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Conference Overview

The Econometric Research Association (ERA) successfully organized the 3™
International Data Analytics and Machine Learning Conference (DATAMACLEA’26)
on May 11-13, 2026. The event was held both face-to-face at Ankara Yildirim Beyazit
University, Etlik Milli irade Campus and online, ensuring broad international
participation.

This year’s main theme was: “Artificial Intelligence and Economic Efficiency: Sectoral
Applications and Value Generation”

The conference emphasized how data has become central to policymakers and
regulators, serving as the “fuel” of the digital economy while also emerging as a key
geopolitical issue. Despite the growing importance of data, the underlying “economics
of data” remains underexplored. The conference aimed to foster a deeper
understanding of data’s economic features, such as its nature as an economic good
and the value chain associated with it. The discussions stressed the need for sound
economic reasoning to guide data policy, regulation, and the design of data spaces.

The event was organized in cooperation with Ankara Yildinm Beyazit University,
Institute for International Relations and Strategic Research (ULISA- IIRSR).

Artificial Intelligence (Al) is increasingly integrated into the core of economic,
technological, and organizational systems, fundamentally altering how value is
created, labor is distributed, and productivity is optimized. From Al-assisted software
development pipelines to data-driven decision-making in corporate operations,
intelligent systems are emerging as key drivers of efficiency and innovation across
industries. Yet, these transformations prompt critical economic reflections: Which
human-led tasks can be responsibly automated? What are the measurable benefits
and hidden costs of delegating functions to Al? And how can institutions maximize
value generation while maintaining  adaptability and  accountability?
DATAMACLEA’26 welcomes empirically grounded and forward-looking contributions
that investigate these questions through technical insight, sectoral analysis, and real-
world application.

At the same time, the growing adoption of Al technologies across sectors is unlocking
new forms of economic efficiency, operational resilience, and scalable innovation.
From intelligent documentation and simulation systems to decision-support tools and
remote service platforms, Al-powered solutions are enabling organizations to
optimize processes, reduce resource waste, and enhance outcome quality. These tools
not only assist professionals in managing complex tasks but also generate measurable
value at the institutional, national, and global levels. DATAMACLEA’26 encourages
contributions that examine how such Al-enabled innovations reshape economic
models, improve productivity, and drive value creation across diverse domains,
including healthcare, software, education, finance, and beyond.
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Topics Covered

Artificial Intelligence in Economics / Finance / Management
Policy, Regulation and Social Impact of Artificial Intelligence
Machine Learning / Deep Learning

Data Mining / Big Data

Emerging Technologies (loT, Blockchain, Digital Twins)
Natural Language Processing / Financial Data Analytics
Predictive Analytics / Forecasting

Statistical Learning and Inference

e  Econometric Theory

e  Applied Economics

e  Behavioral and Experimental Economics

e Agent Based Modelling

e  Optimization / Operations Research

e  Other
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¢ Institute of Economic Development and Social Research
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e Artificial Intelligence and Technology Association (Official Representative of
US Based Association for the Advancement of Artificial Intelligence
Community)
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PROGRAM

Oturum 1| Session 1- Pazartesi, 11 Mayis 2026 | Monday, May 11, 2026
Al, DATA AND MACHINE LEARNING APPLICATIONS
Simulation, Optimization, and Al-Based Decision Systems

Yeliz YALCIN-Haci Bayram Veli University

M. Kenan TERZIOGLU-Trakya University

Aysegil ISCANOGLU GEKIC-Trakya University

Moment Inequality Estimators in Competition Analysis: A Practitioner’s Guide with
Synthetic Data Applications
Fatih Cemil OZBUGDAY-Ankara Yildirim Beyazit University

Reinforcement Learning in Dynamic Economic Analysis
Erdem BASCI-TED University

Intragroup Social Network Analysis Using Sociogram Techniques
Emre AYIKLAR-Econometric Research Association
Sidika BASCI-Ankara Yildirim Beyazit University

Deep Unsupervised Anomaly Detection in ODS Trade Data: A Variational
Autoencoder Approach
Bige KUCUKEFE-Tekirdag Namik Kemal University

Oturum 2 | Session 2-Pazartesi, 11 Mayis 2026 | Monday, May 11, 2026
AlIN ECONOMICS AND MACROECONOMIC ANALYSIS
Demand Deficiency and Inflation in G20 Countries

Aybike MINTEMUR-Ankara Yildirim Beyazit University
Sidika BASCI-Ankara Yildirim Beyazit University

Lighting Up Development: Do Human Development Indicators Drive Nighttime Light
Intensity Across Indian States

Veli Emre SAVAS-TED University

Feyza UNAL-TED University

Hakan EMEKCI-TED University

Do the Central Bank Independence and Democracy Have Impact on the Level of
Inflation for G20 Countries?

Mehmet Orkun APAYDIN-TED University
Hakan EMEKCI-TED University

Artificial Intelligence Shocks in a New Keynesian Framework: The Displacement,
Productivity, And Reinstatement Channels

Cumhur CICEKCI-Turkiye Ministry of Treasury and Finance

Yusuf Omir YILMAZ-Mardin Artuklu University
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Oturum 3 | Session 3-Sali, 12 Mayis 2026 | Tuesday, May 12, 2026
FINANCE, BANKING AND FINANCIAL MARKETS
How Blockchain Is Transforming Digital Finance: A Comparative Analysis Between

Tirkiye and Germany
Muhammed RAHMETULLAH-Ankara Yildirim Beyazit University

The Role of Banks’ Lending Standards in Determining Creditworthiness of Firms:
Evidence from Turkish Banks

Selman DAL-Central Bank of The Republic of Turkiye

Seyid Fahri MAHMUD-Social Sciences University of Ankara

Al-Powered Smart Public Assistants in E-Government: A Behavioral Economics
Approach to Enhancing Public Service Accessibility

Omir AKDEMIR- Ankara Yildirim Beyazit University

Serkan ARSLAN- Ankara Yildirim Beyazit University

Elif Necla BEKTAS- Ankara Yildirim Beyazit University

Kevser CALISKAN- Ankara Yildirim Beyazit University

Furkan ELMAS- Ankara Yildirim Beyazit University

Furkan SEN- Ankara Yildirim Beyazit University

Buse Nur YILDIRIM- Ankara Yildirim Beyazit University

Usability of Digital Public Services: Empirical Evidence from MHRS
Omir AKDEMIR- Ankara Yildirim Beyazit University

Asli Nur AKBAY - Ankara Yildirim Beyazit University

Tugce DEMIRCI - Ankara Yildirim Beyazit University

Yicel Arda DEMIRCI- Ankara Yildirim Beyazit University

Furkan GULTEKIN- Ankara Yildirim Beyazit University

Emir KARABULUTOGLU - Ankara Yildirm Beyazit University

Fatma irem TOPRAK - Ankara Yildirim Beyazit University

Furkan Eren YILMAZEL - Ankara Yildirim Beyazit University

Oturum 4 | Session 4-Sali, 12 Mayis 2026 | Tuesday, May 12, 2026
SUSTAINABILITY, ENERGY AND GREEN ECONOMY

A Hybrid Machine Learning-Econometric Approach to Modelling Food and Energy
Inflation Dynamics in Emerging Markets
Erol Can iLDES-Ankara Social Sciences University

Seyid Fahri MAHMUD-Ankara Social Sciences University

Al, Sustainable Growth, and Long-Term Value Creation
Erkan ERDIL-Middle East Technical University

Gizem OGUTCU ULAS-Baskent University

Oturum 5 | Session 5- Sali, 12 Mayis 2026 | Tuesday, May 12, 2026

DIGITAL TRANSFORMATION, INDUSTRY AND INNOVATION

Al-Driven Carbon Pricing and Digital Transformation: Evolutionary Game Theory
Evidence on Economic Efficiency in Turkey's Manufacturing Sector

Amna ABDULLAH-Ibn Haldun University
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Al in Software Development and Digital Industries: Economic Efficiency, Vibe Coding
Pitfalls, and the Industrial Revolution Analog
Fatih Cagatay AKYON-Middle East Technical University

A Fuzzy Panel Analysis of Over-innovation in Sub-Saharan Africa
Ayuba NAPARI-University of Environment and Sustainable Development

Does the Digital Competence Gap Hurt Workers? Multilevel and Causal Machine
Learning Evidence from Europe
Asad Ul Islam KHAN-Ibn Haldun University

Oturum 6 | Session 6- Sali, 12 Mayis 2026 | Tuesday, May 12,2026

Al IN ECONOMICS AND MACROECONOMIC ANALYSIS

E-Ticaret Yikselen Trendinin Belirleyicisi Pandemi mi yoksa Makroekonomik
Degiskenler mi?

Bilgehan OZBAY -Ankara Yildirim Beyazit University

Sidika BASCI-Ankara Yildirim Beyazit University

Koray GOKSAL-Ankara Yildirim Beyazit University

9-sonlu Fiyatlarin Tiketim Kararlarina Etkileri
Omer Faruk ACAR-Ankara Yildirim Beyazit University
Sidika BASCI-Ankara Yildirim Beyazit University

Mert AKYUZ-Ankara Yildirim Beyazit University

2008 Kiiresel Ekonomik Krizi ve Covid-19 Krizinin Makroekonomik Etkilerinin
Karsilagtirmali Analizi: Panel Veri Yaklagimi
Aleyna YASAR-Ankara Yildirim Beyazit University

Turkiye’de Tamamlayici Saglk Sigortasi Talebini Etkileyen Faktérlerin Makine
Ogrenmesi Teknikleri ile Analizi

Deniz GOKTAS-Bilecik Seyh Edebali University

Merve CELIK-Kilis 7 Aralik University

Reyhan BOZKURT-Necmettin Erbakan University

Oturum 7 | Session 7-Sali, 12 Mayis 2026 | Tuesday, May 12, 2026
ARTIFICIAL INTELLIGENCE AND VARIOUS TOPICS
Socioeconomic Determinants of Diabetes in Tiirkiye: A Machine Learning Approach

GUlnur ACAR-Anadolu University
Deniz GOKTAS-Bilecik Seyh Edebali University

Ethical, Legal, and Regulatory Dimensions of Al
Selman DAL-Cenral Bank of The Republic of Turkiye

Measuring Economic Efficiency and Value Creation in the Age of Al: Metrics, Al
Proxies, and Multi-Level Perspectives

Bisra AGAN CELIK-OSTiM Technical University

Murat YULEK-OSTIM Technical University,

Serdar CELIK-OSTIM Technical University
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Al-Based Early Warning Systems for Macroeconomic and Financial Crises: Evidence
from Emerging Economies
Onur AKKAYA-Kilis 7 Aralik University

Cevrimigi Oturum 1| Online Session 1-13 Mayis Carsamba | Wednesday, May 13
APPLIED Al AND INDUSTRIAL SYSTEMS

A Dual-Model System for Vehicle Service Retention: Predictinchurn Prediction,
Customer Retention, Demand Forecasting, Predictive Modeling, Lightgbm, Vehicle
Service Centers Service Timing and Churn Probability

Selcuk BAYRACI-Borusan Otomotiv RED Center
Garen BOZOGLANOGLU-Borusan Otomotiv Data Analytics & Al Unit

Development of a Data-Driven Digital Twin for State of Health Estimation of Li-lon
Batteries

Hava TEMEL-Ankara Yildirim Beyazit University

Furkan SOYSAL-Ankara Yildirim Beyazit University

Econometric Approaches to Assessing Al-Driven Efficiency
Saliha Ergiin TANRIVERDI-Bahgesehir University

Predictive Triage of Warranty Claim Settlement Outcomes: A Machine Learning
Pipeline for Automotive Goodwill Claim Management

Selguk BAYRACI-Borusan Otomotiv R&D Center

Ogulcan CICEK-Borusan Otomotiv Data Analytics & Al Unit

Informality as a Structural Trap in The Gambia: Explainable Machine Learning
Evidence on Gender, Livelihood Strategies, and Spatial Inequality

Salim SAIDY-lbn Haldun University

Mahat Maalim IBRAHIM-Ibn Haldun University

Insights of Agriculture 5.0: State of Play and Future Prospects
Elif UCKAN DAGDEMIR-Anadolu University

Cevrimigi Oturum 2 | Online Session 2-13 Mayis Carsamba | Wednesday, May 13

Al AND ECONOMIC TRANSFORMATION

From Productivity Dip to Well-Being Dividend: Empirical Evidence of Al Integrationin
Higher Education (2020-2025)

Hasibe AYSAN-Ostim Technical University

Mehmet Necati AYSAN-Radio and Television Supreme Council of Turkiye

Uncovering Turkish Audit Firms' Transparency Report Textual Attributes Through
Computer Based Approaches and Linking Them to Audit Quality

Sibel Ding AYDEMIR-Fatih Sultan Mehmet Vakif University

Yusuf Sinan AKGUL-Gebze Technical University

Baris OZCAN- Forlnvest Software and Technology Services Inc.

Mine AKSU-Sabanci University

The Future of Al-Driven Economies
Turalay KENC-The Inceif University
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Mapping Circular Economy Performance in the European Union: A Multidimensional
Scaling Approach

Elif Korkmaz TUMER-Ege University

Erol Turker TUMER-Dokuz Eylul University

Yapay Zeka ve Ekolojik Uretkenlik Paradoksu: OECD Ekonomilerinde Jevons Geri
Tepme Etkisi ve Verimlilik Esigi (2010-2022)

Mustafa Goktug KAYA-Karatay University

Mehmet Gokhan OZDEMIR-Kirikkale University

Cevrimigi Oturum 3 | Online Session 3-13 Mayis Carsamba | Wednesday, May 13
FINANCE, FINTECH AND ECONOMETRICS

Portfolio Choice among Alternative Portfolio Selection Criteria using Multi-Criteria
TOPSIS

Mihir DASH-Alliance University

Rita SAMIKANNU-Periyar University

AlininFinance and FinTech

ibrahim Musa UNAL-Qatar Financial Markets Authority
Ahmet Faruk AYSAN-Hamad bin Khalifah University
Fatma Nur AYSAN-Istanbul University

ESG Disclosure Tone and Stock Market Reactions: Evidence from STOXX Europe
600
Zeynep YUMUSAK-TED University

A Memory-Augmented Deep Learning Framework: Integrating Fractional
Differentiation with LSTM Networks for DJIMTR Index Analysis
Merve Mert SARITAS-Canakkale Onsekiz Mart University

The Effect of CBRT Monetary Policy Communication Tone on Foreign Government
Bond Investor Flows

Damla SAGIROGLU-TED University

Halay KOCATURK-TED University

Alp ORHON-TED University

Modeling Stable Errors in Economics and Finance: Recent Developments and Al
Techniques
Fatma Ozgt SERTTAS-Ankara Yildirim Beyazit University

Cevrimigi Oturum 4 | Online Session 4-13 Mayis Carsamba | Wednesday, May 13
SUSTAINABILITY, ENERGY AND DEVELOPMENT

Al in Healthcare: Efficiency, Quality, and Value Creation
Bisra Ergiin SAHIN-University of Bedfordshire

Digital Transformation and Nonlinear Current Account Adjustment: Evidence from
Post-Soviet Economies
Nermin YASAR BASKARAAGAGC-Cankaya University
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Oil Rents, Institutional Quality, and Economic Performance in Algeria: A Machine
Learning Investigation of the Resource Curse Hypothesis

Abderrahim CHIBI-University Center of Maghnia

Sidi Mohammed CHEKOURI-University Center of Maghnia

Rabia Meriem BENBOUZIANE-istanbul Technical University

Forecasting Equity Market Returns with Text-Based Cryptocurrency News Sentiment
Using Large Language Models and Deep Learning Time Series Models

Mahat Maalim IBRAHIM-lbn Haldun University

Salim SAIDY-Ibn Haldun University

Arab Dahir HASSAN-Ibn Haldun University

Asad Ul Islam KHAN-Ibn Haldun University

Artificial Intelligence and The Transformation of Economic Systems
Jorge Tavares BORGES-Ostim Technical University

Murat YULEK-Ostim Technical University

K. Ali AKKEMIK-Fukuoka University
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Yeliz YALCIN
Ph.D.; Prof.; Ankara Haci Bayram Veli University, Ankara, Turkiye
yeliz.yalcin@hbv.edu.tr; ORCID: 0000-0002-7141-3086.

M. Kenan TERZIOGLU
Ph.D.; Prof.; Trakya University, Edirne, Turkiye
kenanterzioglu@trakya.edu.tr; ORCID: 0000-0002-6053-830X.

Aysegil ISCANOGLU CEKIC
Ph.D.; Assoc. Prof.; Trakya University, Edirne, TUrkiye
aysegulcekic@trakya.edu.tr; ORCID: 0000-0003-0692-7870.

Simulation, Optimization, and Al-Based Decision Systems

This study develops a rigorous computational framework that integrates simulation,
optimization, and Al-based decision systems to analyze decision-making processes
within complex, non-linear environments. Traditional equilibrium-oriented analytical
models frequently fail to capture heterogeneous agent behaviors, adaptive learning,
and feedback-driven dynamics. To address these limitations, the proposed
framework utilizes Agent-Based Modeling (ABM) as its simulation backbone, enabling
the explicit representation of micro-level interactions and emergent macro-level
outcomes under stochastic and non-equilibrium conditions. Agents are modeled as
autonomous decision units solving constrained dynamic optimization problems under
the premise of bounded rationality. Strategy adaptation is facilitated through
reinforcement learning, evolutionary algorithms, and genetic optimization, allowing
agents to update their decision rules in response to endogenous performance
feedback. At the systemic level, distributed optimization outcomes are benchmarked
against centralized social objective functions to evaluate coordination efficiency and
welfare impacts. The simulation-optimization architecture is embedded within an Al-
based decision support system, where data-driven learning mechanisms enable real-
time policy experimentation and adaptive control. Performance is assessed across
multiple dimensions-including efficiency, stability, and resilience-by maintaining a
clear distinction between micro-level behavioral performance and macro-level
systemic outcomes. The quantitative evaluation process relies on error-based metrics
alongside frontier-based techniques such as Data Envelopment Analysis (DEA) and
Stochastic Frontier Analysis (SFA). By formally linking adaptive agent behaviors with
system-wide performance, this framework provides a scalable and extensible
methodological foundation for the analysis of complex systems characterized by non-
linearity, uncertainty, and emergent dynamics.

Keywords: Agent-Based Modeling, Simulation-Based Analysis, Optimization
Algorithms, Al-Based Decision Systems, Intelligent Decision Support Systems.
JEL Codes: C63, C61, C88, C73, C45.
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Similasyon, Optimizasyon ve Yapay Zeka Tabanl Karar Sistemleri

Bu ¢alisma karmasik ve dogrusal olmayan ortamlarda karar verme sireglerini analiz
etmek amaciyla similasyon, optimizasyon ve yapay zekd tabanl karar sistemlerini
entegre eden titiz bir hesaplamali gerceve gelistirmektedir. Geleneksel denge odakl
analitik modeller; heterojen ajan davraniglarini, adaptif 6grenmeyi ve geri besleme
gidimlu dinamikleri yakalamakta siklikla yetersiz kalmaktadir. Bu kisithliklar
gidermek adina onerilen gerceve, stokastik ve denge digi kosullar altinda mikro
dizeydeki etkilesimlerin ve belirginlesen makro dizeydeki sonuglarin agik¢a temsil
edilmesine olanak taniyan 'Ajan Tabanli Modellemeyi similasyon omurgasi olarak
kullanmaktadir. Ajanlar, kisith rasyonellik altinda kisith dinamik optimizasyon
problemlerini ¢6zen 6zerk karar birimleri olarak modellenmistir. Strateji adaptasyonu;
takviyeli 6grenme, evrimsel algoritmalar ve genetik optimizasyon araciligiyla
saglanmakta; bdylece ajanlarin endojen performans geri bildirimlerine yanit olarak
karar kurallarini gincellemelerine imkdn taninmaktadir. Sistem dizeyinde ise,
koordinasyon etkinligini ve refah etkilerini dederlendirmek amaciyla dagitik
optimizasyon sonuclari, merkezi sosyal amag fonksiyonlari ile kiyaslanmaktadir.
Simulasyon-optimizasyon mimarisi, veri gidUmli 6grenme mekanizmalarinin gergek
zamanli politika denemelerine ve adaptif kontrole olanak sagladigi yapay zeké tabanl
bir karar destek sistemi icerisine yerlestirilmistir. Performans; mikro dizeydeki
davranigsal performans ile makro dizeydeki sistem sonuglari arasinda net bir ayrim
yapilarak verimlilik, istikrar ve dayanikliik gibi ¢ok sayida boyut Uzerinden
degerlendirilmektedir. Nicel degerlendirme siureci; hata bazli metriklerin yani sira Veri
Zarfi Analizi ve Stokastik Sinir Analizi gibi sinir tabanli tekniklere dayanmaktadir. Bu
cerceve, adaptif ajan davraniglarini sistem geneli performansiyla formel olarak
iliskilendirerek; dogrusal olmayan vyapllar, belirsizlik ve belirgin dinamiklerle
karakterize edilen karmasik sistemlerin analizi igin dlgeklenebilir ve genisletilebilir bir
metodolojik temel sunmaktadir.

Anahtar Kelimeler: Ajan Tabanh Modelleme, Similasyon Tabanli Analiz, Optimizasyon
Algoritmalari, Yapay Zeka Tabanli Karar Sistemleri, Akill Karar Destek Sistemleri.
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Moment Inequality Estimators in Competition Analysis: A Practitioner’s
Guide with Synthetic Data Applications

Moment inequality estimators have become a central tool in empirical industrial
organization yet remain largely inaccessible to competition policy practitioners. This
paper provides a self-contained tutorial on moment inequality methods for antitrust
economists, competition authorities, and economic consultancies. | explain the
conceptual shift from point identification to set identification, present the
mathematical foundations in competition-relevant terms, and provide an
implementation template adapted from Canay, lllanes, and Velez (2023). Two
synthetic data applications illustrate the methods in core antitrust settings: (i) a two-
player entry game with multiple equilibria, following Ciliberto and Tamer (2009),
where the identified set for competitive-effect parameters is constructed via proper
probability bounds over the multiplicity region; and (ii) a stylized logit demand example
with an unknown outside-good share, where valid unconditional moments bound the
price coefficient and the resulting confidence set is projected into post-merger price
effects. Both applications are implemented in Python with valid critical-value
computations. | discuss extensions to collusion screening, market definition, and
dynamic entry, and address when moment inequality methods outperform standard
techniques and how to communicate set-identified results in enforcement
proceedings.

Keywords: Moment Inequalities, Partial Identification, Competition Policy.
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Rekabet Analizinde Moment Esitsizligi Tahmincileri: Sentetik Veri
Uygulamali Uygulamaci Kilavuzu

Beklem esitsizligi tahmincileri, ampirik endUstriyel organizasyon alaninda temel bir
arag haline gelmis olsa da rekabet politikasi uygulayicilari igin biyUk dlgide erisilemez
durumdadir. Bu makale; antitrést ekonomistleri, rekabet otoriteleri ve ekonomik
danismanlik firmalari igcin beklem esitsizligi yontemleri Uzerine kendi icinde bUtinlige
sahip kapsamli bir kilavuz sunmaktadir. Calismada, nokta 6zdeglemesinden (point
identification) kime o6zdeglemesine (set identification) yoénelik kavramsal gegis
agiklanmakta, matematiksel temeller rekabet baglamina uygun terimlerle verilmekte
ve Canay, lllanes ve Velez'den (2023) uyarlanan bir uygulama sablonu sunulmaktadir.
S6z konusu yontemler, temel antitrést senaryolarinda iki sentetik veri uygulamasi
araciliyla érneklendirilmektedir. (i) iki oyunculu bir pazara giris oyunu: Ciliberto ve
Tamer (2009) izlenerek kurgulanan ve birden fazla dengenin (goklu denge) olusabildigi
bir modeldir. Bu modelde rekabetg¢i etki parametreleri, cokluluk boélgesi (multiplicity
region) Uzerinde uygun olasilik sinirlari kurularak tanimlanir. (ii) Stilize edilmis bir logit
talep 6rnegi: Digsal mal payinin (outside-good share) bilinmedigi bir modeldir. Bu
ornekte, gegerli kosulsuz beklemler fiyat katsayisina bir sinir gizer; ardindan elde edilen
bu given kimesi kullanilarak birlesme sonrasi fiyat etkileri tahmin edilir. Her iki
uvygulama da gecerli kritik deger hesaplamalari ile birlikte Python'da hayata
gegirilmistir. Son olarak, yéntemlerin gizli anlasma taramasi, pazar tanimi ve dinamik
pazara giris konularindaki uzantilari tartisiimakta; beklem esitsizligi yontemlerinin
hangi durumlarda standart tekniklerden daha iyi performans gosterdigi ve kimesel
olarak tanimlanmig sonuglarin hukuki yaptirim sireglerinde nasil aktarilabilecegi ele
alinmaktadir.
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Reinforcement Learning in Dynamic Economic Analysis

This paper focuses on applications of reinforcement learning methods in dynamic
economic analysis. Since Thomas Sargent’s seminal book (Sargent, 1994) ftitled
“Bounded Rationality in Macroeconomics”, the computational techniques for
reinforcement learning have developed substantially. Yet the applications of these
techniques to dynamic economic analysis have been surprisingly limited. We first
conduct a survey of the literature on reinforcement learning methods that are suitable
for modelling the behavior of economic agents in dynamic settings. Secondly, we
review the literature on applications of reinforcement learning (especially Q-learning
theory) in monetary equilibrium selection and propose further research in this area.
Thirdly, we review the literature on price competition in dynamic oligopoly settings.
Finally, we suggest avenues for further research, to use this analytical approach in
topics of macroeconomic theory, such as the determination of the optimal inflation
target.

Keywords: Dynamic Programming, Q-Learning, Reinforcement Learning, Dynamic
Economic Analysis.
JEL Codes: C73, D83, E31, E32, E37, E47, L13.

Dinamik Ekonomik Analizde Takviyeli O§renme

Bu makale, dinamik ekonomik analizde takviyeli 6grenme yo&ntemlerinin
uygulamalarina odaklanmaktadir. Thomas Sargent'in  "Makroekonomide Sinirh
Rasyonellik" basglikl ¢igir agan kitabindan (Sargent, 1994) bu yana, takviyeli 6grenme
icin hesaplama teknikleri 6nemli &lcide gelismistir. Bununla birlikte, bu tekniklerin
dinamik ekonomik analize uygulanmasi sasirtici derecede sinirl kalmistir. Bu ¢calismada
ilk olarak, dinamik ortamlarda ekonomik aktérlerin davraniglarini modellemek igin
uygun olan takviyeli 6§renme yéntemleri Uzerine literatir taramasi yapiyoruz. ikinci
olarak, parasal denge secimi alaninda takviyeli 6grenmenin (6zellikle Q-6grenme
teorisi) uygulamolorl Uzerine literatiry inceliyor ve bu alanda daha fazla arastirma
éneriyoruz. Uciincy olarak, dinamik oligopol ortamlarinda fiyat rekabeti Uzerine
literatury inceliyoruz. Son olarak, bu andlitik yaklagimi makroekonomik teori
konularinda, 6rnegdin optimal enflasyon hedefinin belirlenmesinde, kullanmak igin
onerilerde bulunuyoruz.

Anahtar Kelimeler: Dinamik Programlama, Q—Ogrenmesi, Takviyeli é{;’jrenme, Dinamik
Ekonomik Analiz.
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Intragroup Social Network Analysis Using Sociogram Techniques

This article uses the sociogram technique to examine the relationship structure among
a group of individuals. Sociograms allow for the analysis of interaction networks by
visualizing the preferences individuals have for each other. Participants were asked to
indicate their preferred (favorite) and neutral individuals based on specific criteria. A
relationship matrix was created using the resulting data. This matrix was then used to
position individuals within the group. The data showed that some participants were
highly preferred, occupying a central role within the group. Others, having less
interaction with their environment, were in a more peripheral position. Additionally,
the data indicates strong social ties and subgroup formations. Conversely,
participants who were less preferred or not preferred at all were in a socially isolated
position. In conclusion, the sociogram technique makes a significant contribution to
understanding the relationships within a group.

Keywords: Relationship Matrix, Sociogram, Group Dynamics.
JEL Codes: D85.

Sosyogram Teknikleri Kullanilarak Grup ici Sosyal A§ Analizi

Bu makale, bir grup birey arasindaki iliski yapisini incelemek adina sosyogram teknigini
kullanmaktadir. Sosyogram, bireylerin aralarindaki tercihlerini gorsellestirerek
aralarindaki etkilesim agini analiz etmeye olanak tanir. Makale, katiimcilardan belirli
Slgutlere gore tercih ettikleri (favori) ve nétr olarak tanimladiklari bireyleri belirtmeleri
talep edilmigtir. Calisma sonucunda c¢ikan verilerden yararlanilarak iligki matrisi
olusturulmustur. Bu yapi kullanilarak, bireyler grup icinde konumlandiriimigtir. Veriler,
bazi katiimcilarin yuksek oranda tercih edilerek grup igerisinde merkezi bir rol aldigini
gostermistir. Bazi  katilimcilar ise, cevresiyle daha az etkilesim igerisinde
bulundugundan dolayr daha ¢evresel bir konumda yer almigtirlar. Ek olarak, karsilikli
olarak elde edilen veriler sayesinde, gi¢li sosyal baglarin ve alt grup olusumlariniisaret
etmektedir. Buna karsilik, daha az sayida tercih edilen ya da hi¢ kimse tarafindan
tercih edilmeyen katiimcilar sosyal olarak izole bir konumdadirlar. Sonug olarak,
sosyogram teknigi bir grup igerisinde yer alan iliskileri anlamlandirma konusunda
onemli bir katki saglamaktadir.
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Deep Unsupervised Anomaly Detection in ODS Trade Data:
A Variational Autoencoder Approach

The enforcement of international environmental agreements increasingly depends on
the ability to monitor large-scale trade data in real time. Ozone-depleting substances
(ODS), regulated under the Montreal Protocol, may be concealed within legitimate
global trade flows through misclassification, ambiguous product descriptions, and
anomalous pricing patterns. Traditional rule-based or threshold-based detection
systems are limited in identifying complex, multi-dimensional irregularities in high-
volume customs datasets. This study proposes a deep unsupervised anomaly detection
framework based on a Variational Autoencoder (VAE) to identify high-risk ODS-
related trade transactions without requiring labeled illicit data. Using large-scale
trade records derived from international customs statistics, we construct a feature
space integrating shipment value, net weight, price-per-kilogram indicators, HS
classification codes, country-pair information, and textual commodity descriptions.
The VAE learns latent representations of normal trade behavior and assigns anomaly
scores based on reconstruction error and probabilistic divergence. High-risk
transactions are identified through percentile-based thresholding and compared
against traditional unsupervised baselines, including Isolation Forest and price-based
outlier detection. The results indicate that the VAE framework captures non-linear
and multi-feature irregularities that are not fully detected by classical methods. High
anomaly scores cluster around specific trade corridors and product categories,
particularly where high-value-low-weight combinations and vague descriptions co-
occur. Simulation of inspection allocation suggests that anomaly-based prioritization
substantially improves the efficiency of enforcement screening relative to random
selection. By demonstrating how deep unsupervised learning can transform raw trade
data into actionable risk signals, this study contributes to the growing literature on Al-
driven regulatory monitoring and the economic efficiency of public enforcement
systems.

Keywords: Autoencoder, Anomaly Detection, Unsupervised Learning.
JEL Codes: C45, F18, Q56.
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OTIM Ticaret Verilerinde Derin Denetimsiz Anomali Tespiti: Varyasyonel
Oto-kodlayici Yaklagimi

Uluslararasi ¢cevre anlagsmalarinin uygulanmasi, giderek artan bir sekilde biyuk &lcekli
ticaret verilerini gergek zamanli olarak izleme yetenegine bagh hale gelmektedir.
Montreal Protokoli kapsaminda dizenlenen Ozon Tabakasini incelten Maddeler
(OTIM); yanlis siniflandirma, belirsiz Grin tanimlari ve anomali iceren fiyatlandirma
modelleri yoluyla yasal kiiresel ticaret akislari igerisine gizlenebilmektedir. Geleneksel
kural tabanli veya esik tabanli tespit sistemleri, yiksek hacimli gimrik veri setlerindeki
karmasik ve ¢ok boyutlu dizensizlikleri belirlemede sinirli kalmaktadir. Bu ¢alisma,
etiketlenmis yasa disi veriye ihtiyac duymadan, yiksek riskli OTIM kaynakli ticaret
islemlerini belirlemek amaciyla Varyasyonel Otokodlayiciya (VAE) dayali derin bir
gbzetimsiz  anomali  tespit cercevesi Onermektedir. Uluslararasi gimrik
istatistiklerinden elde edilen biyuk Slgekli ticaret kayitlar kullanilarak; sevkiyat degeri,
net agirlik, kilogram basina fiyat gdstergeleri, HS (Harmonize Sistem) siniflandirma
kodlari, Ulke cifti bilgileri ve metinsel mal tanimlarini entegre eden bir 6zellik uzayi
olusturulmustur. VAE, normal ticaret davranisinin gizli temsillerini 6grenmekte ve
yeniden yapilandirma hatasi ile olasiliksal sapmaya dayal olarak anomali puanlari
atamaktadir. Yuksek riskli islemler, yUzdelik tabanl esikleme yoluyla belirlenmis ve
izolasyon Ormani (Isolation Forest) ile fiyat tabanli aykiri deger tespiti dahil olmak
Uzere geleneksel goézetimsiz temel yéntemlerle karsilastirilmigtir. Sonuglar, VAE
gercevesinin klasik yéntemlerle tam olarak tespit edilemeyen dogrusal olmayan ve ¢ok
ozellikli dizensizlikleri yakaladigini géstermektedir. Yiksek anomali puanlari, ézellikle
yUksek deger-disik adirlik kombinasyonlarinin ve belirsiz tanimlamalarin bir arada
bulundugdu belirli ticaret koridorlari ve Uriun kategorileri etrafinda kimelenmektedir.
Denetim tahsisine iligkin simUlasyon, anomaliye dayali énceliklendirmenin, rastgele
se¢cime kiyasla denetim taramasinin verimliligini énemli dlgide artirdigini ortaya
koymaktadir. Derin gbézetimsiz 6grenmenin ham ticaret verilerini nasil eyleme
gegirilebilir risk sinyallerine dénustirebilecedini gdsteren bu c¢alisma, yapay zekd
destekli duzenleyici izleme ve kamu uygulama sistemlerinin ekonomik verimliligi Uzerine
bUyUyen literatire katkida bulunmaktadir.
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Demand Deficiency and Inflation In G20 Countries

In the literature, numerous studies examine the link between inflation and real GDP
growth. In this study, however, we use the nominal GDP growth rate as a proxy for
inflation, given their close relation. We analyze this connection across G20 countries
over the period from 1990 to 2023. Basgl and Basgl (2007) investigated a similar
question for G7 countries and found that nominal and real GDP growth moves from
positive to flat over time. In contrast, the preliminary visual inspection of the data for
G20 countries suggest different patterns. To formally test for the presence of two-
regime nonlinearity, we employ the Sup F test proposed by Andrews (1993). This test
assumes homoskedasticity for unknown structural breaks. To relax this assumption,
we utilize the Sup MZ test developed by Ahmed et al. (2017), which allows
heteroskedastic conditions. The findings of this study may have important implications
for ongoing policy debates on nominal GDP targeting.

Keywords: Inflation, Nominal and Real Growth Rates, Unknown Structural Break Tests
JEL Codes: E31, C52.

G20 Ulkelerinde Talep Yetersizligi ve Enflasyon

Literatirde, enflasyon ile reel GSYH biyUme arasindaki baglantiyi inceleyen c¢ok
sayida ¢alisma bulunmaktadir. Bu ¢alismada ise, aralarindaki yakin iliski nedeniyle
enflasyon vyerine farkh bir degisken olarak nominal GSYH biyUime orani
kullanilmaktadir. Bu iligki, 1990-2023 yillari arasinda G20 Ulkeleri icin analiz
edilmektedir. Basgi ve Basgi (2007), ayni iliskiyi G7 Ulkeleri igin incelemis ve nominal
GSYH buyime ile reel GSYH bUyime arasinda pozitiften yataya dogru bir evrilme
oldugunu ortaya koymustur. Buna karsilik, G20 Ulkelerine ait verilerin gérsel incelemesi
baz farkliliklara isaret etmektedir. iki rejimli dogrusal olmayan yapinin varhigini test
etmek amaciyla Andrews (1993) tarafindan énerilen Sup F testi kullaniimaktadir. Bu
test, bilinmeyen yapisal kirllmalar icin homoskedastisite varsayimina dayanmaktadir.
Bu varsayimi ortadan kaldirmak amaciyla, heteroskedastisiteye izin veren ve
bilinmeyen kiriima noktalarini dikkate alan Ahmed vd. (2017) tarafindan gelistirilen Sup
MZ testi de kullaniimaktadir. Elde edilen bulgular, nominal GSYH hedeflemesine iligkin
suregelen politika tartismalari agisindan énemli ¢cikarimlar sunabilir.

Anahtar Kelimeler: Enflasyon, Nominal ve Reel BUyume Oranlari, Bilinmeyen Yapisal
Kirilma Testleri
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Lighting Up Development: Do Human Development Indicators Drive
Nighttime Light Intensity Across Indian States

This empirical study examines the determinants of nighttime light intensity as a proxy
for economic activity across twenty-nine Indian states over the period 2000-2022,
constituting one of the largest subnational panel datasets employed in this literature.
The explanatory variables include mean years of schooling, life expectancy,
population density, lagged nighttime light intensity, urbanization rate, gross state
domestic product, and an interaction term between urbanization and mean years of
schooling. Ladakh and Jammu & Kashmir are treated as a single administrative unit
following the 2019 reorganization. Estimation proceeds via a dynamic two-way fixed
effects panel specification with state and time fixed effects, using a mixed log-level
OLS; logarithmic transformations are applied to nighttime light intensity, its lag, gross
state domestic product, and population density to improve distributional normality
and facilitate coefficient interpretation. Nighttime lights are taken from the LRCC-
DVNL dataset, gross state domestic product and urbanization figures from the
Reserve Bank of India, mean years of schooling and life expectancy from Global Data
Lab, and population density from gridded World Population data aggregated to state
boundaries. This study utilizes continuous light data between the given years with a
new light dataset for to jointly examine the effects of human capital, demographics,
urbanization, and gross state domestic product on the nighttime light intensity at the
state level in India employing large, unbalanced panel dataset not found in the existing
literature. The results are expected toillustrate that these factors contribute to uneven
development among Indian states.

Keywords: Nighttime Lights, Unbalanced Panel Data, Two-Way Fixed Effect, Semi-Log
Model, India
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Kalkinmayi Aydinlatmak: insani Gelisme Géstergeleri Hindistan'in
Eyaletlerinde Gece Isigi Yogunlugunu Etkiliyor mu?

Bu ampirik ¢alisgma, yirmi dokuz Hindistan eyaleti genelinde 2000-2022 dénemini
kapsayan ve bu literatirde kullanilan en biyik alt-ulusal panel veri setlerinden birini
teskil eden, ekonomik faaliyetin bir géstergesi (proxy) olarak gece isigi yogunlugunun
belirleyicilerini incelemektedir. Agiklayici degiskenler; ortalama okulda kalma siresi,
yasam beklentisi, nifus yogunlugu, gecikmeli gece 1s1§1 yodunlugu, kentlesme orani,
brit eyalet i¢i hasila ve kentlesme ile ortalama okulda kalma siresi arasindaki bir
etkilesim terimini icermektedir. Ladakh ile Jammu & Kesmir, 2019 reorganizasyonu
(yeniden yapilandirma) sonrasinda tek bir idari birim olarak ele alinmistir. Tahminleme
islemi; eyalet ve zaman sabit etkilerine sahip, karma bir log-dizey OLS (En KugUk
Kareler) kullanan dinamik bir iki yénli sabit etkili panel spesifikasyonu araciligiyla
ilerlemektedir; dagilimsal normalligi iyilestirmek ve katsayr yorumlamasini
kolaylastirmak icin gece 15181 yogunluguna, onun gecikmeli degerine, brit eyalet ici
hasilaya ve nifus yogunluguna logaritmik dénisUmler uygulanmigtir. Gece isiklar
LRCC-DVNL veri setinden, brit eyalet ici hasila ve kentlesme rakamlari Hindistan
Rezerv Bankasi'ndan (Reserve Bank of India), ortalama okulda kalma siresi ve yasam
beklentisi Global Data Lab'den ve niUfus yogunlugu eyalet sinirlarina gére kimelenmis
1izgaral (gridded) Diunya Nufus verilerinden alinmigtir. Bu ¢alisma, Hindistan'daki
eyalet dizeyinde begeri sermaye, demografi, kentlegsme ve brit eyalet ici hasilanin
gece 1s1g1 yogunlugu Uzerindeki etkilerini birlikte incelemek igin s6z konusu yillar
arasindaki surekli isik verilerini, mevcut literatirde bulunmayan genis ve dengesiz bir
panel veri seti kullanarak kullanmaktadir. Sonuglarin, bu faktérlerin Hindistan
eyaletleri arasindaki dengesiz kalkinmaya katkida bulundugunu gdstermesi
beklenmektedir.

Keywords: Gece Isiklari, Dengesiz Panel Veri, iki Y&nlu Sabit Etki, Yari-Logaritmik Model,
Hindistan.
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Do the Central Bank Independence and Democracy Have Impact on the
Level of Inflation for G20 Countries?

This paper investigates the joint impact of central bank independence and democracy
on inflation across G20 countries. While existing studies typically examine monetary
or political factors in isolation, we provide a unified framework that captures their
combined effects. Using panel data from 1991 to 2023, we estimate a dynamic model
incorporating central bank independence, democracy, broad money (M3), and real
GDP. Our findings reveal that central bank independence plays a robust and stabilizing
role in reducing inflation across all specifications, whereas the effect of democracy is
heterogeneous and context dependent. Moreover, monetary expansion significantly
fuels inflation, while real GDP growth mitigates inflationary pressures. To strengthen
the empirical validity, we complement our econometric analysis with machine learning
techniques, including Lasso, Ridge, and Elastic Net, which confirm the robustness of
our results. By jointly modeling political institutions and monetary dynamics, this study
offers novel and comprehensive evidence on the structural determinants of inflation
in major global economies.

Keywords: Inflation, Central Bank Independence, Democracy.
JEL Codes: E58, E31, P16, E52, C52, O57

Merkez Bankasi Bagimsiziigi ve Demokrasinin G20 Ulkelerinde Enflasyon
Diizeyi Uzerinde Etkisi Var mi?

Bu calisma, merkez bankasi bagimsizligi ve demokrasinin G20 Ulkelerindeki enflasyon
Uzerindeki ortak etkisini arastirmaktadir. Mevcut ¢alismalar genellikle parasal veya
siyasi faktorleri birbirinden bagimsiz olarak incelerken, biz bu faktoérlerin birlesik
etkilerini kapsayan bitinlesik bir cerceve sunmaktayiz. 1991'den 2023'e kadar olan
panel verilerini kullanarak; merkez bankasi bagimsizligi, demokrasi, genis para arzi
(M3) ve reel GSYH'yi iceren dinamik bir model tahmin ediyoruz. Bulgularimiz, merkez
bankasi bagimsiziginin 1Um modellerde enflasyonu dusirmede gugli ve istikrar
saglayici bir rol oynadigini, buna kargin demokrasinin etkisinin heterojen ve baglama
bagll oldugunu ortaya koymaktadir. Ayrica, parasal genigsleme enflasyonu 6nemli
olgide koruklerken, reel GSYH buyUmesi enflasyonist baskilari hafifletmektedir.
Ampirik gecerliligi giuglendirmek amaciyla ekonometrik analizimizi, sonuglarimizin
saglamligini teyit eden Lasso, Ridge ve Elastic Net gibi makine 6grenmesi teknikleriyle
destekliyoruz. Siyasi kurumlari ve parasal dinamikleri birlikte modelleyen bu ¢alisma,
dinyanin baslica ekonomilerinde enflasyonun yapisal belirleyicilerine dair yeni ve
kapsamli kanitlar sunmaktadir.

Anahtar Kelimeler: Enflasyon, Merkez Bankasi Bagimsizigi, Demokrasi.
JEL Kodlari: E58, E31, P16, E52, C52, O57
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Artificial Intelligence Shocks in a New Keynesian Framework: The
Displacement, Productivity, and Reinstatement Channels

This chapter incorporates three Al-related shocks intfo a New Keynesian DSGE model:
the displacement channel, through which Al automates existing tasks and initially
reduces labor demand, wages, and employment; the productivity channel, through
which Al enhances total factor productivity, raising output, incomes, and indirect labor
demand; and the reinstatement channel, through which Al generates new labor-
complementary tasks, restoring and potentially expanding employment and the labor
share. We present impulse response functions for output, investment, hours worked,
wages, unemployment, inflation, and the labor share in response to these persistent
shocks. Moreover, we discuss the macroeconomic significance of each shock and their
transmission mechanisms. Finally, we draw out the main policy implications of Al-
driven structural change.

Keywords: New Keynesian Model, Artificial Intelligence, Displacement, Productivity,
Reinstatement.
JEL Codes: Cé8, E32, 033, E24

Yeni Keynesyen Bir Cercevede Yapay Zekd Soklari: ikame, Verimlilik ve
Yeniden istihdam Kanallari

Bu makale, Yeni Keynesyen bir DSGE modeline yapay zekéya (YZ) iliskin Ug sok kanalini
dahil etmektedir: yerinden etme (displacement) kanali, YZ'nin mevcut gérevleri
otomatiklestirerek baslangicta emek talebini, Ucretleri ve istihdami azaltmasini;
verimlilik (productivity) kanali, YZ'nin toplam faktér verimliligini artirarak Gretimi,
gelirleri ve dolayli emek talebini yikseltmesini; ve yeniden tesis (reinstatement) kanali,
YZ'nin emekle tamamlayici yeni gérevler yaratarak istihdami ve emek payini yeniden
artirmasini (hatta genisletmesini) ifade etmektedir.Bu kalici soklara karsilik olarak
Uretim, yatirim, calisilan saatler, Geretler, issizlik, enflasyon ve emek payi icin etki-tepki
fonksiyonlari (impulse response functions) sunulmaktadir. Ayrica, her bir sokun
makroekonomik énemi ve aktarim mekanizmalari tartigiimaktadir. Son olarak, YZ
kaynakh yapisal dénisimin temel politika ¢cikarimlari ortaya konulmaktadir.

Anahtar Kelimeler: Yeni Keynesyen Model, Yapay Zekd, ikame, Verimlilik, Yeniden
istihdam.
JEL Kodlari: C68, E32, 033, E24
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How Blockchain Is Transforming Digital Finance:
A Comparative Analysis between Tirkiye and Germany

Blockchain technology has progressed from a novel notion in bitcoin to a widely used
system in nations throughout the world, encompassing a wider range of industries,
including agriculture. The decentralized nature of blockchain allows for increased
transparency, cheaper transaction costs, and greater financial inclusion. This study
reveals a comparative analysis of the applications of tokenized stocks, blockchain
adoption, and fintech ecosystem between two countries, an emerging one, Tirkiye,
and a developed country, Germany, based on studies conducted between 2019 and
2025, to see how they differed in their approaches to implementation as Germany
taking the lead in government adoption and Tirkiye being the lead in fast adoption of
innovations, as well as how each of the countries can learn from the other by
presenting similarities and differences that will guide this research paper.

Keywords: Blockchain, Digitalization, Defi, Germany, Turkiye, Digital Finance,
Regulation, Tokenized Stocks, Fintech.
JEL Codes: G21, 033, F36.

Blokzincir Dijital Finansi Nasil Déniistiriyor:
Tirkiye ve Almanya Arasinda Karsilagtirmali Bir Analiz

Blokzincir teknolojisi, Bitcoin ile ortaya ¢ikan yeni bir kavram olmaktan ¢ikip, tarim da
dahil olmak Uzere ¢ok daha genis bir sektdr yelpazesini kapsayarak dinya genelinde
yaygin kullanilan bir sistem haline gelmistir. Blokzincirin merkeziyetsiz yapisi;
seffafigin artmasing, islem maliyetlerinin dismesine ve finansal kapsayiciigin
glglenmesine olanak tanir. Bu ¢alisma, 2019-2025 yillari arasinda gergeklestirilen
arastirmalara dayanarak; gelismekte olan bir ilke olan Turkiye ile gelismis bir Ulke olan
Almanya arasindaki tokenize hisse senedi uygulamalari, blokzincir benimsenmesi ve
fintek ekosistemine yoénelik karsilagtirmali  bir analiz sunmaktadir. Calisma,
Almanya'nin devlet dizeyinde benimseme, Tirkiye'nin ise yeniliklerin hizli adaptasyonu
konularinda 6nci rollerini ele alarak, bu iki Ulkenin uvygulama yaklagimlarindaki
farkliliklari incelemekte; ayrica sundugu benzerlikler ve farkliliklar aracihgiyla Glkelerin
birbirinden neler 6grenebilecedini ortaya koyarak arastirmaya yén vermektedir.

Anahtar Kelimeler: Blokzinciri, Dijitallesme, DeFi, Almanya, Tirkiye, Dijital Finans,
Duzenleme, Tokenize Hisseler, Fintech.
JEL Kodlari: G21, 033, F36.
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The Role of Banks’ Lending Standards in Determining Creditworthiness of
Firms: Evidence from Turkish Banks

This study investigates the interplay between bank lending standards and credit
scoring behavior of Turkish banks o SMEs. A Logistic Regression Model has been used
by employing CBRT bank and firm-level micro data for the 2017Q1 - 2024Q2 period.
First, one of the primary findings of the study shows that easing lending standards
supported by excess liquidity conditions of banks significantly contributes to increasing
probability of getting a better credit score. Second, we find that this relationship is
stronger with the public banks as compared to private banks. Third, the results show
that one of the important determinants of the probability of better credit score in
addition to lending standards is the ‘spread’ between CBRT Average Funding Rate and
Fed Funds Rate. A number of recent studies have shown that the presence of higher
dependence on volatile capital flows in emerging markets may compromise the
effectiveness of domestic monetary policy in ensuring financial stability. Third, during
2018 currency crisis, banks seem to adopt more risk-averse lending strategies. Finally,
firm-level analysis suggests that banks tend to give higher scores to relatively larger
firms during easing lending standards.

Keywords: Banks’ Lending Standards, Credit Score, Logistic Regression.
JEL Codes: G32, C25
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Firmalarin Kredi Degerliliginin Belirlenmesinde Banka Kredi
Standartlarinin Roli: Tirk Bankalarindan Kanitlar

Bu calisma, Turk bankalarinin kredi standartlarindaki degisim ile KOBI'lere yénelik
kredi skorlama davraniglari arasindaki etkilesimi incelemektedir. Calismada, Turkiye
Cumhuriyet Merkez Bankasi (TCMB) binyesindeki banka ve firma dizeyindeki mikro
veriler kullanilarak 2017C1 - 2024C2 dénemi igin bir Lojistik Regresyon Modeli
vygulanmistir. Calismanin temel bulgulari su sekildedir: ilk olarak, bankalarin kredi
standartlarindaki gevsemenin, bankanin likidite pozisyonu ile desteklendigi durumda,
firmalarin daha iyi bir kredi skoru alma olasihiginin anlamh &lgide arthg
gdzlemlenmistir. ikinci olarak, bu iliskinin kamu bankalarinda 6zel bankalara kiyasla
daha giicli oldugu tespit edilmistir. Ugiincy olarak sonuglar; kredi standartlarinin yani
sira, dahaiyi bir kredi skoru alma olasiliginin 6nemli belirleyicilerinden birinin de TCMB
Ortalama Fonlama Faizi ile Fed Fon Orani arasindaki "spread” (faiz farki) oldugunu
gostermektedir. Gelismekte olan piyasalardaki oynak sermaye akimlarina olan yuksek
bagimliigin, finansal istikrari saglamada yerel para politikasinin = etkinligini
zayiflatabilecedi son dénemdeki pek ¢ok ¢alismada ortaya koyulmustur. Dérdinci bir
bulgu olarak, 2018 déviz krizi sirecinde bankalarin riskten kaginmaya dénik (risk-
averse) kredi stratejileri benimsedigi goériulmektedir. Son olarak, firma dizeyindeki
andlizler, kredi standartlarinin gevsedigi donemlerde bankalarin nispeten daha biyitk
6lcekli firmalara daha yiksek skorlar verme egiliminde oldugunu géstermektedir.

Anahtar Kelimeler: Kredi Standartlari, Kredi Skoru, Lojistik Regresyon.
JEL Kodlari: G32, C25.
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Al-Powered Smart Public Assistants in E-Government: A Behavioral
Economics Approach to Enhancing Public Service Accessibility

This study examines the effects of the fragmented structure and corporate data silos
seen in existing e-government systems on the citizen experience and proposes a life
event-oriented artificial intelligence-supported Intelligent Public Assistant (CivicAl)
model. The main purpose of this study is to develop a proactive digital public assistant
that can predict citizen needs, simplify processes and provide guidance. The system
was developed based on the Agile software development methodology and User-
Centered Design approach within the scope of the research. During the development
process it was carried out in the form of weekly sprints consisting of determining user
needs, idea development, prototyping, testing and iterative software development
stages. The system architecture design consists of four basic structures: User Interface
Layer, Transaction Layer, Data Layer, and Integration Layer. Since direct access to
real public systems is not possible, simulated (mock) APIs and databases were used in
the application testing phase. The designed platform consists of a citizen dashboard
integrated with an artificial intelligence-supported chatbot interface capable of
natural language processing. When the user enters a phrase such as "l got married"”
into the system, the system detects the relevant life event and automatically maps the
necessary processes such as identity update, address change or social security
transactions. The usability of the system was assessed through scenario-based tests
with the target user group. The findings showed that 85% of the participants found the
system very easy to use and 90% rated the instructions provided as clear and
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understandable. As a result, the study reveals that Al-supported life event-oriented
digital public assistants can reduce the cognitive load of citizens and facilitate access
to public services. For future studies integrating with real public systems and
incorporating advanced natural language processing models into the system are
suggested.

Keywords: Artificial Intelligence, Conversational Al Assistants, E-Government
Accessibility, Behavioral Economics, Citizen-Centric Digital Services
JEL Codes: 033, H83, D91,

E-Devlette Yapay Zeka Destekli Akilli Kamu Asistanlari: Kamu
Hizmetlerine Erisimi Artirmaya Yoénelik Davranigsal Ekonomi Yaklagimi

Bu calisma mevcut e-devlet sistemlerinde gérilen pargal yapinin ve kurumsal veri
silolarinin vatandas deneyimi Uzerindeki etkilerini incelemekte ve yasam olayi odakl
yapay zekd destekli bir Akl Kamu Asistani (CivicAl) modeli énermektedir. Bu
calismanin temel amaci vatandas ihtiyaglarini 6nceden 6ngérebilen sirecleri
sadelestiren ve rehberlik saglayan proaktif bir dijital kamu asistani gelistirmekdtir.
Arastirma kapsaminda sistem Cevik (Agile) yaziim gelistirme metodolojisi ve Kullanici
Odakli Tasarim (User-Centered Design) yaklasimi temel alinarak gelistirilmistir.
Gelistirme sirecinde kullanici ihtiyaglarinin belirlenmesi, fikir gelistirme, prototipleme,
test etme ve iteratif yaziim gelistirme asamalarindan olusan haftalik sprintler seklinde
yUritolmistor. Sistem mimarisi tasariminda Kullanict Arayiizi Katmani, islem Katmani,
Veri Katmani ve Entegrasyon Katmani olmak Uzere dért temel yapidan olusmaktadir.
Gergek kamu sistemlerine dogrudan erisim mimkin olmadigindan, uygulama test
asamasinda simile edilmig (mock) API'ler ve veritabanlari kullaniimigtir. Tasarlanan
platform dogal dil isleme yetenegine sahip yapay zekd destekli bir sohbet robotu
arayizy ile entegre edilmis vatandas kontrol panelinden olugsmaktadir. Kullanici
sisteme “Evlendim” gibi bir ifade girdiginde sistem ilgili yasam olayini algilamakta ve
kimlik gincelleme, adres degisikligi veya sosyal giuvenlik islemleri gibi gerekli stregleri
otomatik olarak haritalandirmaktadir. Sistemin kullanilabilirligi hedef kullanici grubu
ile gerceklestirilen senaryo tabanl testler araciigiyla degerlendirilmistir. Bulgular
katilimcilarin %85’inin sistemi oldukga kolay kullanilabilir buldugunu ve %90’inin
saglanan yénlendirmeleri acik ve anlasilir olarak degerlendirdigini géstermistir. Sonug
olarak ¢aligma yapay zek& destekli yagam olayi odakl dijital kamu asistanlarinin
vatandaslarin biligsel yikini azaltabilecegini ve kamu hizmetlerine erisim sireglerini
kolaylagtirabilecegini ortaya koymaktadir. Gelecek c¢alismalarda gercek kamu
sistemleriyle entegrasyonun saglanmasi ve gelismis dogal dil isleme modellerinin
sisteme dahil edilmesi 6nerilmektedir.

Anahtar Kelimeler: Artificial Intelligence, Conversational Al Assistants, E-Government
Accessibility, Behavioral Economics, Citizen-Centric Digital Services

JEL Kodlari: ©33, H83, D91,
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Usability of Digital Public Services: Empirical Evidence from MHRS

This study examines the usability of the Central Physician Appointment System (MHRS)
one of Turkey's most widespread digital public health platforms, from a behavioral
and human-computer interaction perspective. Unlike relatively static public systems
such as e-Government, e-Nabiz and UYAP, MHRS has a very dynamic structure where
users try to access limited appointment quotas under stress, urgency and cognitive
pressure. A task-based usability test was conducted to assess the weaknesses of the
system. Older users with basic technology skills and young users with high digital
literacy participated in the study. Using the Think-Aloud protocol and screen
recordings, user errors were analyzed in the "slip" and "mistake" categories and then
evaluated in line with Nielsen's usability principles. The research findings revealed that
there were some usability problems in the system. The most frequently violated
principles were "Visibility of System Health", where indicators of insufficient loading
created the perception that the system was frozen, and "User Control and Freedom",
due to the lack of rollback and error correction mechanisms. The findings indicate that
MHRS produces distinct differences in usability across different age groups, pushing
older users at a disadvantage. As a result of the study, it was concluded that MHRS in
its current form could not adequately meet the needs of technologically vulnerable
user groups. In this direction; An "easy interface" design with an enlarged font and
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reduced interface complexity that can be accessed from the home page, a "waitlist"
mechanism to reduce continuous refresh behavior and appointment search fatigue,
and an "undo" feature to reduce user errors in cancellation and approval processes
are recommended. The study contributes to the digital public services availability
literature by revealing how behavioral and cognitive factors create inequalities in
access to digital public services.

Keywords: Digital Public Services; Usability Evaluation, Human-Computer Interaction;
Behavioral Economics

JEL Codes: 033, D91, H83
Dijital Kamu Hizmetlerinin Kullanilabilirligi: MHRS'den Ampirik Kanitlar

Bu calisma Turkiye'nin en yaygin dijital kamu saglik platformlarindan biri olan Merkezi
Hekim Randevu Sistemi’nin (MHRS) kullanilabilirligini davranigsal ve insan-bilgisayar
etkilesimi perspektifinden incelemektedir. e-Devlet, e-Nabiz ve UYAP gibi gérece
statik kamu sistemlerinden farkli olarak MHRS, kullanicilarin sinirh randevu
kontenjanlarina stres, aciliyet ve biligsel baski altinda erismeye c¢alistigi olduk¢a
dinamik bir yapiya sahiptir. Sistemin zayif yonlerini degerlendirmek amaciyla gérev
tabanh bir kullanilabilirlik testi gergeklestirilmistir. Calismaya temel dizey teknoloji
becerisine sahip ileri yas kullanicilar ile yuksek dijital okuryazarliga sahip geng
kullanicilar katilmigtir. Sesli Duginme (Think-Aloud) protokoli ve ekran kayitlari
kullanilarak kullanici hatalari “slip” ve “mistake” kategorilerinde andaliz edilmis,
ardindan Nielsen’in kullanilabilirlik ilkeleri dogrultusunda degerlendirilmistir. Aragtirma
bulgulari sistemde birtakim kullanilabilirlik problemleri bulundugunu ortaya koymustur.
En sik ihlal edilen ilkeler, yetersiz yukleme gostergelerinin sistemin dondugu algisini
olusturdugu “Sistem Durumunun Gorinirlogu” ile geri alma ve hata dizeltme
mekanizmalarinin eksikligi nedeniyle “Kullanici Kontroli ve Ozgirligi” olmustur.
Bulgular MHRS’nin farkli yas gruplari arasinda belirgin kullanilabilirlik farkhliklari
Urettigini ve yasl kullanicilari dezavantajli konuma ittigini géstermektedir. Calisma
sonucunda, MHRS’nin mevcut haliyle teknolojik agidan kirilgan kullanici gruplarinin
ihtiyaglarini yeterince karsilayamadigi sonucuna ulasilmistir. Bu dogrultuda ana
sayfadan erisilebilen, bUyuttimuis yazi tipine ve azaltilmis arayiz karmasikligina sahip
bir “kolay arayiz” tasarimi, sirekli yenileme davranigini ve randevu arama
yorgunlugunu azaltacak bir “waitlist” mekanizmasi ve iptal ile onay islemlerinde
kullanici hatalarini azaltmak amaciyla geri alma (undo)” 6zelligi &nerilmektedir.
Calisma davranigsal ve biligsel faktérlerin dijital kamu hizmetlerine erisimde nasil
esitsizlikler olusturdugunu ortaya koyarak dijital kamu hizmetleri kullanilabilirligi
literatirine katki saglamaktadir.

Anahtar Kelimeler: Digital Public Services; Usability Evaluation, Human-Computer
Interaction; Behavioral Economics
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u
DATAMACLEA'26



3¢ INTERNATIONAL DATA ANALYTICS AND MACHINE LEARNING CONFERENCE-DATAMACLEA’26

Erol Can ILDES
M.S.; Social Sciences University of Ankara, Ankara, Turkiye erolcanildes2@student.asbu.edu.tr;
ORCID: 0009-0001-7367-1708.

Seyid Fahri MAHMUD
Ph.D.; Assoc. Prof.; Social Sciences University of Ankara, Ankara, Turkiye
seyidfahri.mahmud@asbu.edu.tr; ORCID: 0000-0002-0355-4514.

A Hybrid Machine Learning-Econometric Approach to Modelling Food and
Energy Inflation Dynamics in Emerging Markets

The paper develops a hybrid framework by integrating machine learning (ML) with
traditional econometric modelling. The hybrid approach may allow the researchers
not only to benefit from the predictive strength of ML algorithms, while preserving the
interpretability and inferential underpinnings of econometric modelling. It is,
therefore, aimed to keep the interpretability strength of econometric modelling, while
employing ML in overcoming the restrictive functional forms that may fail to capture
nonlinearities and interaction effects in traditional econometric modelling. Several
recent applications in economic literature have shown the relative merits of ML as a
diagnostic tool for uncovering nonlinear relationships, interactive structures and
threshold effects. These insights, from ML, can then be systematically incorporated
into an econometric specification at a later stage. In short, the hybrid approach has
shown to preserve the interpretability strength of traditional econometric models
while improving their empirical performance through ML applications. The framework
is aimed at applying the hybrid approach to explain both energy and food price
inflation in selected emerging markets, while aiming to draw policy insights for Turkiye
in particular. Using real-world data, the preliminary results show that ML-guided
specification can improve the ability of econometric models to capture nonlinear
inflation dynamics. The initial findings of the paper also demonstrate the value of
hybrid ML-econometric approaches in generating economically meaningful insights
for inflation modelling and policy insights. The empirical work has been carried out in
sequential stages. First, a baseline model is estimated using the conventional
econometric techniques, providing a structured and interpretable representation of
the underlying causal process. In the second step, the residuals obtained from the
baseline model are used as target variable within a machine learning framework,
allowing ML algorithms to capture nonlinear patterns and hidden structures that may
not have been explained by the initial specification. This residual-based learning
approach allows the hybrid model to augment, rather than replace, the econometric
structure. In addition, the study also employs SHAP (Shapley Additive Explanations)
values to enhance the interpretability of the machine learning component. This is done
to get further detailed examination of variable contributions and also to facility.

Keywords: Hybrid Modelling, Machine Learning, Econometric Models, Residual
Learning, Inflation Dynamics, Energy and Food Prices, SHAP Interpretability.
JEL Codes: C51, C53, C45, E31, Q41
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Yikselen Piyasalarda Gida ve Enerji Enflasyonu Dinamiklerinin
Modellenmesine Yénelik Hibrit bir Makine Ogrenmesi-Ekonometri
Yaklasimi

Bu ¢alisma, makine 6grenmesini (ML) geleneksel ekonometrik modelleme ile entegre
ederek hibrit bir cergceve gelistirmektedir. Hibrit yaklasim, arastirmacilarin
ekonometrik modellemenin yorumlanabilirligini ve ¢cikarimsal temellerini korurken, ML
algoritmalarinin tahmin gicinden de yararlanmalarina olanak tanir. Bu dogrultuda
calisma, geleneksel ekonometrik modellemede dogrusal olmayan durumlari ve
etkilesim etkilerini yaokalamakta yetersiz kalabilen kisitlayici fonksiyonel formlarin
asiimasinda ML’'den faydalanmayi, ayni zamanda ekonometrik modellemenin
yorumlama giicini korumayi amaglamaktadir. iktisat literatirindeki pek gok gincel
uygulama, ML'in dogrusal olmayan iligkileri, etkilesimli yapilari ve esik etkilerini ortaya
¢tkarmada bir tani araci olarak sundugu avantajlari géstermistir. ML’den elde edilen
bu bulgular, daha sonra sistematik bir sekilde ekonometrik spesifikasyonlara dahil
edilebilir.  Kisacasi hibrit yaklagimin, geleneksel ekonometrik modellerin
yorumlanabilirlik gictni korurken ML uvygulamalari araciligiyla ampirik performansi
iyilestirdigi gorilmuistir. S6z konusu gercgeve, secilmis yikselen piyasalarda hem enerji
hem de gida fiyat enflasyonunu agiklamak igin hibrit yaklasimi uygulamayi ve 6zellikle
Turkiye icin politika ¢cikarimlari elde etmeyi amaglamaktadir. Gergek dinya verilerinin
kullanildigi 6ncil sonuglar, ML odakli spesifikasyonlarin ekonometrik modellerin
dogrusal olmayan enflasyon dinamiklerini yakalama kabiliyetini artirabildigini
gostermektedir. Makalenin ilk bulgulari ayrica, enflasyon modellemesi ve politika
yapimi i¢in ekonomik agidan anlamli i¢cgériler Uretmede hibrit ML-ekonometri
yaklasimlarinin  degerini  kanitlamaktadir. Ampirik ¢alisma ardigik asamalarla
yUritolmustir. ik olarak, altta yatan nedensel sirecin yapilandiriimis ve yorumlanabilir
bir temsilini sunan geleneksel ekonometrik teknikler kullanilarak bir baz model tahmin
edilmistir. ikinci adimda, baz modelden elde edilen artiklar (residieller), bir makine
6grenmesi cercevesi icinde hedef degisken olarak kullanilimigtir; bu durum, ML
algoritmalarinin ilk spesifikasyon tarafindan agiklanamayan dogrusal olmayan
kaliplari ve gizli yapilari yakalamasina olanak tanir. Bu artik temelli 6grenme yaklasimi,
hibrit modelin ekonometrik yapiyi ikame etmek yerine onu gelistirmesini saglar. Ek
olarak ¢alisma, makine 6grenmesi bileseninin yorumlanabilirligini artirmak amaciyla
SHAP (Shapley Additive Explanations) dederlerini de kullanmaktadir. Bu iglem,
degisken katkilarinin daha ayrintili incelenmesini saglamak ve analiz kolayhgi sunmak
amaciyla yapilmigtir.
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Al, Sustainable Growth, and Long-Term Value Creation

Artificial intelligence (Al) is increasingly positioned as a key enabler of sustainable
productivity growth, extending beyond short-term efficiency gains toward long-term
value creation across economic systems. This chapter examines how Al-driven
technologies influence productivity trajectories by augmenting human capabilities,
optimizing decision-making processes, and enabling learning-intensive forms of
innovation. Framed within evolutionary economics and innovation systems
perspectives, the analysis emphasizes that the productivity effects of Al are
contingent upon complementary investments in skills, organizational change, and
institutional adaptation.

Keywords: Al, Sustainability-Oriented Governance, Inclusive and Resilient Economic
Systems.
JEL Codes: 032, 033, O38.

Yapay Zeka, Sirdirilebilir Biyime ve Uzun Vadeli Deger Yaratimi

Yapay zekd (YZ), surdurilebilir verimlilik artiginin temel bir unsuru olarak giderek daha
fazla konumlandiriimakta ve kisa vadeli verimlilik kazanimlarinin 6tesine gegerek
ekonomik sistemler genelinde uzun vadeli deger yaratimina dogru genislemektedir. Bu
calisma, YZ odakli teknolojilerin insan yeteneklerini artirarak, karar alma sireclerini
optimize ederek ve 6grenme yogun inovasyon bicimlerini mimkin kilarak verimlilik
yoringelerini nasil etkiledigini incelemektedir. Evrimsel ekonomi ve inovasyon
sistemleri perspektifleri gcercevesinde yapilan andaliz, YZ'nin verimlilik Uzerindeki
etkilerinin, becerilere, o6rgitsel dedisime ve kurumsal adaptasyona yapilan
tamamlayici yatirimlara baglh oldugunu vurgulamaktadir.
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Dayanikli Ekonomik Sistemler.
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Al-Driven Carbon Pricing and Digital Transformation: Evolutionary Game
Theory Evidence on Economic Efficiency in Turkey's Manufacturing Sector

The increasing urgency of climate change mitigation has compelled governments and
industries to adopt effective policy instruments that encourage sustainable production
practices. Leveraging artificial intelligence-driven analytical tools and evolutionary
game theory, this study investigates how carbon pricing policies and digital
transformation jointly influence the economic efficiency and sustainable transition of
the manufacturing sector in Turkey. Using an Al-augmented evolutionary game theory
framework, this research analyses the strategic interactions among key stakeholders,
including manufacturing firms, government regulators, and market participants,
under varying levels of carbon pricing intensity and digital adoption. The model
explores how different policy incentives, technological capabilities, and regulatory
pressures shape firms' strategic choices between traditional production practices and
environmentally sustainable operations. The findings suggest that appropriate carbon
pricing mechanisms can significantly encourage manufacturing firms to adopt cleaner
production technologies and improve sectoral economic efficiency, particularly when
complemented by digital transformation tools such as smart manufacturing, data
analytics, and energy-efficient monitoring systems. Moreover, government subsidies,
regulatory enforcement, and digital infrastructure development play crucial roles in
accelerating firms' transition to low-carbon, sustainable production pathways. The
study contributes to the literature by integrating Al-driven analysis, carbon pricing,
and digital transformation within an evolutionary game theoretical framework to
explain the dynamic behavioral adjustments of stakeholders in the manufacturing
sector, offering valuable policy insights for sustainable economic efficiency and value
generation.

Keywords: Sustainable Transition, Carbon Pricing, Digital Transformation, Evolutionary
Game Theory, Turkey.
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Yapay Zeka Destekli Karbon Fiyatlandirmasi ve Dijital Déniigim: Turkiye
imalat Sektsrinde Ekonomik Verimlilik Uzerine Evrimsel Oyun Teorisi
Kanitlari

iklim degisikliginin azaltlmasina yénelik artan aciliyet, htkometleri ve endustrileri
surdirilebilir Gretim uygulamalarini tegvik eden etkin politika araglarini benimsemeye
zorlamaktadir. Yapay zekd destekli analitik araglardan ve evrimsel oyun teorisinden
yararlanarak, bu ¢alisma karbon fiyatlandirmasi politikalari ile dijital dénistmin
Turkiye imalat sektérinin ekonomik verimliligini ve strdurilebilir gegisini birlikte nasil
etkiledigini arastirmaktadir. Yapay zekd destekli evrimsel oyun teorisi gergevesi
kullanilarak, farkh karbon fiyatlandirmasi yodunluklarinda ve dijital benimseme
dizeylerinde imalat firmalari, htkimet dizenleyicileri ve piyasa katiimeilari arasindaki
stratejik etkilesimler analiz edilmektedir. Model, farkl politika tegviklerinin, teknolojik
kapasite duzeylerinin ve dizenleyici baskilarin firmalarin geleneksel Uretim
vygulamalari ile cevresel agidan surdiurilebilir operasyonlar arasindaki stratejik
tercihlerini  nasil  sekillendirdigini  incelemektedir. Bulgular, uygun karbon
fiyatlandirmasi mekanizmalarinin sektérel ekonomik verimliligi artirabilecegini ve
imalat firmalarinin daha temiz Uretim teknolojilerini benimsemesini 6nemli dl¢ide
tesvik edebildigini ortaya koymaktadir; 6zellikle akilli Gretim, veri analitigi ve enerji
verimli izleme sistemleri gibi dijital déntsim araglariyla desteklendiginde bu etki daha
da giglenmektedir. Ayrica hikimet sibvansiyonlari, dizenleyici yaptirimlar ve dijital
altyapi gelisimi firmalarin distk karbonlu ve sirdirilebilir Gretim yollarina gegisini
hizlandirmada belirleyici roller Ustlenmektedir. Calisma, yapay zekd destekli analizi,
karbon fiyatlandirmasini ve dijital dénUsimi evrimsel oyun teorisi gercevesinde
bUtUnlestirerek imalat sektdorindeki paydaslarin dinamik davranigsal uyumlarini
acgiklamakta ve strdurilebilir ekonomik verimlilik ile deger Gretimi icin dnemli politika
ongoérileri sunmaktadir.
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Al in Software Development and Digital Industries: Economic Efficiency,
Vibe Coding Pitfalls, and the Industrial Revolution Analog

This chapter examines how artificial intelligence is transforming software
development and the broader digital industries, focusing on economic efficiency and
value creation. Software development stands as the most Al-adapted sector of the
economy, with 57% of ICT firms across the OECD using Al (the highest of any industry),
90% of engineering teams employing Al coding tools, and 41% of all code worldwide
now generated by Al. Drawing an analogy to the Industrial Revolution, the chapter
argues that Al is driving a structural shift from software development as an artisanal
craft to anindustrialized production system, where the human role moves from writing
code to specifying intent, directing Al agents, and validating outcomes. The chapter
traces the evolution from early code-completion tools to LLM-powered assistants, the
rise of vibe coding, and the emergence of autonomous multi-agent systems. It
synthesizes experimental and industry-scale evidence on productivity: while GitHub
Copilot experiments demonstrate up to 55% faster task completion, a rigorous 2025
randomized controlled trial found that experienced developers actually worked 19%
slower with Al tools despite believing they were 20% faster. The chapter further
examines the pitfalls of vibe coding, including an 8x surge in duplicated code blocks,
Al-generated code carrying 2.74x more security vulnerabilities, over 40% of junior
developers deploying code they do not fully understand, and a growing threat to open-
source sustainability as Al-driven usage decouples from community engagement. At
the organizational level, the chapter analyzes how entry-level developer hiring at top
tech firms has declined 25%, how developers are shifting from code writers to Al
orchestrators, and how the Al-assisted development market is projected to reach $26
billion by 2030. It concludes by arguing that, as in earlier industrial revolutions,
sustainable economic value will depend on institutional adaptation, workforce
reskilling, and governance that balances efficiency with quality, security, and
inclusivity.

Keywords: Artificial Intelligence, Software Development, Vibe Coding, Agentic Coding,
Developer Productivity, Digital Industries, Open-Source Sustainability.
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Yazilim Geligtirme ve Dijital Endistrilerde Yapay Zeka: Ekonomik
Verimlilik, "Vibe Coding" Tuzaklari ve Sanayi Devrimi Analojisi

Bu bélum, yapay zekdnin yazilim gelistirme ve daha genis dijital endUstriler Uzerindeki
donustirict  etkisini ekonomik verimlilik ve deger yaratimi perspektifinden
incelemektedir. Yazilim gelistirme, ekonominin yapay zekdya en fazla uyum saglayan
sektéridir: OECD genelinde BIT (Bilgi ve iletisim Teknolojileri) firmalarinin %57'si
yapay zekd kullanmakta (tom sektérler igindeki en yUksek oran), mihendislik ekiplerinin
%90'1 yapay zekd kodlama araglari kullanmakta ve dinya genelinde tUm kodlarin %4T1'i
yapay zekd tarafindan tretiimektedir. Sanayi Devrimi'nden bir analoji kuran bu bélom;
yapay zekdnin yaziim gelistirmeyi zanaatkdar usul0 bir Uretimden, insanlarin kod
yazmak yerine niyet belirledigi, yapay zekd ajanlarini ydnlendirdigi ve sonuglari
dogruladigi endistriyel bir Gretim sistemine dogru yapisal bir dénisime ugrattidiniileri
surmektedir. Bolim; erken dénem kod tamamlama araglarindan biytk dil modeli
(LLM) destekli asistanlara, "vibe coding'in yukselisine ve otonom ¢oklu ajan
sistemlerinin ortaya cikisina kadar olan evrimi izlemektedir. Deneysel ve endustri
olcegindeki Uretkenlik kanitlarini sentezleyerek dnemili bir algi-gergeklik agigini ortaya
koymaktadir: GitHub Copilot deneyleri %55'e varan hiz artigi gésterirken, 2025 yilinda
yapilan titiz bir randomize kontrolli ¢alisma, deneyimli gelistiricilerin yapay zeka
araclariyla aslinda %19 daha yavas c¢alistigini, ancak %20 daha hizli olduklarina
inandiklarini ortaya koymustur. Ayrica "vibe coding"in tuzaklari incelenmektedir:
tekrarlanan kod bloklarinda 8 katlik artig, yapay zek& Uretimi kodda 2,74 kat daha
fazla givenlik agigl, geng gelistiricilerin %40'indan fazlasinin tam olarak anlamadiklari
kodu yayina almasi ve yapay zekd kullaniminin gelistiricileri topluluk katilimindan
kopardigi igin agik kaynak sirdurilebilirligine yonelik artan tehditler ele alinmaktadir.
Orgutsel dizeyde bolum; 6nci teknoloji firmalarinda giris seviyesi geligtirici
istihdaminin %25 dustiguny, geligtiricilerin  kod yazarlarindan yapay zekd
orkestratorlerine dénistiguni ve yapay zekd destekli gelistirme pazarinin 2030 yilina
kadar 26 milyar dolara ulagma yolundaki buyUmesini analiz etmektedir. Sonug olarak,
daha &6nceki sanayi devrimlerinde oldugu gibi, strdurilebilir ekonomik degerin
teknolojinin kendisine degil; kurumsal uyuma, is gicinin yeniden yetkinlik kazanmasina
ve verimliligi kalite, givenlik ve kapsayicilikla dengeleyecek yonetisim cergevelerine
bagli olacadi savunulmaktadir.
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A Fuzzy Panel Analysis of Over-innovation in Sub-Saharan Africa

Innovation has become a mainstay in developmental discourse, with continual
innovation seen as a means to propel growth in developing countries. To get the best
out of the innovation process, countries must choose and invest in the most viable
innovation input factors to strengthen their National Innovation System (NIS) and spur
up innovation. The ability to invest in innovation largely depends on national wealth.
However, some countries have been found to perform better both in investing and in
getting a better yield for their investment in innovation. These are often termed
innovation overperformance. This study seeks to determine the causal recipes of
innovation overperformance and whether these recipes are region and country-
dependent, using Sub-Saharan African data. The study employs a fuzzy panel
framework spanning 2015 to 2025. It is documented that the pooled consistency score
is highest for infrastructure in the South Sahara Africa region, with a consistency score
of 0.87, while institutions are the least with a consistency score of 0.71. Generally, the
conclusion is that infrastructure is the key determinant of innovation
overperformance. Thus, beyond investment in all the input pillars, investment in
innovation is the most consistent indicator of innovation overperformance.

Keywords: Innovation, Sub-Sahara Africa, Global Innovation Index.
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Sahra Alti Afrika'da Asiri inovasyon Uzerine Bulanik Panel Analizi

inovasyon, kalkinma séylemlerinin temel unsurlarindan biri haline gelmistir; sirekli
inovasyon, gelismekte olan ulkelerde buyUmeyi hizlandirmanin bir araci olarak
gbrilmektedir. inovasyon sirecinden en iyi sekilde yararlanabilmek icin tlkeler, Ulusal
inovasyon Sistemlerini (NIS) giclendirmek ve inovasyonu tesvik etmek amaciyla en
uygun inovasyon girdi faktérlerini segmeli ve bunlara yatirim yapmalidir. inovasyona
yatirim yapma yetenegi bUyUk 6lcide ulusal servete baghdir. Ancak, bazi Glkelerin hem
inovasyona yatirim yapma hem de bu yatirimdan daha iyi getiri elde etme konusunda
daha iyi performans gosterdigi gorilmuistir. Bunlara genellikle inovasyon Ustin
performansi denir. Bu ¢alisma, Sahra Alti Afrika verilerini kullanarak inovasyon Ustin
performansinin nedensel formullerini ve bu formdillerin bdlgeye ve Ulkeye bagli olup
olmadigini belirlemeyi amaglamaktadir. Calisma, 2015'ten 2025'e kadar uzanan bir
bulanik panel ¢ercevesi kullanmaktadir. Giney Sahra Afrika bdlgesinde altyapi igin
birlestirilmis tutarliik puani 0,87 ile en yiksek seviyedeyken, kurumlar 0,71 tutarhlik
puani ile en dusik seviyededir. Genel olarak, altyapinin inovasyon Ustin
performansinin temel belirleyicisi oldugu sonucuna varilmistir. Dolayisiyla, tUm girdi
unsurlarina yapilan yatirimlarin étesinde, inovasyona yapilan yatirim, inovasyon Ustin
performansinin en tutarh géstergesidir.
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Does the Digital Competence Gap Hurt Workers? Multilevel and Causal
Machine Learning Evidence from Europe

The rapid integration of Artificial Intelligence (Al) into European workplaces has
generated extensive debate on employment displacement and productivity, yet the
subjective experience of workers navigating this shift remains underexplored. This
study examines whether the gap between Al-related workplace demands and
individual digital competence affects worker life satisfaction across Europe. Using
Eurobarometer 101.4 (April 2024), | construct a digital competence gap, the
standardized difference between Al workplace exposure and self-assessed digital
readiness, for 13,883 workers nested in 27 European countries (28 geographical units).
Country-level DESI digital skills scores, GDP per capita, and unemployment rates serve
as contextual covariates. The empirical strategy runs two parallel tracks: a multilevel
parametric cascade testing main effects, random slopes, and cross-level interactions
(national digital infrastructure, employer training, social class), and a causal machine
learning track comprising double/debiased machine learning with random forest and
gradient boosting nuisance learners, causal forests, and SHAP-based feature
importance. Four results emerge. First, the gap significantly reduces life satisfaction
(B =-0.041), replicated by DML (-0.038, -0.037) and causal forests (CATE = -0.038),
confirming robustness. Second, the penalty is driven by the skills component: digital
competence correlates +0.273 with wellbeing, while Al exposure alone shows a near-
zero association. Third, higher DESI raises baseline wellbeing but does not buffer the
individual gap linearly; the causal forest detects nonlinear DESI heterogeneity that
parametric models miss. Fourth, the wellbeing cost rises with social class; upper class
workers face penalties over twice those of working-class workers, interpreted through
a status threat mechanism. Policy implications suggest that current employer training,
while raising average wellbeing, fails o moderate the competence gap. Effective
intervention requires Al specific training content calibrated to individual gap size and
actively targeted at workers with the largest deficits.

Keywords: Artificial Intelligence, Skills Mismatch, Digital Competence Gap, Worker
Wellbeing, Multilevel Modelling, Causal Machine Learning, Double/Debiased Machine
Learning, Causal Forests, Europe, Eurobarometer.
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Dijital Yetkinlik Boglugu Calisanlara Zarar Veriyor mu? Avrupa'dan Cok
Diizeyli ve Nedensel Makine O§renmesi Kanitlar:

Yapay zekanin Avrupa is yerlerine hizla entegrasyonu istihdam ve verimlilik etkileri
konusunda genis tartismalara yol agmis, ancak bu dénisimi yasayan calisanlarin
6znel deneyimi yeterince incelenmemistir. Bu ¢alisma, is yerindeki yapay zeké talepleri
ile bireysel dijital yetkinlik arasindaki uyumsuzlugun c¢alisan yasam memnuniyetini
etkileyip etkilemedigini arastirmaktadir. Eurobarometer 101.4 (Nisan 2024) verileri
kullanilarak, yapay zekd maruziyet yogunlugu ile 6z degderlendirmeye dayali dijital
hazirlik arasindaki standartlastirilmis fark olarak tanimlanan dijital yetkinlik agigi, 28
Avrupa Ulkesine yuvalanmis 13.883 calisan icin olusturulmustur. Ulke dizeyinde DESI
dijital beceri puanlari, kisi basina GSYIH ve issizlik oranlari baglamsal degiskenler
olarak eklenmistir. Ampirik strateji iki paralel iz Gzerine kuruludur: ana etkileri, rastgele
egimleri ve ¢apraz dizey etkilesimlerini test eden ¢ok dizeyli parametrik kaskad ile
rastgele orman ve gradyan artirma guriltt 6grenicileriyle ¢ift/yansizlastirilmig makine
6grenmesi, nedensel ormanlar ve SHAP tabanl degisken énem analizinden olusan
nedensel makine 6grenmesi izi. Dort temel sonug elde edilmistir. Birincisi, agik yagsam
memnuniyetini anlamli bicimde azaltmaktadir (B = -0,041); bu tahmin DML (-0,038;
-0,037) ve nedensel ormanlar (CATE = -0,038) tarafindan dogrulanmistir. ikincisi,
ceza beceri bileseni tarafindan yénlendiriimektedir: dijital yetkinlik refahla +0,273
korelasyon gosterirken, yapay zek& maruziyeti sifira yakin iliski sergilemektedir.
Ugiincisu, yuksek DESI temel refahi artirmakla birlikte bireysel acigi dogrusal olarak
tamponlamamaktadir; nedensel orman, parametrik modellerin kagirdigi dogrusal
olmayan heterojenligi tespit etmektedir. Dérdincisu, refah maliyeti sosyal sinifla
artmaktadir- Ust sinif calisanlar isci sinifinin iki katindan fazla ceza yasamaktadir- bu
bulgu stati tehdidi mekanizmasiyla yorumlanmaktadir. Politika agisindan, isveren
egitiminin ortalama refahi artirmasina ragmen yetkinlik acigini ihmlastiramamasi,
mevcut programlarin yetersiz hedeflendigini géstermektedir. Etkili midahale, yapay
zekéya 6zgU egitimin bireysel acik buyikligine gdre ayarlanmasini ve en biyik aciga
sahip ¢alisanlara yénlendirilmesini gerektirmektedir.
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E-Ticaret Yikselen Trendinin Belirleyicisi Pandemi mi yoksa
Makroekonomik Degiskenler mi?

Bu c¢alisma, Tirkiye ekonomisinde reel e-ticaret hacminin  makroekonomik
belirleyicilerini 2016-2024 doénemini kapsayan aylik verilerle analiz etmektedir.
Literatirde e-ticaretin gelisimi ¢ogunlukla teknolojik altyapr ve dijitallesme
dinamikleriyle agiklanmis olsa da son dénem ¢alismalarinda COVID-19 pandemisinin
tiketici davraniglarinda bir yapisal kirilma yarathdr ve talebi kalici bigimde
donistirdigu goérist agirhk kazanmigtir. Bu arastirma, e-ticaretin biyUmesinde
pandeminin belirleyici oldugu yénindeki bu yaygin kabuli ampirik olarak test etmek ve
pandeminin kalici bir yapisal kirllma mi, yoksa mevcut trendi hizlandiran gegici bir sok
mu oldugunu belirlemek amaciyla kurgulanmigtir. Calisma, COVID-19’a 6zgi digsal
faktorler ile doéviz kuru kaynakli makro-finansal etkilerin  ayrigtiriimasini
amaclamaktadir. Bu baglamda 6zellikle “zorunlu tercih” dénemi (2020-2021) ile “yeni
normal” dénemi (2023-2024) arasindaki ayrima odaklanilmistir. Karma duraganlik
yapisi nedeniyle ARDL Sinir Testi ve iligkinin yonini belirlemek i¢in Toda-Yamamoto
Nedensellik yaklasimi kullanilmistir. Bulgular, literatirdeki genel kaninin aksine e-
ticaretin ana belirleyicisinin pandemi degil, makroekonomik dinamikler oldugunu
ortaya koymustur. Elde edilen sonuglara gére pandemi, e-ticaret dinamiklerinde bir
yapisal kirllma yaratmamis; yalnizca mevcut trendi destekleyen istikrarli bir hizlandirici
rolu Ustlenmistir. Buna karsilik, uzun dénemde e-ticaret hacmi Uzerinde en gicli
agiklama gicine sahip degiskenin déviz kuru oldugu ve Tirkiye ekonomisine 6zgu kur
artiglarinin “Yiuksek Kur-Yiksek Talep Paradoksu” mekanizmasiyla talebi canli
tuttugu, sektéri yapisal bir donisime ugrattigi tespit edilmistir. Ayrica nedensellik
andlizlerinde istatistiksel olarak anlamli bir asimetri gézlemlenmistir. Nedensellik
andlizleri e-ticaretten déviz kuruna dogru isleyen tersine bir nedensellik iligkisini ortaya
koymustur. Dolar kurunun e-ticaret Uzerindeki etkisi anlik gergeklesirken, ithal girdi
bagdimliigi nedeniyle e-ticaret hacmi ddviz kuru Uzerinde geri besleme etkisi yaratan
makroekonomik bir belirleyici haline gelmistir. Calisma, Turkiye'de dijital ticaretin
sadece teknolojik veya pandemik bir olgu degil, kur dinamikleriyle sekillenen makro-
finansal bir olgu oldugunu ortaya koymaktadir.
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Is the Rising E-Commerce Trend Driven by the Pandemic or
Macroeconomic Variables?

This study analyzes the macroeconomic determinants of real e-commerce volume in
the Turkish economy using monthly data for the period 2016-2024. While the
literature has largely explained the development of e-commerce through
technological infrastructure and digitalization, recent studies increasingly argue that
the COVID-19 pandemic created a structural break in consumer behavior,
permanently transforming demand. This research empirically tests the widely held
view that the pandemic is the main driver of e-commerce growth and aims to
determine whether it represents a lasting structural break or merely a temporary
shock accelerating the existing trend. The study separates COVID-19-specific external
factors from macro-financial effects stemming from exchange rate fluctuations,
focusing on the distinction between the “forced choice” period (2020-2021) and the
“new normal” period (2023-2024).

Due to the mixed order of integration of the variables, the ARDL Bound Test was
employed, and the Toda-Yamamoto causality approach was used to determine the
direction of relationships. Contrary to the common view in the literature, the findings
indicate that macroeconomic dynamics, rather than the pandemic, are the main
determinants of e-commerce. Results show that the pandemic did not create a
structural break in e-commerce dynamics; it only played a stable accelerating role
supporting the existing trend. In the long run, the variable with the strongest
explanatory power for e-commerce volume is the exchange rate, with Turkey-specific
currency increases sustaining demand through a “High Exchange Rate-High Demand
Paradox,” leading to a structural transformation in the sector. Additionally, causality
analyses reveal a statistically significant asymmetry. While the impact of the USD/TL
exchange rate on e-commerce occurs instantaneously, e-commerce volumes, due to
dependence on imported inputs, feed back into exchange rates, thereby becoming a
macroeconomic determinant. The study demonstrates that digital frade in Turkey is
not merely a technological or pandemic-driven phenomenon but a macro-financial
one shaped by exchange rate dynamics.
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9-sonlu Fiyatlarin Tiketim Kararlarina Etkileri

Rasyonel birey varsayimi iktisat teorilerinde sikca yer alan bir varsayimdir. Bu
varsayim bireylerin karar mekanizmasini sadece bir engoklama problemine
indirgemekte ve insan psikolojisini ftamamen g6z ardi etmektedir. Oysa karar alma
surecleri zevkler, moral dizeyi ve algilama kabiliyeti gibi degiskenlerden de
etkilenebilir. Bu etkilere bagh olarak bireylerin karar alma sureglerinde irrasyonel
davranabilecekleri de olasidir. Varsayimin gegerliligi sorgulanabilir. Makalede
sorgulama 9-sonlu fiyatlarin birey satin alma kararlari Gzerindeki etkisinin bir anket
cergevesinde incelenmesiyle yapilacaktir. 9-sonlu fiyat etkisi pazarlama alaninda
incelenen 6nemli bir etkidir. Bireyler etiketlerde sonu 9 ile biten fiyatlari gorirlerse
Urunleri ucuz olarak algilamaktadirlar. Bir 6rnekle agiklamak gerekirse, bir Grin igin
499 lira olarak bir etiket konursa birey Urini ucuz olarak algilayacakken 500 lira
olarak bir etiket konursa Urin birey tarafindan pahal olarak algilanacaktir. Oysa
arada sadece bir liralik bir fark vardir. Algidaki bu irrasyonelite vitrinlerde bol
miktarda 9-sonlu fiyat etiketleri gérmemizin sebebidir. Ankette, katiimcilardan
indirime girmis olan Urinler i¢in “al - alma” kararini vermeleri istenecektir. Kullanilan
fiyatlar gida, temizlik ve kisisel bakim kategorilerinden segilmis ve piyasa fiyatlarina
gore belirlenmistir. Fiyat giftlerinden bir kismi orijinal fiyatindan 9-sonlu bir fiyata
inerken bir kisminda bu durum gézlemlenmeyecektir. Beklenti, anket katilanlarinin
¢ogunlugunun rasyonel davranmayarak 9-sonlu fiyatlardan etkilenecegi ve bu fiyat
ciftleri icin “al” kararini verecegi seklindedir. Anket sonuglarinin analizi i¢in ¢apraz
tablo yéntemi kullanilacaktir. Onemli bir pazarlama tekniginin rasyonalite gibi &nemli
bir iktisat varsayiminin sorgulanmasi igin kullaniimasinin oldukga ilging sonuglar
verecedi dusinilmektedir.
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The Effects of 9-Ending Prices on Consumption Decisions

The rationality assumption is considered in most of the economic theories. This
assumption reduces the decision-making system of economic agents to a maximizing
problem and omits each agent’s psychological state completely. However, decision
making process can be affected by psychological factors like savor, morale, and
cognition capability also. Due to these effects, economic agents might act irrationally
in the marketplace. Hence, the rationality assumption can be criticized. This paper
mainly examines the impact of 9-ending prices on individuals’ purchasing behaviours
using a questionnaire. 9-ending price effect is an effect that is a significant factor
examined within the field of marketing. Individuals consider the good as cheap when
they see a price that ends with 9 on the tag of the good. For example, when a good’s
price is tagged as 499, consumers consider this good as cheap, whereas they consider
the same good as expensive when the price is tagged as 500 TL. In fact, there is just a
1 TL difference between the discounted and the initial price. This irrationality in
cognition is the reason why we are seeing too many 9 ended tags in market shelves. In
the questionnaire, participants will be asked to decide whether to buy or not to buy
products that are on a discount. The prices for the products of food, cleaning and self-
care have been taken from marketplaces. While some of the pairs involve a 9-ending
discounted price, which is discounted from its initial price, the rest of the discounted
prices will be rounded, which has been discounted from the same prices. The
expectation is that the majority of survey participants will not behave rationally and
will be influenced by prices ending in 9, leading them to decide to buy these price pairs.
Cross tabulation method will be used for the analysis of the findings. It is thought that
using an important marketing technique to question a key economic assumption, such
as rationality, would yield some rather interesting results.
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2008 Kiiresel Ekonomik Krizi ve Covid-19 Krizinin Makroekonomik
Etkilerinin Kargilaghrmali Analizi: Panel Veri Yaklagimi

Bu calisma, 2008 Kiresel Ekonomik Krizi ile 2020 Covid-19 krizinin makroekonomik
etkilerini karsilastirmali olarak incelemeyi amaglamaktadir. Calismada, Dinya
Bankasi Dinya Kalkinma Gostergeleri (WDI) veri tabanindan elde edilen veriler
kullanilarak 2000 sonrasi dénemi kapsayan bir panel veri seti olusturulmus ve Glkeler
dodal kaynak zengini ve diger Ulkeler olmak Uzere iki gruba ayrilmistir. Analiz
kapsaminda dig ticaret hacmi, enflasyon, ekonomik biyUme ve issizlik orani
degiskenleri kriz o6ncesi, kriz doénemi ve kriz sonrasi doénemler itibariyla
karsilastiriimigtir. Elde edilen bulgular, iki kriz arasinda belirgin farkliliklar oldugunu
gostermektedir. Covid-19 krizinde ekonomik biyUme orani diger Ulkelerde %2,52'den
%-5,13'e, dogal kaynak zengini Ulkelerde ise %1,02’'den %-6,95’e gerileyerek 2008
krizine kiyasla ¢ok daha sert bir daralma ortaya koymustur. 2008 krizinde biyime
dUsusu diger Ulkelerde yalnizca %-0,17 ile sinirli kalirken, dogal kaynak zengini Glkelerde
%-3,41 olarak gerceklesmistir. Enflasyon agisindan, Covid-19 sonrasi dénemde diger
Ulkelerde %3,88'den %22,09'a yiukselerek ciddi bir artis géstermis, buna karsilik dogal
kaynak zengini Ulkelerde artis %4,12'den %7,73’e daha sinirl kalmigtir. 2008 krizinde ise
enflasyon artisi gegici olmus ve kriz sonrasi dénemde yeniden diUsus egilimine girmistir.
Dis ticaret hacmi Covid-19 déneminde diger Ulkelerde %-14,38 oraninda daralirken,
kriz sonrasi dénemde toparlanarak %2,36 artig géstermistir. 2008 krizinde ise dig
ticaret daralmasi daha sinirli kalmis ancak toparlanma zayif gergeklesmistir. issizlik
oranlarinda ise her iki krizde de sinirli artiglar gézlenmis olup Covid-19 déneminde diger
Ulkelerde %13,58'den %14,66’ya yikselmistir. Sonug olarak bulgular, 2008 krizinin daha
¢ok finansal ve talep kanallari Gzerinden sinirli bir daralma yarattigini, Covid-19 krizinin
ise daha derin bir Uretim daralmasina yol actigini ve sonrasinda yiksek enflasyon
baskilari olusturdugunu géstermektedir. Ayrica krizlerin etkilerinin Ulke gruplarina
gore farkhlastigi ve dogal kaynak zengini tlkelerin 6zellikle 2008 krizinde daha kirilgan,
Covid-19 sonrasidénemde ise daha hizli toparlanan bir yapi sergiledigi tespit edilmistir.
Bu durum, ekonomik krizlerin etkilerinin kriz tirine ve Ulke yapisina bagl olarak
degistigini ve politika tasarimlarinda bu farkliliklarin dikkate alinmasi gerektigini
ortaya koymaktadir.

Anahtar Kelimeler: Kiresel Ekonomik Krizler, Makroekonomik Etkiler, Covid-19.
JEL Kodlari: GO1, F34, G21.

u
DATAMACLEA'26



3¢ INTERNATIONAL DATA ANALYTICS AND MACHINE LEARNING CONFERENCE-DATAMACLEA’26

Comparative Analysis of the Macroeconomic Impacts of the 2008 Global
Economic Crisis and the Covid-19 Crisis: A Panel Data Approach

This study aims to comparatively examine the macroeconomic impacts of the 2008
Global Economic Crisis and the 2020 Covid-19 crisis. Using data from the World Bank's
World Development Indicators (WDI) database, a panel dataset covering the post-
2000 period was created, and countries were divided into two groups: resource-rich
and non-resource-rich countries. The analysis compared variables such as foreign
trade volume, inflation, economic growth, and unemployment rate before, during, and
after the crisis. The findings show significant differences between the two crises.
During the Covid-19 crisis, the economic growth rate decreased from 2.52% to -5.13%
in non-resource-rich countries and from 1.02% to -6.95% in resource-rich countries,
representing a much sharper contraction compared to the 2008 crisis. In the 2008
crisis, the growth decline was limited to only -0.17% in non-resource-rich countries,
while it reached -3.41% in resource-rich countries. In terms of inflation, the post-Covid-
19 period saw a significant increase, rising from 3.88% to 22.09% in other countries,
while the increase in resource-rich countries was more limited, from 4.12% to 7.73%. In
the 2008 crisis, the inflation increase was temporary and entered a downward trend
again in the post-crisis period. Foreign trade volume contracted by -14.38% in other
countries during the Covid-19 period but recovered to a 2.36% increase in the post-
crisis period. In the 2008 crisis, the contraction in foreign trade was more limited, but
the recovery was weak. Unemployment rates saw limited increases in both crises,
rising from 13.58% to 14.66% in other countries during the Covid-19 period. In
conclusion, the findings show that the 2008 crisis created a limited contraction
primarily through financial and demand channels, while the Covid-19 crisis led to a
deeper production contraction and subsequently created high inflationary pressures.
It has also been observed that the effects of crises differ among country groups, with
countries rich in natural resources being particularly vulnerable during the 2008 crisis,
while exhibiting a faster recovery in the post-Covid-19 period. This situation reveals
that the effects of economic crises vary depending on the type of crisis and the
structure of the country, and that these differences should be taken into account in
policy design.
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Tirkiye’de Tamamlayici Saglik Sigortasi Talebini Etkileyen Faktérlerin
Makine O§renmesi Teknikleri ile Analizi

Saglikliyasam, bireylerin hayatlarini sirdirebilmesi icin gerekli olan sartlardan biridir.
Bireyler yasamlari boyunca olumsuz durumlara karsi 6nlem alarak kendilerini givende
hissetmeye c¢alismaktadirlar. Saglk sistemlerinin gelismesi ve bireylerin saglkh bir
yasam sirme istekleri 6zel tamamlayici saglik sigortalarina olan talebi artirmistir.
Tamamlayici saglk sigortalarinin gelisimi bireylerin saglkli yasam sGrmelerine pozitif
katki saglarken devletin yUkini azaltmakta ve bu sahadaistihdamin artmasina katkida
bulunmaktadir. Tamamlayici saglik sigortalari hem saglik agisindan hem de ekonomik
agidan énemli bir konumda oldugu icin talebini etkileyen unsurlarin belirlenmesi gelecek
politikalarin belirlenmesinde 6nem arz etmektedir. Bu c¢alismada, Turkiye'de
tamamlayici saglik sigortasi sahipligini (talebini) etkileyen faktérlerin belirlenmesi
hedeflenmistir. Bu calismada kullanilan veriler, Turkiye Genel Sosyal Arastirmasi
(TGSS) 2024 veri setinden elde edilmistir. Calismanin ekonometrik analizinde,
tamamlayici sigorta kullanimini ayristirmak amaciyla lojistik regresyon, Naive Bayes ve
XGBoost siniflandirma  algoritmalari  kullanilmigtir.  Analiz  sonuglarina  goére
tamamlayici saglik sigortasi sahipligini (talebini) cinsiyet, medeni durum, egitim, cocuk
sahipligi ve gelir gibi degiskenlerin etkiledigi sonucuna ulasilmigtir.
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Analysis of Factors Affecting the Demand for Complementary Health
Insurance in Tirkiye using Machine Learning Techniques

A healthy life is one of the essential conditions for individuals to maintain their lives.
Throughout their lives, individuals strive to feel safe by taking precautions against
adverse situations. The development of health systems and individuals' desire to lead
a healthy life have increased the demand for private complementary health insurance.
While the utilisation of complementary health insurance contributes positively to
individuals leading a healthy life, it also reduces the burden on the social security and
contributes to increasing employment in this field. Complementary health insurance is
in an important position both in terms of health and economy; therefore, determining
the factors for its demand is of great importance in establishing future policies. In this
study, it is aimed to assess the factors affecting the ufilisation (demand) of
complementary health insurance in Turkey. The data used in this study were retrieved
from the Turkey General Social Survey (TGSS) 2024 dataset. In the econometric
analysis of the study, logistic regression, Naive Bayes, and XGBoost classification
algorithms were used to differentiate the use of complementary insurance in an
imabalanced data. According to the analysis results, it was found that variables such
as gender, marital status, education, having children, and income affect the ownership
(demand) of complementary health insurance.
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Socioeconomic Determinants of Diabetes in Tirkiye:
A Machine Learning Approach

Diabetes is a significant risk factor for other diseases, and it is closely linked to
cardiovascular conditions and increased mortality. Despite having one of the
youngest populations on the continent, Turkey has a higher rate of diabetes, at 16.3
per cent, compared to the average prevalence in European countries. This indicates
that disease is one of the major public health issues for Turkey. Therefore, studying
socioeconomic determinants of diabetes could help understand risk factors to prevent
this disease. In this paper, machine learning techniques are applied to assess the
determinants of diabetes prevalence while accounting for demographic
heterogeneity. Using the Turkish General Social Survey 2024 dataset, which was
surveyed by Marmara University Institute of Population and Social Research, we
evaluate the determinants of diabetes in a sample of the Turkish population. We
compare the performance metrics of different machine learning techniques: namely,
logistic regression, XGBoost, Naive Bayes, and Random Forests. In the models,
gender, age, region, education level, BMI, blood pressure and NUTS-2 regions, and
physical exercise are potential explanatory variables.
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Tirkiye'de Diyabetin Sosyoekonomik Belirleyicileri:
Bir Makine Ogrenmesi Yaklagimi

Diyabet, diger hastaliklar icin 6nemli bir risk faktéridir ve kardiyovaskiler
rahatsizliklar ile mortalite oranlariyla yakindan iliskilidir. Avrupa’daki en geng
nufuslardan birine sahip olmasina ragmen, %16,3 prevalansi ile Tirkiye'deki diyabet
orani, Avrupa Ulkelerindeki ortalama yayginlk oranina kiyasla daha yuksektir. Bu
durum, diyabetin Turkiye icin en 6nemli halk saghdi sorunlarindan biri oldugunu
gostermektedir. Bu nedenle, diyabetin sosyoekonomik belirleyicilerini incelemek, bu
hastaligi 6nlemek igin risk faktérlerini anlamaya yardimci olabilir. Bu ¢alismada,
demografik heterojenligi hesaba katarak diyabet prevalansinin belirleyicilerini
degerlendirmek icin makine 6grenimi teknikleri uygulanmistir. Marmara Universitesi
Nufus ve Sosyal Arastirmalar Enstitust tarafindan gergeklestirilen 2024 Turkiye Genel
Sosyal Anketi veri setini kullanarak, demografiyi temsilen secilen 6rneklemden
diyabetin belirleyicileri tahmin edilmistir. Lojistik regresyon, XGBoost, Nadive Bayes ve
Random Forests gibi farkli makine 6grenimi tekniklerinin performans olgitleri
mukayese edilmistir. Modellerde cinsiyet, yas, egitim dizeyi, BMI, yiksek tansiyon,
NUTS-2 bolgeleri ve fiziksel egzersiz potansiyel agiklayici dediskenler olarak ele
alinmaktadir.
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Ethical, Legal, and Regulatory Dimensions of Al

The rapid advancement of Artificial Intelligence (Al) has triggered a fundamental shift
in the global legal landscape regarding its role in law, ethics, and governance. As these
technologies become more integrated into daily life, they challenge existing legal
structures and fundamental human rights. To effectively manage this transition and
make Al systems work for the good of humanity, societies and the environment, a
multi-disciplinary approach harmonizing technology with social, cultural, and
environmental responsibility is required. In this context, policymakers and scholars
emphasize several core ethical principles. First is transparency, which demands that
the logic behind Al decisions be explainable rather than hidden in "black boxes."
Second, fairness is critical; developers must ensure that algorithms do not inherit or
amplify human biases found in historical data. Furthermore, accountability defines
who is liable for an Al’s actions, while privacy focuses on safeguarding personal data
against misuse. Together, these principles form the "moral compass" for future digital
development. Regarding the global regulatory perspectives, different
countries/country groups have adopted different approaches for governing Al. To
illustrate, the European Union leads with a human-centered approach, utilizing the Al
Act to categorize systems based on risk levels whereas the United States maintains a
flexible, pro-innovation stance, preferring industry-specific guidelines that allow the
private sector to drive progress. However, China prioritizes state oversight and social
stability, ensuring that Al development aligns with national security interests.
Concerning the legal challenges, the rise of Al introduces significant obstacles for
traditional law. For example, there have been still debates on how liability can be
determined when an autonomous system causes harm and/or what should be the legal
status of Al-generated creative works. Moreover, the impact of automation on the
labor market necessitates new frameworks to protect workers' rights and ensure job
security in an increasingly automated world.
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Yapay Zekanin Etik, Hukuki ve Dizenleyici Boyutlari

Yapay zekd (YZ) teknolojilerindeki hizli ilerleme; hukuk, etik ve ydnetisim alanindaki
rolleri bakimindan kiresel yasal zeminde k&klU bir paradigma degisimini tetiklemistir.
Bu teknolojiler ginlUk yasamla daha entegre hale geldikge, mevcut hukuki yapilar ve
temel insan haklarina yénelik birtakim zorluklari ortaya ¢ikarmaktadir. Bu gegis
sUrecini etkin bir sekilde yénetmek ve YZ sistemlerinin insanlik, toplum ve gevre
yararina ¢alismasini saglamak amaciyla; teknolojiyi sosyal, kiltirel ve cgevresel
sorumlulukla uyumlu hale getiren c¢ok disiplinli bir yaklasim benimsenmesi
gerekmektedir. Bu baglamda, politika yapicilar ve akademisyenler birkag temel etik
ilke Uzerinde durmaktadir. Bunlardan ilki, YZ kararlarinin arkasindaki mantigin "kapali
kutu" (black box) icinde gizli kalmasi yerine aciklanabilir olmasini sart kosan seffaflik
ilkesidir. ikinci olarak hakkaniyet (fairness) kritik bir 6neme sahiptir; geligtiriciler,
algoritmalarin gegmis verilerde bulunan insani yanliliklarin tevaris etmemesini veya
bunlari derinlegtirmemesini saglamalidir. Ayrica, hesap verebilirlik kavrami cergeve,
bir YZ eyleminden kimin sorumlu oldugu tanimlanirken; gizlilik, kisisel verilerin kétiye
kullanimi gibi hususlara dikkat edilmelidir. Bu ilkeler bitin olarak, gelecekteki dijital
kalkinmaicin bir nevi "ahlaki pusula” tegkil etmektedir. Kiresel dizenleyici perspekfifler
incelendiginde, farkli Ulke ve Ulke gruplarinin YZ yonetisimi icin farkl yaklagimlar
benimsedigi gorilmektedir. Mesela; Avrupa Birligi, sistemleri risk seviyelerine goére
siniflandiran Yapay Zekd Yasasi (Al Act) ile insan merkezli bir yaklagima 6nculok
ederken, ABD, &zel sektdrin ilerlemesine imkdn taniyan, sektére 6zgu kilavuzlari tercih
eden, esnek ve inovasyon yanlisi bir durus sergilemektedir. Cin ise devlet denetimini ve
toplumsal istikrari 6nceleyerek, YZ gelisiminin ulusal givenlik ¢ikarlariyla uyumlu
olmasini saglamaktadir. Hukuki zorluklar agisindan bakildiginda, YZ'nin yukselisi
geleneksel hukuk 6niinde 6nemli engeller teskil etmektedir. Ornegin, otonom bir sistem
bir zarar verdiginde sorumlulugun nasil belirlenecedi veya YZ tarafindan Uretilen
yaratici eserlerin hukuki statisUnUn ne olmasi gerektigi konusundaki tartismalar halen
devam etmektedir. Dahasi, otfomasyonun isgicU piyasasi Uzerindeki etkisi, giderek
otomatize olan bir dinyada is¢i haklarini korumak ve istihdam givenligini saglamak
icin yeni cerceveler olusturulmasini zorunlu kilmaktadir.
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Measuring Economic Efficiency and Value Creation in the Age of Al:
Metrics, Al Proxies, and Multi-Level Perspectives

The rapid diffusion of artificial intelligence (Al) is transforming production processes,
organizational structures, and the mechanisms through which economic value is
generated. Against this backdrop, reliable measurement frameworks are essential for
assessing how Al adoption influences economic efficiency and value creation. This
study provides a structured review of measurement approaches used to evaluate Al-
related economic performance. It first clarifies the conceptual distinctions between
efficiency, productivity, and value creation, linking these concepts to measurable
outcomes across micro-, meso-, and macro-levels of analysis. The study synthesizes
core metrics widely used in the literature, including technical, allocative, and cost
efficiency; labor productivity; total factor productivity (TFP); and value-creation
indicators such as value added and unit-cost performance. A key focus of the study is
on emerging measurement challenges in Al-related research, including the growing
role of intangible capital, quality-adjustment issues, diffusion and adoption lags, and
attribution problems when linking Al investments to observed economic outcomes.
This study further reviews Al-driven performance measurement frameworks that
connect Al capabilities to economic mechanisms such as enhanced prediction
accuracy, improved decision quality, task automation and augmentation, and
complementarities with data infrastructure, human capital, and organizational
readiness. Building on these insights, it proposes a multi-level “measurement map” to
guide metric selection across analytical levels. At the micro level, firm- and plant-level
performance can be assessed using frontier-based methods such as Data
Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA), alongside
operational indicators including unit costs, downtime, and defect rates. At the meso
level, sectoral analyses emphasize productivity decomposition, resource reallocation,
and structural transformation, while macro-level assessments focus on growth
accounting and technology diffusion dynamics. This study concludes by offering
practical reporting recommendations to enhance transparency, methodological
consistency, and cross-study comparability, emphasizing clearly defined Al proxies,
multiple performance indicators, appropriate lag structures, heterogeneity analysis,
and robustness checks using alternative metrics and proxies.
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Yapay Zeka Caginda Ekonomik Verimlilik ve Deger Yaratiminin Olgiimesi:
Metrikler, Yapay Zeké Vekil Degiskenleri ve Cok Dizeyli Perspektifler

Yapay zekdnin (Al) hizli yayihmi, Uretim sireglerini, organizasyonel yapilari ve
ekonomik degerin nasil Uretildigine iliskin mekanizmalari déniUstirmektedir. Bu
baglamda, Al benimsenmesinin ekonomik etkinlik ve deger yaratimi Uzerindeki
etkilerini degerlendirebilmek igin guvenilir 6l¢im cergevelerine duyulan ihtiyag
artmaktadir. Bu ¢alisma, Al ile iligkili ekonomik performansin dederlendirilmesinde
kullanilan 8lgim yaklagimlarina yénelik sistematik bir inceleme sunmaktadir. Oncelikle,
etkinlik, verimlilik ve deger yaratimi kavramlari arasindaki kavramsal ayrimlar
netlestiriimekte ve bu kavramlar mikro, mezo ve makro dizeylerde 6l¢ilebilir ¢iktilarla
iliskilendiriimektedir. Calisma, literatirde yaygin olarak kullanilan temel géstergeleri
bir araya getirmekte; teknik, tahsis ve maliyet etkinligi; emek verimliligi, toplam faktér
verimliligi (TFP) ile katma deger ve birim maliyet performansi gibi deger yaratimi
gostergelerini kapsamli bicimde ele almaktadir. Bu ¢alisma, Al ile ilgili arastirmalarda
ortaya ¢ikan 6l¢im zorluklaridir. Bu kapsamda, maddi olmayan sermayenin artan rolg,
kalite ayarlama sorunlari, teknolojinin yayilimi ve benimsenmesine iliskin gecikmeler ile
Al yatinmlarinin gézlemlenen ekonomik sonuglara atfedilmesinde ortaya ¢ikan
sorunlar ayrintili bicimde tartisgiimaktadir. Ayrica ¢alisma, Al yetkinliklerini ekonomik
mekanizmalarla iligkilendiren performans 6lgUm cercevelerini incelemekte; bu
mekanizmalar arasinda tahmin dogrulugunun artmasi, karar kalitesinin iyilesmesi,
gdrevlerin otomasyonu ve artiriimasi ile veri altyapisi, beseri sermaye ve kurumsal
hazirlik dizeyi ile olan tamamlayiciliklar yer almaktadir. Bu bulgular dogrultusunda,
farkli analiz dizeylerinde uygun 6l¢it se¢imini yénlendirmek amaciyla ¢cok katmanli bir
“6lgUm haritasi” 6nerilmektedir. Mikro dizeyde, firma ve tesis performansi Veri
Zarflama Analizi ve Stokastik Sinir Analizi gibi sinir temelli yontemlerle, ayrica birim
maliyetler, durus siureleri ve hata oranlari gibi operasyonel goéstergelerle
degerlendirilebilir. Mezo dizeyde, sektorel andlizler verimlilik ayristirmasi, kaynaklarin
yeniden tahsisi ve yapisal donisim sureglerine odaklanirken; makro dizeyde
degerlendirmeler biyime muhasebesi ve teknoloji yayilim dinamiklerini esas
almaktadir. Bu c¢alisma, seffafligi, metodolojik tutarliigi ve c¢alismalar arasi
karsilastirilabilirligi artirmaya yonelik pratik raporlama énerileri sunmaktadir.
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Al-Based Early Warning Systems for Macroeconomic and Financial Crises:
Evidence from Emerging Economies

Macroeconomic and financial crises impose substantial costs on emerging economies,
leading to output losses, financial instability, and prolonged structural adjustments.
The increasing availability of high-frequency macro-financial data and advances in
artificial intelligence (Al) offer new opportunities for developing more accurate early
warning systems (EWS). This study aims to construct an Al-based early warning model
to predict macroeconomic and financial crises in emerging markets, with a particular
focus on Turkey. The empirical framework integrates macroeconomic indicators
(inflation, current account balance, credit growth, foreign exchange reserves, public
debt ratios) and financial variables (exchange rate volatility, interest rate spreads,
stock market indices, banking sector indicators). Using quarterly data covering the
post-1990 period, the study employs machine learning techniques such as Random
Forest, Gradient Boosting (XGBoost), and Artificial Neural Networks. The predictive
performance of these models is compared with traditional econometric approaches,
including logit/probit crisis models. The results are expected to demonstrate that Al-
based models outperform conventional early warning frameworks in terms of
predictive accuracy, especially in capturing nonlinear relationships and structural
breaks. The findings contribute to macro-financial stability literature by providing a
data-driven policy tool that enhances crisis monitoring and macroprudential decision-
making processes. Policy implications for central banks and regulatory authorities are
discussed in terms of improving financial resilience and economic efficiency.
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Makroekonomik ve Finansal Krizler igin Yapay Zeka Tabanli Erken Uyari
Sistemleri: Yilkkselen Ekonomilerden Kanitlar

Makroekonomik ve finansal krizler; Uretim kayiplari, finansal istikrarsizlik ve uzun sireli
yapisal uyum sireglerine yol acarak gelismekte olan ekonomiler Uzerinde &nemli
maliyetler olugsturmaktadir. YiUksek frekansli makro-finansal verilerin artan
mevcudiyeti ve yapay zekddaki (YZ) ilerlemeler, daha dogru erken uyari sistemleri
(EWS) gelistirmek icin yeni firsatlar sunmaktadir. Bu calisma, gelismekte olan
piyasalarda ve 6zellikle Tirkiye odaginda, makroekonomik ve finansal krizleri tahmin
etmek amaciyla yapay zek& tabanh bir erken uyari modeli olusturmayi
hedeflemektedir. Ampirik cerceve; makroekonomik géstergeler (enflasyon, cari
denge, kredi bUyUmesi, doviz rezervleri, kamu borg oranlari) ile finansal degdiskenleri
(déviz kuru oynakhgi, faiz marjlari, borsa endeksleri, bankacilik sektéri géstergeleri)
bir araya getirmektedir. 1990 sonrasi dénemi kapsayan geyreklik verilerin kullanildigi
calismada; Rastgele Orman (Random Forest), Gradyan Artirma (XGBoost) ve Yapay
Sinir Aglari gibi makine 6grenmesi tekniklerinden yararlaniimaktadir. Bu modellerin
tahmin performansi; logit/probit kriz modelleri gibi geleneksel ekonometrik
yaklasimlarla kargilagtiriimaktadir. Sonuglarin, yapay zeké tabanl modellerin, dzellikle
dogrusal olmayan iligkileri ve yapisal kirilmalari yakalamada geleneksel erken uyari
cercevelerinden daha yiksek tahmin dogrulugu sergiledigini kanitlamasi
beklenmektedir. Bulgular, kriz izleme ve makro ihtiyati karar alma sireglerini
glglendiren veri odakli bir politika araci sunarak makro-finansal istikrar literatirine
katkida bulunmaktadir. Merkez bankalari ve dizenleyici kurumlar icin politika
citkarimlari, finansal dayanikliigin ve ekonomik verimliligin artirilmasi agisindan
tartigiimaktadir.
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A Dual-Model System for Vehicle Service Retention: Predictinchurn
Prediction, Customer Retention, Demand Forecasting, Predictive Modeling,
Lightgbm, Vehicle Service Centersg Service Timing and Churn Probability

Vehicle service centers face significant challenges in customer retention and
operational planning. We present a dual-model system that addresses both challenges
simultaneously by predicting (1) the expected next service arrival tfime and (2) the
probability of service churn. Our system employs two LightGBM models trained on
historical service records, vehicle characteristics, and customer behavior data. The
first model forecasts when a customer is likely to return for their next service, enabling
proactive scheduling and resource allocation. The second model estimates churn
probability, identifying at-risk customers who may defect to competitors or
discontinue service. By combining temporal predictions with retention risk assessment,
our system enables targeted, time-sensitive interventions that align operational
capacity with customer retention strategies. Thisintegrated approach bridges the gap
between maintenance demand forecasting and churn prediction, two domains that
have traditionally been addressed separately in the literature.
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Arag Servis Baglilig igin ikili Model Sistemi: Servis Zamanlamasi ve Kayip (Churn)
Olasihginin Tahmin Edilmesi

Arag servis merkezleri, misteri elde tutma ve operasyonel planlama konularinda
6nemli zorluklarla karsilagsmaktadir. Bu ¢alismada, (1) beklenen bir sonraki servis gelis
zamanini ve (2) servisi birakma (churn) olasiigini tahmin ederek her iki zorlugu ayni
anda ele alan ¢ift modelli bir sistem sunuyoruz. Sistemimiz; gegmis servis kayitlari, arag
ozellikleri ve musteri davranis verileri Uzerinde egitilmis iki LightGBM modeli
kullanmaktadir. ilk model, bir misterinin bir sonraki servisi icin ne zaman dénme
ihtimalinin yuksek oldugunu éngérerek proaktif planlama ve kaynak tahsisine olanak
tanir. ikinci model ise servisi birakma olasiligini tahmin ederek, rakiplere gecebilecek
veya hizmet almayi durdurabilecek risk altindaki misterileri tespit eder. Sistemimiz,
zamansal tahminleri elde tutma riski degerlendirmesiyle birlestirerek, operasyonel
kapasiteyi misteri elde tutma stratejileriyle uyumlu hale getiren, hedefe yénelik ve
zamana duyarli midahalelere olanak saglar. Bu entegre yaklasim, literatirde
geleneksel olarak ayri ayri ele alinan iki alan olan bakim talebi tahmini ile musteri kaybi
(churn) tahmini arasindaki boslugu doldurmaktadir.
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Development of a Data-Driven Digital Twin for State of Health Estimation
of Li-lon Batteries

The widespread adoption of electric vehicles and renewable energy systems has made
the efficient and reliable management of lithium-ion batteries a critical engineering
challenge. The performance and safety of these systems strongly depend on the
battery State of Health (SOH). However, SOH cannot be measured directly and must
be estimated indirectly. Conventional model-based approaches often fail to capture
the highly non-linear and time-dependent nature of battery degradation. This study
proposes a data-driven Digital Twin framework for SOH estimation of lithium-ion
batteries. The proposed approach establishes continuous interaction between the
physical battery system and its virtual counterpart, enabling dynamic monitoring and
prediction of battery behavior. Analysis of time-series data, including voltage,
current, temperature, and capacity, reveals that battery degradation exhibits non-
linear characteristics and may involve complex phenomena such as temporary
capacity recovery. The developed Digital Twin architecture consists of data
acquisition, preprocessing, modeling, and synchronization layers. This modular
structure enables real-time monitoring and predictive analysis, allowing early
detection of abnormal conditions. As a result, maintenance costs can be reduced,
system reliability can be improved, and battery lifecycle management can be
optimized. In conclusion, the proposed data-driven approach provides a flexible and
scalable solution for advanced battery management systems, with strong potential
applications in energy storage, electric transportation, and smart energy
infrastructures.

Keywords: Battery Management System, Digital Twin, SOH Estimation, Artificial
Intelligence, Electric Vehicles.
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Lityum iyon Bataryalarin Saglik Durumu (SOH) Tahmini igin Veri Gidimli
Bir Dijital ikiz Gelistirilmesi

Elektrikli araglarin ve yenilenebilir enerji sistemlerinin yayginlasmasi, lityum-iyon
bataryalarin givenli ve verimli kullanimini kritik bir méhendislik problemi haline
getirmistir. Bu sistemlerin performansi bUyik 6lgide batarya saglik durumuna (State
of Health - SOH) baghdir. Ancak SOH dogrudan &lgilemediginden dolayli olarak
tahmin edilmesi gerekmektedir. Geleneksel model tabanli yaklasimlar, batarya
yaslanmasinin dogrusal olmayan ve zamana bagli karmasik dogasini yeterince temsil
edememektedir. Bu galisma, SOH kestirimi igin veri odakli bir Dijital ikiz yaklagimi
dnermektedir. Onerilen cerceve, fiziksel batarya sistemi ile sanal modeli arasinda
surekli veri etkilesimi saglayarak batarya davranisini dinamik olarak izlemeyi ve
tahmin etmeyi amaglamaktadir. Gerilim, akim, sicaklik ve kapasite gibi zaman serisi
verilerinin analizi, batarya yaslanmasinin dogrusal olmayan bir karaktere sahip
oldugunu ve gecici kapasite toparlanmalari gibi karmasik davranislar icerdigini
gbstermektedir. Gelistirilen Dijital ikiz mimarisi; veri toplama, &n isleme, modelleme ve
senkronizasyon katmanlarindan olusmaktadir. Bu yapi sayesinde gergek zamanli
izleme ve 6ng6rict analiz mimkin hale gelmekte, anormal durumlarin erken tespiti
saglanmaktadir. Béylece bakim maliyetlerinin azaltilmasi, sistem givenliginin
artirilmasi ve batarya émrinin daha etkin yoénetiimesi hedeflenmektedir. Sonug
olarak, oénerilen veri odakli yaklagim, batarya yénetim sistemleri icin esnek ve
Slgeklenebilir bir ¢6zim sunmakta olup enerji depolama, elektrikli ulagim ve akilli enerji
sistemlerinde uygulanabilir &nemli bir potansiyel tasimaktadir.
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Econometric Approaches to Assessing Al-Driven Efficiency

This study examines the econometric methods and empirical strategies used to assess
Al-driven efficiency gains at the firm, sector, and macroeconomic levels. Drawing on
panel data techniques, time-series analysis, and modern causal inference approaches
-including difference-in-differences, instrumental variables, and synthetic control
methods- the chapter addresses the core identification challenge of distinguishing
genuine productivity improvements attributable to Al adoption from spurious trends
and selection effects. Special attention is given to the measurement of Total Factor
Productivity (TFP) in the presence of Al-embodied capital, and the intangible nature
of digitally intensive assets. The chapter further discusses structural change models
that can accommodate the non-linear and structural dynamics introduced by Al
adoption, and examines strategies for handling endogeneity, reverse causality and
data availability constraints commonly encountered in empirical Al research.
Together, these methodological foundations equip researchers with the analytical
tools necessary to produce credible, policy-relevant estimates of Al's economic impact
across diverse empirical settings.

Keywords: Total Factor Productivity (TFP) Measurement, Causal Inference in Al
Adoption, Econometric Identification Strategies.
JEL Codes: C26, C33, O47.

u
DATAMACLEA'26



3¢ INTERNATIONAL DATA ANALYTICS AND MACHINE LEARNING CONFERENCE-DATAMACLEA’26

Yapay Zeka Kaynakl Verimliligin Degerlendirilmesinde Ekonometrik
Yaklagimlar

Bu calisma, yapay zekd kaynakli verimlilik kazanimlarini firma, sektér ve
makroekonomik dizeylerde degerlendirmek amaciyla kullanilan ekonometrik
yéntemleri ve ampirik stratejileri incelemektedir. Panel veri teknikleri, zaman serisi
analizi ve modern nedensellik ¢ikarimi yaklagimlarindan- farklarin farki, arag
degiskenler ve sentetik kontrol yéntemleri dahil- yararlanarak bélim, yapay zeka
benimsenmesine atfedilebilecek gergek verimlilik iyilesmelerini sahte egilimlerden ve
sec¢im etkilerinden ayirt etme seklindeki temel tanimlama sorununu ele almaktadir.
Yapay zekd ile somutlagmig sermayenin varliginda Toplam Faktér Verimliligi'nin (TFV)
6lcUmine ve dijital yogunluklu varliklarin maddi olmayan niteligine 6zel bir énem
atfedilmektedir. B8IUm ayrica yapay zekd benimsenmesinin beraberinde getirdigi
dogrusal olmayan ve yapisal dinamikleri barindirabilecek yapisal degisim modellerini
ele almakta; ampirik yapay zekd arastirmalarinda siklikla karsilasilan igsellik, ters
nedensellik ve veri erisilebilirligi kisitlamalariyla basa ¢ikma stratejilerini de
incelemektedir. Bu metodolojik temeller bir bitin olarak, arastirmacilari yapay
zekanin ekonomik etkisine iliskin guvenilir ve politika agisindan anlamh tahminler
Uretmek icin gereken andlitik araglarla donatmaktadir.
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Predictive Triage of Warranty Claim Settlement Outcomes:
A Machine Learning Pipeline for Automotive Goodwill Claim Management

Post-warranty goodwill repair claims constitute a strategically significant but
analytically underexplored segment of automotive aftersales economics. This paper
presents a machine learning pipeline for predicting, at claim assembly time, whether a
given warranty line item will receive partial or rejected reimbursement from the
manufacturer. Operating on BMW Turkey SAP warranty records, we develop a
rigorously anti-leakage feature engineering framework employing expanding-
window Bayesian target encoding, rarity flags, and relative-typical-value features,
and evaluate a CatBoost classifier across 26 monthly temporal validation folds
(February 2024-February 2026) including three months of live production data. Mean
Average Precision improves from 0.244 + 0.049 in the 2024 backtest to 0.431 in
production deployment, with partial-payment detection reaching 65.3% and over-
payment false positive rate of 6.1%. Diagnostic error group analysis confirms that
misclassification concentrates among rare and novel item-defect combinations. The
system enables a structural shift from reactive reimbursement reconciliation to
proactive, item-level risk stratification within the manufacturer's warranty
adjudication cycle.

Keywords: Goodwill Claim Management, Predictive Risk Stratification, Automotive
Aftersales Analytics.
JEL Codes: C53, L62, D81.
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Otomotiv Goodwill Talep Y&netimi igin Bir Makine Ogrenmesi Hatt:
Garanti Talep Uzlasma Sonuglarinin Ongériicii Triyaiji

Garanti sonrasi iyi niyet onarim talepleri, otomotiv satis sonrasi ekonomisinin stratejik
agidan mihim ancak analitik baglamda yeterince irdelenmemis bir alanini tegkil
etmektedir. isbu makale, spesifik bir garanti kaleminin Uretici firma tarafindan kismi
geri 6demeye mi tabi tutulacagini yoksa bitiniyle reddedilecegini heniz talep tanzim
asamasindayken 6ngérebilen bir makine 6grenimi ardisik mimarisi sunmaktadir. BMW
Turkiye SAP garanti kayitlari Gzerinden yiritilen bu ¢alismada; veri sizintisini mutlak
surette bertaraf eden, genisleyen pencereli Bayesgi hedef kodlama, nadirlik
gostergeleri ve nispi tipik deger 6zniteliklerini ihtiva eden titiz bir 6znitelik mihendisligi
metodolojisi tasarlanmistir. Bu cercevede, Ug aylik canli Uretim verisini de kapsayan 26
aylk zamansal dogrulama dilimleri (Subat 2024 - Subat 2026) kurgusu dahilinde bir
CatBoost siniflandiricisinin performansi degerlendirilmistir. Elde edilen bulgular
1siginda, Ortalama Hassasiyet metrigi 2024 yilina ait geriye donik sinamalarda 0.244
*0.049 bandindan, canli Uretim ortaminda 0.431 seviyesine ivmelenirken; kismi 6deme
tespit rasyosu %65,3'e, fazla 6demeye yol acan yanlis pozitif orani ise %6,1 dizeyine
erigmistir. YUriUtUlen tanisal hata grubu analizi, hatal siniflandirma vakalarinin nadir ve
yeni gbézlemlenen kalem-kusur varyasyonlarinda temerkiz ettigini teyit etmektedir.
S6z konusu sistem, Ureticinin garanti tahkim déngist baglaminda; reaktif geri 6deme
mutabakati paradigmasindan, proaktif ve kalem bazinda risk katmanlastirma
modeline dogru yapisal bir evrime zemin hazirlamaktadir.

Anahtar Kelimeler: Goodwill Talep Yonetimi, éngérUcU Risk Katmanlandirmasi,
Otomotiv Satis Sonrasi Analitigi.
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Informality as a Structural Trap in The Gambia: Explainable Machine
Learning Evidence on Gender, Livelihood Strategies, and Spatial Inequality

Informal employment is not a marginal phenomenon in The Gambia; it is the structural
norm. According to the 2025 Gambia Labor Force Survey (GLFS), over 81% of the
working population lacks formal contracts, social protections, or legal recognition,
rising to over 90% among rural residents and women. Existing empirical work across
Sub-Saharan Africa relies predominantly on conventional regression techniques that
miss compounded, non-linear vulnerabilities defining labor market exclusion in
developing contexts. This paper addresses this gap by applying twelve machine
learning algorithms and explainable Al to nationally representative data from the
2025 GLFS. Grounded in dual labor market theory, the sustainable livelihoods
framework, and feminist economics, we test three hypotheses: formal wage
employment reduces informality risk (H1); women face elevated risk due to structural
gender constraints (H2); and subsistence reliance combined with residence in
underserved rural regions jointly heightens vulnerability (H3).Twelve algorithms
spanning ensemble methods such as XGBoost, LightGBM, CatBoost and single
learners like Logistic Regression, SVM, and Artificial Neural Networks were optimized
via Bayesian hyperparameter tuning and validated through five-fold stratified cross-
validation. CatBoost was the top-performing model (AUC = 0.9584, F1 = 0.9160),
followed by LightGBM (AUC = 0.9571) and XGBoost (AUC = 0.9563). SHAP analysis
confirmed that formal wage employment is the dominant protective factor, gender
consistently elevates informality risk even after controlling for education and location,
the subsistence index reflects survival under asset poverty rather than entrepreneurial
choice, and residence in Basse illustrates a “location trap” compounding individual
vulnerabilities. These findings call for formal job creation, extension of social
protections to informal workers, and gender-responsive, geographically targeted
interventions. This paper demonstrates how explainable Al can enable hypothesis-
driven structural analysis, offering a replicable framework for labor market research
in data-scarce economies.

Keywords: Informal Employment, Machine Learning, Gender Inequality, Spatial
Inequality, The Gambia.
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Gambia'da Yapisal Bir Tuzak Olarak Kayit Digilik: Cinsiyet, Gegim
Stratejileri ve Mekénsal Esitsizlik Uzerine Agiklanabilir Makine Ogrenmesi
Kanitlari

Gambiya'da kayit disi istihdam marjinal bir olgu degil; yapisal bir normdur. 2025
Gambiya Isgici Anketi'ne (GLFS) gére, calisan nifusun %81l'inden fazlasi resmi
sozlesme, sosyal koruma veya yasal givenceden yoksun bicimde ¢alismakta olup bu
oran kirsal kesim sakinleri ve kadinlar arasinda %90'in Uzerine ¢ikmaktadir. Sahra Alti
Afrika'daki mevcut ampirik ¢alismalar, gelismekte olan Ulkelerdeki isglct piyasasi
dislanmasini tanimlayan bilesik ve dogrusal olmayan kirilganliklari gézden kagiran
geleneksel regresyon tekniklerine dayanmaktadir. Bu ¢alisma, 2025 GLFS'den elde
edilen ulusal dijizeyde temsil edici verilere on iki makine 6grenmesi algoritmasi ve
agiklanabilir yapay zekd uygulanarak séz konusu agidi gidermektedir. ikili isgict
piyasasi teorisi, siUrdurilebilir gegim kaynaklari cercevesi ve feminist iktisat
perspektiflerine dayanan ¢alismada U¢ hipotez sinanmaktadir: resmi Gceretli istihdam
kayit disilik riskini azaltmaktadir (H1); kadinlar yapisal toplumsal cinsiyet kisitlari
nedeniyle yUksek risk tasimaktadir (H2); gegimlik Gretime bagimlilik ile yetersiz hizmet
alan kirsal bélgelerde ikamet, birlikte kirilganhg artirmaktadir (H3). XGBoost,
LightGBM ve CatBoost gibi topluluk yéntemlerini; Lojistik Regresyon, SVM ve Yapay
Sinir Aglari gibi tekil 6grenicileri kapsayan on iki algoritma, Bayesian hiperparametre
optimizasyonu ile bes kath ¢capraz dogrulama aracilidiyla degerlendirilmistir. CatBoost
en yUksek performansli model olmustur (AUC = 0,9584; F1 = 0,9160); bunu LightGBM
(AUC = 0,9571) ve XGBoost (AUC = 0,9563) izlemistir. SHAP analizi; resmi Ucretli
istihdamin en belirleyici koruyucu faktér oldugunu, toplumsal cinsiyetin egitim ve
konum kontrol edildiginde dahi kayit disilik riskini artirdigini, gecimlik gegim indeksinin
girisimcilik degil varlik yoksullugu altinda hayatta kalma stratejisini yansithigini ve
Basse'de ikametin bireysel kirilganliklari derinlestiren bir "konum tuzagi" olusturdugunu
ortaya koymustur. Bu bulgular; resmi istihdam yaratimini, kayit disi calisanlara yénelik
sosyal korumalarin genigletiimesini ve toplumsal cinsiyete duyarli, cografi agidan
farklilagtiriimis midahaleleri zorunlu kilmaktadir. Calisma, agiklanabilir yapay zekanin
hipotez odakli yapisal analize nasil katki sunabilecegini géstermekte ve veri kithgi
yasanan ekonomilerde isglcU piyasasi aragtirmalari igin yinelenebilir bir gergeve
sunmaktadir.

Anahtar Kelimeler: Kayit Disina istihdam, Makine Ogrenmesi, Cinsiyet Esitsizligi,
Mekansal Esitsizlik, Gambia.
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Insights of Agriculture 5.0: State of Play and Future Prospects

Insights of Agriculture 5.0: State of Play and Future ProspectsAgricultural production
has been experiencing a transformation driven by artificial intelligence and
accompanied with new technologies. This transformation is very much related with the
progress industrial sector has been exposed to, and Industry 5.0 is a strong anchor for
Agriculture 5.0 in this respect. Digital transformation in agriculture sector is inevitable
so as to meet the increased food demand accompanied with the dynamics of world
population. What's even more concerning is the world population projections, and
water supply dwindles. The world population is expected to rise from 8.2 billion in 2026
t010.9 billion in 2100, and the largest part of this increase is anticipated in low-income
countries which are mostly agriculture sector dependent. Thus, more efficiency in
agricultural sector is inevitable so as to sustain food security for the humankind who is
threaten with global hunger and malnutrition. Yet, water supply dwindles is another
urgent call. Undoubtedly, food security is directly related with water security since
agriculture sector is the largest user of water. In this respect, technology driven,
water-saving irrigation has to be adopted in larger arable land within the global
context. Minimizing the negative effects of the climate change is the other significant
area of concern that requires digital transformation in agriculture sector. Food
logistics is also demanding a technology-driven management since accomplished
logistics is a compulsory component of food security. The aim of this paper is o assess
the mentioned challenges that agriculture sector faces, addressing the newly evolving
Agriculture 5.0. The paper evaluates the current status and future prospects of
Agriculture 5.0 from the perspective of improvements in agricultural productivity and
food security. Opportunities and threats of Agriculture 5.0 are examined in
conjunction with the strengths and weaknesses of agriculture sector. The paper gives
a comprehensive insight to the developments on Agriculture 5.0, highlights the exciting
advancements within this context, and elaborate prospects for the future.

Keywords: Agriculture 5.0, Artificial Intelligence, Agriculture Sector.
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u
DATAMACLEA'26



3¢ INTERNATIONAL DATA ANALYTICS AND MACHINE LEARNING CONFERENCE-DATAMACLEA’26

Tarim 5.0 i¢cgérileri: Mevcut Durum ve Gelecek Perspektifleri

Tarimsal Uretim yapay zekd ile bicimlenen ve yeni teknolojilerin eslik ettigi bir dénisim
siUreci yasamaktadir. Bu dénisim, sanayi sektorinin yasadidi ilerleme ile yakindan
ilgilidir ve bu dogrultuda Sanayi 5.0, Tarim 5.0 icin gigly bir ¢ipa gérevi gérmektedir.
Dinya nifus dinamiklerine dayali artan gida talebinin karsilanabilmesi igin tarim
sektorinde dijital dénusim kaginiimazdir. Gelecege dair dinya nifus tahminleri ve su
kaynaklarindaki azalis, tarimda dijital donisUmi daha da zorunlu kilmaktadir. 2026
yilinda yaklagik 8.2 milyar olan dinya nifusunun 2100 yilinda 10.9 milyar olacadi ve bu
artigin biyik bolUmiUnin tarim sektérine bagimli, distk-gelirli Ulkelerde yasanacagi
ongorilmektedir. Bu nedenle, kiresel aglik ve yetersiz beslenme sorunu ile karsi karsiya
olan insanoglunun gida givenligini saglamak igin tarim sektérinde etkinligin artirilmasi
bUyUk 6nem arz etmektedir. Siphesiz ki gida givenligi, su givenligi ile dogrudan
ilgilidir. CUnkU Uretimde en fazla su kullanan sektér tarim sektéridir. Bu baglamda,
teknoloji ile yonetilen, su-tasarrufu saglayan sulama ydntemlerinin kiresel dlgekte
yayginlastirimasinin énemi agiktir. iklim degisikliklerinin negatif etkilerini minimize
etmek, tarim sektérinde dijital dénisUmu gerektiren bir diger 6nemli konudur. Gida
lojistigi de teknoloji ile bicimlenen bir yénetimi gerekli kilan bir diger alandir. Cinks
basaril bir gida lojistigi, gida guvenliginin zorunlu bir bilesenidir. Bu ¢alisma, tarim
sektérinin karst karsiya kaldigr zorluklari, yeni gelismeye baslayan Tarim 5.0
cercevesinde degerlendirmeyi amaglamaktadir. Calisma, Tarim 5.0 uygulamalarinin
mevcut durumunu ve gelecegini, tarimsal verimlilik ve gida givenligi agisindan ele
almaktadir. Tarim 5.0'in ortaya koydugu firsatlar ve tehditler, tarim sektérinin gigli
ve zayif yoénleri dikkate alinarak analiz edilmektedir. Calisma, Tarim 5.0’daki
gelismelerle ilgili kapsamli bir iggéri ortaya koymakta, ilerlemelerin altini gcizmekte ve
gelecek éngérileri sunmaktadir.

Anahtar Kelimeler: Tarim 5.0, Yapay Zekd, Tarim Sektéru.
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From Productivity Dip to Well-Being Dividend: Empirical Evidence of Al
Integration in Higher Education (2020-2025)

The integration of artificial intelligence in higher education has generated
considerable debate regarding its immediate versus long-term productivity impacts.
This study provides empirical evidence for the Productivity J-Curve phenomenonin the
education sector, demonstrating that Al investments initially create measurable
performance declines before yielding substantial gains. Drawing on longitudinal data
from 38 OECD countries (2020-2025), we test whether Al adoption follows the
predicted J-shaped trajectory identified in general purpose technology literature.

Keywords: Productivity J-Curve, Artificial Intelligence in Education, Happiness
Economics, Human Capital Development, Subjective Well-Being, OECD Education
Policy.

JEL Codes: 123, 033, 131.

Verimlilik Dugigsinden Refah Payina: Yiksekégretimde Yapay Zeka
Entegrasyonunun Ampirik Kanitlari (2020-2025)

Yapay zekanin yiUksekdgretime entegrasyonu, kisa ve uzun vadeli verimlilik etkileri
agisindan 6nemli tartismalar yaratmigtir. Bu ¢alisma, egitim sektérinde Verimlilik J-
Egrisi olgusuna dair ampirik kanitlar sunarak, yapay zekd yatirimlarinin él¢ilebilir
performans disUsleri yaratmadan 6nce &6nemli kazanimlar  sagladigini
gostermektedir. 38 OECD ulkesinden toplanan boylamsal verilerle (2020-2025),
yapay zekd benimsenmesinin genel amaglh teknoloji literatirinde éngérilen J-sekilli
yoringeyi takip edip etmedigini test ediyoruz.

Anahtar Kelimeler: Verimlilik J-Egrisi, Egitimde Yapay Zekd, Mutluluk Ekonomisi,
Beseri Sermaye Gelisimi, Oznel Refah, OECD Egitim Politikas!.
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Uncovering Turkish Audit Firms' Transparency Report Textual Attributes
Through Computer Based Approaches and Linking Them to Audit Quality

This paper assesses the textual attributes of transparency reports (TRs) prepared by
audit firms (AFs) in Turkiye between 2013-2020. To achieve this goal, we utilize a range
of computer-based techniques and expertise, including natural language processing,
named entity recognition, business text processing, web scraping, data mining, and
bot building. The findings reveal that TRs exhibit boilerplate tendencies, lacking full
transparency. They are characterized as medium-to-hard documents with a generally
positive tone and diverse EoBP at the firm level. Additionally, a customized Turkish
readability scale derived from Fog index is introduced. This paper also investigates
AF-based determinants of TR textual attributes. Regression model results indicate the
impact of some AF characteristics (e.g., license duration, number of partners, the Big
4, female ratio, non-audit services) on most textual attributes. Finally, we explore the
role of textual features, alongside AF and audit partner (AP) attributes, in influencing
audit quality. To address potential endogeneity concerns, the study adopts an
instrumental variables probit model. The analysis reveals that the readability of TRs
by Fog index significantly influences audit quality. Factors such as AF tenure, AP
busyness, CF’s sales ratio, and loss contribute to audit quality, aligning with prior
research.

Keywords: Audit Quality, Transparency Reports, Readability, Natural Language
Processing, Business Text Processing, Named Entity Recognition, Document Similarity.
JEL Codes: C26, C88, G18, M42.
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Bilgisayar Tabanh Yaklasimlarla Tirk Denetim Kuruluslarinin Seffaflik
Raporu Metin Ozelliklerinin Ortaya Cikarilmasi ve Denetim Kalitesiyle
lliskilendirilmesi

Bu c¢alisma, Tirkiye'de 2013-2020 yillari arasinda denetim firmalari (DF’ler)
tarafindan  hazirlanan  geffaflik  raporlarinin  (SR’ler) metinsel  dzelliklerini
incelemektedir. Buamaca ulagsmak igin dogal dil isleme, isimlendirilmis varlik tanima, is
metni igsleme, web kazima, veri madenciligi ve bot gelistirme gibi bilgisayar tabanli
gesitli teknikler ve uzmanliklardan yararlanilmigtir. Bulgular, SR’lerin tam seffaflik
gostermedigini sablon formlar olma egilimi sergiledigini ortaya koymaktadir.
Raporlar, ortadan zora bir okunabilirlik dizeyine sahip belgeler olarak ortaya
¢ikmakta, genel olarak olumlu bir tona sahip olmakta ve firma dizeyinde gesitlilik
goésteren bir temel prensip ve iyi uygulamalara vurgu icermektedir. Ayrica, Fog
endeksinden turetilmis, Tirkceye uyarlanmis 6zgin bir okunabilirlik &lcegdi
gelistirilmistir. Calisma ayrica, denetim firmalarina 6zgi belirleyicilerin seffaflik
raporlarinin metinsel 6zellikleri Uzerindeki etkilerini incelemektedir. Regresyon modeli
sonuglari, lisans suresi, ortak sayisi, dért biuyik denetim firmasindan olma durumu,
kadin ortak orani ve denetim disi hizmetlerin varligi gibi bazi denetim firmasi
ozelliklerinin, metinsel &zelliklerin ¢ogu Uzerinde anlamh etkileri oldugunu
gostermektedir. Son olarak, metinsel 6zelliklerin, denetim firmasi (DF) ve denetim
ortadi (DO) nitelikleriyle birlikte denetim kalitesi Uzerindeki roli arastiriimaktadir. Olasi
icsellik sorunlarini gidermek amaciyla c¢alismada arag degiskenli probit modeli
kullanilmaktadir. Analiz sonuglari, Fog endeksi ile &l¢ilen seffaflik raporlarinin
okunabilirliginin denetim kalitesi Uzerinde anlamli bir etkisi oldugunu ortaya
koymaktadir. Ayrica, DF'nin ardisik gérev siresi, DO’nun is yodunlugu, musteri
firmanin satis orani ve zarar durumunda olup olmadigi gibi faktérlerin denetim
kalitesini etkiledigi ve bu bulgularin 6nceki literatirle uyumlu oldugu gérilmektedir.

Anahtar Kelimeler: Denetim Kalitesi, Seffaflik Raporlari, Okunabilirlik, Dogal Dil
isleme, is Metni Isleme, Varlik ismi Tanima, Belge Benzerligi.
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The Future of Al-Driven Economies

This chapter examines the transition toward Al-driven economies as a structural
transformation of value creation. The automation of cognitive functions — synthesis,
reasoning, and decision-making — is emerging as a scalable commodity, displacing
human-mediated workflows in favour of increasingly autonomous ecosystems.
Aggregate productivity gains are projected to contribute trillions of dollars to global
GDP. However, the analysis identifies countervailing risks. Escalating computational
demands will strain energy infrastructure. Meanwhile, the concentration of compute
capacity, data, and talent among dominant firms and advanced economies gives rise
to a "Next Great Divergence," with significant implications for structural inequality.
The chapter further identifies a fundamental "pacing problem": the exponential
trajectory of technological capability is outstripping the linear adaptive capacity of
regulatory and fiscal frameworks. This mismatch erodes payroll-based tax models
and widens asymmetries in national competitiveness. As routine cognitive labour
approaches zero marginal cost, middle-skill occupations face systematic
displacement. This necessitates a reorientation toward an "Inspiration Economy"
predicated on distinctly human capacities — intuition, ethical reasoning, and the
navigation of ambiguity. The chapter concludes that effective governance will require
transparent and interpretable Al systems, fiscal innovation such as Universal Basic
Income, and adaptive social safety nets. Ultimately, the most scarce economic assets
in an age of artificial intelligence will be human judgment, institutional stewardship,
and the moral imagination to direct autonomous systems toward collectively beneficial
ends.

Keywords: Al-Driven Economies, Cognitive Replacement, Great Divergence.
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Yapay Zeka Gidimli Ekonomilerin Gelecegi

Bu bolum, yapay zekd odakli ekonomilere gegisi, deger yaratim sireglerinde yapisal bir
dénisum olarak ele almaktadir. Biligsel islevlerin- sentez, akil yiritme ve karar alma-
otomasyonu, &lgeklenebilir bir meta biciminde ortaya g¢ikmakta; insan araciligina
dayal is akislarini giderek daha 6zerk ekosistemler lehine ikame etmektedir. Toplam
verimlilik artiglarinin kiresel gayrisafi yurt i¢i hasilaya trilyonlarca dolarlik katki
saglamasi  6ngorilmektedir. Bununla birlikte, analiz karsit riskleri de ortaya
koymaktadir. Artan hesaplama talepleri enerji altyapisini zorlayacak; 6te yandan,
hesaplama kapasitesi, veri ve yeteneklerin hdkim sirketler ile gelismis ekonomilerde
yogunlasmasi, yapisal esitsizlik agisindan 6nemli sonuglar doguran “Yeni Buyik
Ayrisma”ya yol agmaktadir. B6lUm ayrica temel bir “hiz uyumsuzlugu sorununu” teshis
etmektedir: teknolojik kapasitenin Ustel gelisim egrisi, dUzenleyici ve mali ¢cercevelerin
dogrusal uyum saglama kapasitesini agmaktadir. Bu uyumsuzluk, bordro temelli vergi
modellerini agsindirmakta ve ulusal rekabet gicindeki asimetrileri derinlestirmektedir.
Rutin bilissel emegin marjinal maliyeti sifira yaklasirken, orta beceri dizeyindeki
meslekler sistematik bicimde yerinden edilmektedir. Bu durum, sezgi, etik akil yGritme
ve belirsizlikle basa gikma gibi insana 6zgu kapasiteler Uzerine inga edilen bir “ilham
Ekonomisi”ne yénelimi zorunlu kilmaktadir. Sonug olarak, etkin yonetisim; seffaf ve
yorumlanabilir yapay zekd sistemlerini, Evrensel Temel Gelir gibi mali yenilikleri ve
uyarlanabilir sosyal givenlik aglarini gerektirmektedir. Nihayetinde, yapay zekd
¢aginda en kit ekonomik varliklar, insan yargisi, kurumsal vesayet ve 6zerk sistemleri
kolektif faydaya yénlendirecek ahlaki tahayyil olacaktir.

Anahtar Kelimeler: Yapay Zekd Gudumli Ekonomiler, Biligssel Yer degistirme, Buyuk
Iraksama.
JEL Kodlari: J24, 047, O33.

u
DATAMACLEA'26



3¢ INTERNATIONAL DATA ANALYTICS AND MACHINE LEARNING CONFERENCE-DATAMACLEA’26

Elif KORKMAZ TUMER
Ph.D.; Ege University, lzmir, Turkiye
elif. korkmaz@ege.edu.tr, ORCID: 0000-0002-5182-8313.

Erol Turker TUMER
Ph.D.; Asst. Prof.; Dokuz Eylil University, Izmir, Turkiye
turker.tumer@deu.edu.tr, ORCID: 0000-0002-5180-0150.

Mapping Circular Economy Performance in the European Union:
A Multidimensional Scaling Approach

The EU’s transition to a circular economy requires a system-level shift from the
traditional linear model of production and consumption, and monitoring this transition
requires tools capable of capturing its multidimensional nature. To this end, the
European Commission has developed a circular economy monitoring framework that
tracks performance across several dimensions, including production and consumption,
waste management, secondary raw materials, and competitiveness and innovation.
However, assessing circular economy performance through single indicators fails to
reflect the complexity of this transition. Building on these indicators, this paper applies
Multidimensional Scaling (MDS) to classify and visualize the performance of EU
Member States. MDS enables the representation of similarities and dissimilarities
across high-dimensional data in a lower-dimensional space, allowing for the analysis
of relationships between countries. In particular, we focus on convergence-
divergence dynamics across Member States. To do so, we employ metric (classical)
MDS, which relies on Euclidean distance to capture similarities across units. By moving
beyond single-indicator assessments, this approach provides a more comprehensive
picture of the relative positioning of EU Member States in the circular economy
transition and identifies clusters of countries with similar performance profiles.

Keywords: Circular Economy, Multidimensional Scaling, Sustainable Development,
Comparative Analysis, European Union.
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Avrupa Birligi'nde Déngiisel Ekonomi Performansinin Haritalandiriimasi:
Cok Boyutlu Olcekleme Yaklasimi

Avrupa Birligi'nin (AB) déngusel ekonomiye gecisi, geleneksel dogrusal Uretim ve
tUketim modelinden sistem dizeyinde bir dénisimi gerektirmektedir. Bu dénisimin
izlenmesi ise déngUsel ekonominin ¢ok boyutlu yapisini kavrayabilecek géstergelerin
kullanimini zorunlu kilmaktadir. Bu dogrultuda Avrupa Komisyonu, Uretim ve tiketim,
atik yonetimi, ikincil hammaddeler ile rekabet giici ve inovasyon gibi ¢esitli boyutlarda
performansi izleyen bir dongisel ekonomi izleme cercevesi gelistirmistir. Ancak
dongisel ekonomi performansinin  tek boyutlu goéstergeler araciligiyla
degerlendirilmesi, bu gegisin karmasikhdini yansitmaktan vzak kalmaktadir. Bu
calisma, séz konusu géstergelerden hareketle AB Uye Devletlerinin performansini
siniflandirmak ve gérsellestirmek amaciyla Gok Boyutlu Olcekleme (CBO) ydntemini
uygulamaktadir. CBO, karmasik verilerdeki benzerlik ve farkliliklarin daha dusik
boyutlu bir uzayda temsil edilmesine olanak taniyarak Ulkeler arasindaki iliskilerin
analizine imkén saglamaktadir. Calismada 6zellikle Uye Devletler arasindaki
yakinsama-iraksama dinamikleri incelenmektedir. Bu amagla, birimler arasi
benzerlikleri Oklid mesafesine dayali olarak hesaplayan klasik GBO yontemi
kullaniimaktadir. Bu yaklasim, AB Uye Devletlerinin déngisel ekonomiye gecis
strecindeki goreli konumlarina iliskin daha kapsamli bir tablo sunmakta ve benzer
performans profiline sahip Ulke kiUmelenmelerini ortaya koymaya olanak
saglamaktadir.

Anahtar Kelimeler: Déngisel Ekonomi, Cok Boyutlu Olcekleme, Siurdurilebilir
Kalkinma, Karsilagtirmali Andaliz, Avrupa Birligi.
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Yapay Zeka ve Ekolojik Uretkenlik Paradoksu: OECD Ekonomilerinde
Jevons Geri Tepme Etkisi ve Verimlilik Esigi (2010-2022)

Bu ¢alisma, yapay zekd (YZ) adaptasyonunun enerji talebi Uzerindeki etkisini ve
ekonomik verimliligin bu iliskideki duzenleyici rolini “Ekolojik Uretkenlik Paradoksu”
cergevesinde incelemektedir. Jevons Paradoksu’'ndan hareketle, 24 gelismis OECD
ekonomisini kapsayan 2010-2022 dénemi panel verileri Dumitrescu-Hurlin heterojen
panel nedensellik testi, Driscoll- Kraay direngli regresyon ve Sistem GMM (Blundell-
Bond, 1998) ile analiz edilmistir. Temel YZ vekil degiskeni BIT hizmet ihracatidir;
bulgular bu nedenle genis dijitallesme yogunlugunu yansitmaktadir. BiT adaptasyonu
ile enerji tUketimi arasinda ¢ift yonli Granger éncilltk iligkisi tespit edilmistir: enerji
tiketiminden BiT’e (Z = 2.757, p < 0.01) ve BiT’ten enerjiye (Z = 5.062, p < 0.01). BIT
adaptasyonunun enerji Uzerindeki etkisi ters-U bigimli YZ-CKE yapisi sergilemektedir
(61=0.1046, 62 = -0.0551; her ikisi p < 0.05). Ekonomik verimlilik bu iligkiyi istatistiksel
olarak anlamli bigcimde hafifletmektedir (Bint = -0.2709, p < 0.01); ekolojik Uretkenlik
esigi 31,725 USD GSYH/kisi (statik) ve yaklasik 51,768 USD (dinamik) olarak
belirlenmistir. Sistem GMM bulgulari, enerji talebindeki yiksek yol bagimliigini (0.871,
p < 0.01) ve verimlilik esigi hipotezinin dinamik c¢ercevede dogrulandigini
kanitlamaktadir; sonuglar Brynjolfsson vd. (2021)’in Verimlilik J-Egrisi hipoteziyle
tutarlidir. Bulgular, Jevons Paradoksu’nun belirli bir verimlilik esiginin &tesinde
sistematik olarak zayiflayabilecegini géstermektedir.

Anahtar Kelimeler: Yapay Zekd, Enerji Tiketimi, Jevons Geri Tepme Etkisi, Ekolojik
Uretkenlik Paradoksu, Panel Esbitinlesme, OECD.
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Al and the Ecological Productivity Paradox: Jevons Paradox and the
Efficiency Threshold in OECD Economies (2010-2022)

This study examines the impact of Al adoption on energy demand and the moderating
role of economic productivity within the “Ecological Productivity Paradox”
framework. Using a panel of 24 advanced OECD economies (2010-2022), we apply
Dumitrescu-Hurlin heterogeneous panel tests, Driscoll-Kraay robust estimation, and
Blundell-Bond (1998) System GMM. The primary Al proxy is ICT service exports, so
findings reflect broad digitalisation intensity rather than direct Al-specific adoption.
Bidirectional Granger predictability is confirmed between ICT adoption and energy
consumption — from energy 1o ICT (Z = 2.757, p < 0.01) and from ICT to energy ( Z =
5.062, p < 0.01). An inverted-U AI-EKC structure is established (81 = 0.1046, 62 =
-0.0551, both p < 0.05). Economic productivity significantly moderates the Al-energy
nexus (Bint =-0.2709, p < 0.01), with the ecological productivity threshold identified at
31,725 USD (static) and approximately 51,768 USD (dynamic). System GMM results
confirm strong energy persistence (0.871, p < 0.01) and validate the productivity
threshold hypothesis in a dynamic framework, consistent with the Productivity J-
Curve hypothesis. Findings suggest the Jevons Paradox weakens systematically once
a critical productivity threshold is surpassed.

Keywords: Artificial Intelligence, Energy Consumption, Jevons Paradox, Ecological
Productivity Paradox, Panel Cointegration, OECD.
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Portfolio Choice among Alternative Portfolio Selection Criteria using
Multi-Criteria TOPSIS

The prevalent framework for portfolio construction is the Mean-Variance model
(Markowitz, 1952), which aims to maximise the expected return for a given level of
variance or to minimise variance for a given level of expected return. However, this
approach has certain limitations, including sensitivity to input parameters, sensitivity
to non-normally distributed returns, and highly concentrated portfolios within a small
set of assets. Subsequently, several alternative portfolio construction models have
been proposed to address these shortcomings, e.g. the Mean Absolute Deviation
model (Konno, 1988). This study proposes a mechanism for choosing between several
different portfolio selection criteria using Multi-Criteria TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution). The portfolio selection criteria considered
for the study include those minimising downside risk (the Maxi-Min model and the
Value-at-Risk model), minimising risk (the Minimum Variance model, the Minimum
Semi-Variance model, and the Minimum Range model), maximising average returns
(Maximum Mean and Median models), and maximising the risk-adjusted returns (the
Maximum Sharpe ratio, Sortino ratio, and Omega ratio models). The study considers
these models for IT stocks in the Indian stock market, the National Stock Exchange.
The analysis was performed for a sample of twenty IT sector stocks listed on the
National Stock Exchange of India. The study period considered was Apr. 1,2023 - Mar.
31, 2024.

Keywords: Technique For Order Preference by Similarity to Ideal Solution, Portfolio
Selection Criteria, Mean-Variance Model, Maxi-Min Model, Value-At-Risk Model,
Minimum Semi-Variance Model, The Minimum Range Model, Maximum Mean and
Median Models, Maximum Sharpe Ratio, Sortino Ratio, Omega Ratio Models.
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Cok Kriterli TOPSIS Kullanarak Alternatif Portféy Segim Kriterleri
Arasinda Portféy Tercihi

Portféy olusturma icin yaygin olarak kullanilan ¢ergeve, belirli bir varyans seviyesi igin
beklenen getiriyi maksimize etmeyi veya belirli bir beklenen getiri seviyesi icin varyansi
minimize etmeyi amaglayan Ortalama-Varyans modelidir (Markowitz, 1952). Ancak bu
yaklagimin, girdi parametrelerine duyarlilik, normal dagilima uymayan getirilere
duyarlilik ve kigik bir varlik kimesi icinde yUksek oranda yogunlasmis portféyler gibi
bazi sinirlamalari vardir. Daha sonra, bu eksiklikleri gidermek igin gesitli alternatif
portfdy olusturma modelleri énerilmistir, 6rnegin Ortalama Mutlak Sapma modeli
(Konno, 1988). Bu calisma, Cok Kriterli TOPSIS (ideal Cézime Benzerlije Gore
Siralama Tercihi Teknigi) kullanarak cesitli farkl portféy segim kriterleri arasinda
se¢im yapmaya yénelik bir mekanizma énermektedir. Calismada ele alinan portféy
secim kriterleri arasinda asagi yonlu riski minimize edenler (Maxi-Min modeli ve Risk
Degeri modeli), riski minimize edenler (Minimum Varyans modeli, Minimum Yari
Varyans modeli ve Minimum Aralik modeli), ortalama getirileri maksimize edenler
(Maksimum Ortalama ve Medyan modelleri) ve riske gére ayarlanmis getirileri
maksimize edenler (Maksimum Sharpe orani, Sortino orani ve Omega orani modelleri)
yer almaktadir. Calisma, bu modelleri Hindistan borsasindaki (Ulusal Menkul Kiymetler
Borsasi) bilisim teknolojileri (BT) hisse senetleri icin ele almaktadir. Analiz, Hindistan
Ulusal Menkul Kiymetler Borsasi'nda islem géren yirmi BT sektory hisse senedinden
olusan bir 6rneklem Uzerinde gergeklestirilmistir. Calisma dénemi1Nisan 2023-31Mart
2024 tarihleri arasindadir.
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Alinin Finance and FinTech

This chapter intends to examine the growing role of artificial intelligence (Al) in finance
and the FinTech ecosystem, with particular attention to its applications in risk
management, financial forecasting, and credit scoring. It explores how machine
learning techniques and data-driven models are transforming the way financial
institutions evaluate risk, predict market dynamics, and assess borrower
creditworthiness. The chapter also analyzes the rise of Al-enabled algorithmic trading
and its implications for market efficiency, liquidity, and price discovery. At the same
time, it discusses the regulatory challenges and systemic risk considerations that
emerge from the widespread adoption of Al in financial markets, including issues
related to model transparency, data bias, operational resilience, and market stability.
By evaluating both the opportunities and the potential risks associated with Al-driven
financial innovation, the chapter aims to provide a balanced perspective on the
evolving intersection between artificial intelligence, financial markets, and regulatory
governance.

Keywords: Al, Fintech, Risk Management.
JEL Codes: C45, G21, C32.

Finans ve FinTech’te Yapay Zeka

Bu bolum, yapay zekanin (Al) finans ve FinTek ekosistemindeki giderek artan rolini
incelemeyi amacglamakta; o6zellikle risk yonetimi, finansal tahminleme ve kredi
skorlama alanlarindaki  uvygulamalarina odaklanmaktadir. Makine 6grenmesi
teknikleri ve veri odakli modellerin, finansal kurumlarin riski dederlendirme, piyasa
dinamiklerini 6ngérme ve borglularin kredi degderliligini analiz etme bigimlerini nasil
dénustirdigunu ele almaktadir. Bélim ayrica, yapay zekd destekli algoritmik
islemlerin yukseligini ve bunun piyasa etkinligi, likidite ve fiyat kesfi Uzerindeki etkilerini
analiz etmektedir. Bununla birlikte, finansal piyasalarda yapay zekénin yaygin
kullanimindan dogan dizenleyici zorluklar ve sistemik risk unsurlari da tartigimaktadir.
Bu kapsamda, model seffaflidi, veri yanliigi, operasyonel dayaniklilik ve piyasa istikrari
gibi konulara dikkat ¢cekilmektedir. Yapay zekd temelli finansal inovasyonun sundugu
firsatlar ile potansiyel riskleri birlikte dederlendiren bu bélim, yapay zekd, finansal
piyasalar ve dizenleyici yonetisim arasindaki gelisen etkilesime dengeli bir bakis agisi
sunmay1 hedeflemektedir.

Anahtar Kelimeler: Yapay Zekd, Fintek, Risk Y&netimi.
JEL Kodlari: C45, G21, C32.

u
DATAMACLEA'26



3¢ INTERNATIONAL DATA ANALYTICS AND MACHINE LEARNING CONFERENCE-DATAMACLEA’26

Zeynep YUMUSAK
TED University, Ankara, Turkiye
zeynep.yumusak@tedu.edu.tr; ORCID: 0009-0004-7182-9841.

ESG Disclosure Tone and Stock Market Reactions:
Evidence from STOXX Europe 600

The value relevance of ESG disclosure tone has been well-established in the U.S.
context using dictionary-based textual analysis of annual reports (Ignatov, 2023); yet
whether this relationship holds under a mandatory, harmonized regulatory regime -
and whether it is detectable using domain-adaptive language models rather than
static lexicons - remains unexplored. This study extends the framework of Ignatov
(2023) to the European capital market context by investigating whether ESG
disclosure tone conveys value-relevant information to investors, and whether its
informational content changes under the initial phase of mandatory standardization
introduced by the Corporate Sustainability Reporting Directive (CSRD). Using a
sample of firms within the STOXX Europe 600 index over the 2023-2024 reporting
period, ESG tone is measured via ClimateBERT (Webersinke et al.,, 2022), a
DistiIRoBERTa-based language model pretrained on over two million climate-related
paragraphs, offering contextual sensitivity absent in static word-count approaches.
Robustness is ensured by benchmarking against an idf-weighted disclosure score
following Loughran and McDonald (2011). Cumulative abnormal returns (CARs) are
estimated over a four-day window around report publication dates using event study
methodology, and OLS regressions with firm-level controls, time and sector fixed
effects are employed to assess the ESG tone-return relationship. The 2024 reporting
cohort is treated as a quasi-natural experiment to identify whether regulatory
standardization reduces information asymmetry or compresses the price-relevant
signal content of disclosure tone. Informed by Ignatov's (2023) finding that
environmental disclosure is largely discounted in the U.S. context, this study
hypothesizes that European investors - operating under the explicit environmental
emphasis of CSRD and the EU Taxonomy Regulation - assign greater informational
weight to the environmental pillar. The findings are expected to inform asset
managers and regulatory bodies assessing the market impact of mandatory
sustainability reporting standards.

Keywords: ESG Disclosure Tone, Climatebert, CSRD, STOXX Europe 600, Cumulative
Abnormal Returns, Domain-Adaptive Language Model, Mandatory Sustainability
Reporting.
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ESG Aciklama Tonu ve Hisse Senedi Piyasasi Tepkileri:
STOXX Europe 600 Endeksinden Kanitlar

Cevresel, sosyal ve ydnetisim (ESG) aciklama tonunun deger iligkisi, yillik raporlarin
s6zIUk tabanh metin analizi kullanilarak ABD baglaminda kapsamli bicimde ortaya
konmustur (Ignatov, 2023); ancak bu iligkinin zorunlu ve uyumlastiriimis bir dizenleyici
rejim altinda gegerliligini koruyup korumadigi ve statik s6zcUk listelerine kiyasla alana
6zgli uyarlanmis dil modelleri araciligiyla tespit edilip edilemeyecedi heniz
arastirlmamigtir. Bu ¢alisma, Ignatov'un (2023) cercevesini Avrupa sermaye
piyasalari baglamina tasiyarak sirdirilebilirlik ve yillik raporlarin ESG agiklama
tonunun yatirimcilara deger iligkili bilgi iletip iletmedigini ve Kurumsal Surdurilebilirlik
Raporlama Direktifi (CSRD) kapsaminda zorunlu standartlagmanin ilk asamasinda bu
bilgi iceriginin degisip degismedigini incelemektedir. 2023-2024 déneminde STOXX
Europe 600 endeksindeki firmalar 6rnekleme alinmis; ESG tonu, iki milyonun Uzerinde
iklimle ilgili paragraf Uzerinde 6n egitim gérmis DistilRoBERTa tabanli bir dil modeli
olan ClimateBERT (Webersinke ve digerleri, 2022) araciliiyla él¢ilmugtir. Saglamhk
testi icin fahminler, Loughran ve McDonald'in (2011) ters belge frekansi (idf) agirlikl
agiklama skoruyla karsilastiriimistir. Rapor yayimlanma tarihleri etrafinda dért ginltk
pencere Uzerinden kimulatif anormal getiriler (CAR) olay ¢alismasi ydntemiyle tahmin
edilmis; firma dizeyinde kontrol degiskenleri, zaman ve sektdr sabit etkileri iceren EKK
regresyonlari uygulanmistir. Zorunlu CSRD uyumunun ilk dalgasini olusturan 2024
raporlama kohortu, duizenleyici standartlasmanin  bilgi asimetrisini  azaltip
azaltmadigini ya da agiklama tonunun fiyat iligkili sinyal icerigini sikigtirip
sikishrmadigini belirlemek Gzere yari dogal bir deney olarak ele alinmistir. Ignatov'un
(2023) cevresel agiklamanin ABD'de yatirimcilar tarafindan biyik dlgide gbéz ardi
edildigine iligkin bulgusundan hareketle, CSRD ve AB Taksonomi TUzUdu'nUn gevresel
vurgusu altinda faaliyet gésteren Avrupali yatirimceilarin ¢evresel pilara daha yiuksek
bilgi agirhigi atfettigi hipotezi 6ne strilmektedir. Bulgular, varlik yénetimi sektérine ve
zorunlu surdurilebilirlik raporlamasinin piyasa etkisini dederlendiren dizenleyici
kurumlara katki saglamasi beklenmektedir.
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A Memory-Augmented Deep Learning Framework: Integrating Fractional
Differentiation with LSTM Networks for DJIMTR Index Analysis

This study aims to forecast the daily closing prices of the Dow Jones Islamic Market
Turkey Index (DJIMTR), a pivotal benchmark for Islamic financial markets, by
synthesizing modern financial machine learning and deep learning techniques. The
research utilizes a comprehensive dataset consisting of 3,156 daily observations
spanning from 02.01.2014 to 31.03.2026. Methodologically, the study addresses the
critical "memory loss" dilemma inherent in traditional stationarity transformations by
employing Fractional Differentiation (FracDiff) with a coefficient of d=0.50. While the
original series was confirmed to be non-stationary through the Augmented Dickey-
Fuller (ADF) test (p=0.9977), the application of the FracDiff technique successfully
achieved stationarity (p=0.0363) while simultaneously preserving the long-term
memory of the series. This memory-augmented data was then fed into a Long Short-
Term Memory (LSTM) neural network architecture utilizing a sixty-day sliding window
approach. The experimental results indicate a significant improvement in model
convergence, with the Mean Squared Error (MSE) decreasing by 83.01% during the
training phase. On the test set, the model achieved a remarkably high R-Squared (R2)
score of 96.87%, demonstrating exceptional explanatory power. Furthermore, to filter
market noise and enhance signal reliability, a forecasting threshold of 1.5% was
implemented, ensuring the model generates only high-conviction trading signals. The
empirical findings suggest that the integration of fractional differentiation
significantly enhances the predictive accuracy and economic meaningfulness of
LSTM-based financial models.

Keywords: LSTM, Fractional Differentiation, Deep Learning, Islamic Finance, Time
Series Forecasting.
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Hafiza Artirimli Bir Derin Ogrenme Cergevesi: DJIMTR Endeksi Analizi igin
Kesirli Diferansiyel ile LSTM Aglarinin Entegrasyonu

Bu calisma, islami finans piyasalari icin kritik bir gésterge niteliginde olan Dow Jones
Islamic Market Turkey Index (DJIMTR) endeksinin ginlik kapanis fiyatlarini, modern
finansal makine 6grenmesi ve derin 6grenme tekniklerini sentezleyerek tahminlemeyi
amaglamaktadir. Calisma kapsaminda, 02.01.2014 ile 31.03.2026 dénemini kapsayan
toplam 3.156 gunlik gézlem birimi kullanilmigtir. Metodolojik olarak, finansal zaman
serilerinde duraganlik saglanirken veri hafizasinin (memory loss) kaybolmasi sorununa
¢6zUm olarak Kesirli Fark (Fractional Differentiation, d=0.50) yéntemi uygulanmistir.
Orijinal serinin duragan olmadidi (p=0.9977) tespit edilmis; ancak uygulanan FracDiff
teknigi ile serinin hafizasi korunarak duraganlik (p=0.0363) saglanmigtir. Bu veriler, 60
ginlik sliding window yaklasimiyla bir Uzun-Kisa Sireli Bellek (LSTM) mimarisine girdi
olarak sunulmustur. Egitim slreci sonunda modelin MSE kaybi %83.01 (%83.01)
oraninda iyilesmis ve test setinde %96.87 gibi olduk¢a yiksek bir R-Kare aciklayicilik
oranina ulasiimigtir. Ayrica piyasa giriltisonig filtrelemek adina %1.5 oraninda bir
tahmin esigi (forecasting threshold) uygulanarak, modelin sadece yiUksek givenli
sinyaller Uretmesi saglanmistir. Elde edilen bulgular, kesirli fark yénteminin LSTM
modellerinin tahmin basarisini ve ekonomik anlamliligini anlamli derecede artirdigini
ortaya koymaktadir.

Anahtar Kelimeler: LSTM, Kesirli Diferansiyel (Fractional Differentiation), Derin
OFrenme, islami Finans, Zaman Serisi Tahmini.
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The Effect of CBRT Monetary Policy Communication Tone on Foreign
Government Bond Investor Flows

Central bank communication has become an increasingly important policy tool, yet its
effects on foreign investor behavior in emerging markets remain largely unexplored.
This study investigates whether the tone of Central Bank of the Republic of Turkey
(CBRT) Monetary Policy Committee press releases influences foreign investor flows
into Turkish government bonds. We construct a novel sentiment measure using
Financial RoBERTa applied at the sentence level to approximately 130 English-
language CBRT press releases between 2014 and 2026. Using an event-study OLS
framework with Newey-West standard errors, we examine the impact of
communication tone on weekly net foreign bond purchases, controlling for exchange
rate movements and global risk conditions. As a secondary analysis, we test the effect
of communication tone on Turkish government bond yields across different maturities,
with a particular focus on short-term vyields. All results are validated using the
Loughran-McDonald dictionary as a robustness check. This paper provides the first
empirical evidence linking CBRT communication tone to foreign investor behavior,
contributing to both the central bank communication literature and emerging market
finance.

Keywords: Central Bank Communication, Sentiment Analysis, Foreign Investor Flows,
Bond Yields, NLP.
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TCMB Para Politikasi iletigsim Tonunun Yabanci Devlet Tahvili Yatirimel
Akimlari Uzerindeki Etkisi

Merkez bankasi iletisimi, para politikasinin énemli araglarindan biri haline gelmis
olmasina ragmen, gelismekte olan Ulkelerde yabanci yatirimei davranigi Gzerindeki
etkileri yeterince incelenmemistir. Bu ¢alisma, Turkiye Cumhuriyet Merkez Bankasi
(TCMB) Para Politikasi Kurulu basin duyurularinin tonunun, Turkiye devlet tahvillerine
yonelik yabanci yatirmer akimlarini etkileyip etkilemedigini arastirmaktadir. Bu
kapsamda, 2014-2026 dénemine ait yaklasik 130 ingilizce TCMB basin duyurusu, cimle
dizeyinde Financial RoBERTa modeli kullanilarak analiz edilmekte ve her duyuru igin
bir duygu skoru elde edilmektedir. Newey-West standart hatalari ile tahmin edilen olay
calismasi (event-study) OLS modeli kullanilarak, iletisim tonunun haftalik net yabanci
tahvil alimlari Uzerindeki etkisi, déviz kuru hareketleri ve kiresel risk géstergeleri
kontrol edilerek incelenmektedir. ikincil analiz olarak, iletisim tonunun farkls
vadelerdeki devlet tahvili faizleri Uzerindeki etkisi test edilmekte, 6zellikle kisa vadeli
faizlere odaklanilmaktadir. Bulgular, Loughran-McDonald s6zI6gi kullanilarak
saglamlik testine tabi tutulmaktadir. Bu ¢alisma, TCMB iletisim tonunu yabanci
yatirmci davranigi ile iligkilendiren ilk ampirik ¢alisma olarak literatire katki
saglamaktadir.

Anahtar Kelimeler: Merkez Bankasi ile’ri§imi, Duygu Anadlizi, Yabanci Yatirimer Akimlari,
Tahvil Getirileri, Dogal Dil isleme (NLP).
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Modeling Stable Errors in Economics and Finance: Recent Developments
and Al Techniques

Occurance of extreme events are common in modeling financial returns. One may call
these events “black swan events”. Heavy-tailed, non-Gaussian error distributions are
frequently used in modeling financial (and sometimes economic) data. Assuming stable
distribution error terms in modeling these data, is a standard approach in financial
econometrics for capturing "black swan" events and volatile clusters. Recently, several
libraries in R software, have matured and significant updates have been made, to
handle the computational complexity of heavy-tailed stable distributions. StableEstim,
stable, libstableR, alphastable, heavytails, NeuralEstimators, deeptrafo are among
the R libraries that are used when researchers address the issue of tail heaviness in
financial applications. Specifically considering the cryptocurrency markets, the
"heavy-tail" problem is more pronounced than in traditional finance. Standard
Gaussian models often do not do a very good job in modeling the "flash crashes" in
cryptocurrency markets. Accounting this, in this study, we aim to model
cryptocurrency returns as following stable distributions and discuss the up-to-date
techniques that can be used in R software, including the Al applications. We conclude
that, with the recent advances in optimization and estimation, specifically through
softwares and Al applications, it is getting easier to model stable distributions, a
relatively complicated field of analysis in economics and finance.

Keywords: Stable Distributions, Heavy-Tails, Cryptocurrency
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Ekonomi ve Finansta Kararli Hatalarin Modellenmesi: Gincel Gelismeler ve
Yapay Zeké Teknikleri

Finansal getirilerin modellenmesinde yiksek dalgalanmalarin meydana gelmesi
yaygindir. Bu dalgalanmalara "kara kugu olaylari” denilebilir. Finansal (ve bazen
ekonomik) verilerin modellenmesinde siklikla agir kuyruklu, normal olmayan hata
dagilimlart kullanilir. Bu verilerin modellenmesinde Stable dagilimi takip eden hata
terimlerinin varsayilmasi, "kara kugu" olaylarini ve volatil kimeleri agiklamada,
finansal ekonometri literatirinde standart bir yaklasimdir. Son zamanlarda, R
yazilimindaki gesitli kitiphaneler olgunlastiriimigtir ve agir kuyruklu Stable dagilimlarin
hesaplama karmasiklidi daha kolay ele alinabilmektedir. StableEstim, stable,
libstableR, alphastable, heavytails, NeuralEstimators, deeptrafo, arastirmacilarin
finansal uygulamalarda kuyruk agirhg sorununu ele alirken kullandiklari R
kutiphaneleri arasindadir. Ozellikle kripto para piyasalarini ele aldiyimizda, "agir
kuyruk" problemi, geleneksel finans modellemelerinde karsilastigimizdan daha
yaygindir. Standart Gauss- normal dagilim modelleri, kripto para piyasalarindaki "ani
¢okusleri" modellemede genellikle ¢ok iyi bir is gikaramaz. Bu baglamda, bu ¢alismada
kripto para birimi getirilerini, Stable dagilimlari izleyen modeller olarak ele almayi ve R
yaziliminda kullanilabilecek guncel teknikleri, yapay zekd uygulamalari da dahil olmak
Uzere, tartismayr amagliyoruz. Son zamanlarda goérilen optimizasyon ve tahmin
yontemlerindeki gelismelerle, 6zellikle yapay zekd uygulamalari sayesinde, ekonomi ve
finans branslarinda, nispeten karmasik bir analiz alanina sahip olan Stable
dagilimlarint modellemek daha da kolaylagsmaktadir.
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Alin Healthcare: Efficiency, Quality, and Value Creation

Healthcare systems face a structural efficiency problem globally: demand is rising,
workforces are constrained, and administrative burden absorbs scarce clinical time
(OECD, 2024; McKinsey, 2025; Duggan et al., 2025; Olson et al., 2025). Artificial
intelligence (Al) is increasingly presented as a solution, but its economic value is not
guaranteed (Elvidge et al., 2024; NICE, 2024; Ke et al., 2025). Al creates value when it
improves decisions, reduces inefficiencies, or when it complements constrained clinical
labour, reduces low-value administrative work, and reallocates scarce labour to
higher-value tasks (McKinsey, 2025; Duggan et al., 2025; Olson et al., 2025). The
central issue is not technical accuracy alone, i.e., whether Al can predict, classify, or
generate text, but the true economic value of Al depends on implementation costs,
workflow redesign, governance capacity, and whether it can improve health
outcomes, reduce avoidable cost, release productive capacity, and do so without
introducing unacceptable risk, bias, or implementation burden (OECD, 2024; NICE,
2024; FDA, 2025; Elvidge et al., 2024). This chapter examines Al in healthcare through
three linked domains: diagnostic and clinical decision support, operational
optimization and service delivery, and the economic evaluation of Al adoption with
economic benefits, hidden costs, and investment effectiveness (Eisemann et al., 2025;
Chang et al., 2025; Ke et al., 2025). I argues that the value of Al depends not only on
accuracy gains but also on workflow fit, adoption costs, governance, and the
distribution of gains across patients, providers, and payers (Elvidge et al., 2024; NICE,
2024; McKinsey, 2025; Ke et al., 2025).
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Saglik Hizmetlerinde Yapay Zeka: Verimlilik, Kalite ve Deger Yaratimi

Saglik sistemleri kiresel 6lgekte yapisal bir verimlilik sorunuyla karsi karsiyadir. Talep
artmaktadir, is gicU kaynaklari sinirlidir ve idari yik, kit olan klinik zamani
tuketmektedir (OECD, 2024; McKinsey, 2025; Duggan et al., 2025; Olson et al., 2025).
Yapay zeké (YZ) bir ¢6zum olarak sunulmaktadir; ancak ekonomik degeri garanti
degildir (Elvidge et al., 2024; NICE, 2024; Ke et al., 2025). YZ, karar alma sireglerini
iyilestirdiginde, verimsizlikleri azalttiginda veya sinirh klinik is giicini tamamladiginda
deger yaratir; disik degerli idari isleri azaltir ve kit is giciniu daha yiksek degerli
gorevlere yeniden tahsis eder (McKinsey, 2025; Duggan et al., 2025; Olson et al.,
2025). Temel mesele yalnizca teknik dogruluk degildir; yani YZ'nin tahmin yapabilmesi,
siniflandirabilmesi veya metin Uretebilmesi tek basina yeterli degildir. YZ'nin gercek
ekonomik dederi; uygulama maliyetlerine, is akiginin yeniden tasarlanmasina,
yonetisim kapasitesine ve saglik sonuglarini iyilestirip iyilestiremedigine, dnlenebilir
maliyetleri azaltip azaltamadiging, Uretken kapasiteyi serbest birakip birakamadigina
ve bunu kabul edilemez risk, ényargi veya uygulama yiki olusturmadan yapip
yapamadigina baglidir (OECD, 2024; NICE, 2024; FDA, 2025; Elvidge et al., 2024).Bu
bolum, saglik hizmetlerinde yapay zekdyi birbiriyle baglantili U¢ alan Uzerinden
incelemektedir: tani ve klinik karar destek sistemleri, operasyonel optimizasyon ve
hizmet sunumu, ve YZ adaptasyonunun ekonomik faydalar, gizli maliyetler ve yatirim
etkinligi ile ekonomik degerlendirilmesi (Eisemann et al., 2025; Chang et al., 2025; Ke
et al., 2025). B6lum, YZ'nin degerinin yalnizca dogruluk artiglarina degil, aynizamanda
is akisina uyma, adaptasyon maliyetlerine, yénetisime ve elde edilen kazanimlarin
hastalar, hizmet saglayicilar ve 6deme yapan kurumlar arasindaki dagiimina da bagh
oldugunu savunmaktadir (Elvidge et al., 2024; NICE, 2024; McKinsey, 2025; Ke et al.,
2025).
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Digital Transformation and Nonlinear Current Account Adjustment:
Evidence from Post-Soviet Economies

The rapid expansion of digital technologies has reshaped economic structures,
production processes, and international economic interactions across emerging and
transition economies. While digital transformation is widely recognized as a key driver
of productivity and economic efficiency, its implications for external balance dynamics
remain largely unexplored in the empirical literature. In particular, the role of digital
transformation in shaping the adjustment mechanisms of current account balances
has received limited attention, especially in post-Soviet economies undergoing
structural transformation and increasing integration into global markets. This study
investigates the relationship between digital transformation and current account
adjustment in post-Soviet economies over the period 1995-2024. Using annual panel
data obtained primarily from the World Bank’s World Development Indicators, the
analysis focuses on current account balance as a percentage of GDP as the dependent
variable. Digital transformation is proxied by internet users as a percentage of the
population, capturing the diffusion of digital infrastructure and access across
countries. To account for broader macroeconomic determinants of external balance
dynamics, the model also includes trade openness, real GDP per capita, and
international oil prices. Methodologically, the study employs a panel threshold model
to explore potential nonlinear adjustment dynamics in the current account process.
This framework allows the effects of digital transformation and other macroeconomic
variables to vary across regimes depending on the magnitude of disequilibrium in
external balances. Such nonlinear approaches are particularly appropriate for
transition economies, where structural changes, asymmetric adjustments, and
regime-dependent dynamics are common. By incorporating digital transformation
indicators into the analysis of external balance sustainability, this study contributes to
the growing literature on the macroeconomic consequences of digitalization. The
findings are expected to provide new insights info how digital infrastructure
development interacts with trade integration and macroeconomic fundamentals in
shaping the adjustment dynamics of current account balances in post-Soviet
economies.

Keywords: Digital Transformation, Current Account Adjustment, Nonlinear Dynamics,
Post-Soviet Economies, Panel Threshold Model.
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Dijital Dénisim ve Dogrusal Olmayan Cari islemler Hesabi Uyarlamasi:
Post-Sovyet Ekonomilerinden Kanitlar

Dijital teknolojilerin hizla yayilmasi, yiUkselen ve gegis ekonomilerinde ekonomik
yapilari, Uretim sureglerini ve uluslararasi ekonomik etkilegsimleri énemli Slgide
doniustirmistir. Dijital donisim yaygin olarak verimlilik ve ekonomik etkinligin temel
belirleyicilerinden biri olarak kabul edilmesine ragmen, dis denge dinamikleri
Uzerindeki etkileri ampirik literatirde hélen sinirli dizeyde incelenmistir. Ozellikle dijital
donusimin cari islemler dengelerinin uyum mekanizmalari Uzerindeki rold, kiresel
piyasalara entegrasyon sirecini sirdiren ve yapisal dénisim yasayan post-Sovyet
ekonomileri baglaminda yeterince ele alinmamistir. Bu ¢alisma, 1995-2024 dénemiigin
post-Sovyet ekonomilerinde dijital donisUm ile cari islemler dengesi uyumu arasindaki
iliskiyi incelemektedir. Analizde kullanilan yillik panel veri biyik él¢ide Dinya Bankasi
Dinya Kalkinma Géstergeleri veri tabanindan elde edilmistir. Calismada bagimli
degisken olarak cari iglemler dengesi (GSYH'nin yiUzdesi olarak) kullanilmaktadir.
Dijital dénistm, Ulkelerde dijital altyapinin ve erisimin yayginhidini yansitan internet
kullanicilarinin toplam nifusa orani ile temsil edilmektedir. Digs denge dinamiklerinin
makroekonomik belirleyicilerini kontrol etmek amaciyla modele ayrica ticari aciklik,
kisi basina reel gelir ve uluslararasi petrol fiyatlari dahil edilmistir. Yéntemsel olarak
calisma, cari islemler dengesi sirecindeki olasi dogrusal olmayan uyum dinamiklerini
incelemek amaciyla panel esik modeli kullanmaktadir. Bu yaklasim, dijital dénisim ve
diger makroekonomik degiskenlerin etkilerinin dis dengedeki dengesizlik dizeyine bagli
olarak farkli rejimlerde degisebilmesine olanak tanimaktadir. Bu tir dogrusal olmayan
yaklasimlar, yapisal doéniusimlerin, asimetrik uyum sireglerinin ve rejime bagli
dinamiklerin siklikla gézlendigi gegis ekonomileriigin 6zellikle uygundur. Dijital dénisim
gbstergelerini dig denge siUrdurilebilirligi analizine dahil ederek bu ¢alisma,
dijitallesmenin makroekonomik sonuglarina iliskin giderek buyiyen literatire katk
saglamayi amaglamaktadir. Elde edilecek bulgularin, dijital altyapi gelisiminin ticari
entegrasyon ve makroekonomik temeller ile etkileserek post-Sovyet ekonomilerinde
cari igslemler dengesi uyum dinamiklerini nasil sekillendirdigine dair yeni iggoriler
sunmasi beklenmektedir.
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Oil Rents, Institutional Quality, and Economic Performance in Algeria: A
Machine Learning Investigation of the Resource Curse Hypothesis

The relationship between natural resource abundance and institutional quality
constitutes one of the most debated questions in development economics, with oil-rich
countries frequently exhibiting governance deterioration, rent-seeking behavior, and
weakened state accountability -a phenomenon widely documented under the resource
curse hypothesis. While conventional econometric approaches have advanced our
understanding of this nexus, they remain limited in their capacity to capture nonlinear
dynamics, complex interaction effects, and structural breaks inherent in the oil-
institutions relationship. This paper addresses these limitations by applying a suite of
machine learning algorithms - including gradient boosting, random forests, and
explainable Al techniques (SHAP decomposition)- to investigate the dynamic
relationship between oil rents, institutional quality, and economic performance in
Algeria over the period 1990-2023. Drawing on a rich set of variables encompassing
oil revenue indicators, World Governance Indicators (WGI), corruption perception
indices, fiscal policy measures, and macroeconomic outcomes, the study first deploys
supervised learning models to predict institutional quality trajectories as a function of
oil rent intensity and price volatility. A feature importance analysis then identifies
which dimensions of governance - regulatory quality, rule of law, control of corruption,
or government effectiveness — are most systematically affected by oil revenue
fluctuations. In a second stage, reinforcement learning simulations are used to model
optimal institutional reform pathways under alternative oil price and fiscal scenarios,
including the low-carbon transition environment. The empirical results shed new light
on the mechanisms through which oil dependence undermines institutional
development in Algeria, while identifying windows of opportunity where revenue
stabilization and governance reform can be jointly pursued. The paper contributes to
the broader literature on the political economy of natural resources by demonstrating
that Al-powered analytics can uncover hidden patterns and policy leverage points that
traditional econometric methods may overlook.
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Cezayir'de Petrol Rantlari, Kurumsal Kalite ve Ekonomik Performans:
Kaynak Laneti Hipotezinin Makine 6§renmesi ile incelenmesi

Dogal kaynak bollugu ile kurumsal kalite arasindaki iliski, kalkinma ekonomisinin en
tartigmali sorularindan birini olusturmaktadir; zira petrol zengini Glkeler ¢cogunlukla
yonetisim bozulmasi, rant arayisi davranisi ve zayiflayan devlet hesap verebilirligi
sergilemekte- bu olgu kaynak laneti hipotezi kapsaminda genis bicimde belgelenmis
bulunmaktadir. Geleneksel ekonometrik yaklagimlar bu iliskiye dair anlayisimizi
ilerletmis olsa da petrol-kurumlar iligkisine ickin dogrusal olmayan dinamikleri,
karmasik etkilesim etkilerini ve yapisal kirllmalari yakalama kapasiteleri bakimindan
sinirh kalmaktadir. Bu ¢alisma, s6z konusu sinirhiliklari gidermek amaciyla, 1990-2023
dénemi boyunca Cezayir'deki petrol rantlari, kurumsal kalite ve ekonomik performans
arasindaki dinamik iliskiyi aragtirmak icin gradyan artirma, rastgele ormanlar ve
aciklanabilir yapay zekd teknikleri (SHAP ayristirmasi) dahil olmak Uzere bir dizi makine
6grenmesi algoritmasi uygulamaktadir. Petrol geliri géstergeleri, Dinya Y&netisim
Gostergeleri (WGI), yolsuzluk algi endeksleri, maliye politikasi dlgitleri ve
makroekonomik sonuglari kapsayan zengin bir degiskenler setinden yararlanan
¢alisma, ilk asamada petrol ranti yogunlugu ve fiyat oynakliginin bir fonksiyonu olarak
kurumsal kalite yoringelerini tahmin etmek Uzere denetimli 6grenme modelleri
kullanmaktadir. Ardindan gercgeklestirilen 6zellik 6nem andlizi, yénetisimin hangi
boyutlarinin- dizenleyici kalitenin, hukukun Ustinldginin, yolsuzlukla micadelenin ya
da hikimet etkinliginin- petrol geliri dalgalanmalarindan en sistematik bigimde
etkilendigini tespit etmektedir. ikinci asamada ise distk karbonlu dénisim ortami da
dahil olmak Uzere alternatif petrol fiyati ve mali senaryolar altinda optimal kurumsal
reform vyollarini modellemek amaciyla pekistirmeli 6grenme similasyonlarina
basvurulmaktadir. Ampirik bulgular, petrol bagimliliginin Cezayir'de kurumsal geligimi
hangi mekanizmalar araciligiyla zayiflathidina iligkin yeni isik tutarken, gelir istikrari ve
yonetisim reformunun birlikte siUrdurilebilecegi firsat pencerelerini de ortaya
koymaktadir. Calisma, yapay zekd& destekli analitigin geleneksel ekonometrik
yontemlerin gézden kagirabilecegi gizli 6rintileri ve politika kaldirag noktalarini nasil
agiga cikarabilecegini gostererek dogal kaynaklarin politik ekonomisine iliskin daha
genis literatire katki saglamaktadir.
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Forecasting Equity Market Returns with Text-Based Cryptocurrency News
Sentiment Using Large Language Models and Deep Learning Time Series
Models

The growing linkage between cryptocurrency markets and traditional assets raises the
question of whether crypto news sentiment carries predictive information for equity
returns. This study examines whether sentiment from Bitcoin and Ethereum news
improves forecasts of daily returns of the S&P 500 ETF (SPY). The analysis uses data
from April 2023 to February 2026. The equity price series consists of SPY intraday
data at one-minute frequency of daily open, high, low, close, and volume (OHLCV)
bars. The sentiment dataset includes about 73,000 news articles on Bitcoin and
Ethereum. Each article is classified as positive, neutral, or negative using large
language models (ChatGPT, Claude, Qwen) to generate numeric scores for price
direction, trading activity, and volatility. News items are aligned to trading sessions by
assigning within-day news to the same session and shifting all other news to the next
market open. This ensures that sentiment enters as a predictor rather than reflecting
contemporaneous price movements. Daily sentiment features are used as exogenous
inputs alongside lagged price information. The modeling framework applies deep
learning architectures for time series forecasting that support exogenous variables.
Models are estimated using a walk-forward validation scheme that preserves
temporal order. Forecast accuracy is evaluated across multiple horizons. The results
evaluate whether LLM-based crypto news sentiment provides incremental predictive
value for equity returns and clarify the role of cross-market information flows. The
study contributes to the literature on alternative datain finance and offers a replicable
framework for integrating text-based signals into forecasting models.

Keywords: News Sentiment, Equity Market Returns, Deep Learning, Cryptocurrencies.
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Biyik Dil Modelleri ve Derin Orenme Zaman Serisi Modelleri Kullanarak
Metin Tabanl Kripto Para Haber Duyarlligi ile Hisse Senedi Piyasasi
Getirilerinin Tahmin Edilmesi

Kripto para piyasalari ile geleneksel varliklar arasindaki artan baglanti, kripto haber
duyarliiginin hisse senedi getirileri igin 6ngori gicU tasiyip tasimadigi sorusunu
gindeme getirmektedir. Bu ¢alisma, Bitcoin ve Ethereum haberlerinden elde edilen
duyarlligin S&P 500 ETF (SPY) gunluk getirilerinin  tahminlerini iyilestirip
iyilestirmedigini incelemektedir. Analiz, Nisan 2023 ile Subat 2026 dénemine ait verileri
kullanmaktadir. Hisse senedi fiyat serisi, SPY’nin bir dakikalik frekansta elde edilen gin
ici verilerinden tiretilen ginlik acilig, en yiksek, en diusik, kapanis ve hacim (OHLCV)
serilerinden olusmaktadir. Duyarlilik veri seti, Bitcoin ve Ethereum hakkinda yaklasik
73.000 haber makalesini igermektedir. Her bir makale, buyUk dil modelleri (ChatGPT,
Claude, Qwen) kullanilarak pozitif, nétr veya negatif olarak siniflandiriimakta ve fiyat
yonu, islem aktivitesi ve voldatiliteye iliskin sayisal skorlar Gretilmektedir. Haberler, gin
ici yayinlananlarin ayni islem seansina atanmasi ve diger tUm haberlerin bir sonraki
piyasa agilisina kaydirilmasi yoluyla islem seanslariyla hizalanmaktadir. Bu yaklagim,
duyarliigin es zamanli fiyat hareketlerini yansitmak yerine bir 6ngérici olarak modele
dahil edilmesini saglamaktadir. GunlUk duyarlilik géstergeleri, gecikmeli fiyat bilgileri
ile birlikte digsal degiskenler olarak kullaniimaktadir. Modelleme cergevesi, digsal
degiskenleri destekleyen derin 6grenme tabanli zaman serisi tahmin ydntemlerini
kullanmaktadir. Modeller, zaman sirasini koruyan ileriye dénik dogrulama yéntemiile
tahmin edilmektedir. Tahmin performansi, birden fazla 6ngéri ufkunda
degerlendirilmektedir. Elde edilen bulgular, biyUk dil modeli tabanl kripto haber
duyarliliginin hisse senedi getirileri icin ek 6ngéri gucl saglayip saglamadigini
degerlendirmekte ve piyasalar arasi bilgi akiglarinin rolint ortaya koymaktadir.
Calisma, finans literatirinde alternatif veri kullanimina katki saglamakta ve metin
tabanl sinyallerin tahmin modellerine entegrasyonu igin tekrarlanabilir bir cerceve
sunmaktadir.

Anahtar Kelimeler: Haber Duyarliigi, Hisse Senedi Piyasasi Getirileri, Derin éérenme,
Kripto Paralar.
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Artificial Intelligence and The Transformation of Economic Systems

This chapter examines Artificial Intelligence as a new general-purpose technology with
significant disruptive effects on economic systems. It begins with a comprehensive
literature survey assessing existing economic research on Al, focusing on its impacts
on productivity, labor markets, firm organization, market structures, and inequality.
The review critically evaluates current theoretical and empirical approaches,
identifying key mechanisms and gaps in the literature related to Al-driven economic
change. Building on this assessment, the chapter develops an original analysis of how
Al may transform economic systems and economic structures. It explores changes in
production and value creation, shifts in market power and competition, evolving
labor-capital relations, and broader institutional implications. By adopting a system-
level perspective, the chapter aims to contribute to a deeper understanding of the
long-term economic transformations associated with Al and their relevance for
economic theory and policy. In particular, the chapter argues that existing research
has yet to fully capture the creative destruction dynamics associated with Al adoption
at the level of economic systems. While much of the literature examines task
displacement, labor market adjustment, and firm-level productivity, creative
destructionis most ofteninferred indirectly from these outcomes rather than analyzed
explicitly as a systemic and ongoing process of economic reorganization. Limited
attention has been paid to firm entry and exit, the erosion of organizational capital,
and the incremental, task-level nature of Al-driven disruption. Moreover, although
several theoretical contributions suggest that the direction of Al innovation may be
shaped by economic incentives and institutional conditions, there remains limited
empirical evidence on how policy and institutional environments influence the balance
between destructive and task-creating forces. Addressing this gap allows the chapter
to reconceptualize Al not merely as a factor of productivity, but as a transformative
force reshaping the structure and dynamics of economic systems.

Keywords: Creative Destruction, General-Purpose Technologies, Creative
Destruction, Economic Systems Transformation.
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Yapay Zeka ve Ekonomik Sistemlerin Dénigsimu

Bu b&lum, Yapay Zekd'yi ekonomik sistemler Uzerinde dnemli yikici etkilere sahip yeni
bir genel amagli teknoloji olarak incelemektedir. B6lum, Uretkenlik, isgicU piyasalari,
firma organizasyonu, piyasa yapilari ve esitsizlik Uzerindeki etkilerine odaklanarak
Yapay Zek&'ya iligkin mevcut ekonomik arastirmalari dederlendiren kapsamli bir
literatir taramasi ile baglamaktadir. Bu inceleme, mevcut teorik ve ampirik
yaklasimlari elestirel bicimde degderlendirerek, Yapay Zekd kaynakh ekonomik
déniusiume iligkin temel mekanizmalari ve literatirdeki bosluklari ortaya koymaktadir.
Bu degerlendirme Uzerine inga edilerek, bdlum Yapay Zek&’nin ekonomik sistemleri ve
ekonomik yapilari nasil dénistirebilecegine dair 6zgin bir analiz gelistirmektedir.
Uretim ve deder yaratimindaki degisimleri, piyasa gici ve rekabetteki dénistmleri,
emek-sermaye iligkilerinin evrimini ve daha genis kurumsal sonuglari incelemektedir.
Sistem dizeyinde bir perspektif benimseyen bdlum, Yapay Zeka ile iligkili uzun dénemli
ekonomik dénusimlerin ve bunlarin ekonomi teorisi ile politika agisindan tasidigi
énemin daha derinlemesine anlasiimasina katkida bulunmayi amaglamaktadir.
Ozellikle bslim, meveut arastirmalarin Yapay Zeka’nin benimsenmesiyle ortaya cikan
yaratict yikim dinamiklerini ekonomik sistemler dizeyinde henlz tam olarak
kavrayamadiginiileri sirmektedir. Literatirin dnemli bir kismi gérev yer degistirmesi,
isgUcU piyasasi uyum siregleri ve firma dizeyinde Uretkenlik Uzerine odaklanirken,
yaratici yikim ¢ogunlukla bu sonuglardan dolayli olarak ¢ikariimakta ve ekonomik
yeniden érgutlenmenin streklilik arz eden, sistemik bir sUreci olarak agik bicimde analiz
edilmemektedir. Firma giris ve ¢ikislari, 6rgitsel sermayenin asinmasi ve Yapay Zekd
kaynaklh dénisUmin kademeli ve gérev-temelli dogasi gibi konulara sinirli dlgide
dikkat gdsterilmistir. Ayrica, bazi teorik katkilar Yapay Zeka inovasyonunun yéninin
ekonomik tegvikler ve kurumsal kosullar tarafindan sekillendirilebilecegini 6ne sirse de
politika ve kurumsal ortamlarin yikici ve gérev yaratici gigler arasindaki dengeyi nasil
etkiledigine dair ampirik kanitlar sinirli kalmaktadir. Bu boslugun ele alinmasi, bélimin
Yapay Zekd@'yr yalnizca bir uretkenlik faktéru olarak degil, ekonomik sistemlerin
yapisini ve dinamiklerini yeniden sekillendiren dénustirict bir gig olarak yeniden
kavramsallagtirmasina olanak tanimaktadir.
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