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1 Introduction

Although ISILA is funded under the Erasmus+ programme and primarily focused
on educational innovation and practical impact, the project partners are strongly
committed to advancing scientific research alongside implementation activities.
From the outset, ISILA has aimed not only to design and apply innovative
approaches, but also to systematically investigate their theoretical foundations,
methodological implications, and measurable effects.

This commitment is reflected in the active involvement of ISILA members in
high-quality research, including peer-reviewed publications, conference
presentations, and international collaborations within the learning analytics and
educational research communities. Through these activities, the project contributes
to the broader scientific dialogue on learning analytics, student support, and
data-informed educational practices.

The present report summarizes the scientific dissemination activities carried out
within the framework of ISILA, highlighting how research outputs strengthen the
project’s evidence base, increase its visibility in the academic community, and
ensure that its developments are grounded in rigorous empirical work.

2 Publications

The ISILA project has generated and contributed to several scientific publications
that strengthen its theoretical and empirical foundations. These publications reflect
the partners’ commitment to producing rigorous research that informs the design,
implementation, and evaluation of the project’s activities.

Specifically the project has generated 12 peer-reviewed scientific publications: 3
journal articles and 9 conference papers , which have examined key topics related
to learning analytics, student engagement, dashboard use, and data-informed
educational practices. The findings reported in these works provide evidence that
supports the project’s objectives and situates ISILA within ongoing international
research efforts.

The following section presents the publications associated with the project:

1. Kisic, E., Raspopovi¢ Mili¢, M., Jovic, J., Zdravkovié¢, N (2026). Tracking student
progress and generating personalized recommendations using clustering and



explainable artificial intelligence. Universal Access in the Information Society. doi:
10.1007/s10209-025-01295-3

Abstract: Recent research in learning analytics has increasingly focused on identifying “at-risk”
students to enable timely and meaningful interventions. While predictive analytics has played a central
role in this effort, the integration of explainable artificial intelligence (xAI) has emerged more recently
as a way to enhance the transparency and interpretability of predictive models. This paper proposes a
framework that integrates clustering, classification, and xAI techniques to support the generation of
transparent and personalized recommendations aimed at enhancing student learning progress. The
approach consists of four sequential phases: (i) clustering (ii) classifying (iii) generation and evaluation
of explainable rules, and (iv) intervention generation based on the associated rules. A key contribution
of the proposed framework is its ability to provide transparency and learner-friendly generated
insights. To achieve this, a rule-based system was developed to transform xAl-based rules into clear, and
human-readable feedback for each student. The proposed framework was empirically validated using
real, longitudinal learner data, examining learner achievement patterns over time, and visualizing
temporal dynamics. This validation shows that interpretable analytics can provide deep insights into
student learning progression and offer practical value for improving teaching strategies and learning
outcomes. .

. Lépez-Pernas, S., Misiejuk, K., Oliveira, E., Saqr; M (2025). The dynamics of the
self-regulation process in student-Al interactions The case of problem-solving in
programming education. Proceedings of 25th International Conference on
Computing Education Research, Koli Calling 2025. doi: 10.1145/3769994.3770043

Abstract: Generative Artificial Intelligence (AI) has demonstrated significant value in code generation
and support for programming tasks, leading to its widespread adoption in both industry and academia.
This proliferation has introduced new opportunities and risks for learning, teaching, and the broader
landscape of computer science education. Despite this rapid integration, there remains limited
understanding of how students engage with these tools, particularly in terms of collaboration,
dependence, and delegation. More critically, little is known about how students regulate their
interactions with Al tools over time, and how such processes contribute to problem-solving. In this case
study, we coded 2,376 interactions from 120 undergraduate students with ChatGPT in a web
programming course using a theoretically grounded self-regulated learning (SRL) in problem-solving
coding scheme. To move beyond static counts and capture the temporal and structural dynamics of
these interactions, we employed novel process-oriented learning analytics: transition network analysis
and Sequence Analysis. Our findings reveal that while students frequently employed regulatory
prompts aimed at process monitoring and problem-solving, they rarely engaged in deeper
metacognitive strategies such as reflection or evaluation. This suggests a prevailing focus on
surface-level regulation over deeper learning processes in student-Al interactions. Our results serve as a
critical warning, highlighting a tendency towards cognitive offloading that could undermine the
development of independent, lifelong learners in computer science.

. Kaliiisa, R., Misiejuk, K., Lopez-Pernas, S., Khalil, M., Saqr, M. (2024). Have
Learning Analytics Dashboards Lived Up to the Hype? A Systematic Review of
Impact on Students’ Achievement,Motivation, Participation and Attitude.
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Proceedings of the 14th Learning Analytics and Knowledge Conference. doi:
10.1145/3636555.3636884

Abstract: While learning analytics dashboards (LADs) are the most common form of LA intervention,
there is limited evidence regarding their impact on students’ learning outcomes. This systematic review
synthesizes the findings of 38 research studies to investigate the impact of LADs on students’ learning
outcomes, encompassing achievement, participation, motivation, and attitudes. As we currently stand,
there is no evidence to support the conclusion that LADs have lived up to the promise of improving
academic achievement. Most studies reported negligible or small effects, with limited evidence from
well-powered controlled experiments. Many studies merely compared users and non-users of LADs,
confounding the dashboard effect with student engagement levels. Similarly, the impact of LADs on
motivation and attitudes appeared modest, with only a few exceptions demonstrating significant effects.
Small sample sizes in these studies highlight the need for larger-scale investigations to validate these
findings. Notably, LADs showed a relatively substantial impact on student participation. Several studies
reported medium to large effect sizes, suggesting that LADs can promote engagement and interaction in
online learning environments. However, methodological shortcomings, such as reliance on traditional
evaluation methods, self-selection bias, the assumption that access equates to usage, and a lack of
standardized assessment tools, emerged as recurring issues. To advance the research line for LADs,
researchers should use rigorous assessment methods and establish clear standards for evaluating
learning constructs. Such efforts will advance our understanding of the potential of LADs to enhance
learning outcomes and provide valuable insights for educators and researchers alike.

. Lopez-Pernas, S., Conde, M. A., Mili¢, M. R., & Saqr, M. (2026). Stable means,
shifting patterns: Examining SRL through a complex dynamic systems lens.
Computers in Human Behavior Reports, 101038, 101038.
https://doi.org/10.1016/j.chbr.2026.101038

Abstract: Self-regulated learning (SRL) involves a set of interdependent cognitive, motivational,
emotional, and behavioral components that shift in time. The interplay of such components can be
modeled as a complex dynamic system in which changes in one process can cascade through the rest,
and create patterns that are difficult to capture with static or linear approaches. The present study
examines these evolving patterns across four blended-learning courses in computer science across two
European higher education institutions, involving 241 participants. We collected data weekly at the
beginning of the first weekly lecture of each course using the Concise SRL survey, which was developed
for ecological momentary assessment of SRL. We provide a multi-layered examination of SRL dynamics
in which we combine cross-sectional, relational, and temporal perspectives. We apply two types of
psychological network analysis —Regularized Gaussian Graphical Modeling and Dynamic Exploratory
Graph Analysis— a computational approach designed to represent and explore complex systems
through networks of mutually interacting variables. These methods allow us to visualize and quantify
the relationships among SRL components and how they evolve over time. Our findings show shifts in
the structure of students’ SRL processes, indicating that the system’s configuration changes as learners
adapt to the course environment. Across the four courses, mean levels of SRL components remained
largely stable where only motivation (¥=0.19) and task value (¥=0.15) reached statistical significance. Yet
the psychological network analysis revealed meaningful reorganizations: early in the course, effort and
motivation are tightly coupled (r = 0.43) and evaluation is the component that is most amenable to
intervention (R2=0.52, EI = 0.82). Over time, the role of planning becomes slightly more central (AEI
=1.27); motivation aligns more with efficacy (r = 0.43); and evaluation (R2=0.48, EI = 1.15) continues to
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integrate and guide SRL. The dynamic EGA results point to a tight temporal association between
evaluation and effort (A=.46), which aligns with control-value theory.

. Lopez-Pernas, S., Conde-Gonzalez, M.A., Saqr, M. (2025). Three shades of
self-regulation with unique complex dynamics, drivers and targets for
intervention. British Journal of Educational Technology. doi: 10.1111/bjet.70032

Abstract: Self-regulated learning (SRL) is an active process involving multiple interacting components
that evolve over time, exhibiting characteristics of complex systems such as non-linearity, emergent
behaviour, self-organization, and hierarchy. These interactions unfold at different temporal levels, each
warranting a dedicated lens to capture their distinct dynamics. In this study, we apply a complex
dynamic systems lens to analyse the longitudinal dynamics of SRL. We map how different SRL processes
interact with each other across time and scales: (1) the stable between-person level, which represents
the dominant approach to learning or roughly the trait of SRL, (2) the contemporaneous level, which
maps how SRL processes influence each other within the same time and (3) the temporal level, which
captures how processes predict or influence each other in the future. Data were collected through a
weekly survey administered over 4 weeks in five courses at two institutions, complemented by LMS
behavioural engagement data. A panel vector autoregression model was employed to examine the
structure and dynamics of SRL and LMS behavioural engagement at the three levels. The findings
suggest that central SRL processes, such as planning and adapting, take place in separate stages, in
accordance with the classic SRL models, whereas other processes, like effort regulation, are more
pervasive, co-occurring with most other regulatory processes. At the aggregate level, adjusting was the
most central process that drove students' SRL. As such, our results align with the main characteristics of
complex systems, including non-linearity and hierarchy. These findings have implications for the design
of SRL interventions, where effort can benefit from real-time prompts, whereas metacognitive
processes might require long-term scaffolding. Furthermore, the weak association between LMS
engagement and SRL processes across all levels highlights the limitations of relying solely on
behavioural trace data to infer regulation. Practitioner notes What is already known about this topic?
Self-regulated learning (SRL) is an important driver of academic success and can be influenced through
targeted interventions. Most SRL research is based on group-level data, often using static,
cross-sectional designs that overlook temporal dynamics. Recent work has highlighted that SRL can and
should be modelled as a complex dynamic system. What this paper adds? There is evidence of complex
systems characteristics in SRL such as hierarchy, non-linearity and feedback loops. SRL processes follow
distinct temporal phases, with some processes persisting throughout all phases. Metacognition is the
most central process at the between-person level, whereas effort is central at the within-person level.
LMS behavioural data is weakly linked to self-reported SRL. Implications for practice and/or policy SRL
interventions should consider how regulatory processes unfold over time, rather than treating SRL as a
static trait. Interventions targeting effort regulation and metacognition have the potential to be the most
consequential. Caution must be exerted when using average or between-person data to inform
individualized support. LMS metrics should be interpreted with care and ideally complemented by
self-report or observational data.

. Lopez-Pernas, S., Misiejuk, K., Jovanovic, J., Raspopovi¢, M.R., Conde-Gonzalez,
M.A.,, Saqr, M. (2025). chatgptscrapeR: A Tool for Retrieving Student-Al
Interactions. Proceedings - 25th IEEE International Conference on Advanced
Learning Technologies, ICALT 2025. doi: 10.1109/ICAL.T64023.2025.00044
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Abstract: The rapid adoption of ChatGPT and other large language models (LLMs) in education has
created new opportunities for human-AI collaboration research, e.g., studying interactions, automating
support or implementing novel ways of assessment. However, existing methods for retrieving ChatGPT
conversation data -either through OpenAI's API or manual transcription-are limited by technical,
financial, and scalability constraints. This paper introduces chatGPTscrapeR, an open-source R package
and Shiny web application that automates the extraction of ChatGPT conversation data from URLs.
Thus, it enables researchers and educators to efficiently retrieve, organize, and subsequently analyze
interaction logs, and their metadata. The retrieved data are ready to be assessed if they are part of an
assignment or analyzed using different methods. In all such cases, automating the retrieval of human-AI
interactions is instrumental for an efficient analysis of such interactions and for creating modern
Al-enabled learning systems.

. Lopez-Pernas, S., Conde-Gonzalez, M.A., Raspopovic¢ Mili¢, M., Saqr, M. (2025)
Frequencies and Averages Miss the Point of SRL Evolution: A Complex Dynamic
Systems Approach. Lecture Notes in Educational Technology. doi:
10.1007/978-981-96-5658-5 48

Abstract: Self-regulated learning (SRL) is a complex phenomenon with many interacting components
and phases that evolve over time. As such, it requires an analytical lens that takes into account those
characteristics. In this study, we investigate how the dynamics between the different SRL components
evolve throughout four blended-learning courses. We use psychological networks —a computational
method commonly used to model complex systems— to map the interaction between SRL components
at the beginning and at the end of the courses. Our results show significant differences in students’ SRL
processes at the two time points. These findings have implications that can inform interventions that
target students’ SRL.

. Conde-Gonzalez, M.A., Garcia-Esteban, J.A., Roman Gallego, ].—A., Lopez-Pernas, S
(2025). Analysing Student Engagement Through the Definition of Educational
Escape Rooms. Lecture Notes in Computer Science. doi:
10.1007/978-3-031-93746-0 1

Abstract: Engaging stakeholders is crucial in designing effective educational activities. Research shows
that when students are motivated and actively involved in the learning process outcomes improve.
Game-Based Learning has emerged as a key approach, using games with specific learning objectives to
enhance skills and boost engagement. One notable application of Game-Based Learning is Educational
Escape Rooms, which develop soft skills such as communication, creative thinking, and teamwork while
fostering knowledge and achieving targeted objectives. This study examines how student engagement
can be increased through escape rooms, particularly through the involvement of students in their
creation. In an experiment, students designed and participated in escape rooms created by their peers.
Engagement was assessed using structured instruments and qualitative feedback. Results showed that
escape rooms enhance teaching and learning, significantly boosting engagement. However, while
virtual platforms can aid implementation, producing high-quality escape rooms often requires technical
expertise that not all educators possess.
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9. Lopez-Pernas, S., Gordillo, A., Barra, E., Saqr, M (2024). Tracking Students’
Progress in Educational Escape Rooms Through a Sequence Analysis Inspired
Dashboard. Lecture Notes in Computer Science. doi:
10.1007/978-3-031-72312-4 15

Abstract: Learning analytics dashboards are the main vehicle for providing educators with a visual
representation of data and insights related to teaching and learning. Recent research has found that the
data visualizations provided by dashboards are often very basic and do not take advantage of the latest
research advances to analyze and depict the learning process. In this article, we present a success story
of how we adapted a visualization used for research purposes for its integration in a dashboard for its
use by teachers in daily practice. Specifically, we described the process of transforming and integrating
a static sequence analysis visualization into an interactive web visualization in a learning analytics
dashboard for monitoring students’ temporal trajectories in educational escape rooms in real time. We
interviewed teachers to find out how they made use of the dashboard and present a qualitative content
analysis of their responses. © The Author(s), under exclusive license to Springer Nature Switzerland AG
2024.

10. Lopez-Pernas, S., Belayachi, I., Ahmed, H., Elmoazen, R., Saqr, M (2024) .
Augmenting Al with Curated Learning Analytics Literature: Building and Initial
Exploration of a Local RAG for Supporting Teachers (LARAG). CEUR Workshop
Proceedings. https://ceur-ws.org/Vol-3938/Paper 1.pdf

Abstract: Though LLMs have completely taken the world by storm, their use in academic settings still
faces significant challenges. One of these challenges is that LLMs sometimes “hallucinate” when they do
not have the necessary information to reply to the user prompt and, even when they do, they fail to
provide a trusted source to back up their claims. In this article, we explore the use of
retrieval-augmented generation (RAG) as a way to overcome the aforementioned limitation and enable
evidence-based LLM-generated insights. Specifically, we provide the results of our initial exploration of
LARAG, a RAG-based system aimed at providing learning analytics recommendations based on the
existing literature. Our initial impressions about the system are that it may offer some benefits over
traditional LLMs. However, these initial benefits are far from groundbreaking or very accurate. © 2024
Copyright for this paper by its authors.

11. Kisic, E., Raspopovi¢, M.R., Jovic, ]., Zdravkovi¢, N., Selimovi¢, F (2024).
Comparative Analysis of Student Performance Across Different Cohorts in
Higher Education. ELEARNING 2024. CEUR Workshop Proceedings.
https://ceur-ws.org/Vol-3938/Paper_3.pdf

Abstract: Tracking student progress throughout their coursework is a common topic in educational
research. While valuable insights can be gained from analyzing learner data, such analysis can
sometimes be misleading, particularly when it involves predicting students' final course achievements
or drawing generalized conclusions from these predictions that do not account for individual student
engagement. This study analyzes learner data from two different student cohorts that attended the
same course in two different academic years. The focus on the paper is placed on identifying patterns in
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student engagement, similarities between two cohorts and exploring individual differences of learners.
The interpretation of student activities sequences was implemented using sequence plotting and
heatmaps, while Ward method was used for hierarchical clustering. The study aimed to understand the
extent of similarities and differences in learning behavior across the cohorts, providing insights into
how students interact with course material over a semester. Results show that there are many
similarities between two cohorts, however, when expressing individual differences of each learner it
was concluded that none of the students had the same sequence of engagement as the cluster’s mean.

12. Grujic, A., Jovig, J.,, Opaci¢, M., Kisi¢, E., Zdravkovié, N. (2025). Improving student
engagement through learning analytics and early interventions with Learning
Locker. ELEARNINGZ2025, 40-57. https://doi.org/10.46793/elearning2025.040g

Abstract. This paper presents the results of a pilot study conducted at Belgrade Metropolitan University
within the framework of the Erasmus+ ISILA project which investigates how data-driven early
interventions can enhance student engagement and academic performance in higher education
courses. Three pilot implementations are carried out in three courses, where each course has integrated
the University’s Learning Management System, Learning Locker as a Learning Record Store, while
Self-Regulated Learning (SRL) surveys are conducted to collect and analyze student activity data.
Learning analytics dashboards are used to identify students at risk of disengagement or low
achievement, prompting personalized and general interventions during key points in the semester.
Results indicate that targeted communication, flexible deadlines, and additional learning sessions
positively influenced engagement and submission rates. The study demonstrates how combining SRL
data and learning analytics supports early identification of learning barriers and offers practical
insights for improving academic outcomes through evidence-based decision-making.

3 Conference Presentations

3.1 Learning Analytics & Knowledge Conference 2024

ISILA members Kamila Misiejuk, Sonsoles Lopez Pernas, Mohammed Saqr, and
Mohammed Khalil, together with their close collaborator Rogers Kaliisa,
presented their award-winning paper at the Learning Analytics & Knowledge
Conference (LAK 2024), where it received the Best Paper Award. The article, titled
“Have Learning Analytics Dashboards Lived Up to the Hype? A Systematic Review
of Impact on Students’ Achievement, Motivation, Participation and Attitude,”
reports the results of a meta-analytical review examining the effects of learning
analytics dashboards on academic achievement, engagement, motivation, and
attitudes. The study provides a strong empirical foundation for the ISILA project, as
it synthesizes existing evidence on how dashboard-based feedback can support
learning processes and student outcomes.


https://doi.org/10.46793/elearning2025.040g
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Brendan Flanagan, Dragan Gasevic, Barbara Wasson
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3.2 15th International eLearning Conference 2024

The ISILA project was presented at the 15th International eLearning Conference
2024, which took place in Belgrade from September 26-27. The event was organized
by Belgrade Metropolitan University. Works presented at the conference focused on
learning analytics, Al in education, as well as other technologies and methodologies
implemented in the field of open and distance learning.

ISILA project was presented by Professor Dr. Miroslava Raspopovi¢ Mili¢ from
Belgrade Metropolitan University who provided a detailed overview of the project’s
goals, activities, results and next steps. The presentation sparked interest among
attendees, leading to discussions about its relevance for the future of education.

Also, Sonsoles Lopez-Pernas from University of Eastern Finland, the coordinator of
ISILA project, and Jelena Jovanovié, from Bergen University, both presented at the
same conference as the keynote speakers. Their keynote speeches focused on
explainable AI in education and challenges and insights with learning log analytics,
respectively. Dr. Lopez-Pernas and Dr. Jovanovi¢ participated in the round table
discussion where they had opportunities to further elaborate on the findings and
challenges entailed with learning analytics of ISILA project.
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3.3 15th International Conference BISEC’2024

At the 15th International Conference on Information Security BISEC’2024, Prof. Dr.
Miroslava Raspopovi¢ Mili¢ presented the results of the ERASMUS+ project ISILA
(Improving the quality and sustainability of learning using early intervention
methods based on learning analytics - ref. number:
2023-1-FI01-KA220-HED-00015975). The conference was held in Ni$ from November
28th to 29th, organized by the Belgrade Metropolitan University.

The ISILA project was presented by Prof. Dr. Miroslava Raspopovic¢ Mili¢ and Jovana
Jovi¢ who provided a detailed overview of the project’s goals, activities, results, and
next steps. The presentation of the ISILA project sparked interest among the
participants, initiating discussions about its relevance for the future of education,
as well as data security in the context of analytics.



v v v UNIVERZITET
v v v METROPOLITAN
v ¥ BEOGRAD

OSNOVNE AKADEMSKE STUDIJE

3.4 16th International eLearning Conference 2025

The ISILA project was presented at the 16th International eLearning Conference
2025, which took place in Belgrade from September 25-26. The event was organized
by Belgrade Metropolitan University. Works presented at the conference focused on
learning analytics, Al in education, as well as other technologies and methodologies
implemented in the field of open and distance learning.

BMU authors, Andela Gruji¢, Jovana Jovi¢, Mladen Opaci¢, Emilija Kisi¢, and
Nemanja Zdravkovi¢, presented the results of their ISILA piloting in three courses,
at the eLearning 2025 conference. Each course has integrated the University’s
Learning Management System, Learning Locker as a Learning Record Store, while
Self-Regulated Learning (SRL) surveys are conducted to collect and analyze student
activity data. Learning analytics dashboards are used to identify students at risk of
disengagement or low achievement, prompting personalized and general
interventions during key points in the semester.

Results indicate that targeted communication, flexible deadlines, and additional
learning sessions positively influenced engagement and submission rates. The study
demonstrates how combining SRL data and learning analytics supports early



identification of learning barriers and offers practical insights for improving
academic outcomes through evidence-based decision-making.
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3.5 9th International Conference on Smart Learning Environments

ISILA Member Ramy Elmoazen has presented a study titled “Assessing Al-Driven
Learning Analytics Recommendations: Comparative Analysis of RAG and vanilla
LLaMA” at the International Conference on Smart Learning Environments (ICSLE
2025).

This work directly advances the ISILA project’s core mission of improving the
quality and sustainability of learning through early intervention methods based on
learning analytics, by evaluating how advanced Al techniques can generate more
effective, context-aware recommendations for timely educational support.

The study compares Al-driven learning analytics recommendations generated by
the open-source LLaMA model with and without RAG. Using a structured prompt
design, the study assessed 30 questions related to ten topics with a focus on data
collection, measurement, and optimization. Model responses were assessed using
six evaluation criteria.

Results indicate RAG’s superior performance in four dimensions: Justification,
Usefulness, Coherence, and Implementability, while the vanilla LLaMA showed
superior performance in Equity. Both configurations achieved comparable scores in
Accuracy with more explanatory depth and contextual adaptation in RAG. These
findings highlight RAG strengths in context-specific, practical recommendations but
identify its equity limitations—insights that can inform the design of fairer, more
sustainable Al-driven early interventions within the ISILA framework.”



“ICSLE 2025

Assessing Al-Driven Learning Analytics
Recommendations
Comparative Analysis of RAG and vanilla LLaMA

Ramy Elmoazen, Sonsoles Lépez-Pernas, Mona Emara,
Ibrahim Belayachi, Mohammed Saqr

ISIh‘A m Erasmus+

3.6 25th Koli Calling Conference

ISILA team members Sonsoles Lopez Pernas and Mohammed Saqr participated in
the Koli Calling 2025, celebrated every year in Koli National Park (Finland). We
presented our research contribution titled “The dynamics of the self-regulation
process in student-Al interactions: The case of problem-solving in programming
education”. The work models student-Al interactions when completing a web
programming assignment. The study made use of the data collection tools
developed in ISILA, such as chatGPTscrapeR, and TNA, a new method developed by
the authors, as well as sequence analysis. The results of the study show that
students' self-regulation while performing the programming task with the help of
ChatGPT was largely confined to task performance activities, primarily instructing,
refining, and problem specification. As such, the involvement of AI appears to
disrupt the cyclical phases of forethought, performance, and self-reflection that
typically underpin self-regulation.

The dynamics of the self-regulation
process in student-Al interactions

. . RQ3 How do regulation and problem-salving beh d —
The case of problem-solving in 0 Ut Lo ot A oty

(web) programming education

Sonsoles Lopez-Pernas, Kamila Misiejuk,
Eduardo Araujo Oliveira, Mohammed Saqr &,
N
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