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Preface

Crowdsourcing for co-creation of knowledge and co-learning with a lifelong learning
perspective.” This slogan continues to capture the vision of the Co-Learning Lab at
Istanbul Technical University (ITU). The ITU Co-Learning Lab (ITU-CLL) is designed
as an incubator for pedagogical innovation that brings together academics, students,
graduates, and external stakeholders to exchange, experiment with, and scale
innovative teaching and learning approaches. By foregrounding crowdsourcing and
co-learning, the Lab invites the ITU community to build shared ownership of learning
processes and to transform the outcomes of postgraduate research into inclusive
learning experiences for all members of the ITU ecosystem. As in the 2024 edition,
this extended abstract book brings together the topics addressed and the papers
presented during two major Co-Learning Lab activities organised in 2025: the
thematic ITU Co-Learning Lab | Artificial Intelligence in Education held in the spring
semester, and the general ITU Co-Learning Lab 2025 held in the autumn semester.
Taken together, the abstracts reflect both the emerging thematic focus on Al in
education and the broader institutional agenda of strengthening innovative teaching
and learning practices at ITU.

The contributions from ITU Co-Learning Lab | Al are grouped into three
interconnected sections:

e Implementation of Al in Education: concrete practices and tools showing
how Al is integrated into teaching and learning.

e From Theses to Al-Enhanced Learning Experiences: Al-based educational
solutions developed from postgraduate research, often led by students.

e From Interdisciplinary Research to Education: projects that link Al,
education, and other disciplines to inspire new learning designs.

The abstracts from ITU Co-Learning Lab 2025 follow the two core sections of the
overall Co-Learning Lab framework:

e Current Trends in Education: innovative approaches, methods, and tools
that can be recognised and shared as good practices within the ITU
ecosystem.

e From Theses to Learning Stations: postgraduate research outputs that are
transformed into inclusive learning experiences through the Learning
Station model.
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Together, these five sections unpack the idea of “crowdsourcing for co-creation of
knowledge and co-learning with a lifelong learning perspective”, strengthening the
connections between education and research and encouraging collaborative
knowledge production across disciplines. The contributions in this volume cover a
rich spectrum of topics, including active and project-based learning, Al in education,
gamification, remote and hybrid learning, assessment and feedback, inclusive and
student-centred pedagogies, as well as the design and implementation of Learning
Stations grounded in graduate research. Building on the 2024 Co-Learning Lab,
which served as a pilot for embedding this initiative into ITU’s academic calendar,
the 2025 activities demonstrate that the Co-Learning Lab is evolving into a sustained
and expanding framework. Through thematic Co-Learning Labs such as the one on
Artificial Intelligence in Education, and through the annual general Co-Learning Lab,
ITU-CLL aims to create a continuous cycle of co-learning that supports course and
programme development, educational research, and the professional learning of
academics. In parallel, ITU CEE / ITU MEM works to scale the Co-Learning Lab
nationally and internationally through networks such as EELISA and other strategic
partnerships, sharing the lessons learned and good practices emerging from these
events.

We extend our sincere gratitude to all authors, presenters, reviewers, keynote
speakers, institutional partners, and the ITU CEE / ITU MEM team for their
invaluable contributions to this process. We also thank the ITU Graduate School and
our national and international collaborators for their continuous support. We hope
that the experiences and reflections gathered in this extended abstract book will
inspire further co-creation of knowledge and help nurture a culture of lifelong,
collaborative learning at ITU and beyond.

Emrah Acar
Semra Ahmetolan
ITU Center for Excellence in Education
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ITU Co-Learning Lab 01 October 2025
Opening Speech Prof. Dr. Hasan Mandal, ITU Rector

Emrah Acar, Semra Ahmetolan, ITU Center for Excellence

Opening Session in Education

Dr. Balazs Vince Nagy, “European Advancements in Engineering

Keynote Speech Education”

Dr. Loredana-Maria Manasia, “Hopscotching Innovation in Higher
Keynote Speech Education Pedagogy: Blending Embodiment and Experience
through Velfies”

Dr. Yuki Kaneko, “Empowering Learners & Designing for Impact:

Keynote Speech Contemporary Approaches to College STEM Education”

Current Trends in Education |
Moderator: Merve Calimli Akguin

Bora Senceylan, Gokhan ince, ibrahim Delen, Nisa Nur Karabacak,
Zeynep Gul Dertli, Hakan Akgay, Bahadir Yildiz, “CLIMA-Tutor:

Session 1 Understanding Coherence for Different User Types in School and
University Settings”

Session 2 Talip Tolga Sari, “Fostering Interdisciplinary Learning Through
Al-Enhanced Wireless Network Protocol Design”
Ali ihsan Yasan, Omer Faruk Géggiin, Muhammed Ziya Pakoz,

Session 3 “Integrating Atrtificial Intelligence into Architectural Education: Good

Practice Examples from 15 Universities, Regional Trends, and a
Roadmap for ITU”

Current Trends in Education Il
Moderator: Hale ilkgakin

Oktay Eren Tireyen, “Research-Based Marine Pollution Education:

Session 4 Active Engagement Through TUBITAK 2209-A Undergraduate
Projects”
irma Hacinliyan, Semra Ahmetolan “The Learning Station
Session 5 Approach for Overcoming Conceptual and Cognitive Barriers in
Linear Algebra”
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Saadet Ozer, “Redesigning University Education through Teaching

Session 6 Exams and Group-Based Learning”

Emrah Tuncay Ozdemir, “Interactive Learning Approaches and

Session 7 Techniques for the LEE 904 Studies Course”

From Thesis to Learning Stations
Moderator: Hale ilkgakin

Abdalrahman T. Y. Alashi, Ozhan Ertekin, “Towards drone based

Session 8 3D city information modeling”

Gokee Yalin, Vedat Uyak, “Carbon Capture Technologies in the
Session 9 Context of Climate Crisis: A Learning Experience Integrating Policy,
Economic and Engineering Dimensions*

in@@X

X mukemmelivet.itu. Ar | mukemmelivet@itu.edu.tr



https://mukemmeliyet.itu.edu.tr/
mailto:mukemmeliyet@itu.edu.tr

CENTER FOR
EXCELLENCE
IN EDUCATION

ITU CO-LEARNING LAB

. (X ;‘ A
October 1, 2025 ITU
Istanbul Technical University

ITU Co-Learning Lab
October 1%, 2025

in@@X

mukemmelivet.itu. Ar | mukemmelivet

itu.edu.tr



https://mukemmeliyet.itu.edu.tr/
mailto:mukemmeliyet@itu.edu.tr

CENTER FOR
EXCELLENCE
IN EDUCATION

ITU CO-LEARNING LAB

October 1, 2025 ITU

Istanbul Technical University

GRADUATE
SCHOOL

Opening Speech
Prof. Dr. Hasan Mandal
Istanbul Technical University, Rector

ITU Co-Learning Lab 2025 reaffirms the need to rethink education in response to
today’s complex and intertwined challenges—ranging from climate change and
global health risks to rapid technological transformation and geopolitical uncertainty.
In this context, traditional approaches centred on individual or unit-based excellence
are increasingly insufficient to generate solutions at the required speed and scale.

The Co-Learning Lab framework proposes a collective pathway that strengthens
teamwork, brings together diverse perspectives and skills, and supports agile and
responsible action. At the core of this vision is the development of a new learning
ecosystem, sustained simultaneously by structural mechanisms (top-down) and
lasting cultural transformation (bottom-up).

Within this ecosystem, co-learning, co-sharing, and co-creating are positioned not as
slogans, but as an implementation agenda, enabling participants to learn with and
from one another, to share knowledge openly across roles, and develop solutions
together with society—moving from “impact for society” toward impact with society.

The Co-Learning Lab also highlights evolving roles within this ecosystem:
academics as facilitators and evidence-based sources of hope; students as active
partners shaping learning environments; and external stakeholders as collaborators
rather than audiences.

In this sense, ITU Co-Learning Lab is presented as a concrete platform for
experimentation, collaboration, and the scaling of innovative learning practices,
further strengthened through international cooperation networks such as EELISA.
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ITU Center For Excellence in Education
Emrah Acar', Semra Ahmetolan?

"Istanbul Technical University, Department of Architecture, Faculty of Architecture,
2Istanbul Technical University, Department of Mathematics, Faculty of Science and
Letters

Higher education is increasingly expected to respond to rapidly evolving societal and
technological challenges by enabling agile learning environments, closing skills
gaps, and strengthening lifelong learning pathways. ITU Co-Learning Lab 2025 is
positioned as a structured yet open framework designed to accelerate educational
innovation through three mutually reinforcing pillars: crowdsourcing, co-creation, and
lifelong learning. The crowdsourcing approach functions as a decentralised
collaboration model that connects a broad community from within and beyond the
university via digital platforms to collect ideas, knowledge, services, and proven
practices. Co-creation corresponds to the active participation of all learning and
teaching stakeholders—students, academics, alumni, industry, and external
partners—in jointly producing, disseminating, and applying knowledge, supported by
appropriate tools and facilitation. The lifelong learning dimension frames graduation
as a starting point rather than an endpoint, aiming to keep individuals connected to
the education ecosystem throughout their career life cycle through continuous
exchange, where participants may alternate between learner and contributor roles.
Within this conceptual architecture, the Co-Learning Lab pursues two interlinked
goals: (i) identifying and disseminating good practices in higher education—initially
at ITU and increasingly through international networks—so that solutions tested
across learning contexts can be adapted efficiently; and (ii) translating lessons
learned from postgraduate theses into scalable, shareable educational practices
through filtering, mentoring, and transformation into adoptable formats.
Implementation is structured through a dual structure of general labs aligned with
the overarching concept, and thematic labs focusing on specific domains, with the
first thematic track addressing Artificial Intelligence in Higher Education and with
further thematic work strands planned. To ensure Vvisibility, continuity, and
transferability, outcomes are documented through the extended abstract book,
benefiting from international reviewers and collaborators.
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Balazs Vince Nagy
Immediate Past President of European Society for Engineering Education (SEFI)

Engineering education in Europe is being reshaped by rapidly evolving societal and
technological conditions. Within this context, the transformation has been
approached through the strategic perspective of the European Society for
Engineering Education (SEFI). Founded in 1973, SEFI has been established as the
largest European community dedicated to advancing engineering education
research, sharing good practices, and enhancing the attractiveness of the
engineering profession.

Key challenges currently faced in engineering education have been synthesised as
follows: a decline in student interest in STEM fields, a persistent skills gap between
graduate profiles and industry needs, and the increasing necessity of integrating
emerging paradigms—most notably sustainability and artificial intelligence—into
curricula. In response, SEFI's actions have been structured through its Special
Interest Groups (SIGs), where critical domains such as ethics, diversity and
inclusion, digital learning and Al, curriculum development, lifelong learning,
sustainability, skills development, and quality assurance have been addressed.
Through SIG-led activity, evidence-based innovation has been promoted,
interdisciplinary collaboration has been enabled, and continuous curriculum renewal
has been supported across European institutions.

Several concrete initiatives have been highlighted, including SEFI position papers on
engineering skills and lifelong learning, the promotion of challenge-based learning
as a mechanism for connecting engineering education with real-world complexity,
and sustained community-building activities such as webinars, podcasts, and
international conferences.

A central concept has been articulated through the notion of the “responsible
engineer,” where engineering solutions have been recognised as carrying significant
social, ethical, and political implications in technology-driven societies. Accordingly,
the role of educators has been framed around the creation of safe and supportive
learning environments in which reflection, responsibility, and critical thinking are
encouraged.
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Finally, co-creation and co-learning have been positioned as essential pathways for
shaping future knowledge and skill sets. It has been underlined that sustainable
progress in engineering education can only be achieved through collaboration
among students, academia, industry, and policy stakeholders, supported by
international frameworks such as SEFI| and European university alliances.

Hopscotching Innovation in Higher Education Pedagogy: Blending
Embodiment and Experience through Velfies

Loredana-Maria Manasia

University Politehnica of Bucharest, Department of Teacher Training and
Socio-Human Sciences

Innovative approaches in higher education pedagogy have been examined through
the metaphor of hopscotch, drawing inspiration from Julio Cortazar’s novel to
represent the non-linear, flexible, and combinatory character of effective teaching
practice. Within this framing, pedagogy has been positioned as an evidence-based
bridge between learning theories and instructional design, and it has been
emphasised that meaningful educational innovation is required to be grounded in
research rather than intuition alone. The hopscotch metaphor has been used to
highlight that pedagogical approaches are not best applied as fixed sequences;
instead, movement across methods has been encouraged, where approaches are
selected and combined in response to contextual needs.

At the center of the discussion, the concept of Velies (Windows to Selves) has been
introduced as a form of student-generated reflective video designed to support
metacognitive awareness, emotional expression, and self-regulated learning.
Through Velies, learners’ experiences, challenges, and achievements have been
enabled to be articulated in authentic ways, while deeper insight into learning
processes—beyond what is captured by measurable outcomes—has been made
accessible to educators.

Multiple application scenarios for Velies have been presented, including
prompt-based reflections, visualised learning journeys, and action-oriented projects,
through which adaptability across disciplines and educational levels has been
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demonstrated. Within these practices, the educator’s role has been reframed from
the “sage on the stage” toward the “guide on the side,” and learning environments
have been characterised in which students are positioned as active contributors not
only to learning design but also to assessment design.

By integrating reflection, emotion, and learner agency into pedagogical practice,
student-centred approaches have been advanced as a pathway to deeper
engagement and more meaningful learning. The discussion has been concluded
with an invitation for educators to embrace pedagogical experimentation and to
confidently “play hopscotch” across methods in order to create inclusive, reflective,
and impactful learning experiences.

Empowering Learners & Designing for Impact: Contemporary Approaches to
College STEM Education

Yuki Kaneko
Sabanci University, Faculty of Engineering and Natural Sciences

Contemporary approaches to student-centred STEM education in higher education
have been examined with an emphasis on the transition from instructor-driven
models to learning environments in which students are actively empowered. The
discussion has been framed by the philosophy of designing for impact and
empowering learners, and it has been argued that the primary purpose of education
should be defined as equipping students with the knowledge, skills, and mindsets
required for meaningful societal contribution. This transformation has been
articulated as being anchored in three core principles: backward course design
initiated from clearly specified learning outcomes; active learning strategies,
particularly collaborative group work; and the redefinition of the instructor’s role from
content delivery toward facilitation, commonly characterised as the “guide on the
side.”

The rapid adoption of artificial intelligence (Al) tools has been positioned as both a
challenge and an opportunity for STEM education. Survey data reported from
Sabanci University have indicated widespread Al use among both students and
instructors, through which an urgent need for Al literacy and pedagogical adaptation
was underlined. Rather than being approached through resistance, it was proposed
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that Al be addressed through instructional strategies that preserve deep learner
engagement by foregrounding the learning process itself.

A set of pedagogical practices was highlighted as supporting this shift, including
inquiry-based laboratory work, oral assessment sessions, and reflective tools such
as Discovery Journals. Through these practices, students’ thinking has been
documented, uncertainty has been confronted, and critical Al-related
competencies—such as skepticism, verification, and ethical awareness—have been
developed. Drawing on more than a decade of teaching experience, practical and
scalable approaches for implementing student-centred learning in STEM classrooms
have been presented.

The discussion was concluded by encouraging educational transformation to be
initiated through small, manageable steps and sustained through supportive
professional communities. In the context of the Al era, the empowerment of learners
through active, reflective, and collaborative pedagogies has been presented not as
an optional enhancement, but as a necessity for resilient and future-oriented STEM
education.
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CLIMA-Tutor: Understanding Coherence for Different User Types in School
and University Settings

Godkhan ince’, ibrahim Delen?, Bora Senceylan’, Nisa Nur Karabacak?, Zeynep Gill
Dertli®, Hakan Akgay?, Bahadir Yildiz*

"Istanbul Technical University, Faculty of Computer and Informatics Engineering,
Department of Computer Engineering, 2Bogazici University, Faculty of Education,
Department of Mathematics and Science Education, ®Istanbul Aydin University,
Faculty of Education, Department of Mathematics Education, *Hacettepe University,
Faculty of Education, Department of Mathematics Education

OICIGIOICIO)

Abstract

Higher education and K—-12 settings share a practical need for tools that make active
learning manageable at scale, provide timely visibility into learners’ thinking, and
reduce routine marking. Developed within a TUBITAK-supported project,
CLIMA-Tutor addresses these needs by coupling conversational Al with a
teacher-oriented dashboard. The platform has been piloted in schools and is now
being transitioned to a university context through a teacher-education Practicum at
Bogazici University. CLIMA-Tutor integrates three parts: a server hosting a
pre-trained LLM that handles prompts; an application through which learners interact
with personae; and a database with a web dashboard for viewing and downloading
class-level or individual histories. Secure communication supports both in-class and
homework use without additional infrastructure. Evidence from the school pilot (28
classrooms, 506 students, 2,751 messages) shows steady engagement and
frequent follow-up questions. Teachers reported faster identification of
prior-knowledge gaps and clearer insight into which examples worked better. The
move to higher education serves two goals. First, the Practicum provides an
authentic laboratory where pre-service teachers, instructors, and school teachers
use the same toolset in complementary roles, linking university coursework to
classroom realities. Second, studying both settings is methodologically useful:
differences in time constraints, content depth, and interaction norms test the design
and reveal which features generalise. Comparing user experiences across roles is
expected to surface needs that a single-site study would miss. The application is
developed for the teaching practicum course offered at Bogazigi University. The
Practicum, an integral part of any teacher's education, is considered the most crucial
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stage for student teachers. Practicum offers teacher candidates the opportunity to
work collaboratively with professors and teachers. Within the Practicum, the
dashboard functions as a reflection aid: pre-service teachers review facilitation
moves, instructors provide feedback on planning, and school partners connect
university tasks to real-life classroom demands. Conceptual issues are reframed for
advanced learners (e.g., weather—climate relation as a question of scale,
aggregation, and uncertainty), with CLIMA-Tutor supporting data-informed
discussion and simulation-backed explanations. Planned enhancements are
instructor-oriented. Parameter-efficient fine-tuning (QLoRA) will better fit Turkish
classroom discourse, and retrieval-augmented layers will ground responses in
vetted materials. In the app, Al will trigger context-relevant media to support shifts
from explanation to demonstration. Although originally built for grades 6-8, the same
modular stack runs unchanged in the Practicum; only corpus and tasks shift to the
syllabus. Mentor roles function as advisors, and dashboard plus transcript reviews
provide feedback in flipped, studio, or seminar formats. Using one workflow across
school and university enables comparison of user experience and refinement for
higher-education use. Taken together, CLIMA-Tutor establishes an end-to-end
workflow in which conversational Al mediates inquiry, the dashboard turns
interactions into timely instructional signals, and the same system functions across
school and university contexts. The Practicum will supply evidence on transferability
and instructor workload, identifying generalizable elements. On this basis, the
project is positioned to deliver actionable design and a cost-aware implementation
pathway for Al-supported teaching, enabling systematic dissemination across the
ITU ecosystem and informing practice in both higher education and schools.
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CLIMA-Tutor: Okul ve Universitelerde Ayni Uygulamanin Kullaniminda
Kullanici Deneyimlerinin incelenmesi

Godkhan ince’, ibrahim Delen?, Bora Senceylan’, Nisa Nur Karabacak?, Zeynep Gill
Dertli®, Hakan Akgay?, Bahadir Yildiz*

'istanbul Teknik Universitesi, Bilgisayar ve Bilisim Fakiiltesi, Bilgisayar Miihendisligi
Boliimii, 2Bogazici Universitesi, Egitim Fakultesi, Matematik ve Fen Bilimleri Egitimi
Bolimdi, Sistanbul Aydin Universitesi, Egitim Fakdiltesi, ilkégretim Matematik
Ogretmenligi Boluimu, “Hacettepe Universitesi, Egitim Fakultesi, Matematik ve Fen
Bilimleri Egitimi Bolumu

Ozet

Ortadgretim ve yuksekogretimde, etkin 6grenmenin kalabalik siniflarda yonetilebilir
kilinmasi, 6grenenlerin dislinme slreglerine zamaninda gorunurlik saglanmasi ve
rutin degerlendirme yUkinin azaltiimasi gereksinimi éne c¢ikmaktadir. TUBITAK
destekli bir proje kapsaminda gelistirilen CLIMA-Tutor, konugsma tabanl yapay zeka
ile 6gretmen odakli bir analitik panelin butlnlestiriimesi yoluyla s6z konusu
gereksinimlere yanit vermektedir. Platform, okullarda pilot olarak uygulanmis olup
Bogazigi Universitesi'nde yiritilen Ogretmenlik Deneyimi dersi (ders kapsamindaki
okullarda gerceklestirilen staj uygulamalar) araciligiyla Gniversite dizeyinde
kullaniimasi hedeflenmektedir CLIMA-Tutor G¢ bilesen halinde yapilandiriimistir:
sorulari yanitlayabilen, dnceden egitilmis bir blylk dil modelinin barindirildigi bir
sunucu; 6grenen—mentor etkilesimlerinin ydratildigui bir uygulama; ve sinif/égrenci
gecmiglerinin gorintilenebildigi ve indirilebildigi web panelini iceren bir veritabani.
istemci—sunucu iletisimi giivenli HTTP (izerinden saglanmakta; boylece ek altyapi
gerektirmeksizin ders ici ve ders disi kullanim desteklenmektedir. Uygulamanin
okullarda uygulanmasindan elde edilen bulgular (28 sinif, 506 6grenci, 2.751 ileti),
katilimin istikrarli seyrettigini ve takip sorularinin siklagtigini gostermektedir.
Ogretmenler tarafindan, 6n bilgiye iliskin bosluklarin daha erken evrede
saptanabildigi ve orneklerin etkililigine dair ongorilerin netlestigi raporlanmistir.
Yiksekogretime gecisin iki temel gerekcgesi bulunmaktadir: Birincisi, Ogretmenlik
Deneyimi dersi kapsaminda 63retmen adaylari, dersi yuriten égretim elemanlari ve
is birligi yapilan okul 6gretmenleri tarafindan ayni arag setinin tamamlayici rollerle
kullaniimasiyla Universite galismalari sinif gercekligiyle dogrudan
iliskilendiriimektedir. ikincisi, iki farkli kullanici deneyimin eszamanli incelenmesi
yontemsel deger tasimakta; zaman kisitlari, dlgme dizenleri, igerik derinligi ve
etkilesim normlarindaki farkhliklar araciligiyla tasarim sinanmakta ve genellenebilir
Ozellikler ~ortaya ¢ikariimaktadir.  Roller arasi  kullanici  deneyimlerinin
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karsilastiriimasiyla, tek baglaml calismalarda gézden kacabilecek gereksinimlerin
gérunir  kihinmasi amaglanmaktadir. Bogazigi Universitesi'ndeki Ogretmenlik
Deneyimi dersi kapsaminda 6grenme platformu, yapilandiriimis bir yansitma ve
bicimlendirici geribildirim araci olarak konumlandiriimaktadir: égretmen adaylarinin
kolaylastirma uygulamalarini gdzden gecirmesine olanak saglanmakta; ders
yuruttculerince planlama ve soru sorma stratejilerine geribildirim sunulmakta; okul
ogretmenlerince  Universite  gorevleri  sinifin  gergek  gereksinimleriyle
iliskilendiriimektedir. Kavramsal baglklar ileri dizey &grenenler icin yeniden
cercevelenmekte (6r. hava durumu—iklim iligkisi); veriye dayali tartismalar ve kisa
simllasyon destekli acgiklamalar kolaylastiriimaktadir. Yakin ddéneme iligkin
gelistirmeler egitmen gereksinimlerini dncelemektedir. Tlrkge sinif sdylemine uyumu
artirmak Uzere parametre verimli ince ayarin (QLoRA) uygulanmasi ve yanitlarin
glvenilir kaynaklara dayandiriimasi i¢in geri cagirma destekli katmanlarin eklenmesi
planlanmaktadir. Uygulama iginde konuya uygun medyanin tetiklenmesiyle
aciklamadan gdésterime hizli gegislerin desteklenmesi 6ngoérilmektedir. Baglangigta
6-8. siniflar igin tasarlanmis olmakla birlikte, modiler mimarinin Ogretmenlik
Deneyimi baglaminda degisiklik yapiimaksizin ¢alistigi; yalnizca icerik ve gorevlerin
ders miufredatina uyarlandigi gorilmektedir. Mentor rolleri uzman danismanlar
olarak yeniden konumlandirilabilmekte; platform ve transkript incelemeleri ters-ylz,
stidyo ve seminer formatlarinda bigimlendirici degerlendirmeyi desteklemektedir.
Okul ve Universite boyunca tek bir is akisinin strdirilmesi, kullanici deneyimlerinin
dogrudan karsilastiriimasina ve yuksekdgretim baglamina yodnelik hedefli
iyilegtirmelerin  geligtiriimesine imkéan tanimaktadir. Sonu¢ olarak CLIMA-Tutor,
sorgulamaya konusma tabanli yapay zekanin aracilik ettigi, etkilesim verilerinin
ogretmen platformunda 6gretimsel gdstergelere doénudstlrildigld ve ayni moduler
mimarinin okul ile Universite baglamlarinda kesintisiz ¢alistigi ugtan uca bir is akisi
ortaya koymaktadir. Bogazici Universitesindeki Ogretmenlik Deneyimi dersi
kapsaminda ydrutlilecek calisma, aktarilabilirik ve editmen is yUkl Uzerine
kargilastirmali kanit Ureterek hangi bilesenlerin genellenebilir oldugunu ortaya
cikaracaktir. Bu zemin Uzerinde, Tlrkge yuritilen YZ destekli 6gretime yodnelik
uygulanabilir tasarim ilkeleri ile ucuz bir sekilde gelistiriimeyi hedeflemekte; elde
edilecek ciktilarin ITU ekosistemi genelinde sistematik yayginlastirmayr mimkiin
kilarak hem vyiksekdgretim hem de okul uygulamalarini glglendirmesi
beklenmektedir.

ITU CO-LEARNING LAB

October 1, 2025 ITU

Istanbul Technical University

GRADUATE
SCHOOL

in@@X

12 mukemmelivet.itu. Ar | mukemmelivet@itu.edu.tr



https://mukemmeliyet.itu.edu.tr/
mailto:mukemmeliyet@itu.edu.tr

CENTER FOR
EXCELLENCE
IN EDUCATION

ITU CO-LEARNING LAB

October 1, 2025 ITU

Istanbul Technical University

GRADUATE
SCHOOL

Fostering Interdisciplinary Learning Through Al-Enhanced Wireless Network
Protocol Design

Talip Tolga Sari

Istanbul Technical University, Faculty of Computer and Informatics Engineering,
Department of Computer Engineering

OICIGIOICIO)

Abstract

This submission presents an interdisciplinary educational model built around the
“Intelligent Wireless Network Protocol Design” course, aiming to translate
cutting-edge research in Al-driven communications into impactful learning
experiences. By combining theoretical foundations of wireless channel models and
MAC protocols with hands-on OMNET++ simulations and reinforcement-learning
optimizations, the proposed Co-Learning Lab activity encourages collaboration
among engineering, data science and education specialists. Participants will
prototype Al-powered network tools, share pedagogical strategies for integrating Al
into technical curricula, and co-design modules that reflect both engineering rigor
and learner-centred pedagogy. This approach not only strengthens students’
technical competencies but also fosters a sustainable framework for embedding
interdisciplinary Al research.
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Talip Tolga Sari

istanbul Teknik Universitesi, Bilgisayar ve Bilisim Fakdltesi, Bilgisayar Miihendisligi
Bolima

Ozet

Bu sunum, “Akilli Kablosuz AJ Protokol Tasarimi” dersi etrafinda sekillenen
disiplinlerarasi bir egitim g¢ergevesini tanitmaktadir. Kablosuz kanal modellerinden
MAC katman protokollerine uzanan saglam teorik temellere dayanan bu yaklasimda
katimcilar OMNET++ tabanli  simillasyonlar ve pekistirmeli 6drenme
optimizasyonlari araciliiyla yapay zeka destekli ag araglari prototipi gelistirir.
Muhendislik, veri bilimi ve pedagojinin kesisim noktasinda yuratilen is birlikgi
calismalar, hem o6grencilerin teknik becerilerini derinlestirir hem de arastirma ile
ogretimi sirdurilebilir bir bicimde bitlnlestiren bir model olusturur. Sonug olarak,
disiplinlerarasi yapay zeka egitimini ileri tasiyacak dgrenci odakl moddller stratejiler
ortaya konacaktir.
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Integrating Artificial Intelligence into Architectural Education: Good
Practice Examples from 15 Universities, Regional Trends, and a
Roadmap for ITU

Ali ihsan Yasan', Omer Faruk Gé¢giin?, Muhammed Ziya Pakdz'

'Istanbul Technical University, Faculty of Architecture, Department of Urban and
Regional Planning, ?Istanbul Technical University, Faculty of Architecture, Department
of Architecture

OIOIOICIQ)

Abstract

Artificial intelligence is reshaping curricula, learning objectives, and teaching models
in higher education. Architectural education, with its studio based and
interdisciplinary structure, is among the fields where this transformation is most
evident. Yet comparative studies showing how Al is integrated into curricula, at
which levels, in what formats, and with what content remain limited. This study maps
global approaches, identifies regional trends, and proposes an integration model for
Istanbul Technical University (ITU). Methodology. The research analyzes course
catalogs of 15 universities: four in the Americas, five in Europe, and six in Asia.
Courses were coded by level, status, format, and content type. Findings were
synthesized into comparative tables and thematic mappings, resulting in a typology
of integration models. Americas. The Interaction Intelligence Studio at MIT
(embedded, undergraduate and graduate) integrates Al directly into studio
pedagogy. NJIT’s Al Literacy Micro credential (all levels) spreads literacy widely. At
the University of Florida, graduate courses such as Al and Ethics in Architecture and
Machine Learning for Architects emphasize technical depth. Europe. Integration is
concentrated at the graduate level. The University of Bath offers the Atrtificial
Intelligence for Engineering and Design MSc, a fully Al focused master program.
IAAC Barcelona provides the Master in Al for Architecture and the Built Environment
as a discipline specific track. The University of Liverpool embeds Al in its Advanced
Architecture program through mandatory courses. TU Munich combines technical
and social perspectives with electives such as Algorithmic Design and Al and
Regulation. At ITU, MYZ306E (undergraduate) and MBL559E (graduate) electives
are pilot efforts in the Turkish context. Asia. Asian universities often introduce Al
through mandatory early undergraduate courses. Nanjing Tech University’s
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Introduction to Al B and Shanghai Jiao Tong University’s Al and Design (both first
year, mandatory) provide foundational skills. The Singapore University of
Technology and Design positions itself with Creative Machine Learning (third year,
mandatory) as part of studio pedagogy. At NUS and Nanjing University, electives
cover generative design and low carbon cities. Xi'an Jiaotong Liverpool University
embeds Al in Structural Design (third year, mandatory) with interdisciplinary focus.
Regional trends. In the Americas, Al is mostly elective, emphasizing flexibility and
studio integration. In Europe, it forms part of the core of graduate programs,
institutionalized through mandatory courses. In Asia, it appears in required
undergraduate courses, ensuring broad literacy from the outset. Stakeholders and
SWOT. Internal stakeholders include students, faculty, administration, and
technology units, while external stakeholders include professional chambers,
accreditation bodies, industry, and alumni. Strengths include studio culture and
interdisciplinarity. Weaknesses are limited infrastructure and faculty expertise.
Opportunities include European graduate programs and Asian early models. Threats
involve access gaps, ethics, and data security issues. Conclusion. The study
proposes a three step model for ITU: a faculty wide Al literacy micro credential, a
mandatory introductory course, and studio based modules with field specific
electives. This structure supports both foundational competencies and advanced
expertise. The study is supported by ITU’s Undergraduate Student Research
Participation Program (LOKAP).
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Mimarlk Egitiminde Yapay Zeka Entegrasyonu: 15 Universiteden iyi Uygulama
Ornekleri, Bolgesel Egilimler ve iTU igin Yol Haritasi

Ali ihsan Yasan', Omer Faruk Gé¢giin?, Muhammed Ziya Pakdz'

'istanbul Teknik Universitesi, Mimarlik Fakiltesi, Sehir ve Bolge Planlama Bolimd,
2[stanbul Teknik Universitesi, Mimarlik Fakiiltesi, Mimarlik Bolimi

Ozet

Yapay zeka, yuksekogretimde mifredat yapisini, 6grenme hedeflerini ve pedagojik
modelleri koklu bicimde donustirmektedir. Studyo temelli ve disiplinlerarasi yapisi ile
mimarhk egitimi, bu dénlisimin en belirgin sekilde hissedildigi alanlardan biridir.
Ancak yapay zekanin muifredata hangi duzeylerde, hangi bigcimlerde ve hangi icerik
turleriyle entegre edildigine dair karsilastirmali ¢alismalar sinirlidir. Bu arastirma,
dinyadaki 6nclu yaklasimlari haritalamayi, bolgesel egilimleri ortaya koymayi ve
istanbul Teknik Universitesi (iTU) icin uygulanabilir bir entegrasyon modeli énermeyi
amaclamaktadir. Yontem. Calisma, Amerika’dan dort, Avrupa’dan bes ve Asya’dan
altt olmak Uzere toplam 15 Universitenin ders kataloglarini incelemektedir. Dersler;
dizey, statl, bicim ve igerik tiru dlgitlerine gére kodlanmig, karsilastirmali tablolar
ve tematik haritalar aracihidiyla tipolojilestiriimistir. Amerika o6rnekleri. MIT deki
Interaction Intelligence Studio (lisans ve lisansistil, gémuld) YZ'nin dogrudan stidyo
pedagojisine entegre edildigini géstermektedir. NJIT'nin Al Literacy Micro-credential
programi  (tum seviyeler) mikro sertifika modeliyle YZ okuryazarhgini
yayginlagtirmaktadir. Florida Universitesi’nde Al & Ethics in Architecture ve Machine
Learning for Architects (lisansistli, bagimsiz) teknik yogunluklariyla 6ne
cikmaktadir. Avrupa o6rnekleri. Avrupa’da entegrasyon bilylk dOl¢ide yiksek lisans
dizeyinde kurumsallasmistir. Bath Universitesi, tamamen YZ odakh Artificial
Intelligence for Engineering and Design MSc programini agmistir. IAAC Barcelona,
Master in Al for Architecture & the Built Environment ile mimarliga 6zgu bir ylksek
lisans sunmaktadir. Liverpool Universitesi, Advanced Architecture (Computational
Design and Al) programinda zorunlu gémulu derslerle YZ'yi entegre etmistir. Munih
Teknik Universitesi, Algorithmic Design ve Al & Regulation gibi segmeli derslerle
teknik ve toplumsal boyutlari birlestirmektedir. iTU’de MYZ306E (lisans) ve
MBL559E (lisansUstl) se¢meli dersleri yerel badlamda pilot niteligi tasimaktadir.
Asya ornekleri. Asya’da YZ ¢ogunlukla erken lisans yillarinda zorunlu dersler yoluyla
sunulmaktadir. Nanjing Tech University’nin Introduction to Al B ve Shanghai Jiao
Tong University’'nin Al and Design dersleri (1. sinif, zorunlu) tim 6grencilere temel
yetkinlik kazandirmaktadir. Singapore University of Technology and Design (SUTD),
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Creative Machine Learning (3. sinif, zorunlu) ile YZ'yi stiidyo pedagojisine entegre
etmekte ve kendini teknoloji odakh bir kimlikle konumlandirmaktadir. NUS ve
Nanjing University secmeli derslerle generatif tasarim ve dusik karbon sehirler gibi
alanlara odaklanirken, Xi'an Jiaotong Liverpool University Structural Design (3. sinif,
zorunlu) dersiyle disiplinlerarasi bir yaklagsim gelistirmektedir. Bolgesel egilimler.
Amerika’da YZ dersleri genellikle se¢meli olup esneklik, stidyo entegrasyonu ve
mikro sertifikalar 6ne c¢ikmaktadir. Avrupa’da YZ, ylksek lisans programlarinin
cekirdegine yerlesmis ve zorunlu derslerle kurumsallagsmistir. Asya’da ise YZ,
zorunlu lisans dersleri lizerinden genis tabana yayilmaktadir. Paydaslar ve SWOT. i¢
paydaslar; o6grenciler, ogretim Uyeleri, fakilte yonetimi ve egitim teknolojileri
birimleridir. Dis paydaslar ise meslek odalari, akreditasyon kurumlari, sektér ve
mezunlari kapsamaktadir. SWOT analizi; gucli yon olarak stidyo kdiltirini ve
disiplinlerarasi yapiyl, zayif ydn olarak altyapi ve &gretim Uyesi kapasite
eksikliklerini, firsat olarak Avrupa’daki ylksek lisans programlarini ve Asya’daki
erken donem modellerini, tehdit olarak ise erigsim esitsizlikleri ile etik ve veri guvenligi
sorunlarini ortaya koymaktadir. Sonug. Calisma, iTU igin (ic agamali bir entegrasyon
modeli dnermektedir: fakilte genelinde YZ okuryazarligi mikro sertifikasi, tim
ogrencilere yonelik zorunlu giris dersi, ve stlidyo i¢i moddller ile alan bazli se¢meli
dersler. Bu yapi, hem temel yetkinliklerin yayginlastirimasini hem de mimarlhga
6zgl ileri uzmanlasmalarin gelismesini mimkin kilmaktadir. Calisma, iTU’niin
LOKAP (Lisans Ogrencileri Katihmli Arastirma Projeleri) programi tarafindan
desteklenmektedir.
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Research-Based Marine Pollution Education: Active Engagement Through
TUBITAK 2209-A Undergraduate Projects

Oktay Eren Tlreyen

Istanbul Technical University, Faculty of Naval Architecture and Ocean Engineering,
Department of Shipbuilding and Ocean Engineering

OICIOICEI0)

Abstract

This learning activity aims to engage undergraduate students in active learning by
linking marine pollution topics with real-world scientific research and project
development. Conducted within the scope of the “Marine Pollution” course at
Istanbul Technical University’s Department of Naval Architecture and Marine
Engineering, the activity is designed around a research-based and project-based
learning model. The primary learning goals include fostering students' ability to
propose solutions to environmental issues, develop research designs, collaborate
effectively, and communicate scientifically. The activity involves a comprehensive
review of the TUBITAK 2209-A Undergraduate Research Program. Students formed
five teams of four members, each developing original project ideas related to marine
pollution. They wrote and submitted proposals under academic supervision. Two of
the five submitted projects received funding and are currently being implemented at
the DEKOTOKS (Marine Pollution and Ecotoxicology Laboratory). Methodologically,
the process was based on research-based learning, emphasizing student ownership
of project design and execution. Students received mentorship in literature review,
hypothesis formulation, experimental design, data collection, and reporting. The
learning was hands-on and challenge-driven, requiring students to turn theoretical
knowledge into applied research output. Learning outcomes include enhanced skills
in research methodology, critical thinking, teamwork, scientific writing, and
presentation. Students developed a stronger sense of environmental responsibility
and scientific identity by participating directly in a real research ecosystem. The
experience not only deepened their understanding of marine pollution but also
encouraged their long-term engagement with scientific inquiry. This approach
represents a successful model of integrating research into undergraduate education
and aligns strongly with the goals of the ITU Together Learning Laboratory. It
provides a replicable framework that can inspire similar initiatives across disciplines,
demonstrating how students can become active producers of knowledge rather than
passive recipients.
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Oktay Eren Tlreyen

istanbul Teknik Universitesi, Gemi insaati ve Deniz Bilimleri Fakiiltesi, Gemi ve
Deniz Teknolojisi MUhendisligi Bolimu

Ozet

Bu 6grenme faaliyeti, lisans 6grencilerini deniz kirliligi konusunu sadece teorik bilgi
dizeyinde degil, bilimsel Uretim suregleriyle iliskilendirerek aktif 6grenmeye dahil
etmeyi hedeflemektedir. istanbul Teknik Universitesi Gemi ve Deniz Teknolojisi
Muhendisligi Boélimu'nde verilen "Deniz Kirliligi" dersi kapsaminda, égrenciler proje
tabanl ve aragtirma tabanl bir 6grenme modeliyle yonlendirilmistir. Ogrenme hedefi,
ogrencilerin cevresel sorunlara ¢6zim Uretebilme, arastirma tasarimi yapabilme,
ekip calismasi ve bilimsel iletisim becerilerini gelistirmeleridir. Kapsam olarak,
dgrenciler TUBITAK 2209-A Universite Ogrencileri Arastirma Projeleri Destekleme
Programi’'ni inceleyip, bu program kapsaminda deniz kirliligiyle ilgili 6zgin proje
fikirleri gelistirmistir. Bes ayn 4 kisilik ekip olusturulmus, her biri kendi arastirma
konusunu belirleyerek proje yazimi gergeklestirmistir. Bagvurular sonucunda iki proje
destek almis ve DEKOTOKS (Deniz Kirliligi ve Ekotoksikoloji Laboratuvari) catisi
altinda yarutilmeye baglanmistir. Metodoloji olarak proje tabanli ve arastirma tabanl
o6grenme yaklasimi benimsenmis, 6grencilerin kendi projelerini tasarlamalar ve
yurttmeleri desteklenmistir. Bu slrecgte 6grencilere proje yazimi, literatlr taramasi,
hipotez olusturma, deneysel tasarim ve veri toplama konularinda mentorluk
saglanmistir. Ogrenme ciktilari arasinda ogrencilerin bilimsel arastirma yapma
becerisi kazanmasi, dzglven gelisimi, gcevresel sorunlara duyarhlik, bilimsel iletisim
ve raporlama vyetkinlikleri yer almaktadir. Bu model, 6grencilerin sadece bilgi
tiketicisi degil, bilgi Ureticisi olarak konumlandigi guclu bir 6grenme deneyimi
sunmaktadir. Ayrica, o6grencilerin kendi fikirleriyle proje Uretmeleri, dersi
icsellestirmelerini  ve gelecekte arastirma kariyerlerine ilgi  duymalarini
saglamaktadir. ITU Birlikte Ogrenme Laboratuvari igin bu uygulama, lisans
diizeyinde arastirma temelli 6grenmenin gigli bir 6rnedidir ve farkh disiplinlere de
kolaylikla uyarlanabilir niteliktedir.
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The Learning Station Approach for Overcoming Conceptual and Cognitive
Barriers in Linear Algebra

irma Hacinliyan, Semra Ahmetolan

Istanbul Technical University, Faculty of Science and Letters, Department of
Mathematical Engineering

HELO®

Abstract

Linear algebra is widely recognized as a conceptually and cognitively challenging
subject. Jean-Luc Dorier and Anna Sierpinska, in their influential work Research into
the Teaching and Learning of Linear Algebra (2001), emphasize two core sources of
students’ difficulties. The first involves conceptual difficulties—what they refer to as
‘the nature of the beast”—stemming from the high level of abstraction, the
disconnection from students’ prior intuitive knowledge, and the challenge of
transitioning between multiple representations such as geometric, algebraic, and
algorithmic forms. The second concerns cognitive difficulties, or “the kinds of
thinking required,” particularly the shift from procedural reasoning to
formal-axiomatic thinking. According to the APOS theory
(Action—Process—Object—Schema), many students remain at the Action stage and
struggle to reach higher levels of understanding. Addressing these well-documented
challenges, the “Learning Station” (LS) model was implemented in the MAT143/E
Linear Algebra course offered by the Mathematics Engineering Department at
Istanbul Technical University during the Fall 2024-2025 semester. The course
content was modularized into structured learning units, each designed to support
conceptual understanding and active engagement. Modules included curated
materials such as videos, readings, solved examples, mini quizzes, and proof-based
exercises. Traditional attendance methods were replaced with short in-class
problem-solving tasks, followed by feedback to encourage continuous participation
and metacognitive awareness. To evaluate the impact of this approach, a
mixed-method feedback survey was conducted. Results showed strong agreement
that the LS model helped make learning more organized, accessible, and effective.
Students reported increased responsibility in their learning process, improved
understanding of proofs, and an enhanced ability to connect concepts across
modules. the survey highlighted further benefits such as clear topic segmentation,
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targeted content access, and reduced cognitive load through structured materials.
Notably, students described the model as more effective than previous learning
experiences in mathematics, especially in supporting transitions to higher-order
thinking. Some constructive feedback was also received regarding the complexity of
the interface and the need for clearer guidance in independently constructing
personal learning paths. Nevertheless, the overall reception of the model was
positive, with many students expressing interest in seeing similar approaches used
in other mathematically intensive courses. In conclusion, the Learning Station model
effectively responds to the pedagogical challenges outlined by Dorier and Sierpinska
by creating a structured, modular, and student-centered learning environment. The
findings support the argument that abstract and proof-intensive subjects like linear
algebra can be made more accessible through innovative instructional design.
Furthermore, this approach holds promise for broader application in STEM fields
where mathematical rigor and conceptual clarity are critical.
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Lineer Cebirde Kavramsal ve Bilissel Engellerin Ustesinden Gelmek igin
Ogrenme istasyonu Yaklagimiki Kavramsal Zorluklarin Ustesinden Gelmek

irma Hacinliyan, Semra Ahmetolan

istanbul Teknik Universitesi, Fen Edebiyat Fakiiltesi, Matematik Mihendisligi
Bolimu

Ozet

Lineer (dogrusal) cebir, kavramsal ve bilissel agidan zorlayici bir konu olarak genis
capta kabul gérmektedir. Jean-Luc Dorier ve Anna Sierpinska, Research into the
Teaching and Learning of Linear Algebra (2001) adh etkili calismalarinda,
ogrencilerin yasadigi gicliiklerin iki temel kaynagini vurgulamaktadir. ilki, “konunun
dogasI” olarak tanimlanan kavramsal glgliklerdir; bu glgclikler yiksek soyutluk
duzeyinden, 6grencilerin sezgisel bilgileriyle olan kopukluktan ve geometrik, cebirsel
ve algoritmik gibi farkh temsiller arasinda gecgis yapma zorlugundan
kaynaklanmaktadir. ikincisi ise “gereken diisiinme bigimi” olarak tanimlanan bilissel
gucluklerdir; burada temel sorun, islem temelli disiinmeden kuramsal-aksiyomatik
disinmeye gegcisti. APOS kuramina (Eylem—Sire¢c—Nesne—-Sema) gore, birgok
ogrenci “Eylem” asamasinda takili kalmakta ve Ust dizey kavramsal anlayis
gerektiren asamalara ulasmakta zorlanmaktadir. Bu iyi belgelenmis zorluklara
¢ozim getirmek amaciyla, 2024-2025 Gliz déneminde istanbul Teknik Universitesi

in@@X

22 mukemmelivet.itu. Ar | mukemmelivet@itu.edu.tr



https://mukemmeliyet.itu.edu.tr/
mailto:mukemmeliyet@itu.edu.tr

CENTER FOR

EXCELLENCE T
IN EDUCATION ITU

Matematik Muhendisligi Bolumu tarafindan verilen MAT143/E kodlu Lineer Cebir
dersi kapsaminda “Ogrenme Istasyonu” (Learning Station — LS) modeli
uygulanmistir. Ders igerigi, kavramsal anlayigi destekleyen ve &6grencinin aktif
katilimini tesvik eden moduler 6grenme birimlerine ayrilmistir. Her modulde videolar,
okumalar, ¢6zUmllU &rnekler, mini quizler ve ispat temelli alistirmalar gibi
yapilandirilmis materyaller sunulmustur. Geleneksel yoklama yéntemleri yerine, her
derste kisa problem ¢dzme etkinlikleri uygulanmig ve o6grencilere bireysel geri
bildirim verilerek siUrekli katihm ve Ust dizey diusinme tesvik edilmigtir. Yaklagimin
etkisini degerlendirmek amaciyla nicel ve nitel sorular igeren bir geri bildirim anketi
uygulanmistir. Sonuglar, LS modelinin 6grenmeyi daha dizenli, erigilebilir ve etkili
kildigi yéniinde gucld bir uzlasi oldugunu gdstermistir. Ogrenciler, dgrenme
surecinde daha fazla sorumluluk aldiklarini, ispatlara yonelik yaklasimlarinin
gelistigini ve modulller arasi kavramsal baglantilari daha iyi kurabildiklerini
belirtmistir. Ayrica konu basliklarinin agik¢ca ayrilmis olmasi, hedefe yonelik igerik
erisimi ve yapilandiriimis materyaller sayesinde biligsel yukin azaldidi yonunde
olumlu katkilar sunmustur. Katilimcilarin ¢odu, bu ydntemin énceki matematik
derslerinden daha etkili oldugunu vurgulamistir. Bununla birlikte, araylzin
baslangicta karmasik olmasi ve kisisel 6grenme yollarini inga etme slrecinde daha
fazla yonlendirmeye ihtiyac duyulmasi gibi gelistiriimesi gereken alanlar da
belirlenmigstir. Yine de genel degerlendirme olumludur ve bir¢ok 6grenci, benzer
uygulamalarin diger derslerde de kullaniimasini arzu ettigini belirtmigtir. Sonug¢
olarak, Ogrenme Istasyonu modeli, Dorier ve Sierpinska’nin ortaya koydugu
pedagojik zorluklara dogrudan yanit veren yapilandirilimig, moduiler ve 6grenci
merkezli bir 6grenme ortami sunmaktadir. Bulgular, soyut ve ispat yogun derslerin
yenilikgi  6gretim tasarimlari  yoluyla daha erisilebilir hale gelebilecegini
gOstermektedir. Ayrica bu yaklasim, kavramsal netlik ve matematiksel titizligin kritik
oldugu tim STEM alanlarinda genis ¢apl bir uygulama potansiyeline sahiptir.
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Redesigning University Education through Teaching Exams and Group-Based
Learning

Saadet S. Ozer

Istanbul Technical University, Faculty of Science and Letters, Department of
Mathematical Engineering
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Abstract

The proliferation of digital resources such as Al tools, video platforms (e.g.,
YouTube), open courses, and e-book/PDF repositories has made access to
information almost instantaneous and limitless; this situation is radically transforming
the traditional classroom-based understanding of teaching. Bringing students to
classrooms after long journeys is becoming increasingly difficult and meaningless.
Indeed, classrooms all over the world are emptying. It seems inevitable that
“individual-oriented” teaching and assessment models will be replaced by models
based on “group production.” Nowadays, not only individuals who possess
information, but also those who can easily access information, evaluate and apply
the information they reach; who have developed teamwork and production skills;
and who can quickly produce solutions in crisis situations, come to the forefront.
Shaping teaching models at universities in this direction is an urgent need. The
system of reduced class hours parallel to reduced credits, intended to allow students
to devote more time to research and projects, has not achieved its expected goal. At
this point, we propose a “group-based practice-oriented” teaching model together
with a “teaching exam” model. We model group learning by dividing courses into
theoretical and practical parts. In our country, practical hours present only in some
courses and mostly based on example-solving rather than active student
participation, can be expanded to other courses through a collaborative learning
approach using Al and other emerging technologies. Abroad, in my own field of
mathematics, it is observed that almost all courses are conducted with small-group,
student-active models. The biggest obstacles to this model are crowded classes and
the lack of teaching assistants. Abroad, this problem is solved by dividing large
classes into small groups; running parallel practical sessions under the supervision
of PhD students and with “student assistants” selected from upperclassmen who
have successfully completed the course. In our university, the previously widespread
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“student assistant” practice can be revived through the ISKUR Youth Program,
which started last year. Thus, while providing financial and academic support
especially to graduate and senior students, our teaching model will also be
strengthened. In the model | apply in my graduate courses, students form working
groups, submit assignments as a group, and in submission sessions, randomly
selected students present the solution on the board and answer questions from
other students. Submission sessions should ideally be practical sessions conducted
by the assistant. Grading is based half on the submitted work and half on the
presentation and question-answer performance (scored separately for the
questioner and the respondent), thus encouraging active participation and a
discussion environment. In terms of evaluation, | have been applying the “teaching
exam” method for several years. This method is based on the principle that the
exam itself should be a learning process. After completing the exam within the time
given in the classroom, students are allowed to re-solve any questions they wish,
either individually or in communication with each other, using any sources they wish
(including Al) within two days, and resubmit. Thus, the exam becomes part of the
learning process. In the next class, questions are randomly directed to students and
solved on the board through the question-answer method. The paper that student
submitted in class is scanned and sent to them after their resubmission, and they
are asked to make their own evaluation. In this way, learning is reinforced through
mistakes. Grading is carried out by jointly evaluating the first, second submissions,
and the question-answer performance, thereby measuring both the learning and
inquiry process. The scoring of question-answer aims not only at the student’s
learning, but also at their ability to question knowledge, apply it in different
scenarios, and convey it to others.
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Yapay zeka araclari, video platformlari (6r. YouTube), acik dersler ve e-kitap/PDF
arsivleri gibi dijital kaynaklarin yayginlasmasi, bilgiye erisimi neredeyse anlk ve
sinirsiz hale getirmigtir; bu durum, geleneksel derslik temelli 6gretim anlayigini
kokten degistirmektedir. Ogrencileri, uzun yolculuklar yaparak dersliklere getirmek
giderek zor ve anlamsiz hale gelmektedir. Nitekim tum dinyada derslikler
bogsalmaktadir. “Bireye yonelik” 6gretim ve dlgme degerlendirme modellerinin yerini
“gruplar halinde Uretime” dayali modellerin almasi kaginilmaz gérinmektedir. Artik
sadece bilgiye sahip bireyler degil; bilgiye kolayca erigebilen, ulastigi bilgiyi
degerlendirebilen, uygulayabilen; takim calismasi ve Uretme becerisi gelismis; kriz
durumlarinda hizla ¢dzim Uretebilen bireyler 6n plana ¢ikmaktadir. Universitelerde
dgretim modellerinin bu dogrultuda sekillendiriimesi acil bir ihtiyagtir. Ogrencilerin
arastirma ve projelere daha fazla zaman ayirabilmesi amaciyla, azaltiimis krediye
paralel, azaltiimis ders saatleri sistemi beklenen hedefine ulasamadi. Bu noktada,
“‘gruplar halinde uygulama esasl” bir 6gretim modeli ile “6gretici sinav” modelini
birlikte dnermekteyiz. Gruplar halinde 6grenmeyi, dersleri teorik ve uygulama olarak
iki kisima ayirarak modelliyoruz. Ulkemizde sadece bazi derslerde ve cogunlukla
o6grencinin aktif katihmindan c¢cok érnek ¢cdézmeye dayali olan uygulama saatleri,
yapay zeka ve diger gelisen teknolojiler kullanilarak birlikte 6grenme yaklagimi ile
diger bazi derslere de genisletilebir. Yurtdisinda, kendi alanim olan Matematikde de
hemen hemen tim derslerin kigik gruplar halinde ve égrenciyi aktif olarak sirece
katan modellerle yUratildigu goérdlmektedir. Bu modelin éniindeki en blyuk engel
kalabalik siniflar ve yardimci 6gretici eksikligidir. Yurtdisinda bu sorun, kalabalik
dersleri kigUk gruplara bdlerek; paralel uygulama saatlerini doktora édrencilerinin
yonetiminde ve dersi basariyla tamamlamis Ust siniflardan secilen “6grenci
asistanlar’ ile ¢6zilmektedir. Universitemizde, gegmiste yaygin olan “6grenci
asistan” uygulamasi, gectigimiz yil baglayan iskur Genglik Programi ile yeniden
canlandirilabilir. Boylece, 6zellikle yliksek lisans ve son sinif 6grencilerine maddi ve
akademik destek saglanirken, 6gretim modelimiz de guglendirilmig olur. Lisansustu
derslerimde,uyguladigim modelde, 6grenciler ¢calisma gruplari olusturmakta, verilen
Odevleri grup halinde teslim etmekte ve teslim derslerinde rasgele secilen 6grenciler
tahtada ¢6zUm sunmakta, diger 6grencilerin sorularini yanitlamaktadir. Teslim
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dersleri, ideal olarak asistanin yUriattigu uygulama dersi olmalidir. Puanlamasi;
yarisi teslim edilen calismaya, yarisi ise anlatim ve soru-cevap performansina
(soran ve cevaplayan icin ayri ayri) gore yapilmakta, bdylece aktif katilim ve
tartisma ortami tesvik edilmektedir. Olgme-Degerlendirme anlamina ise birkag yildir
"Ogretici sinav" yontemini uygulamaktayim. Bu ydntem, sinavin da bir 6grenme
sureci olmasi ilkesine dayanmaktadir. Sinav, derslikte verilen sire iginde
tamamlandiktan sonra, égdrenciler diledikleri sorulari, ister bireysel ister birbirleri ile
iletisim halinde, diledikleri kaynaklardan (yapay zeka dahil) yararlanarak iki gin
icinde tekrar c¢ozerek teslim etmektedir. Boylece sinav, 6grenme slrecinin bir
parcasina donusgur. Bir sonraki derste, sorular rastgele 6grencilere yoneltimekte ve
soru-cevap yéntemiyle tahtada cozdiriilmektedir. ikinci teslimi yapan égrenciye,
derslikte verdigi ilk kagit taranarak gonderiimekte ve kendi degerlendirmesini
yapmasi istenmektedir. Bdylelikle hatalar Gzerinden 6grenme pekistiriimektedir.
Puanlama; ilk teslim, ikinci teslim ve soru-cevap performansinin birlikte
degerlendiriimesiyle yapilmakta, bdylece hem &grenme hem sorgulama sireci
Olcllmektedir. Soru-cevap puanlanmasi 6grencinin yalnizca 6grenmesini degil;
bilgiyi sorgulayip, farkli senaryolarda uygulayarak baskalarina aktarabilecek
seviyeye gelmesini amaglamaktadir.
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Abstract

According to the “Istanbul Technical University (ITU) Postgraduate Education and
Teaching Regulations, Senate Principles, Courses Section,” it is stated that
“Doctoral students who started their studies in the spring semester of 2022-2023
and thereafter must take and successfully complete one of the courses in the career
development group coded by the Graduate Education Institute (GEI). The courses in
the career development group are coded in the 900 series and are considered
equivalent to each other.” Among the five courses included in this group is the “LEE
904 (Turkish) / 904E (English) Directed Studies Course.” The course content is
defined as “conducting research focused on a specific topic under the supervision of
the instructor and preparing a publication (manuscript, paper, etc.).” In the Fall
Semester of 2024-2025, the total enroliment capacity of the course, which was
offered in Turkish, was 20 students. Following the withdrawal of 2 students, the
course was completed with 15 doctoral and 3 master’s students. Throughout the
course, interactive learning approaches and techniques developed entirely by me
were implemented. Conducted in hybrid format, the course was taught interactively
over 14 weeks. Within the scope of the course, two main resources were studied:
the primary textbook “How to Write and Publish a Scientific Paper,” and as a
supplementary reading, the manuscript “Scientific Publication Ethics Investigations
within the Framework of Administrative Court Decisions.” Each student was
assigned three topics from the primary textbook and four pages from the
supplementary manuscript. Using ITU’s official presentation template, students
prepared and delivered their presentations. The interactive nature of the course was
achieved through my sharing of personal experiences, providing additional insights
and examples, as well as students contributing their own experiences and raising
questions on the subject. After the first 10 students completed their presentations
based on the main textbook, the remaining 10 students were required to summarize
the three or five most important sentences from each of their assigned topics. This
approach fostered further discussion, knowledge exchange, and reinforcement of
the material learned. To ensure application of the concepts, each student was
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assigned tasks requiring them to prepare sections of a paper at Q1 level (according
to SCOPUS), including abstract, introduction, methodology, analysis, discussion,
and conclusion. Student work was evaluated using artificial intelligence and
similarity tests, and regular feedback was provided. | also attended Wiley and
Springer webinars on “How to Write a Manuscript,” particularly focusing on recent
information regarding artificial intelligence (Al) usage, and conveyed these insights
to the students. At the end of the semester, each student was required to submit a
Q1-level manuscript. It was repeatedly emphasized that producing manuscripts at
Q1 standard is a time-intensive process, and students were urged to further refine
their work. In face-to-face discussions at the end of the term, students stated that
the two documents studied had been highly beneficial. Additionally, students were
asked to complete a 20-question, five-choice “Course and Instructor Evaluation
Survey,” along with two open-ended questions requiring comments. Survey results
showed that the instructor was highly effective in both guidance and motivation, that
the course greatly exceeded expectations, and that students improved in academic
writing and research skills. All students expressed satisfaction with the hybrid model.
Detailed, constructive, and timely feedback was frequently highlighted as a major
strength. Students also noted they were supported in achieving challenging goals
such as Q1-level manuscript writing. Some suggested that the course could be
further enriched by incorporating peer-review simulations or comparative analyses of
Q1 manuscripts. As a result, students from 12 different ITU departments enrolled in
the course. Out of 20 students, 2 withdrew. A total of 17 Q1-level manuscripts were
prepared (two siblings collaborated on a single manuscript). A final survey was
conducted to determine whether students intended to submit their manuscripts to
journals. Sixteen students responded (including one of the siblings), and 13
expressed their intention to submit to Q1/Q2-level journals.
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Ozet

“Istanbul Teknik Universitesi (iTU) Lisansustii Egitim ve Ogretim Ydnetmeligi Senato
Esaslari Dersler Bolimi™nde, “Ogrenimine 2022-2023 bahar dénemi ve sonrasinda
baslayan doktora o6grencileri, Lisansisti Egitim Enstitusi (LEE) kodlu kariyer
gelisimi grubunda yer alan derslerden birini alip basarmak zorundadir. Kariyer
gelisimi grubunda yer alan dersler 900 kodludur ve birbirine denktir.” denilmektedir.
Bu grupta yer alan ders sayisi toplam da 5 (bes) olup onlardan biriside “LEE 904
(Turkge) / 904E (ingilizce) Ydnlendirilmis Calismalar / Directed Studies Dersi”dir.
Dersin icerigi ise “Dersi veren Ogretim Uyesinin rehberliginde, belirli bir konuya
odaklanan arastirmanin yuritilmesi ve yayin (makale, bildiri vs.) hazirlanmasi”
olarak tanimlanmigtir. 2024-2025 Guz Dénemi’nde toplam ders kontenjani 20 (yirmi)
ve Turkge olarak acilan bu ders, 2 (iki) 6grencinin dersi birakmasi sonucu doktora
15 (onbes) 6drenci ve ylksek lisans 3 (lg¢) 6grenci olarak tamamlanmistir. Derste
tamamen benim gelistirdigim interaktif 6grenme yaklasimlari ve teknikleri
kullanilmistir. Ders hibrit olarak, 14 (ondoért) hafta boyunca interaktif olarak
islenmistir. Ders kapsaminda birincisi "Bilimsel Bir Makale Nasil Yazilir ve
Yayimlanir" ana ders kitabi olmak Uzere, ikincisi "idari Yargi Kararlari Cergevesinde
Bilimsel Yayin Etigi Sorusturmalan" makalesi yardimci ders konusu olarak
islenmistir. Ana ders kitabindan her bir égrenciye 3 (U¢) konu ve yardimci ders
konusundan da 4 (dort) sayfa olmak lzere konular paylastiriimistir. iTU’'niin resmi
sunum sablonunu kullanarak, &grenciler sunumlarint hazirlaylp sunumlarini
gerceklestirmislerdir.  Sunum  esnasinda 6nemli konularda benim kendi
deneyimlerimi aktarmam, ek bilgi ve drnek vererek arti katki saglamam, égrencilerin
kendi yasadiklari deneyimleri aktarmalari ve konuyla ilgili sorular sormalariyla ders
interaktif olarak islenmistir. Ana kitabin ilk 10 (on) 6grencide bitmesi tzerine, son 10
(on) 6grenciden her 3 (li¢) konunun en 6nemli 3 (Gg)-5 (bes) cimlesini sunmasi
istenmigtir. Bdylece 6grenmis oldugumuz konular Uzerinde daha fazla tartisma, bilgi
aligverisi ve pekistirme yapma imkani dogmustur. Ogrendigimiz konularin
uygulamalarini yapmak Uzere her bir 6grencinin Q1 seviyesinde (SCOPUS’a gbre)
makale yazacak sekilde bir makalede olmasi gereken 6zet, giris, yontem, analiz,
tartisma, sonug gibi bélimlerin hazirlanmasi igin édevler verilmistir. Ogrencilerin
yapmis olduklari ¢alismalarin degerlendiriimesinde yapay zeka ve benzerlik testleri
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yapiimis ve duzenli olarak ogrencilere yaptiklari ¢alismalar igin geri bildirimde
bulunulmustur. Wiley’le ve Springer’in yapmis oldugu “Makale nasil yazilmalidir?”
egitim webinarlarn tarafimdan takip edilmis ve 6zellikle yapay zeka kullanimina ait
son bilgiler 6grencilere tarafimdan aktariimistir. D6nem sonunda proje tesliminde her
dgrenciden Q1 seviyesinde makale teslim edilmesi istenmistir. Ogrencilere dzellikle
Q1 seviyesinde makale yazma surecinin gok zaman aldigi ve 6drencilerin yazdiklari
makaleler Uzerinde daha ¢ok calismalari gerektigi 6zellikle defalarca vurgulanmistir.
Doénem sonunda d6grencilerle yaptigim yiz ylze sohbetlerde ders sureci boyunca
gordikleri bu iki dokiimandan cok faydalandiklarini ifade etmislerdir. Ayrica donem
sonunda 6grencilere 20 (yirmi) soruluk 5 (bes) sikli “Ders ve Ogretim Uyesi
Degerlendirme Anketi” cevaplamalar istenmisti. Bu sorulara ilaveten 2 (iki)
sorulukta yorum yapmalari istenilen sorular da sorulmustur. Anket sonuglari
degerlendiriimesinde; egitmenin ogrencilere hem rehberlik hem de motivasyon
konusunda c¢ok basarili oldugunu, dersin beklentileri fazlasiyla karsiladigini ve
o6grencilerin akademik yazim ile arastirma becerilerinde gelisim sagladigini
g6stermektedir. Tim égrenciler hibrit ders modelinden memnun kalmistir. Ogretim
Uyesinin detayli, yapici ve zamaninda geri bildirimleri 6grenciler tarafindan sikga
vurgulanmistir. Q1 dizeyinde makale yazim gibi zorlayici hedeflere ulasmada
ogrencilerin desteklendigi belirtiimistir. Bazi 6grenciler, ders kapsamina hakemlik
simualasyonlari veya Q1 makale analizi gibi daha fazla uygulama ve karsilastirmal
analizlerin dahil edilmesini Onererek, dersi daha da zenginlestirme Onerilerinde
bulunmuslardir. Sonug olarak; ITU'de ki 12 farkli bélimden dgrenci bu dersi almistir.
20 kisilik siniftan 2 kisi dersi birakmistir. Toplam 17 adet Q1 dizeyinde makale
hazirlandi (2 kisi kardesti, kardesler tek makale yapti). Makaleleri bir dergiye
gOnderip géndermeyeceklerine dair son bir anket daha yapilmistir. Ankete 16 Kisi
katildi (2'si kardes olandan biri katildi), 13 kisi makaleyi Q1/Q2 seviyesinde bir
dergiye gonderecegini ifade etmiglerdir.
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Abstract

This thesis highlights the significant challenges associated with data collection in the
research field, particularly in the context of urban studies and 3D City Information
Modeling (CIM). It emphasizes the need for accurate and cost-effective data to
enable comprehensive analysis and documentation of built environments. The
impact of this research lies in its potential to overcome these challenges using
unmanned aerial vehicle (UAV) technology. By utilizing UAVs for data collection,
high-resolution imagery can be obtained, providing accurate maps and data for the
implementation of 3D city models. This approach may offer strong potential for
integration into graduate education. Courses such as Research Methods for Urban
Design, Urban Planning Project IlI, and Information and Communication
Technologies in Urban Planning already emphasize the importance of analyzing and
understanding the built environment. One of the challenges for students in these
courses is the difficulty of accessing reliable and comprehensive data. Collecting
detailed information on the physical environment, land use, etc. often requires
significant time and resources. This effort can sometimes limit the opportunity for
students to fully concentrate on the main educational objectives of the courses, such
as developing innovative solutions, design strategies, and critical approaches to
urban issues. To address this, the integration of UAVs into the curriculum follows a
structured workflow. Students first receive training on UAV safety and regulations to
ensure responsible practice. They then conduct drone flights to collect spatial data in
designated study areas. The data is processed using photogrammetry software,
where students learn to generate accurate 3D point clouds and mesh models. These
outputs are subsequently applied to urban design and analysis projects, allowing
students to directly connect raw data with applied solutions. Finally, results are
presented and discussed in class, fostering collaboration, peer learning, and critical
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reflection. For evaluation, instructors assess the quality of teamwork and
problem-solving demonstrated throughout the workflow. Project outcomes are also
compared between traditional approaches and UAV-based modeling, highlighting
the added value of this method in terms of accuracy, efficiency, and innovation.
Introducing UAV-based data collection and 3D modeling into these courses could
help address this challenge by providing students with accurate and up-to-date
spatial information. With reliable datasets available, students would be able to focus
more on analysis, development of new concepts, and creative
problem-solving—while also gaining practical skills in data collection,
photogrammetry, and digital modeling. This approach complements the teaching
methods, offering instructors an additional tool to enhance learning outcomes and
engage students in technology-driven practices. Although the study is still in
development, 3D city models created through UAV-based methods can be gradually
enriched with further layers of information, transforming them into City Information
Models (CIM). Such models can serve as educational resources, helping students
better connect theoretical knowledge with practical applications. Ultimately, this
integration strengthens the learning environment by equipping students with
technical, analytical, and collaborative skills that will support their future professional
work.
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Drone Tabanli 3B (3D) Kentsel Bilgi Modellemesine Dogru
Abdalrahman T. Y. Alashi
istanbul Teknik Universitesi, Mimarlik Fakiiltesi, Sehir ve Bolge Planlama Balimii
Danisman: Ozhan Ertekin
istanbul Teknik Universitesi, Mimarlik Fakiiltesi, Sehir ve Bolge Planlama Balimii
Ozet

Bu tez, dzellikle kentsel ¢calismalar ve 3B Sehir Bilgi Modellemesi (CIM) baglaminda,
arastirma alaninda veri toplama ile ilgili 6nemli zorluklari vurgulamaktadir. Yapili
cevrelerin kapsamli bir sekilde analiz edilmesi ve belgelenebilmesi i¢in dogru ve
maliyet acisindan verimli verilere duyulan ihtiyacin altini ¢izmektedir. Bu
arastirmanin etkisi, insansiz hava araci (iHA) teknolojisinin kullanimiyla séz konusu
zorluklarin agiimasinda yatmaktadir. [HAlar araciidiyla yiiksek ¢dzinirlikli
goruntiler elde edilerek 3B sehir modellerinin uygulanmasi i¢in dogru haritalar ve
veriler saglanabilmektedir. Bu yaklasim, lisansustl egitimde entegrasyon agisindan
glcli bir potansiyel tagsimaktadir. Kentsel Tasarimda Arastirma Ydntemleri, Kentsel
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Planlama Projesi Il ve Kentsel Planlamada Bilgi ve iletisim Teknolojileri gibi dersler,
yapili gevrenin analiz edilmesi ve anlasiimasinin dnemini vurgulamaktadir. Ancak bu
derslerde 6grencilerin karsilastigr temel zorluklardan biri, guvenilir ve kapsamli
verilere erisimdir. Fiziksel gevre, arazi kullanimi vb. konularda detayli veri toplamak
¢ogu zaman 6nemli 6lcide zaman ve kaynak gerektirmektedir. Bu ¢aba, 6grencilerin
dersin temel egitim hedeflerine—yenilik¢i ¢dziimler gelistirme, tasarim stratejileri
olusturma ve kentsel sorunlara elestirel yaklasma—yeterince odaklanmalarini
sinirlayabilmektedir. Bu sorunu asmak igin, IHAlarin mifredata entegrasyonu
yapilandiriimis bir is akisi Gzerinden gergeklestiriimektedir. Ogrenciler éncelikle IHA
guvenligi ve mevzuatt konusunda egditim alarak sorumlu uygulamalari
o6grenmektedir. Daha sonra belirlenen ¢alisma alanlarinda mekansal veri toplamak
icin drone uguslari gergeklestirmektedirler. Toplanan veriler fotogrametri yazilimi ile
islenmekte, bdylece 6grenciler dogru 3B nokta bulutlari ve ag (mesh) modelleri
uretmeyi o6grenmektedir. Bu ciktilar, kentsel tasarim ve analiz projelerine
uygulanarak o6grencilerin ham verileri dogrudan pratik ¢ézimlerle iligkilendirmesi
saglanmaktadir. Son olarak, sonuglar sinifta sunulup tartisiimakta; bu sayede
igbirligi, akran Ogrenmesi ve elegtirel degerlendirme tesvik edilmektedir.
Degerlendirme surecinde, egitmenler égrencilerin ekip ¢alismasi ve problem ¢ézme
becerilerindeki basarilarini incelemektedir. Ayrica proje ¢iktilari, geleneksel
yontemlerle Uretilenlerle karsilastinlarak IHA tabanli modellemenin dogruluk,
verimlilik ve yenilik agisindan sagladigi ek deger vurgulanmaktadir. iIHA tabanh veri
toplama ve 3B modelleme ydntemlerinin bu derslere entegre edilmesi, d6grencilere
guncel ve dogru mekansal veriler saglayarak analize, yeni kavramlarin
gelistiriimesine ve vyaratici problem ¢6zmeye daha fazla odaklanma imkani
sunmaktadir. Bunun yaninda, &grenciler veri toplama, fotogrametri ve dijital
modelleme gibi pratik beceriler de kazanmaktadir. Bu yaklasim mevcut 6gretim
yontemlerini tamamlamakta, egitmenlere &grenim ciktilarini glglendirmek ve
ogrencileri teknoloji odakli uygulamalara daha fazla dahil etmek icin ek bir ara¢
sunmaktadir. Her ne kadar galisma halen gelistirime asamasinda olsa da, iIHA
tabanh yontemlerle Uretilen 3B sehir modelleri zamanla ek bilgi katmanlariyla
zenginlestirilerek Sehir Bilgi Modellerine (CIM) dénusturalebilir. Bu tir modeller,
ogrencilerin teorik bilgilerini pratik uygulamalarla daha iyi iliskilendirmelerine olanak
taniyan egitim kaynaklari olarak hizmet edebilir. Sonu¢ olarak, bu entegrasyon,
ogrencileri gelecekteki mesleki yasamlarinda destekleyecek teknik, analitik ve
igbirligine dayali becerilerle donatirken, ayni zamanda surdurulebilir kentsel
gelisimin daha genis hedeflerini de pekistirmektedir.
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Abstract

The climate crisis, as underlined by the Paris Agreement and COP processes,
makes the reduction of CO: emissions one of the most urgent global priorities. In
this context, Carbon Capture, Storage and Utilization (CCSU) technologies are
positioned not only at the heart of climate policy but also at the center of industrial
transformation. However, understanding the potential future impact of these
technologies requires more than their technical dimension; they must also be
evaluated in terms of economic feasibility, investment strategies, and practical
applications. This Learning Station has been designed to introduce CCSU
technologies and emphasize their feasibility studies through literature and real-world
application examples. My MSc thesis focused on the cement industry, particularly on
the utilization of captured CO. for methanol and urea production. Yet, the Learning
Station framework broadens this scope by incorporating literature cases and
industrial practices from other energy-intensive sectors such as energy, chemicals,
and steel. Learning Objectives: -To introduce CCSU technologies to students from
different disciplines, -To examine technical and economic feasibility studies in the
literature, -To evaluate international application examples (e.g., Dalmia Cement,
Norcem Brevik), -To contextualize these technologies within political and economic
frameworks, -To develop participants’ interdisciplinary discussion and
problem-solving skills. Methodology and Implementation: The Learning Station is
structured according to a modular design approach: Planning: Roles (engineer,
investor, policy-maker) are assigned, and learning objectives and outcomes are
clarified. Implementation: Selected literature-based case studies and up-to-date
industrial applications are explored through case analysis. Students engage in
problem-based scenarios to propose solutions, while role-playing exercises allow
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them to experience diverse stakeholder perspectives. Closure: Group presentations
and reflection sessions consolidate the learning outcomes. Learning Outcomes:
Participants will gain an understanding of the technical processes of CCSU, analyze
economic feasibility through literature and practice-based cases, and evaluate the
importance of these technologies within the broader context of climate policy. Why is
this a Good Practice? This approach ensures that students do not only acquire
knowledge, but also critically analyze research findings, international examples, and
practical applications in an integrated manner. By combining these perspectives,
learners develop their own solutions, thus creating an interdisciplinary learning
experience that bridges academia and industry.

iklim Krizi Baglaminda Karbon Yakalama Teknolojileri: Politik, Ekonomik ve
Miihendislik Boyutlarini Birlestiren Ogrenme Deneyimi

Gokee Yalin
istanbul Teknik Universitesi, insaat Fakiiltesi, Cevre Miihendisligi BSlim
Danigman: Vedat Uyak

istanbul Teknik Universitesi, insaat Fakiiltesi, Cevre Miihendisligi Boliimii

Ozet

iklim krizi, Paris Anlasmasi ve COP siireglerinin de ortaya koydugu (izere, kiiresel
Olcekte en acil c¢ozimlerden biri olan CO. emisyonlarinin azaltimini zorunlu
kilmaktadir. Bu noktada Karbon Yakalama, Depolama ve Kullanim (CCSU)
teknoloijileri, yalnizca iklim politikalarinin degil ayni zamanda enduistriyel dénisimuin
de merkezinde yer almaktadir. Ancak bu teknolojilerin gelecekte saglayacagdi etkiyi
anlamak igin yalnizca teknik boyut yeterli degildir; ekonomik fizibilite, yatirim
stratejileri ve uygulanabilirlik érnekleri ile birlikte ele alinmalari gerekmektedir. Bu
0grenme istasyonu, CCSU teknolojilerinin tanitimini  yapmak ve fizibilite
calismalarini literatir ve uygulama 6rnekleriyle vurgulamak amaciyla tasarlanmistir.
Yiksek lisans tezimde ¢imento sektdrine odaklanarak gergeklestirdigim arastirma,
CO:’nin metanol ve Ure Uretiminde degerlendiriimesi lzerine yogunlagsmistir. Ancak
6grenme istasyonu kurgusu, enerji, kimya ve demir-gelik gibi farkl sektdrlerden
literatlir 6rnekleri ve uygulama vakalariyla desteklenerek genisletilmistir. Ogrenme
Hedefleri: -CCSU teknolojilerini  farkli  disiplinlerden &grencilere tanitmak,
-Literatirdeki teknik ve ekonomik fizibilite calismalarini incelemek, -Uluslararasi
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uygulama orneklerini degerlendirmek (6r. Dalmia Cement, Norcem Brevik), -Bu
teknolojilerin politik ve ekonomik baglamda nasil konumlandigini kavratmak,
-Katilimcilara disiplinler arasi tartisma ve problem ¢dzme becerisi kazandirmak.
-Yéntem ve Uygulama: Ogrenme istasyonu, modiiler tasarim yaklasimina gére
yapilandiriimigtir: -Planlama: Roller (muhendis, yatirrmci, politika yapici), 6grenme
hedefleri ve ciktilari belirlenir. Uygulama: Literatirden segilen vaka g¢alismalari ve
glincel uygulama érnekleri vaka analizi formatinda iglenir. Ogrenciler problem tabanl
senaryolarda farkli ¢gozum yollarini tartigir. Rol oynama egzersizleri ile farkli paydas
bakis acilari deneyimlenir. Kapanis: Grup sunumlari ve degerlendirme oturumu ile
dgrenilenler pekistirilir. Ogrenme Ciktilari: Katilimcilar CCSU teknolojilerinin teknik
isleyisini kavrayacak, ekonomik fizibiliteyi literatlir ve uygulama &rnekleriyle analiz
edebilecek ve bu teknolojilerin iklim politikalari baglamindaki énemini
degerlendirebilecektir. Neden lyi Uygulama? Bu yaklasim, dgrencilerin yalnizca bilgi
edinmelerini degil; ayni zamanda mevcut arastirmalari, uluslararasi ornekleri ve
uygulama deneyimlerini bir arada analiz ederek kendi ¢dzimlerini Uretmelerini
saglar. Boylece sanayi ve akademi arasinda kopru kuran, disiplinler arasi bir
o6grenme deneyimi ortaya c¢ikar.

ITU CO-LEARNING LAB T

October 1, 2025 ITU

Istanbul Technical University
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Istanbul Technical University
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ITU Co-Learning Lab 2025 | Online Session

Learning Station (LS) Model: An Introduction with a Digital Stakeholder
Perspective

Click here for Learning Station Design Guide

Emrah Acar', Semra Ahmetolan?
'Istanbul Technical University, Department of Architecture, Faculty of Architecture,
?|stanbul Technical University, Department of Mathematics, Faculty of Science and
Letters

This session provided a general introduction to the Learning Station (LS) model as a
learner-centered and modular framework for designing active learning experiences.
The LS model has been described as structuring learning through interconnected
modules aligned with learning objectives, intended learning outcomes, content
delivery modes, and assessment strategies. In this way, flexibility, co-creation, and
learner agency have been supported across diverse educational contexts.

Within the session scope, the LS model has been discussed in relation to digital
stakeholder platforms, with specific reference to EELISA Connect as an illustrative
example of how multi-actor ecosystems can be enabled to support collaborative and
cross-institutional learning. Alignment has been highlighted between the LS model
and digital platforms through which networking, knowledge sharing, and stakeholder
engagement are facilitated beyond institutional boundaries.

The session has been designed to foster a shared understanding of the LS model
and to clarify its relevance within digitally mediated environments for learning,
collaboration, and ecosystem building.
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Emrah Acar ITU Centre for Excellence in Education (Istanbul Technical University)
Board Member, European Society for Engineering Education — SEFI)

Department of Mathematics
Semra Ahmetolan  Vice Director, ITU Centre for Excellence in Education (Istanbul
Technical University)

Merve Calimli Akgin ITU Centre for Excellence in Education (Istanbul Technical University)

Emine Gorgll Department of Interior Architecture (Istanbul Technical University)
: . Faculty of Aeronautics and Astronautics (Istanbul Technical
Iskender Gokalp ) :

University)
Hale ilkgakin ITU Centre for Excellence in Education (Istanbul Technical University)
Hazal Tasdemir ITU Centre for Excellence in Education (Istanbul Technical University)
Mehmet Aksu ITU Centre for Excellence in Education (Istanbul Technical University)

Glulsen Cebiroglu Department of Artificial Intelligence and Data Engineering (Istanbul
Eryigit Technical University)

Department of Atrtificial Intelligence and Data Engineering (Istanbul

Faik Boray Tek Technical University)

Department of Chemical Engineering

Fatma Seniha Glner Dean, ITU Graduate School (Istanbul Technical University)

Department of Electronics and Communication Engineering

Onur Ferhanoglu Vice Dean, ITU Graduate School (Istanbul Technical University)

Burcak Karagiizel = Department of Textile Engineering
Kayaoglu Vice Dean, ITU Graduate School (Istanbul Technical University)
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Opening Speech
Opening Session

Opening Session

Panel

Prof. Dr. Hasan Mandal, ITU Rector
Emrah Acar, ITU Center for Excellence in Education (ITU CEE)

Yilmaz Akkaya, “Thought after the Co-Learning Lab”

Moderator: Emrah Acar

Panelists: Emre Onur Kahya,Onur Behzat Tokdemir,Huseyin
Simsek, Tolga Candzkan,Hikmet Glltekin, “Learning Transformed
by Atrtificial Intelligence: Current Practices and Future Trends”

Al in Education: Good Practices |
Moderator: Merve Calimli Akgiin

Session 1

Session 2

Ahmed Elgarhy, “An Adaptive Al Framework for Personalized
and Inclusive Learning: Reducing Cognitive Load through
Knowledge Tracing and Explainable Al”

Levent Kuzu, “Applications of Artificial Intelligence in
Undergraduate Environmental Engineering Education”

Al in Education: Good Practices Il

Moderator: Hazal Tagdemir

Session 3

Session 4

Session 5

Onur Behzat Tokdemir, “From Infrastructure to Interface:
Integrating Digital Twins and Al into Civil Engineering Education
for Resilient Futures”

Emmanouil Ekmektsoglou, “Integrating Neural Networks into the
Pedagogy of Music Composition”

Bora Senceylan, Gokhan ince, ibrahim Delen, Nisa Nur
Karabacak, Zeynep Gul Dertli, Hakan Akgay, Bahadir Yildiz
“CLIMA-Tutor: A Game-based, Al-driven Educational Platform for
Enhancing Climate Literacy Among Turkish Middle-school
Students”

Co-Learning Lab Al

30 May 2025

Training of Trainers (ToT) Learning Station Model

mukemmeliyet.i

in@@X

. Ar | mukemmelivet@itu.edu.tr 43



https://mukemmeliyet.itu.edu.tr/
mailto:mukemmeliyet@itu.edu.tr

S | ARTIFICIAL
INTELLIGENCE

AND DATA
ENGINEERING ITU =

ITU CO-LEARNING LAB Al

May 29-30, 2025 T o Egs
Istanbul Technical University ITU

) | GRADUATE
SCHOOL

ITU Co-Learning Lab | Artificial Intelligence
May 29'*, 2025

ITU

CO-LEARNING | Artificial

Intelligince

in@@X

44 mukemmelivet.itu. Ar | mukemmelivet@itu.edu.tr



https://mukemmeliyet.itu.edu.tr/
mailto:mukemmeliyet@itu.edu.tr

&2 | ARTIFICIAL
CENTER FOR 2% | INTELLIGENCE ~ » /7 | GRADUATE

%) | EXCELLENCE 'R | AN ATA l | SCHi
CATION I I l l / RING IT
IN EDU : ENGINEE

Opening Speech

ITU CO-LEARNING LAB Al

May 29-30, 2025 iTﬂ

Istanbul Technical University

Prof. Dr. Hasan Mandal
Istanbul Technical University, Rector

The transformative impact of artificial intelligence (Al) on education has been
examined alongside the increasing urgency for higher education institutions to adapt
to rapidly changing competency demands. Drawing on global workforce projections,
a significant shift expected between 2025 and 2030 has been highlighted, in which
Al and big data competencies are anticipated to surpass analytical thinking as the
most critical skills required by the labour market. While this transition has been
associated with major opportunities, substantial risks have also been
emphasised—particularly the risk of educating students as passive users of Al tools
without the analytical depth required to critically assess, validate, and contextualise
Al-generated outputs.

Within this framing, the central challenge for universities has been positioned not as
whether Al should be integrated into education, but as how it can be meaningfully
embedded into curricula and pedagogical practices without undermining
foundational competencies. Accordingly, the preservation of analytical reasoning,
critical thinking, and problem-solving has been prioritised as an essential safeguard
against overreliance on automated systems. Al has thus been positioned as a
powerful enabler of personalised learning, rather than as a substitute for intellectual
rigour.

Focusing on the strategic role of Istanbul Technical University, the development of
an institutional co-learning ecosystem has been proposed, in which academic units
and individuals are enabled to learn from one another through shared cases,
experiences, and teaching practices. Through the cultivation of a culture of
co-learning, co-working, and co-success, emerging skill demands have been
suggested to be addressed collectively while depth and academic integrity are
maintained.

The keynote has been concluded by framing collaborative learning environments
and practice-oriented workshops as critical mechanisms for translating Al-related
transformations into actionable and sustainable educational strategies aligned with
future competencies.
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ITU Center For Excellence in Education

Emrah Acar', Semra Ahmetolan?

'Istanbul Technical University, Department of Architecture, Faculty of Architecture,
?|stanbul Technical University, Department of Mathematics, Faculty of Science and
Letters

The concept, organisational structure, and implementation strategy of the ITU
Co-Learning Lab can be seen as a flagship umbrella initiative embedded within the
academic calendar of Istanbul Technical University. The initiative is designed to
institutionalise a culture of co-learning by moving beyond discourse and by
developing concrete platforms, spaces, and tools through which stakeholders are
enabled to learn together within an integrated educational ecosystem.

The Co-Learning Lab is structured around two complementary strategic dimensions.
In the first dimension, emphasis is placed on the identification, documentation, and
dissemination of pedagogical innovations and good practices emerging across
disciplines within the university, through a design that remains open to external
stakeholders. In the second dimension, a tangible bridge between research and
teaching is established through the filtering of innovative tools, methods, and
approaches developed during postgraduate research and their reintegration into
educational practice as scalable learning models.

Operationally, the initiative is organised through an annual flagship event held prior
to each academic year, complemented by a series of shorter and agile thematic
cycles conducted throughout the year. These cycles—addressing topics such as
artificial intelligence and gamification—have been positioned as pilot environments
in which new concepts are tested and refined. A core objective is to prevent the loss
of institutional knowledge which has been addressed through the systematic capture
of outputs and experiences from all activities and their annual consolidation into a
proceedings book, thereby strengthening institutional memory.

Finally, the experimental “laboratory” component can be described as introducing
participants to the Learning Stations methodology—an active, modular, and
user-oriented learning model through which the design and enhancement of learning
experiences are supported. Through guided design support and open participation
mechanisms, we position the Co-Learning Lab as a sustainable institutional
framework through which pedagogical innovation is translated into shared practice
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Thought after the Co-Learning Lab
Yilmaz Akkaya

Istanbul Technical University, Faculty of Civil Engineering, Department of Civil
Engineering

A Science Communication workshop delivered within the framework of the
Co-Learning Lab and facilitated by Yiimaz Akkaya has been reflected upon as an
illustrative case of Co-Learning Lab implementation in an interdisciplinary and
societally relevant topic area. Conducted in September, the workshop has been
positioned as a concrete example of how the Co-Learning Lab model can be
operationalised beyond disciplinary boundaries. The session has been designed to
translate science communication activities into a structured learning module and has
been developed through collaboration between the ITU Center for Excellence in
Education and the Science and Engineering Communication Office at Istanbul
Technical University.

Key characteristics associated with the Co-Learning Lab approach have been
highlighted through the workshop design, including a modular structure, a flexible
toolset, and a learner-centred orientation through which participants are moved from
passive listening toward active contribution in the learning process. Participation has
been reported from a wide range of faculties and institutes—including engineering,
economics, and the conservatory—through which a genuinely interdisciplinary
learning environment has been formed and rich discussion as well as collective
knowledge construction has been fostered.

A distinctive element of the workshop has been described as the integration of
artificial intelligence as an active team member. Rather than being used as a
standalone tool, Al has been embedded into group work, and Al-generated inputs
have been questioned, interpreted, and refined through disciplinary perspectives.
Through this process, critical engagement has been strengthened and the
transformation of information into shared understanding has been supported. The
workshop has been concluded with cross-group knowledge sharing, through which
reflection and collective learning have been reinforced.

Overall, the experience has been presented as demonstrating that the Co-Learning
Lab model offers an effective, inclusive, and motivating framework for science
communication education. By promoting interaction, interdisciplinarity, and active
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participation, meaningful contribution has been made to the broader goal of fostering
a knowledge-based society through collaborative learning practices.

Panel: Learning Transformed by Artificial Intelligence: Current Practices and
Future Trends

Moderator: Emrah Acar
Istanbul Technical University, Department of Architecture, Faculty of Architecture

Panelists: Emre Onur Kahya', Onur Behzat Tokdemir?, Hiiseyin Simsek?®, Tolga
Candzkan*, Hikmet Giiltekin®

"Istanbul Technical University, Department of Physics, Faculty of Science and
Letters, ?Istanbul Technical University, Department of Civil Engineering, Faculty of
Civil Engineering, *Founder of Edit A.S. and Qulak Learning Development,
“Co-Founder, Crane Technology, ®Istanbul Technical University, Department of
Artificial Intelligence and Data Engineering, Faculty of Computer and Informatics
Engineering

This panel synthesis examines the transformative impact of artificial intelligence (Al)
on education, highlighting emerging opportunities, structural challenges, and
strategic implications for higher education. The discussion addressed fundamental
shifts in the nature of learning and teaching, declining student engagement in
traditional instructional models, the redefinition of expertise and future workforce
competencies, and ethical and equity-related concerns associated with Al-driven
educational systems. Panelists emphasized that Al enables just-in-time learning and
scalable personalization, challenging memorization-based pedagogies while
simultaneously raising concerns about cognitive superficiality and overreliance on
automated outputs. Widespread declines in class attendance were interpreted as a
signal that instructor-centred models no longer meet the expectations of digitally
fluent learners, who increasingly prefer collaborative, project-based, and
challenge-driven learning environments where they can exercise agency and
produce tangible outcomes. The discussion further explored how Al disrupts
traditional pathways of expertise development by automating routine and entry-level
tasks, effectively reshaping the “expert pipeline.” While some panelists highlighted
the growing importance of human-centred and collaborative skills, others argued
that deep technical expertise combined with Al fluency will increasingly differentiate
high performers. Across perspectives, the preservation of analytical reasoning,
critical judgment, and reflective capacity was identified as a non-negotiable
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educational priority. Addressing systemic issues, the panel called for a cultural shift
away from error-averse, exam-driven education toward learning environments that
normalize experimentation, learning from failure, and process-oriented assessment.
Universities were urged to evolve from knowledge-transmission institutions into
collaborative ecosystems that cultivate co-learning, co-creation, and collective
problem solving. Within this framework, initiatives such as the Co-Learning Lab at
Istanbul Technical University were highlighted as promising models for aligning
educational practice with the realities of an Al-shaped future.

ITU CO-LEARNING LAB Al

May 29-30, 2025 ITU

Istanbul Technical University
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Implementation of Al in Education
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Applications of Artificial Intelligence in Undergraduate Environmental
Engineering Education

S. Levent Kuzu
Istanbul Technical University, Faculty of Civil Engineering, Department of
Environmental Engineering

(D&)<

Abstract

This study explores the potential uses of Artificial Intelligence (Al) in environmental
engineering and details its incorporation into undergraduate environmental
engineering education. Through a thorough and practical approach, the course
material combined a literature review, theoretical background, mathematical
foundations, and Python-based applications to show how Al can be used in
students' future professional careers.

The definitions of Al, machine learning (ML), and deep learning (DL), as well as an
explanation of their distinctions, were presented in the first phase. The literature on
Al, ML, and DL applications in environmental engineering was then reviewed, with
examples including environmental risk analysis, wastewater treatment, and air
quality prediction. Next, the theoretical underpinnings of artificial neural networks
(ANNs), the building blocks of artificial intelligence, were discussed. Using a
feedforward network structure and the backpropagation algorithm, numerical
examples were solved on the board to illustrate the learning process. The learning
algorithm used was the gradient descent method, and examples were provided to
demonstrate the error backpropagation mechanism. For assessing model
performance, statistical measures like R?, RMSE, and MAE were presented, and
their function in model selection was examined. After these theoretical sessions, all
of the concepts were put into practice using Python in real-world applications.
Students used actual environmental datasets to write scripts for supervised and
unsupervised learning approaches. In the last phase, image processing applications
that used real visual data for object detection and classification introduced deep
learning.

According to preliminary feedback, students' confidence and level of engagement
with Al tools has significantly increased. By the end of the module, students felt
more equipped to comprehend and apply Al models related to environmental issues,
according to their informal feedback. A structured questionnaire administered at the
end of the semester is expected to provide objective evidence regarding student
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satisfaction and learning outcomes. From the instructor’s perspective, a moderate
level of preparation was required, particularly in terms of organizing datasets and
developing sample scripts. The course materials were designed to be modular and
adaptable. Therefore, instructors with a basic understanding of Al and Python can
implement similar applications in other engineering or science disciplines with
minimal additional effort. This approach demonstrates that integrating Al into
discipline-specific, application-focused learning environments can be both effective
and scalable.

Cevre Miihendisligi Lisans Egitiminde Yapay Zeka Uygulamalari

S. Levent Kuzu
istanbul Teknik Universitesi, insaat Fakiiltesi, Cevre Miihendisligi BSlim
Ozet

Bu ¢alisma, cevre mihendisligi lisans egitimine yapay zeka (YZ) temelli tekniklerin
entegrasyonunu tanitmakta ve bu kapsamda olasi kullanim alanlarini
aciklamaktadir. Ders igerigi; 6grencilerin YZ'yi gelecekteki meslek yasamlarinda
nasil kullanabileceklerini gdstermek amaciyla, literatlir taramasi, teorik altyapi,
matematiksel temeller ve Python tabanl uygulamalari butincul ve uygulamal bir
yaklasimla bir araya getirmistir.

ilk asamada YZ, makine égrenmesi (ML) ve derin égrenme (DL) kavramlari
tanimlanmis ve aralarindaki farklar aciklanmigtir. Ardindan cevre muhendisligi
alaninda YZ, ML ve DL uygulamalarina dair literatlir incelenmis; cevresel risk analizi,
atiksu arntimi ve hava kalitesi tahmini gibi 6érnekler sunulmustur. Daha sonra YZ'nin
yapi taslarindan biri olan yapay sinir aglarinin (YSA) teorik temelleri ele alinmistir.
ileri beslemeli ag yapisi ve geri yayilim algoritmasi kullanilarak tahtada sayisal
ornekler ¢ozlilmus ve 6Jrenme sireci gosterilmigtir. Ogrenme algoritmasi olarak
"gradyan azalma" yontemi kullaniimig, hata geri yayilim mekanizmasi orneklerle
aciklanmistir. Model performansini degerlendirmek icin R?2, RMSE ve MAE gibi
istatistiksel olgutler tanitiimis ve bu délgutlerin model segimindeki roll agiklanmistir.
Bu teorik oturumlarin ardindan tim kavramlar, Python programlama dili ile gergek
diinya uygulamalari Uzerinden pratige dokilmistir. Ogrenciler, denetimli ve
denetimsiz 6grenme yaklasimlari igin gercek cevresel veri setleriyle scriptler
yazmistir. Son asamada, gercek gorsel verilerle nesne tespiti ve siniflandirma
uygulamalari gerceklestirilerek derin 6grenmeye gegis yapilmistir.

On degerlendirmelere gore, dgrencilerin YZ araclarina yonelik 6zglvenleri ve
katilmlari 6nemli 6lgude artmistir. Modul sonunda yapilan resmi olmayan geri

in@@X

52 mukemmeliyet.itu. Ar | mukemmelivet@itu.edu.tr



https://mukemmeliyet.itu.edu.tr/
mailto:mukemmeliyet@itu.edu.tr

ARTIFICIAL
INTELLIGENCE o+ s /f\‘\ GRADUATE

(i)
AND DATA
ENGINEERING ITU \\\/j seroot

ITU CO-LEARNING LAB Al
May 29-30, 2025
Istanbul Technical University

2\ | CENTER FOR
EXCELLENCE

bildirimler, 6grencilerin ¢cevresel sorunlarla ilgili YZ modellerini anlama ve uygulama
konusunda kendilerini daha donanimli hissettiklerini gdstermektedir. Dénem
sonunda uygulanacak yapilandiriimis anket formu, 6grenci memnuniyeti ve 6grenme
ciktilari hakkinda nesnel veriler saglayacaktir. Ogretim Uyesi agisindan bakildiginda,
Ozellikle veri setlerinin organize edilmesi ve érnek scriptlerin gelistiriimesi agisindan
orta duzeyde bir hazirlik sdreci gerekmisti. Ders materyalleri moduler ve
uyarlanabilir sekilde tasarlanmigtir. Bu nedenle, YZ ve Python hakkinda temel bilgiye
sahip egitmenler, benzer uygulamalari diger muhendislik veya fen disiplinlerine
asgari ek cabayla uyarlayabilir. Bu yaklasim, disipline 6zgl, uygulama odakli
6grenme ortamlarinda YZ'nin entegrasyonunun hem etkili hem de &lgeklenebilir
oldugunu gostermektedir.
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From Infrastructure to Interface: Integrating Digital Twins and Al into Civil
Engineering Education for Resilient Futures

Onur Behzat Tokdemir
Istanbul Technical University, Faculty of Civil Engineering, Department of Civil
Engineering

PHELO®

Abstract

The increasing complexity of infrastructure systems amid climate change,
urbanization, and disaster risk necessitates a radical transformation of engineering
education. This study presents an interdisciplinary educational framework integrating
Digital Twin (DT) technologies and Artificial Intelligence (Al) to enhance civil
engineering curricula with real-world, data-rich, and resilience-oriented content.
Digital Twins of urban assets, such as earthquake-prone buildings, transportation
corridors, and water infrastructure, simulate structural performance, asset
degradation, and response to extreme events. Al models are embedded to support
predictive analysis, decision-making, and optimization under uncertainty. This
integration enables students to engage with complex systems thinking, experience
data-informed planning, and develop competencies aligned with Industry 5.0. The
framework builds on expertise from the EU-funded DIGITWINS4CIUE project, where
graduate-level modules were co-developed across European universities to teach
infrastructure-focused Digital Twin applications. Lessons from this initiative offer a
foundation for adapting such content into civil engineering curricula level. The
outcome is a scalable, adaptable educational model that fosters digital literacy,
critical thinking, and engineering ethics among future professionals, contributing to
the broader vision of sustainable, resilient, and technologically integrated learning
environments in civil engineering.
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Altyapidan Ara yiize: Siirdiiriilebilir Gelecekler icin Yapi Mithendisligi
Egitiminde Dijital ikiz ve Yapay Zeka Entegrasyonu

Onur Behzat Tokdemir
istanbul Teknik Universitesi, ingaat Fakdltesi, ingaat Miihendisligi Bélimii

Ozet

iklim degisikligi, kentlesme ve afet riski baglaminda altyapi sistemlerinin artan
karmasikhgdi, muhendislik egitiminde kokll bir doniguimi zorunlu kilmaktadir. Bu
calisma, insaat mihendisligi mifredatini gercek veriye dayali, uygulamali ve direng
odakli igerikle zenginlestirmek amaciyla Dijital ikiz (Di) teknolojileri ile Yapay Zeka
(YZ) uygulamalarini entegre eden disiplinler arasi bir egitim ¢ergevesi sunmaktadir.
Depreme acik binalar, ulasim koridorlari ve su altyapisi gibi kentsel varliklarin dijital
ikizleri; yapisal performans, varlik bozulmasi ve asirn olaylara verilen tepkileri
benzetim etmektedir. YZ modelleri, belirsizlik altinda tahmine dayali analiz, karar
destek ve optimizasyon sureclerini desteklemek amaciyla bu yapiya entegre
edilmistir. Bu entegrasyon, 6grencilerin karmagik sistemleri analiz etmesini, veriye
dayali planlama yapmasini ve Endustri 5.0 ile uyumlu yetkinlikler gelistirmesini
saglamaktadir. Bu cerceve, Avrupa Universiteleriyle birlikte gelistirilen ve altyapi
odakli dijital ikiz uygulamalarinin 6gretildigi lisanststi moddulleri kapsayan
DIGITWINS4CIUE projesindeki deneyime dayanmaktadir. Bu girisimden elde edilen
dersler, benzer igerigin insaat muihendisligi muifredatina dlg¢eklenebilir bigimde
uyarlanmasi icin bir temel sunmaktadir. Elde edilen sonug, dijital okuryazarlig,
elestirel distinmeyi ve muhendislik etigini tesvik eden; sirddrulebilir, direngli ve
teknolojiyle butlnlesik bir 6grenme ortami vizyonuna katki saglayan dlgeklenebilir ve
uyarlanabilir bir egitim modelidir.
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Integrating Neural Networks into the Pedagogy of Music Composition

Emmanouil Ekmektsoglou
Istanbul Technical University, Turkish Music State Conservatory, Department of
Composition and Sound Arts

HELHO®

Abstract

"Outside-time sketch" offers an innovative pedagogical framework for teaching live
electroacoustic composition, integrating human performance with algorithmically
controlled sound processing. At the heart of this pedagogical approach is a
custom-built Max for Live patch, designed to transform instrumental input in real time
through multi-layered randomization strategies. By combining the unpredictability of
algorithmic processes with the coherence of musical expression, this project
encourages students to engage deeply with the interplay between technology and
musical creativity. The system employs Max’s “drunk” object to introduce
semi-structured modulation in delay parameters, allowing for gradual vyet
unpredictable sonic transformations. In addition, the integration of a neural network
brings a layer of artificial intelligence into the process, offering emergent,
non-deterministic behaviors that respond to live performance. This combination of
randomization and Al creates a dynamic environment where students can explore
how algorithmic systems shape their sound output in real time, while still maintaining
a sense of coherence and musicality. The graphic score associated with
"Outside-time sketch" is intentionally abstract, moving away from traditional musical
notation in favor of visual representations of gesture and movement. This aligns with
Xenakis’s concept of "outside-time" structures - offering a temporal experience that
is not confined by conventional rhythmic or metrical structures. By removing these
constraints, the score invites students to experience sound more intuitively, allowing
for greater freedom in interpretation and performance. This novel use of notation
fosters an approach to musical composition where the focus shifts from precise pitch
and rhythm to the exploration of sound itself, its textures, and its evolution over time.
As an educational tool, "Outside-time sketch" promotes a project-based and
research-based learning methodology. It encourages students to construct their own
compositional environments, build algorithms for sound transformation, and interpret
abstract scores through hands-on experimentation. This methodology allows
students to actively engage in the creative process, combining technical skills with
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compositional thinking. The project-based aspect fosters a sense of ownership and
encourages students to experiment with Al tools, providing a valuable learning
experience in both coding and composition. Moreover, by incorporating
research-based learning, students are asked to reflect critically on the aesthetic and
theoretical implications of Al in music, broadening their understanding of
contemporary compositional practices. Through this framework, students also
explore the adaptability of the system to various instruments, sound processing
tools, and neural network configurations. The system’s open-ended nature supports
further experimentation, making it a valuable tool for both live performance and the
manipulation of fixed media works. Ultimately, "Outside-time sketch" offers a new
pedagogical approach to music composition - one that integrates the use of Al as
both a tool for creative expression and a subject of critical inquiry, fostering students'
technological fluency and compositional innovation.

Muzik Kompozisyonu Egitimine Sinir Aglarinin Entegrasyonu

Emmanouil Ekmektsoglou
istanbul Teknik Universitesi, Tirk Mizigi Devlet Konservatuari, Kompozisyon ve Ses
Sanatlari Bélimu

"Outside-time sketch", insan performansini algoritmalik olarak kontrol edilen ses
isleme ile birlegtirerek canh elektroakustik kompozisyon dgretimi icin yenilik¢i bir
pedagojik cerceve sunmaktadir. Bu pedagojik yaklasimin merkezinde, enstrimantal
girigi gercek zamanl olarak ¢ok katmanli rastgelelestirme stratejileriyle donusturmek
icin tasarlanmis 6zel bir Max for Live yamasi bulunmaktadir. Algoritmik slireglerin
ongorulemezligini, mizikal ifadenin tutarlihdi ile birlestirerek, bu proje 6grencilerin
teknoloji ile mudzikal yaraticilik arasindaki etkilesime derinlemesine katiimalarini
tesvik eder. Sistem, Max'in “drunk” objesini kullanarak gecikme parametrelerinde
yari yapisal modulasyonlar getirir, bdylece yavas ama 6ngoérilemez ses donugumleri
saglar. Ayrica, bir sinir agi entegrasyonu, surece yapay zeka katmani ekleyerek,
canli performansa yanit veren ortaya ¢ikan, deterministik olmayan davranislar sunar.
Rastgelelestirme ve yapay zekanin bu birlesimi, égrencilerin algoritmik sistemlerin
gercek zamanl olarak ses ¢iktisini nasil sekillendirdigini kesfetmelerini saglayan
dinamik bir ortam yaratirken, yine de tutarlilik ve mazikalite duygusunu korur.

"Outside-time sketch" ile iligkilendirilen grafik notasyon, kasith olarak soyut olup,
geleneksel muzik notasyonundan uzaklasarak jest ve hareketin gorsel temsillerine
odaklanir. Bu, Xenakis'in "outside-time" yapilarini kavramsal olarak yansitarak,
geleneksel ritmik ya da metrik yapilara bagh olmayan bir zaman deneyimi sunar. Bu
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kisitlamalari ortadan kaldirarak, notasyon, &6grencilerin sesle daha sezgisel bir
sekilde deneyimlemelerini tesvik eder, bdylece yorumlama ve performans
konusunda daha buyilk bir 6zgurlik saglar. Bu yenilikgi notasyon kullanimi, mizik
kompozisyonuna yaklasimi, dogru pitch ve ritimden, sesin kendisinin, dokularinin ve
zaman igindeki evriminin kegfine kaydirir. Egitimsel bir arag¢ olarak, "Outside-time
sketch" proje tabanli ve arastirma tabanh 6grenme metodolojisini tegvik eder.
Ogrencilerin kendi kompozisyonel ortamlarini insa etmelerini, ses donisimi igin
algoritmalar gelistirmelerini ve soyut notalari uygulamali deneylerle yorumlamalarini
saglar. Bu metodoloji, 6grencilerin yaratici surece aktif katihmini tesvik ederek,
teknik becerilerle kompozisyonel disinmeyi birlestirmelerine olanak tanir. Proje
tabanli yaklasim, égrencilere sahiplenme duygusu kazandirir ve yapay zeka araclari
ile deneme yapmalarini tesvik ederek, hem kodlama hem de kompozisyon
konusunda degerli bir 6grenme deneyimi sunar. Ayrica, arastirma tabanli 6grenmeyi
dahil ederek, 6grencilere muzikteki yapay zekanin estetik ve teorik etkileri Gzerinde
elestirel daslinmelerini saglar ve ¢agdas kompozisyonel pratiklere dair anlayislarini
genisletir. Bu cerceve araciligiyla, égdrenciler sistemin c¢esitli enstrimanlara, ses
isleme araglarina ve sinir agi yapilandirmalarina uyarlanabilirligini kesfeder.
Sisteminin acik uglu dogdasi, daha fazla denemeye olanak tanir, bu da hem canl
performans hem de sabit medya eserlerinin islenmesi icin dederli bir ara¢ haline
getirir. Sonug¢ olarak, "Outside-time sketch", muzik kompozisyonuna yeni bir
pedagojik yaklasim sunar - bu, yapay zekanin hem vyaratici ifade araci hem de
elestirel sorgulama konusu olarak kullanimini entegre ederek, 6grencilerin teknolojik
okuryazarhgdini ve kompozisyonel yenilikgiligini gelistiren bir yaklagim.
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CLIMA-Tutor: A Game-based, Al-driven Educational Platform for Enhancing
Climate Literacy Among Turkish Middle-school Students

Hakan Akgay', Zeynep Giil Dertli?, Nisa Nur Karabacak', Bora Senceylan®, ibrahim
Delen’, Gokhan ince®, Bahadir Yildiz*

'Bogazigi University, Faculty of Education, Department of Mathematics and Science
Education, 2Istanbul Aydin University, Faculty of Education, Department of
Elemantary Mathematics Education, ®Istanbul Technical University, Faculty of
Computer and Informatics Engineering, Department of Computer Engineering,
“Hacettepe University, Faculty of Education, Department of Mathematics and
Science Education

PHELWO®

Improving climate literacy is crucial for empowering young learners to engage
proactively with contemporary environmental challenges. CLIMA-Tutor, a
TUBITAK-supported educational initiative, addresses this need by integrating
advanced artificial-intelligence (Al) technologies and game-based learning
methodologies to create interactive learning experiences for middle-school students
(grades 6-8) in Turkey. This innovative educational platform targets key
climate-related domains—Water, Environment, Energy, and Agriculture—through
engaging conversational interactions with Al-driven virtual mentors, each
representing one of these specific fields. The primary learning objectives of the
CLIMA-Tutor platform are to improve students’ understanding of climate-change
concepts, foster critical thinking and inquiry-based dialogues, and promote sustained
student engagement through immersive learning experiences. The system currently
operates as a three-layered architecture: a server hosting a pre-trained
general-purpose large language model (LLM), a Unity-based Android mobile
application that provides distinct conversational chat interfaces for each specialized
mentor, and a PostgreSQL database (managed via Supabase) that securely handles
user authentication, data collection, and storage. Communication between the
mobile application and the server-side LLM is maintained through secure HTTP
requests, ensuring efficient, real-time interactions. To date, the platform has been
piloted in 28 classrooms across Turkey, engaging 506 middle-school students and
accumulating 2,520 chat interactions, demonstrating significant student interest and
participation. Although detailed analysis is forthcoming, preliminary interactions
suggest high engagement and potential improvements in climate-concept
comprehension; planned evaluation will use pre/post testing and rubric-based chat
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analyses to quantify knowledge gains and attitudinal shifts. Teachers and
administrators utilize an intuitive web-based administrative panel, deployed through
GitHub Pages, to securely access, filter, and download student interaction data at
both classroom and individual student levels, enhancing the pedagogical
transparency and usability of the platform. The next phase of the CLIMA-Tutor
project includes substantial methodological enhancements. The LLM will be
fine-tuned utilizing parameter-efficient methods such as QLoRA/LoRA, thus
optimizing model performance specifically for climate-related educational content in
Turkish. Retrieval-augmented generation (RAG) methods will be employed to
provide precise, contextually accurate information. Additionally, the mobile
application will be upgraded to dynamically launch relevant simulations, videos, or
images based on conversational cues, further deepening engagement and
understanding. Message tracing and tagging will be implemented to generate
personalized feedback, adaptive chatbot interactions and targeted teaching
directions, thus supporting differentiated instruction and individualized learning
experiences. Because CLIMA-Tutor’'s modular stack—containerised LLM service,
REST API, Unity client, and role-based Supabase analytics can be redeployed with
minimal code changes, it readily scales to undergraduate and graduate coursework
at ITU; replacing the climate corpus with discipline-specific content enables
code-review tutoring in computer engineering, design support in mechanical
engineering, or guidance in interdisciplinary capstone projects. Mentor personae can
be recast as expert advisors, and the message-tracing pipeline provides
ABET-aligned formative feedback suitable for flipped-classroom, studio, or seminar
contexts. By uniting conversational Al, adaptive personalisation, and interactive
multimedia within a coherent game-based framework, CLIMA-Tutor offers a
transferable, robust model that meets Turkish higher-education standards, aligns
with global STEM-pedagogy best practices, and advances SDG 4 on quality
education.
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CLIMA-Tutor: Tiirk Ortaokul Ogrencilerinin iklim Okuryazarligini Gelistirmeye
Yonelik Etkilesimli, Yapay Zeka Destekli Egitim Platformu

Hakan Akgay', Zeynep Giil Dertli?, Nisa Nur Karabacak', Bora Senceylan®, ibrahim
Delen’, Gokhan ince®, Bahadir Yildiz*

'Bogazigi Universitesi, Egitim Fakdltesi, Matematik ve Fen Bilimleri Egitimi BoIGm(i,
%jstanbul Aydin Universitesi, Egitim Fakiiltesi, ilkdgretim Matematik Ogretmenligi
Bolimii, %istanbul Teknik Universitesi, Bilgisayar ve Bilisim Fakiiltesi, Bilgisayar
Muhendisligi Bolumu, “Hacettepe Universitesi, Egitim Fakiiltesi, Matematik ve Fen
Bilimleri Egitimi BOIUmU

iklim okuryazarhginin gelistirimesi, geng égrencilerin gagdas cevre sorunlarina
proaktif bir sekilde katilabilmeleri icin gok dnemlidir. TUBITAK destekli bir egitim
girisimi olan CLIMA-Tutor, bu ihtiyaci, gelismis yapay zeka (Al) teknolojileri ve oyun
tabanli 6grenme metodolojilerini birlestirerek Turkiye'deki ortaokul 6grencileri (6-8.
siniflar) igin etkilesimli 6grenme deneyimleri yaratarak karsilamaktadir. Bu yenilikgi
egitim platformu, YZ destekli mentorlarla ilgi gekici sohbetler yoluyla iklimle ilgili
temel alanlari (su, ¢evre, enerji ve tarim) hedeflemektedir. Her mentor, bu alanlardan
birini temsil etmektedir. CLIMA-Tutor platformunun temel 6grenme hedefleri,
ogrencilerin iklim dedisikligi kavramlarini daha iyi anlamalarini saglamak, elestirel
distiinme ve sorgulamaya dayali diyaloglari tesvik etmek ve sirlkleyici 6grenme
deneyimleri yoluyla &6grencilerin katihmini desteklemektir. Sistem su anda u¢
katmanli bir mimariyle ¢galismaktadir: biyuk dil modeli (LLM) barindiran bir sunucu,
her bir uzman mentora ayri sohbet arayuzleri saglayan Unity tabanli bir mobil
uygulama ve kimlik dogrulama, veri toplama ve depolamayi givenli bir sekilde
gerceklestiren bir PostgreSQL veritabani (Supabase). Mobil uygulamayla sunucu
tarafindaki LLM arasindaki iletisim, HTTP istekleri ile strdurtlerek gergek zamanl
etkilesimler saglanmaktadir. Bugline kadar, platform Turkiye genelinde 28 sinifta
pilot olarak uygulanmig, 506 ortaokul édrencisi katilim géstermis ve 2.520 sohbet
etkilesimi gergeklesmistir. Bu, dgrencilerin platformla ilgisini ve katihmini ortaya
koymaktadir. Analizler henitiz tamamlanmamis olmakla birlikte, 6n etkilesimler
yiksek katilim oldugunu gostermektedir. Planlanan degerlendirmede, bilgi
kazanimlarini ve tutum degisikliklerini dlgmek icin testler ve rubrik tabanli sohbet
analizleri kullanilacaktir. Ogretmenler ve yoneticiler, GitHub Pages araciliiyla
dagitilan bir web tabanli yonetim paneli kullanarak, hem sinif hem de bireysel
ogrenci dizeyinde 6grenci etkilesim verilerine glvenli bir sekilde erisebilmekte,
bunlar filtreleyebilmekte ve indirebilmektedir. Bdylelikle platformun pedagojik
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seffafligi ve kullanilabilirligi artirilmaktadir. CLIMA-Tutor projesinin sonraki asamasi,
onemli metodolojik iyilestirmeler icermektedir. LLM, QLoRA/LoRA gibi parametre
verimli yontemler kullanilarak ince ayar iglemlerinden gececek ve bdylece model
Tarkce iklimle ilgili egitim icerigi icin optimize edilecektir. Geri Cagirma Destekli
Uretim (RAG) vyontemleri, baglamsal olarak dogru bilgiler saglamak igin
kullanilacaktir. Ayrica, mobil uygulama, mesaijlara gore ilgili simalasyonlari, videolari
veya goérintuleri dinamik olarak bagslatacak sekilde gelistirilecek ve boylelikle
o6grencilerin anlayisi daha da derinlestirilecektir. Kisisellestiriimis geri bildirim,
uyarlanabilir chatbot etkilesimleri ve hedefe yonelik 6gretim talimatlari olusturmak
icin mesaj izleme ve etiketleme uygulanacak ve bdylece farkhlagtirilmis 6gretim ve
bireysellestirilmis 6grenme deneyimleri desteklenecektir. CLIMA-Tutor'un moddler
yapisi (LLM hizmeti, REST API, Unity istemcisi ve Supabase analitigi) minimum kod
degisikligiyle iTU'deki lisans ve lisansiistii derslere kolayca dlgeklendirilebilir; iklim
bilgisinin disiplinlere 6zgu icerikle degistiriimesi, bilgisayar mihendisliginde kodlama
danismanhdi, makine mihendisliginde tasarim destegi veya disiplinler arasi
projelerde rehberlik saglamak icin kullanilabilir. Mentor kigilikler, uzman danigsmanlar
olarak yeniden sekillendirilebilir ve mesaj izleme sireci, ters yiz 6grenme, stidyo
veya seminer ortamlarina uygun ABET uyumlu bigimlendirici geri bildirim
saglayabilmektedir. Diyalog tabanh YZ, uyarlanabilir kisisellestirme ve etkilesimli
Ozellikleri tutarli bir oyuna dayali gerceve icinde birlestiren CLIMA-Tutor, Turk
yiuksekdgretim standartlarini karsilayan, kiresel STEM pedagojisi ile uyumlu ve
kaliteli egitimle ilgili Surdurilebilir Kalkinma Hedefi 4'G destekleyen, sistematik bir
model sunmaktadir.
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Section 2:
From Theses to Al-Enhanced Learning
Experiences
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Istanbul Technical University
An Adaptive Al Framework for Personalized and Inclusive Learning: Reducing
Cognitive Load through Knowledge Tracing and Explainable Al

GRADUATE
SCHOOL

Ahmed Elgarhy
Istanbul Technical University, Graduate School, Big Data and Business Analytics
Supervisor: Mehmet Yasin Ulukus
Istanbul Technical University, Faculty of Management, Department of Industrial
Engineering

&)

Abstract

This research proposes an adaptive Al framework for personalized learning that
guides learners through dynamic knowledge paths to reduce cognitive load and
enhance engagement. The system is built on four integrated components: a Data
Collection Layer, a Knowledge Tracing Engine, an Adaptive Sequencing Layer, and
an Explainable Al Layer, each contributing to real-time, transparent, and scalable
personalization. The Data Collection Layer captures learner activity through
assessments and behavioral tracking (e.g., navigation behavior, response time,
session duration), enabling a real-time view of learner progress. Micro and
cumulative assessments feed data into the system for continuous monitoring. These
multimodal data streams feed into our knowledge tracing pipeline that combines
three complementary models: Bayesian Knowledge Tracing (BKT), which measures
student mastery of a specific skill based on their performance history, considering
the probabilities of learning, slipping, and guessing,, Performance Factor Analysis
(PFA) based on logistic knowledge tracing providing a probability of correctness, and
Deep Knowledge Tracing (DKT) utilizing RNN/LSTM-network for predicting
knowledge mastery. These models are combined into an ensemble model that
predicts mastery levels and knowledge gaps. These models are dynamically
weighted by data density and learning domain, providing real-time mastery
estimates that drive adaptive responses. Prior work has shown this ensemble can
reach up to 89% accuracy in predicting performance. These insights drive the
personalization of content and assessment paths. The Adaptive Sequencing Layer
uses LSTM-based deep learning to generate learning paths tailored to individual
learner states to determine optimal next-step content. Sequencing decisions are
informed by cognitive load indicators—such as latency, error patterns, and
self-reported effort—and adjust dynamically by introducing scaffolding or modifying
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complexity when overload is detected (threshold index >0.7). To promote
transparency and trust, the Explainable Al Layer provides natural language
feedback and visual progress maps. These explanations enhance learner
awareness and instructor decision-making through open learner models. A pilot
implementation is planned in two domains: Turkish A1 language learning, and
Machine Learning and Data Mining for university students. The system’s
effectiveness will be measured using pre/post testing, engagement analytics, and
learner satisfaction (e.g., User Satisfaction Inventory). Results are expected to show
reduced time-to-mastery (25-30%), increased retention (up to 40%), and improved
learning engagement in alignment with prior studies’ results. This research
demonstrates how Al-driven adaptive assessment can transform educational
experiences through precise, data-driven personalization while maintaining
transparency and pedagogical alignment. By providing this detailed implementation
framework, we extend prior studies into a comprehensive, deployable system for
next-generation adaptive learning.

Uyarlanabilir ve Kapsayici Ogrenme igin Yapay Zeka Tabanl Bir Cergeve: Bilgi
izleme ve Agiklanabilir Yapay Zeka ile Biligsel Yiikiin Azaltiimasi

Ahmed Elgarhy
istanbul Teknik Universitesi, Lisansustii Egitim Enstitisu, Blylk Veri ve is Analitigi
Danigsman: Mehmet Yasin Ulukus
istanbul Teknik Universitesi, isletme Fakiiltesi, Endiistri Miihendisligi Bélimdi

Ozet

Bu arastirma, 6grenenleri dinamik bilgi yollari araciligiyla yonlendirerek biligssel yuku
azaltmaylr ve katihmi artirmayl amaglayan kisisellestirilmis bir 6grenme igin
uyarlanabilir bir yapay zeka (YZ) gercevesi 6nermektedir. Sistem, Gergcek Zamanli
Kisisellestirme icin dort entegre bilesenden olusmaktadir: Veri Toplama Katmani,
Bilgi izleme Motoru, Uyarlanabilir Siralama Katmani ve Agiklanabilir YZ Katmani.
Veri Toplama Katmani, degerlendirmeler ve davranigsal izleme (6rn. gezinme
davranigi, yanit slresi, oturum slresi) yoluyla 6grenen etkinligini kaydederek,
o6grenme ilerlemesine iliskin gercek zamanli bir gérinim sunar. Mikro ve kimdulatif
degerlendirmeler sistemi slrekli izleme igin besler. Bu ¢cok modlu veri akiglari, ¢
tamamlayici modelin bir araya getirildigi bilgi izleme hattimiza aktarilir: Ogrencinin
performans gecmisine dayanarak belirli bir becerideki ustaligini 6grenme, hata
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yapma ve tahmin olasiliklari Gzerinden 6lgen Bayesian Knowledge Tracing (BKT);
dogruluk olasihgr saglayan lojistik bilgi izleme temelli Performance Factor Analysis
(PFA); ve bilgi dizeyini tahmin etmek icin RNN/LSTM mimarisi kullanan Deep
Knowledge Tracing (DKT). Bu modeller, bilgi dizeylerini ve 6grenme bosluklarini
tahmin etmek (zere bir ansambl model icinde birlestirilmistir. Modeller, veri
yogunlugu ve 06grenme alanina goére dinamik olarak agirliklandirilarak gergek
zamanli ustalik tahminleri saglar ve bu da uyarlanabilir tepkileri yénlendirir. Onceki
calismalar, bu ansambl modelin performansi tahmin etmede %89a kadar dogruluk
saglayabilecedini gostermistir. Bu iggoruler icerik ve degerlendirme yollarinin
kisisellestiriimesini saglar. Uyarlanabilir Siralama Katmani, bireysel 6grenen
durumlarina gore Ozellestiriimis 6drenme yollar Uretmek igcin LSTM tabanli derin
6grenme modelleri kullanir ve bir sonraki en uygun icerigi belirler. Siralama kararlari,
gecikme suresi, hata kaliplari ve 06z bildirime dayali caba gibi bilissel yuk
gostergeleri ile yonlendirilir ve asirn yik algilandiginda (esik indeksi > 0.7) yapi
iskelesi sunarak veya karmasikligi degistirerek dinamik olarak ayarlanir. Seffaflik ve
guveni artirmak amaciyla, Agiklanabilir YZ Katmani dogal dil geri bildirimi ve gorsel
ilerleme haritalari saglar. Bu aciklamalar, 6grenen farkindaligini ve egitmen
kararlarini acik 6drenen modelleri yoluyla destekler. Pilot uygulama iki alanda
planlanmaktadir: A1 seviyesinde Turkce dil 6grenimi ve Universite 6grencileri icin
Makine Ogrenmesi ve Veri Madenciligi. Sistemin etkinligi 6n/son testler, etkilesim
analizleri ve 6grenen memnuniyeti (6rn. Kullanici Memnuniyeti Envanteri) yoluyla
Olgulecektir. Sonuglarin, ustalik suresinde %25-30 azalma, 6drenme kalicihdinda
%40’a kadar artis ve 6nceki galismalarla uyumlu sekilde artan 6grenme katilimi
gOsterecei 6ngdrulmektedir. Bu arastirma, YZ destekli uyarlanabilir degerlendirme
yaklasiminin, hassas ve veri odakli kisisellestirme ile egitim deneyimlerini nasil
donusturdlebilecegini gostermektedir. Ayni zamanda seffaflik ve pedagojik uyum
korunmaktadir. Sunulan ayrintii uygulama c¢ergevesi ile bu calisma, onceki
arastirmalari daha kapsamli ve uygulanabilir bir gelecek nesil uyarlanabilir 6grenme
sistemine donustirmektedir.
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Learning Station (LS) Model: An Introduction with a Digital Stakeholder
Perspective

Click here for Learning Station Design Guide

Emrah Acar', Semra Ahmetolan?
"Istanbul Technical University, Department of Architecture, Faculty of Architecture,
?|stanbul Technical University, Department of Mathematics, Faculty of Science and
Letters

The second day of the ITU Co-Learning Lab 2025 was dedicated to hands-on
Learning Stations (LS) training, focusing on the design and implementation of
modular, active, and scalable co-learning experiences. The training introduced
Learning Stations as a flexible pedagogical methodology that enables educators to
structure learning environments around interaction, collaboration, and learner
agency rather than linear content delivery. Participants were guided through the
conceptual foundations of the Learning Stations model, emphasizing its modular
architecture, adaptability across disciplines, and compatibility with both physical and
digital learning contexts. The training highlighted how Learning Stations can be used
to redesign existing courses or to construct new learning experiences by breaking
down content into purposeful learning units aligned with specific learning outcomes.
Beyond conceptual framing, the session adopted a design-oriented approach in
which participants actively developed their own Learning Station scenarios. With
facilitated support, attendees explored how to integrate diverse learning activities,
assessment strategies, and digital tools—including artificial intelligence—into
station-based learning flows. This process encouraged participants to reflect on their
own teaching practices and to experiment with alternative forms of engagement,
assessment, and facilitation. The Learning Stations training positioned educators not
as content transmitters but as learning designers and facilitators, reinforcing the shift
from instructor-centred teaching toward learner-centred and co-created learning
environments. As a core experimental component of the Co-Learning Lab, the
session demonstrated the potential of Learning Stations to support sustainable
pedagogical innovation, foster co-learning among stakeholders, and translate
educational concepts into actionable teaching practices.
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ITU Co-Learning Lab 2025

The ITU Co-Learning Lab 2025 represents Istanbul Technical University’s
ongoing commitment to fostering innovative, collaborative, and impactful
learning ecosystems. This extended abstract book brings together
contributions from diverse disciplines, highlighting research, practices,
and pedagogical approaches presented throughout the event.

Built on the principles of co-learning, co-creation, and open knowledge
sharing, the Co-Learning Lab provides a platform where students,
academics, and external stakeholders collaboratively explore emerging
trends in education. The works featured in this volume span topics such
as Al-enhanced learning, interdisciplinary educational models,
research-based practice, and the redesign of teaching and assessment
strategies.

This publication aims to serve as a valuable resource for those interested
in rethinking higher education, strengthening collaborative learning
cultures, and developing sustainable, learner-centered academic
environments. Through its collective insights, ITU continues to advance
an educational vision grounded in participation, innovation, and shared
growth.
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