat
diet (HFD) induced hyperlipidemia in rats. The 30 rats were divided into five groups, first was normal
control (normal feed diet), second was a hyperlipidemia control (hyperlipidemia was induced by HFD),
the third was standard group (Atorvastatin 10mg/kg), fourth and fifth group was treatment groups of
low dose (5mg/kg) and high dose (10mg/kg) of ZnO nanoparticles of Punica granatum peels extract
(ZnOPG) respectively. Zeta size, zeta potential, SEM and FTIR analysis was done to analyze the green
synthesized nanoparticles. On the 49th day of the experimental trial, rats were decapitated; blood was
collected and tissue sampling was performed. Physical parameters and lipid markers (TC, HDL, LDL,
TG) were used to determine the efficiency of the treatment. One and two-way analysis of variance
(ANOVA) was used to analyze the final data. The results showed a significant improvement in the lipid
profiles as well as in other parameters in treatment group compared to disease control in which no
treatment was given.
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PASSPORT VERIFICATION USING ZIGBEE TECHNOLOGY

N Bharat Mohan
Assistant Professor MVSR Engineering College.

Dyasani Advitha

MVSR Engineering College.

Banavath Sree Vidya

MVSR Engineering College
Anugu Poojitha

MVSR Engineering College

ABSTRACT

The technique of passport verification which is currently used in the airports involves manual checking
and it is time consuming. Another major issue with the conventional paper passport is that, it can be
forged or duplicated easily. The proposed system consists of two level of authentication. In the first level
of authentication, the RFID (Radio Frequency Identification) module is used which involves both RFID
tag and RFID reader. The second level of authentication is the face recognition. In this the passport
holder’s face is captured and is verified. The two levels of authentication increase the level of security
and safety. This system is proposed in order to decrease the duplicating of the passports which leads to
various illegal activities. Also, the verification duration is reduced with the use of e-passport. The face
recognition is implemented which increase the efficiency of the e-passport. The technologies such as
RFID can be used effectively to replace paper passports by portable e-passports.
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DETERMINANTS OF FINANCIAL GAPS IN THE HOUSEHOLD CAUSING DOMESTIC
ECONOMIC VIOLENCE
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Division Académica de Ciencias Sociales y Humanidades
Universidad Judrez Autonoma de Tabasco.
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Est. Héctor Jhovani De La Cruz Torres
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ABSTRACT

Economic violence is one of the most insidious manifestations of coercive control, based on the
restriction, surveillance, or deliberate deprivation of material and financial resources. Far from being an
isolated phenomenon in the private sphere, its analysis from a sociocultural perspective reveals how
macroeconomic structures and collective norms create an environment conducive to its perpetuation. In
societies characterized by profound gender, class, and ethnic inequalities, unequal access to capital
becomes a tool of domination that systematically undermines individual autonomy. The maintenance of
these dynamics is largely due to the legacy of a patriarchal culture that naturalizes financial hierarchy.
Under this system, the centralization of income in men is not only accepted but institutionalized,
stripping women of their agency. This asymmetry is exacerbated in contexts of social stratification,
where precarious employment and the absence of inclusion policies drastically limit opportunities for
upward mobility for marginalized groups. Consequently, economic dependence is not merely a lack of
funds, but a "patrimonial prison™ that prevents breaking cycles of abuse. From an operational standpoint,
economic violence manifests itself when a dominant actor monopolizes the management of resources,
limiting access to basic goods or sabotaging the labor market integration of other family members.
Factors such as financial illiteracy and a lack of independent income act as critical barriers that erode
the bargaining power of victims. Ultimately, the intersection of structural inequality and traditional
gender roles transforms money from a means of subsistence into a mechanism of social control,
consolidating a vulnerability that transcends the economic sphere to affect the psychological integrity
and fundamental freedom of the individual.
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AI-OPTIMIZED MINIATURIZED MICROSTRIP ANTENNA ON ROGERS RT5880 for Sub-
6 GHz 5G/6G APPLICATIONS

Nejjari Amal
FPN NADOR MAROC
Faiz Ahmed
ESN NADOR MAROC

ABSTRACT

The rapid deployment of 5G and the emergence of 6G wireless communication systems have increased
the demand for compact, wideband, and efficient antennas operating in the sub-6 GHz frequency range.
This paper presents an Al-optimized miniaturized microstrip antenna designed on a Rogers RT5880
(lossy) substrate with a thickness of 1.588 mm. The proposed antenna operates over a wide frequency
band from 2 to 10 GHz, with a targeted resonance around 5.8 GHz, making it suitable for sub-6 GHz
5G/6G applications.

Applied mathematical modeling and full-wave electromagnetic simulations are carried out using CST
Microwave Studio to analyze the antenna behavior and guide the design process. An artificial
intelligence-based optimization algorithm is employed to optimize the antenna geometrical parameters,
aiming to achieve antenna miniaturization while enhancing impedance matching, bandwidth, and
radiation efficiency. Simulation results demonstrate that the proposed antenna exhibits wide impedance
bandwidth and stable radiation characteristics, making it a strong candidate for 5G/6G communication
systems, smart infrastructure, and sustainable 10T applications.

Keywords: Miniaturized antenna, Microstrip antenna, Sub-6 GHz, 5G/6G, Atrtificial intelligence,
Rogers RT5880, CST Microwave Studio.
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HEALING THROUGH LEARNING: THE ROLE OF PRESCHOOL EDUCATION IN
TRAUMA RECOVERY FOR CHILDREN IN SOUTHERN PART OF KADUNA STATE,
NIGERIA

Tanko, Linus, 2Mohammed Sani Ibrahim, *Audu Diggah, ‘Emmanuel D. Sambe
!Department of Early Childhood Care and Education
Adult and Non-Formal Education
%4Department of Special Education
Kaduna State College of Education, Gidan Waya, Kaduna State.

ABSTRACT

Addressing childhood trauma in Southern Kaduna State's conflict-affected areas is extremely difficult.
This study examined how preschool education can foster resilience and support trauma healing. Trauma-
informed preschool education programmes can provide a secure, supportive atmosphere in which
children can manage their emotions, re-establish trust, and learn coping skills. Play-based learning,
community involvement, and fostering connections with caregivers are important elements. The
effectiveness of implementation depends on contextual elements like educator training and cultural
sensitivity. The authors highlight the potential of preschool to aid in healing and advance long-term
educational success in their suggestions for including trauma-informed practice in preschool settings.

Keywords: Trauma Recovery, Preschool Education, Resilience,
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HOW TO END THE WAR IN UKRAINE AND CREATE A SECURITY ZONE FOR MANY
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ABSTRACT

Today, negotiations to end the war in Ukraine are fruitless, because Putin demands that Russia must get
the territory of Donbas, which Ukraine will not agree to do because the transfer of the territory of
Ukraine to another country contradicts its constitution. The way out of this impasse may be the leasing
of four border regions with Russia and Crimea to the United States. Today this is the most realistic
possible way to end the war and guarantee the post-war security of Ukraine and Europe for many years.
This involves Ukraine leasing border regions with Russia and Crimea to the United States under a Treaty
that has the following main conditions:

1. Border regions with the Russian Federation (Sumy, Kharkiv, Luhansk, Donetsk regions) and Crimea
(hereinafter referred to as the Leased Territories) are provided to the United States under a Lease
Agreement for a period of 49 years or more.

2. The State Border Service of Ukraine is responsible for protecting the state border of the Leased
Territories.

3. The Leased Territories shall be subject to the legislation and legal system of US state that prohibits
the death penalty, such as the state of New York, with police units and the state National Guard stationed
in the Leased Territories to ensure law and order.

4. The property of Ukraine and Ukrainian citizens illegally appropriated by the occupiers in the period
from 2014 to the date of the conclusion of the Agreement shall be returned to their previous owners.

5. Citizens of Ukraine have the right to freely enter, leave, reside and work in the Leased Territories.

6. The property rights of citizens, legal entities and the state of Ukraine in the Leased Territories shall
be retained by them.

7. Disputes under the Agreement shall be resolved by the Parties in the High Court of London.

8. A Supervisory Board consisting of representatives of Ukraine and the United States may be
established to monitor the implementation of the terms of the Agreement.

To create interest in such a lease for private US business, Ukraine is starting negotiations on granting
concessions for mineral deposits in accordance with the Minerals Agreement concluded with the US as
well as roads, railways and other facilities that will interest investors.

After the Parties conclude the proposed Lease Agreement, the Russian Federation will be forced to leave
the occupied territories in order not to enter into conflict with the US, and the Leased Territories will
become a real security zone at least for the term of the lease.

In the event of the conclusion of the Agreement Ukraine announces the postponement of its accession
to NATO for the term of the lease, since the Leased Territories will become a de facto security zone
against Russian aggression.

In the event of the conclusion of the proposed Lease Agreement, the Parties will receive at least the
following benefits:
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Benefits of Ukraine:
1. Receiving payment for the lease from the US;
2. Reconstruction in the Leased Territories will be carried out by the US;

3. Ukrainians who fled the war will return to the Leased Territories. The incentives for this will be a
much higher level of wages in the Leased Territories than in Ukraine (the minimum wage in New York
State is $17 per hour versus UAH 52 ($1.21) in Ukraine, mortgages are provided at 6.2-6.9% for 30-
year loans, and living conditions will be close to the US level.

4. The level of corruption in the Leased Territories which the Ukrainian authorities have not overcome
in 35 years will decrease to the US level as a result of the action of the American legal system, in
particular through the elimination of corruption at customs, in the courts, etc., as well as the absence of
a value-added tax in the taxation system in the Leased Territories (there is no such tax in the US) which
has become one of the sources of corruption in Ukraine. The Leased Territories will be able to rise to
29th place, which the US occupies in the Corruption Perceptions Index, while Ukraine is currently in
105th place among 180 countries.

5 Ukraine does not need to hold a referendum on Russia's territorial concessions, which is the main
obstacle in negotiations to end the war, since the Leased Territories remain the territory of Ukraine and
are not transferred to the ownership of another state.

6. The withdrawal of Russian troops from Ukraine will make it possible to end martial law and hold
elections for the president and parliament of Ukraine.

1. Benefits of the USA:
1. D. Trump will become a real peacemaker and will be nominated by Ukraine for the Nobel Prize.

2. The USA will receive a huge field for investment and qualified cheap labor for development in the
leased territories.

3. The USA will receive an "unsinkable aircraft carrier" in the center of Europe, which will strengthen
the geopolitical position of the USA in solving the China problem.

4. The USA will receive grounds for using Russian funds frozen in the USA for reconstruction in the
leased territories.

Putin's benefits:

1. Since Ukraine will refuse to join NATO at least for the term of the Treaty, Putin will be able to declare
his victory and achievement of the goal of the “special military operation”.

2. Putin will be able to present as his victory the fact that he forced Ukraine to elect a new president
instead of President Zelensky whom he considers illegitimate.

3. Putin will be able to present as his victory the fact that he forced Europe to refuse to deploy its troops
in Ukraine in a security zone along the border with Russia.

The author is confident that these proposals can become a real basis for negotiations between interested
parties and invites to discuss them.
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EFFECT OF MANURE AND POTASSIUM ON GROWTH AND YIELD OF TOMATO

Tabassum Ahmed Bushra

Department of Agronomy,Faculty of Agriculture, Sher-e-Bangla Agricultural University, Sher-e-
Bangla Nagar-1207,Dhaka

ABSTRACT

The experiment was conducted in the Horticultural Farm of Sher-e-Bangla Agricultural University,
Dhaka during the period from October, 2015 to March 2016 to find out the effect of different manures
and potassium on growth and yield of tomato. The experiment consisted of two factors: Factor A: Three
levels of manures. The treatments are Mo: 0 (control), M:: cowdung 15 t ha' and M2: vermicompost
3.75 t ha'. Factor B: Four levels of potassium. The treatments are Ko: (control); Ki: 200 kg MOP ha';
K2: 220 kg MOP ha'and K3: 240 kg MOP ha'. There were 12 treatment combinations. The experiment
was laid out in Randomized Complete Block Design with three replications. Data on different growth
and yield contributing characters and yield were recorded to find out the optimum level of manure and
potassium on tomato. In case of manure, maximum yield hectare (69.10 t/ha) were recorded from M-
treatment while the minimum result was from the control. For potassium, the maximum yield hectare
(69.43 t/ha) were recorded from the K2 treatment while the minimum from control. Due to interaction
effect of manure and potassium application, the maximum yield hectare (79.96 t/ha) was recorded from
the MK2 treatment combination and the minimum from control. So, it can be concluded that, the
combination of 3.75 t/ha vermicompost with 220 kg MOP ha! is the appropriate practice for tomato
production.

Keywords: Tomato,Potassium(K),Manure,Growth,Yield,Vermicompost,Cowdung,MOP(Muriate of
Potash)
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ABSTRACT

in Mexico, compensatory alimony is a concept in family law that seeks to balance the economic
disadvantage that may arise after a divorce, especially when one spouse dedicated themselves to
household duties and childcare. There is no fixed mathematical formula to calculate it; each case is
analyzed individually.

To determine the amount, factors such as the duration of the marriage, dedication to the home, the age
and work capacity of the applicant, health, professional training, and the financial situation of both
spouses are considered. In some cases, it may reach up to 50% of the assets acquired during the
marriage, even under a separate property regime.

Keywords: Marriage, Alimony, Household Duties, Mexico, Home, and Duration.
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ABSTRACT

This work investigates the existence and multiplicity of solutions for a Robin problem driven by the
p(k)-Laplacian without assuming the classical Ambrosetti—Rabinowitz growth condition. In addition,
uniqueness of solutions is established under new sufficient conditions.

Keywords: p(k)-Laplacian; Robin boundary conditions; existence and multiplicity of solutions;
uniqueness; variational methods; nonstandard growth conditions.
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Tlgili makamas;

MEETCON-X II. ULUSLARARASI BILIMSEL ARASTIRMALAR KONGRESI 17-19 Subat 2026
tarihleri arasinda Ankara, Turkiye’de 14 farkl tilkenin akademisyen/arastirmacilarinin katilimiyla
gerceklesmigtir. Kongre kapsaminda sunumu yapilan 76 bildirinin 35 adeti Tiirkiye’den katilimcilar
tarafindan; 41 bildiri ise 14 tlkeden katilimcilar tarafindan sunulmustur. Kongre 16 Ocak 2020
Akademik Tegvik Odenegi Yonetmeligine getirilen “7Tebliglerin sunuldugu yurt iginde veya yurt
disindaki etkinligin uluslararasi olarak nitelendirilebilmesi i¢in Tirkiye disinda en az bes farkl
lilkeden sozlii teblig sunan konusmacinin katilim saglamasi ve tebliglerin yaridan fazlasinin Tiirkiye
disindan katilimcilar tarafindan sunulmasi esastir.” degisikligine uygun diizenlenmisgtir.
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lgi  :28.01.2026 tarihli ve E-76244175-200.001-547571 sayili yaziniz.

Ilgi yaz1 geregi, Dog. Dr. Okan COLAK'm 17-19 Subat 2026 tarihleri arasinda Ankara/Tiirkiye’
de Online ve Yiiz yiize diizenlenecek olan “MEETCON — X, II. INTERNATIONAL CONGRESS
ON SCIENTIFIC RESEARCH?” kongresinde Diizenleme Kurulu Uyesi ve Akademisyen Temsilci
olarak gorev almasi Dekanligimizca uygun gorilmistiir.
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