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Competences-driven and GenAl-supported
hybrid personalized learning

Dragan Domazetl [0000—0001—8095—5146]

Belgrade Metropolitan University
Tadeusa Kos¢uska 63, 11000 Belgrade, Serbia
dragan.domazet@metropolitan.ac.rs

Abstract. The paper presents a conceptual model of the system for
personalized learning of students, in which lessons and their topics are
divided into mandatory and op-tional, and are searched according to the
competencies they provide to the student. The area of competences is
divided by the depth of the competences (the depth of knowledge and
skills they provide) and by the breadth (the number of teaching topics of
each teaching unit). During implementation, the area of competences can
change both in depth and breadth, depending on the needs of students
and em-ployers. Each student has his own specific repository of links
to learning objects, located in the university’s repository, which is used
for learning, as well as for verification and evaluation of what has been
learned.

A hybrid procedure for the preparation of teaching materials is applied.
The teacher prepares the application of the GenAl tool in accordance
with the univer-sity’s standards and checks the generated results. Two
approaches to the applica-tion of generative artificial intelligence are used
for the preparation of teaching materials: 1) application of prompt en-
gineering for GenAl tools; 2) application of automated preparation of
prompts for GenAl tools. All forms of verification of achieved compe-
tences (tests, assignments, exams, etc.) are personalized because each
student can have different optional topics in his competence portfolio of
each course.

The goal is to significantly increase the efficiency of preparing teaching
materi-als and verifying what has been learned, which is necessary in
the case of per-sonalized learning because it requires a larger number
of optional topics and dif-ferent depths of their study, and more work
for their implementation Therefore, the application of GenAl tools is a
necessity in the case of personalization of learning and verification of
what has been learned.

Keywords: Personalized learning - Al in education - Hybrid preparation
of teaching materials
1 Introduction

New technologies are developed faster and more often. Due to competition, com-
panies have to offer new, innovative products or services. Their lifespan is getting

Research Paper - Invited Paper
DOTI: https://doi.org/10.46793/eLearning2025.008D
Part of ISBN: 978-86-89755-37-4
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shorter due to the growth of new technologies and new market demands. The
challenge for higher education is how to offer curricula that offer a wide range
of competencies to students to meet the needs of companies and the desires of
students. Academic curricula quickly become outdated, offering outdated com-
petencies and becoming unattractive to students and employers. Students and
employers are increasingly interested in short and fast courses that address their
new needs. One of the most relevant answers to this great challenge for higher
education institutions, in our opinion, is the personalization of learning, because
it can provide the necessary flexibility of curricula. But personalizing education
requires:

— smaller teaching groups or even individual consultations and guidance of
students,
— development of many different digital learning materials for students.

These two factors increase the cost of education. Higher education institu-
tions are now under pressure to reduce their costs, but with the personalization
of education, this task is now a major challenge for them. Using GenAl is the
solution to this challenge. This can significantly reduce the cost of developing
digital learning materials and the time required for this development, that is,
increase the efficiency of this development. This paper presents a conceptual
solution for the personalization of education supported by GenAl, which was
prepared and accepted by the Belgrade Metropolitan University (BMU).

The paper builds on the researches listed at the end of the paper, but the
paper does not aim to provide their analysis here. The paper presents a proposal
for a new concept for the development and application of personalized learning
for students, guided by their needs for acquiring new competencies, supported
by the application of generative artificial intelligence for the preparation of all
kinds of teaching materials, which students can also prepare, but with the active
participation of their teachers.

2 Required prerequisites for successful personalized
education at BMU

2.1 Development of the curriculum and the syllabus

Before we determine the curriculum, we analyze global and local development
trends in the economy, industries and technologies trying to predict what com-
petencies employers will need in the next 5 to 10 years. These analyzes have a
major impact on our curriculum design decisions. We want to prepare our stu-
dents for the future needs of employers and avoid offering curricula and courses
based on the interests of our teachers, who may have some special interests. As
the dynamics of change are increasingly significant, it is important to anticipate
the future needs of employers, and not use only current needs and requirements.
Education must be carefully planned to be ready for the future.

Another important actor in the design of our curricula are the recommen-
dations of various professional groups and their professional organizations. All



BMU study pro-grams must be based on the recommendations of internation-
ally recognized professional organizations in a particular field of science (such as
IEEE and ACM in computer science). They periodically publish their Body of
Knowledge (BOK) recommendations. We select the most appropriate body of
knowledge (BOK) for each of our study programs. Each BOM defines its own
objectives, learning outcomes and competencies. We map them into the curricu-
lum we want to design based on these recommendations. Taking into account the
recommended BOK units of study, we list all the courses that should implement
the selected BOK (Fig. [I).

These BOK-to-curriculum mappings make our curricula internationally rec-
ognizable. In cases where BOK is not specific enough in a field of science, we
expand it to more specific fields and sub-fields, bearing in mind the specific re-
quirements of our study programs. We also take into account similar curricula
of the most recognized and prestigious universities in the world, when deter-
mining the compulsory and optional courses of the curriculum. After that, we
map the already defined objectives, learning outcomes and competencies of each
curriculum to the objectives, learning outcomes and competencies of each of its
courses. All their extensions and implementations provide a deeper and wider
insight into the foundations determined by the BOK and the curriculum as its
specialization and extension.

; P y i L
i Body of Knowledge ! Curriculum b Course i Lesson
(BOK) [ i
; H i :
Objectives § BOM objectives urriculum objectives : : Course objectives ’—v—'—‘: : ‘ Objectives ‘ E
' HE D H
. ! I
Learning } Learning outcomes in Learning outcomes in [ ! Learning outcomes Learning outcomes
outcomes 3 the BOM the curriculum E ! in the course v of the lesson
' H ' i

Competencies in the

b [ b
Competencies in the | ' Competences in the : ' Course o
' lesson

BOM curriculum b competencies

Fig. 1. Mapping the objectives, learning outcomes and competencies from the original
BOK to our relevant curriculum, its subjects and their lessons.

This process of mapping objectives, learning outcomes and competencies en-
sures their top-down consistency and two-way linkage. No course or its lesson
should be irrelevant or independent of the curriculum and its BOK. This en-
sures consistency of all courses and its lessons with the BOK and its curriculum.
For example, if we add a competency to a lesson that is not supported by any
course-level competencies, then a warning message can be sent to the course or
curriculum creator, asking for their approval and verification of this expansion
of the competency list. Therefore, our curricula, courses and their lessons are
guided by the BOK competencies, but can be adapted and expanded according
to the future needs of our target labor markets. This is an important feature
that will be explained later.
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For each course, we analyze the available and relevant international textbooks
and for each course we select several of them, which are used by the most promi-
nent universities and publishers. The curriculum designer collaborates with the
course designers to determine appropriate lessons based on selected textbooks
for each course. In this way, we map the goals, learning outcomes and competen-
cies of each course into the goals, learning outcomes and competencies of each
of its lessons (Fig. [2).

If the objectives, learning outcomes and competencies are well planned in
the curriculum, this curriculum development process reduces the risk that the
curriculum or some of its courses or lessons will become obsolete when the first
generation of students graduates. But that is not enough. We must be ready for
surprises and for new demands of the labor market that we did not expect and
plan for. The solution to this challenge is fast, adopting new competencies into
our curricula on the fly, and the "recipe" for this challenge is to personalize our
curricula.

Curriculum design Designing the syllabus of the course

Curricula of Selected

leading Pr.ogr.am C'our.se textbooks
) v objectives objectives
universities

Program Cour_se Previous
learning learning Ctlalu:,se course
outputs outcomes syllabus syllabus

Bodies of

knowledge Curriculum
(BOK) Extended list of Course

competences competencies

Teacher

List of
courses

Fig. 2. Mapping the corpus competencies into the curriculum and into its subject
programs.
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3 Application of learning objects

Before we explain the concept of personalization of education, we need to explain
the role of the so-called learning objects that we use in all our subjects and
curricula. Learning object (LO) is the smallest unit of knowledge that has 4
components (Fig|3):

. A concept that reveals new knowledge

. An example of how new knowledge can be used

. A task that the student must solve by applying new knowledge
. A test used to assess understanding of a concept

=W N

Attributes of the learning object

Concept

Exit . Example

Fig. 3. Structure of the learning object.

The learning object has sections that contain a description of these LO com-
ponents: Concept, Example, Task and Test. These sections are actually carriers
of knowledge and skills of learning objects. Sections can have a textual, graphic
and visual type of knowledge presentation. They may also have external refer-
ences to different software services or products. Learning objects can have their
own hierarchy if needed when modeling learning activities and learning mate-
rials. This allows a learning object to have one or more sub-objects. Only the
lowest in this hierarchy is the smallest possible learning object that provides
detailed learning, or the smallest piece of knowledge. A learning material (LM)
consists of a set of learning objects that have different structures. In the context
of higher education, a common lesson structure is shown in Figure [4]

12



Learning unit O

Learning
object 2

Learning
object N

Learning
object 1

Learning topics

Learning
subtopics

Sub-learning objects Sub-learning objects Sub-learning objects

Fig. 4. Learning objects and their sub-objects of a lesson.

Learning objects in Figure 4 can be topics of learning units, i.e. lessons.
Sub-objects can be sub-topics.

Learning objectives, learning outcomes and learning competencies can be
deter-mined for each learning unit, i.e. lesson, but also for each learning topic,
i.e. learning object. They can be specified as learning object attributes and can
also be used to search for learning objects with a specific value of one of these
three characteristics.

As a competence, it has two components: knowledge and skill of applying this
knowledge (here we ignore its third component of competence — the attitudes of
the person who has the competence, because it is not of interest for our analy-
sis). For our further analysis, we will use competencies as the main classifier of
learning objects representing learning units (lessons), learning topics or learning
sub-topics.

3.1 Use of three levels of competence of learning objects

For the learning object that represents the learning topic, we can determine three
levels of competence:

1. Level 1 (L1): This compulsory competence that every student must acquire

2. Level 2 (L2): This is an optional competence (above level 1) that the learner
can choose to acquire.

3. Level 3 (L3): Optional competence above level 2, which reflects the student’s
ability to think critically, i.e. for rational, analytical and creative thinking
and the ability to synthesize new knowledge based on given facts.

Figure [5| shows the structure of learning objects of a lesson (learning unit).
The number and content of learning object sections determine the depth of com-
petence, and the number of topics (sub-learning objects) reflects the breadth of
competence. The green color represents the mandatory (obligatory) competen-
cies of the lesson, and the yellow color represents the optional competencies.

As shown in Figure 6, the lesson learning process for Level 1 may use a mostly
fixed, sequential sequence of activities that perform the same actions on learning

13



Breadth of competences >

LESSON X

Learning objects
(competence levels)
Learning
sub-objects
(learning topics) 99

Topic sections - - - Em ﬁ - - - ‘ -

(knowledge
& skills
holders)

saoualadwoo jo yydaqg

|
Required competencies Optional competencies

Fig. 5. Lesson presented with three learning objects representing three levels of com-
petence with their sub-objects representing lesson topics with their sections.

objects, i.e. on its mandatory topics. This is the most commonly used learning
path for the acquisition of mandatory (or required) competences (level 1).

For optional competences (level 2) learning paths can be more complex, as
they can also use branching learning processes. For level 3, there are several
activities that the student per-forms in order to prepare an essay to present
in a debate with other students If the task is to develop a learning unit and
its learning objects, he/she can apply problem-oriented learning at L1 and L2
competence levels, and in some cases at L3.

Figure [7] shows these learning processes as sub-processes applied at the L1,
L2 and L3 competence levels.

According to the accreditation rules, in Serbia, the course must provide stu-
dents with up to 100 points, of which 30 to 70 points can be earned by pre-exam
obligations (assignments). BMU decided to apply the 70:30 model, i.e. that the
pre-exam assignments provide up to 70 points, and the exam, up to 30 points.
In this way, the concept of active learning is supported, which implies greater
permanent and active learning of students during the semester, which enables
constant contact with students and direct insight into their progress in learning
during the semester.

With this in mind, Figure [§] a shows a competency model for their courses.
Students must have at least 35 points to be eligible for the exam. They must
win 28 points from mandatory (key) competencies and at least 7 points for
optional points. This gives students a better chance of getting at least 35 points,
as the model offers more electives than core competencies. Teachers are obliged
to provide teaching materials for basic competencies for each basic topic of at

14



a) Linear (sequential) learning process with optional evaluations (for level 1)

PO Qe

b) Alternative learning pathways (for level 2 )

solving

7‘ Search of BMU LO Repository ‘

*\{ Search of external resources ‘

Essay

c) Problem-oriented or self-learning of a student (levels 3)

. Learning object O Learning verification .Learning activity

Fig. 6. Learning process in the case of three levels of competence.
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Note: Each level uses its own learning materials, assignments and exam questions

Level 1 learning
subprocess

LOW Lo WY LO W LO °°
1 2 3 4

Level 2 learning
subprocess

L2 completed

Level 3 learning

Sequential learning process ‘es @ L3 completed
Objective: Acquirement of @ subprocess
required competencies for @ OA® D)
grade 6
O

Guided learning process with branches
Objective: Acquirement optional
competencies for grades 7 or 8

‘

Self-learning on given task & debate

. Learning object

O Learning verification
Objective: Development of critical thinking

for grades 9 or 10
Add
points

Fig. 7. Typical learning sub-processes applied at L1, L2 and L3 competence levels.

. Learning activity

Exercises & tests

Five topics of a lesson

One topic of a lesson T T2 T3 T4 T5 T6
0% — 0% H—
b —
% —|40% Core competences of level N1 ?j 20% —
g L $
o L 28 points
S Minimal condition for exam . g 40%
1&50% I s = s s — s =— s ==+ = « — | 35 points §
g — 50% Additional competences of level N2 ®  60% —
3] — (pre-condition: 28 points from N1) CE"
s S
] B - 80% [—
E-' — 60 points E
o 10% Additional et of level N3
100% — onal competences of level 70 points B 100% (—
NN S Y N ) Y S [N | 3
0 10 20 30 40 50 60 70 80 90 100%
120%

Breadth of competences (Topics)

Fig. 8. Setting the competence level of the planned topics of one lesson with 5 manda-
tory and one optional topic.

least 28 points (40% of all competencies). Each topic is planned for more than
28 points, because students must be able to obtain a maximum of 70 points. In
the example in Figure 8.b, topic 6 is optional and can be left for the subsequent
specification of its competencies, after the students’ request.

A more detailed Excel model of competencies is shown in Figure [0} In this
example, 10% of the depth of competencies corresponds to 7 points. The last 10%
of competencies (for level 3) correspond to the last 7 points of competencies. The
analyzed lesson of the course has 5 basic topics, and the 6th is an optional topic.
This model is used by the teacher to plan the organization of his/her lectures
and exercises.

Students also use an Excel model to select optional competencies. An Excel
model is created for each lesson of the SE201 Introduction to Software Engi-
neering course and is created for each student. The student can use it to select,

16



| Breadth of competences >

LESSON X with 6 topics (at levels L1and L2) and 2 topics at level L3)
Learnic Unit L1 Learnic Unit L2 | tearing unit 13
Max. Possible Topic 1 1] Topic 2 11] Topic 3 1] Topic 4 11] Topic 5 1] Topic 6 L1 | Topic 1 L2] Topic 2 L2 Topic 3 2] Topic 4 2] Topic 5 L2] ropscsu| Topic 7 L3 | Topic 8 L3
= % Points | Sum Points Realized points Extra points| Realized points Realized points
o 10% 7 1.7 14 14 14 14 14 14
S 0% | 14 7 14 14 14 14 14 14
= 3% | a1 7 14 14 14 14 14| ~24
a a0% | 28 7 14 14 14 14 14 0
8 50%+ | 35 84~ Minimal points as a precondition for thE exam 14 14 14
v 60% | 42 29 1 14 05
§ 70% 29 1 Sum of L1 extrapoint and 1
3 = = 5 optional peints in thisraw N
a
% | 63 o \ b\
00% | 70 403 1 [
Pointspertopic:| 56 | 56 | 56 | 56 | 56 | a2 | ol | 24 [ 38 | 19 } o | o o [ o
— ] \ Specified optional Not yet specified competencies
Core competencies (level L1) competencies supported and learning materials
Optional competencies (levels L1 and L2) offered to stuidents (lectures & learning materials) by there leaming
Optional competencies (levels L1 and L2) selected by the student Y (lectures & learning materials) ~ materials
Optional competencies for critical thinking development (level L3) offered to students with the precondition: Minimum acquired 63 points from levels L1 and L2
No competencies should be specified in this area

1 10% of competencies provides 7 points

2 NumberOfOfferedCoreCompetencies In the lesson X , at the level L1 ( 6 topies in this example)

3 Number of points per topics na case with 5 core topics is: MaxPPlannedPointsPerTopic = 7/5 = 1.4 points

4 Breadth of competences is the sum of offered core topics (level L1) and offered optional topics (at levels L1, 12 and L32

5 Depthof competences specify the depth of copmtenecy specified by teacher having in mind the efford that the student must impmenet to learn

6 Astudent mayacquire points from optional competencies specified for levels L1, L2 and L3

7 The number of points for optional competencies is specofed by teacher, depending of the effort needed for student to acquire planned learning.material for each optional competencies.
8  Thick lineinlevel L2 shows tha border of offerred competencies in a lesson of the course.

Fig. 9. Excel model of topics and their competencies with levels L1, L2 and L3 of one
lesson of the course SE201 Introduction to Software Engineering.

plan and manage their competencies during the semester. The same possibility
is provided by the inter-face of the iMET system, which manages work and data
related to students and all other processes and services at the university.

Figure[I0shows the acquired competencies of three students. In this example,
the course has up to 8 topics, 6 are compulsory and 2 are optional and can be
offered at all three competency levels. Each of the three students has different
acquired elective competencies.

3.2 Organization of learning objects

Figure 11 shows the organization of learning elements in the case of lesson 1 of the
course SE201 Introduction to Software Engineering planned for the first week of
the semester (which lasts 15 weeks). The lesson has 5 compulsory learning topics
(planned for 90 minutes of teaching), one of which is intended for exercises lasting
90 minutes. The L1 and L2 competence levels have the same structure. In this
case, the only difference is that the L1 level offers only compulsory competences
and for which learning material is provided, and the L2 level offers only additional
optional teaching materials of the same compulsory competences. Level 3 obliges
the student (if he wants to gain the points that level N3 offers) to choose two
specific topics planned for the development of critical thinking. Within each
lesson topic, one or more suggested essay topics and appropriate references for
their preparation are offered. For each topic, the student must prepare an essay
on a given assignment, which is offered each week. The student chooses two of
the several essay topics offered during the semester and presents them to other
students at a specially organized debate. The teacher must provide a list of

17



Learnic Unit L1 raie Unit L2 Unit 13
Wax. Possible | student 1 | Topic 1 1] Topie 2 11 Topie 3 1a] Topic 4 1] Yopic 5 1] Topic 611 | Topic 1 L2[ Topie 2 2] Topic 3 u|1ui: Topic 5 L2] Topie 612 73 813
% | Points | Sum Points Realized paints. Extra points| Realized points Realized points
10% 7 7 14 14 14 14 14 14
0% | 1 7 14 14 14 14 14 14
0% | 2 7 14 14 14 14 14 14
am | 28 7 14 14 14 14 14 0
50%+ | 35 84 Minimal points as a precondition for_the exam 14 14 14
GO | 42 29 1 14 05
0% | a8 1 1
8% | 56 0
0% | 63 0
100% | 70 403 |
Pointspertopic:| 56 | 56 | 56 | 56 | 56 | 42 | o | 24 38 | 19 0o | o o | o
Learnic Unit L1 Learnic Unit L2 Unit L3
Max. Possible | Svudent 2 | Topic 1 11 Topic 2 11 {Topic 3 11| Topic 4 11]Topics 11] Topic 611 | Topic 1 12| Topic 2 12| Topic 3 2] T Topic 5 12| T 73 813
3 Points | Sum Points Realized points Extra points| Realized points Realized points
10% 7 7 14 14 14 14 14 14
0% | 14 7 14 14 14 14 14 14
W% | N 7 14 14 14 14 14 12
0% | 28 84 14 14 14 14 14 14
50%+ | 35 12.3 Minimal points as a precondition for the exam 09 14 08 14 1 14
6% | a2 33 08 13 12
0% | 48 332 03 13 1
B% | S6 25 12 13
0% | 63 25 12 13
100% | 70 53.2 |
Pointspertoplc:| 56 | 56 | 56 | 56 | 56 | 54 | 08 | 31 o8 | 64 | 1 | &2 o | o
Learnic Unit L1 Leamic Unit L2 Unit13
Max. Possible | Student 3 JTopic 1 11] Topic 2 11 [ Topic 3 11] Topic 4 11] Topic s 11 611 | Topic1 12| Topic 2 12| Topic 3 12| Topic 4 L2 | Topic 5 L2| T 73 813
% | Points | Sum Points Realized paints. Extra points| Realized points Realized points
0% 7 7 14 14 14 14 14 14
20% 14 7 14 14 14 14 14
0% | 2 7 14 14 14 14 14
A% | 28 7 14 14 14 14 14
50%+ | 35 7 Minimal points as a precondition for_the exam 14 14 14 14
0% 42 41 12 1 14 0.5
0% | 49 31 1 11 1
BOW | 56 22 1 12
0% | 6 05 05
wo% |70 249 |
Pontspertopic:| 56 | 56 | 56 | 56 | 56 | 14 | s1 | 35 s | 19 | o | o o | o

Fig. 10. Acquired basic and optional competencies in the case of 3 students and their

results.
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references for each proposed essay topic, but the student may suggest his own

topic and may use additional references.

| Breadth of competences >

[ Learning Unit (Lesson)

Learning objects [ Learning Unit L1 Learning Unit L2 ]‘ Learning Unit L3 ]

Learning sub-objects | Topic1 |[ Topic2 | Topic3 | Topic 4 Lab Topic1 || Topic2 | Topic3
Points _Comp. L1 L1 L1 L1 L2 L2 L2

Topic 2
L3

Topic 4 Lab Topic 1
L2 L2 L3

7 | 10% [
14 20% Core required
21 | 30% (Level L1)
28 | a0%
35 | s0%
42 | 60% NSRRI
29 | 70% optional

56 80% (Level L2)

63 | 90% | | | |
70 | 100% | | [ | Optional competences(N3

S3Jjuajadwo)
j0 yadag

Fig. 11. An example of the structure of learning objects used in lesson 1 of the course
SE201 Introduction to Software Engineering.

Figure a shows the learning object (LO) and sub-learning object (SLO)
metada-ta currently used to search for lessons in the Learning Object Repository
(LOR). Figure[12]b shows the structure of learning objects (levels of competence
L1, L2 and L3) and their sub-objects. At the L1 competency level, the learning
material also offers videos for each L1 topic. This structure of LOs and SLOs
provides students with all the learning material needed for their learning. There
is some overlap between L1 and L2 sections (usually L1 sections are shorter),
but since the learning material is in digital form (web and PDF forms), it is
feasible for students to use it. Tests are given for each lesson and for L1 and L2
levels separately.

As already mentioned, the tests provide one question (out of at least 5 pos-
sible) for each topic. Therefore, the teacher must prepare at least 5 alternative
questions for each lesson topic and competency level. The test can be multiple
choice or essay type. These tests are used to assess the learned knowledge ac-
quired in each lesson. The course SE201 has 13 weeks of study and uses 13 tests
to assess the knowledge of its students. In addition to these tests with randomly
asked questions, the course also uses tests for randomly selected short tasks from
the database of tasks related to one topic, which the student must solve. In this
way, the teacher assesses the level of ac-quired skills of the student, i.e. his/her
ability to apply learned knowledge. These tests are given after teaching a group
of related lessons. In the case of SE201, 3 tests with tasks are used. Similar to
question tests, task tests provide at least 5 alternative tasks, for each group of
lessons in the course. Students do not have access to test questions and tasks.
They are obtained through a random selection of testing software and are only
done during a limited testing time under controlled conditions. The questions
and tasks for both types of tests are different for L1 and L2 competency levels.
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LO1-Lesson title

Learning sub-objects Sections
(Learning topics) of topics

Learning objects
(Level L1)

Metadata for LO and SLO

Name of learning unit(LO)

Type od learning object (LO) . Video ti

ID number of learning object (LO) Video Io

Competence leve of learning object (LO) ° (Level 11) . Video _

:f::/ol Eiir::re:::ﬁil;;:zl;;:;ou) Leba_ming (_tearning unit L1 Topic1L1 | T1Sections

RS objects } Introduction r Topic2L1 || T2 sections
(Learning Topic3L1 | T3 sections

Learning aims (LO and SLO) i) —

Learning outcome(LO i SLO) (Level 12) Lab L1 » Lab Sections

CompetendlesliDanclsiO) | Learning unit L2 Topic1L2 |—» T1Sections

Topic of sub-object (SLO) Introduction Topic2L2 |—» T2 Sections

Description of the topic (SLO) Topic 3 L2 » T3 Sections

Keywords of a topic (SLO) Learning Topic4L2 | T4sections

Learning time estimation (SLO) sub-objects Level 13) Lab L2 » Lab Sections

(Topics )

——>{ Leamning unit L3 Topic 1L3 F-| T1 Section
Conclusion Topic 2L3 l -{ T2 Section

Tests L1 & L2 (with questions and tasks)

a) Metadata used for learning objects and sub-learning objects b) Basic structure of learning objects at 3 competency levels

Fig. 12. Meta data of LO and SLO and basic structure of competences of 3 levels for
the example given in Fig. [T1}

Figures [I3] and [I4] show the headings of sections and sub-sections used by
sub-objects, at the L1 level and the L2 level, separately. Section titles are given
in bold font, and sub-section titles in normal font.

4 Repository of learning objects

Our goal is to track the mapping of learning outcomes (LOUT), learning compe-
tencies (COMP) and their knowledge and skill components (KNOW and SKILL),
for each created topic at all competency levels for each lesson (learning unit) and
each course at the university (Fig. . Obviously, this is not an easy task, but
it is an important requirement for implementing personalized learning, because
we need to control the goals, learning outcomes, and competencies of each new
learning object we create when developing new optional lesson topics. Figure
15 shows an example of the created metadata (TC) for the topic T3 of the L2
competency level containing pointers to the LOUT, COMP, KNOW and SKILL
components of the associated learning ob-ect (LO) stored in the university’s
learning object repository (LOR).

Figure[I6la shows the developed compulsory and optional topics of the teach-
ing material of the course SE201-L04. The course has five basic topics and teach-
ing material (LM) must be developed for them. Learning material for other elec-
tive top-ics (T5, T7 and T8) can be developed later, for the next academic year,
if a student is interested in a new elective topic. Figure [I6]b shows the compul-
sory and optional topics chosen by student 1. He/she also decided to develop
learning material (LM) for the optional topic T6 for all three competency levels.
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L01 Lesson title Example: SE201 Introduction to software engineering
Lesson LO1: Process-based software engineering (L1)

14 lecture sections and sub-sections (N1)

Learning objects

Learning sub-objects
{ Software and software system

Introdutory video

Two approaches to software engineering

S—
VLTIl what s a software?

| —
Video topic 2

—
Video L1

Introduction

Software process

Software engineering

T1 Sections

Waterflow model

—
Video topic 3

Software engineering models

T2 Sections Sub-section: Some drawbacks of waterflow model .

Sub-section: When to use waterflow model?

Software engineering
activities

i ?
—-[ el Topic1L1_|hats software?

Software engineering
Introduction Topic2 L1

Software engineering models

 —
Video topic 4

T3 Sections

model and confiy ion of

Sub-section: General process diagrams of model based on
ility of their and i i

Topic 3 L1 " P
- Software engineering activities 4 Basic activities of a software process.
Topic4L1 /4 Sub-section: Software specification.
Lab for level L1
Lab L1

Sub-section: Software design

T4 Sections Sub-Section: Software implementation

Lt tearningunittz || Topic1L2 »] T1 section
Introduction _.[ Topic 2 L2 » T2 Section

> Topic3L2 |—» T3Section

—»[ Topical2 | —» T4 Section
} Example 1:Selection of software model — banking system (L1)

a2 || LabSection
| » Tasks for lab work (L1) |
| Learning unit L3 Toj —-| T1 Section N -
4 Homework assignment (L1) |
Conclusion -| T2 Section
erature
[est L1 (with questions and problems)

Fig. 13. Example of knowledge content of learning objects and their L1 sections of
lesson SE201-L01.

Sub-section: Software testing

Sub-section: Software evolution

Sub-section Exercise problems

LO1 Lesson title

Introduction

Learning object

- Introductory video
Video L1

14 lecture sections and sub-sections (N2)

Learning sub-object
Software and software system

T1Sections | "|

T2 Sections | ——*| Two approaches to software engineering
Software process
Waterflow model

ideo Topic 1

Video topic 2

———
Video topic 3
Video topic 4
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Learning unit L1 I—
“|Uintroduction |

Topic 1 L1
Topic 2 L1
Topic 3L1

—
Lf
o
(—»{_TopicaL1
L
—]

Sub-section: General process diagrams of model based on
y of ¢ their ion and integration

Basic activities of a software process.

Sub-section: Software specification.

Lab L1

Sub-section: Software design

- . What is software? T4 Sections || Sub-section: Software implementation
e T2 4 sub-section: Software testing
Introduction Topic 212 | Software engineering bsecton sof o
Topic 3 L2 Software engineering models | ub-section: Software evolution
R Sub-section: Exercise problems

M Software engineering activities
P Lab for level N2 | Example 2:Selection of software model - banking system (L2) |
w | Tasks for lab work (L2) |

\

- . | Homework assignment (L2]
Learning unit L3 Offer of articles to prepare for L3 L ) |
— — T1 Section | ——»|_Offer of articles to prepare 2 essays for L3 ]
Debate Plan N3: Organize T2 secti
the debate for N3 B *| ection o| PlanDebateN3:Planed organization of the debate for L3 ‘

Fig. 14. Example of knowledge content of learning objects and their L2 sections of
lesson SE201-LO01.



Course |D Course name
SE201-2025 | Introduction to software engineering
Lesson |D Lesson name
SE201-L04 |Product-based software engineering
TC Table Topics LEARNING OUTCOMES
ewel| e M1 (2 [ma|maf[Ts[me] 7|18 T | wout L1 12 13
10% Ti | LOUTL
u 20% T2 | LOUT2
30%| 13 | wouts m
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L1 | Competenclevel L1 +1 ;’:: = = =l COMP
LI | competenceleve L2 KNOW
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Fig. 15. Conceptual data model for creation of learning topics of a lesson by selecting
their level of offered competences.
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As explained in the notes on Figure 16, the 7-point competencies are represented
as table rows. Each new row shows a new (deeper) competency that LM offers.
Each field in a row gives 1.4 points (out of a total of 70 points). This number
is the ratio between the 7 points related to each row (10% of 100% of the to-
tal planned competence) and the number of core topics (5 in the case of lesson
SE201-1.04). When new optional topics are added (such as T6 in Figure 16b), the
same number of points are used as for core competencies (1.4 in the case shown).
Since the course can provide a maximum of 70 points for all pre-exam tasks, the
learned competences and acquired points of the offered learning material must
not provide more than 70 points for the pre-exam tasks even in cases where they
offer more than 70 points.

‘OFFERED LEARNING MATERIAL FOR SE201-L04 COURSE LEARNED LEARNING MATERUAL BY STUDENT 1 FOR SE201-L04 COURSE
Course ID Course title Course ID Course title
SE201-2025 Introduction to osftware engineering SE201-2025 Introduction to osftware engineering
Lesson ID Tipic title Lesson ID Tipic title
SE201-L04 | Product-based software engineering Student| SE201-104 | Product-based software engineering
Topics of the lesson (Learning unit) 1 Topics of the lesson (Learning unit)
Level Points [ TL | T2 | T3 | T4 | TS ([ T6 | T7 | T8 Level points | T1 | T2 | T3 (T4 | T5 | T6 | T7 | T8
7 14|14 |14|14)|14 8.40 14 /14|14 14)|14) 14
14 14|14 |14[14]14 1680 |14 |14 (1414|1414
1 21 14|14 |14]14]|14 1 2520 |14 | 14|14 |14 14] 14
28 14|14|14]|14)|14 3360 |14 14|14 14|14] 14
35 4200 |14]14]114]14]14]) 14
42 5040 | 14| 14)14]| 14] 14| 14
L2 49 49 | 49 | 49 | 49 | 49 L2 56.00 1414 14 14
56 60.20 14 14) 14
63 63]163]63)]63] 63 63.00 14 14
L3 70 70l 70|70 |70 (70 L3 70 3.5 3.5
Note:
Learning material provided for core competencies 1. NumberOfCoreTopics=5
Currently no learning materials are offered for optional competencies 2. 0% Competence = 7 points
Leaming mateial prvided for oo <ompetenci e ol oot b 1.0
5 i number of pointsis limmited tp 70 points, regardles of totaly
acquired points with optional topica
a) Core and optional competencies L1 and L2 with their core and b) Selected and learnt topics by Student 1 with their
optional Topics and points that they provide in case of the course points in case of the lesson SE201-L04

SE 201-L04

Fig. 16. Offered (a) and selected and learned (b) student 1 learning material for subject
lesson SE201-L04.

5 Use of Prompt Engineering for preparation of teaching
materials by teachers

5.1 Preparation of learning materials for the mandatory topics of
each lesson at all three levels of competencen

As seen in Figure [I7] the teacher, before starting to use Prompt Engineering
for the preparation of learning materials, must have in mind the competencies
that the course and each of its lessons should provide to the student (Fig. 1),
he analyzes text-books used for similar courses by renowned universities and
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publishers in the world, analyze reference syllabi, used by renowned universities.
In addition, he searches for information sources on the web, as well as other
learning resources.

Based on this preparation, the teacher creates the curriculum of his/her
course and defines the teaching topics for each lesson (as a learning unit) and, in
accordance with Figure 5, creates the structure of each lesson with its topics at
all three competence levels. For all mandatory topics, which are defined for level
L1 (Fig.[16la), the teacher should provide deeper competences for each manda-
tory topic at levels L2 and L3 as well. In this way, he/she enables the student
to obtain a maximum of 70 points on each topic. Based on this preparation,
the teacher creates the syllabus for his course, defines teaching topics for each
lesson and, in accordance with Figure 5, creates the structure of each lesson with
its topics at all three levels of competence, and students, following the learning
procedure shown in Fig. [I7] can earn up to 70 points.

Reference
syllabi

learning
resources
New LO
structure
Course O plfrming e Learnin
Syllab specification of their bi 8
VHLEIED Structure of LOs prepared by teacher objects (LO)

competences
Prompt GenAl
Engineering Tool

T Prompt modification Modify

Topic?
No

Approval
No

Storing of new topics

Course objectives,
learning outcomes
and competencies
g

Textbooks

Web

resources Teacher

LOuUT
comp
KNOW
SKILL

Teacher

LO structure
and
competences

Yes

Fig. 17. Hybrid procedure for development of core L.1 and supported optional topic in
levels L2 and L3.

If, due to the specificity of mandatory topics, the teacher cannot provide the
possibility of obtaining 70 points in this way, then he/she is obliged to provide
learning mate-rial for optional topics at the L1, L2 and /or L3 level (Figure 16.b).
It is important that the sum of points on all mandatory and optional topics, and
all levels of competence, is at least 70. If new optional topics are added over
time, the total sum of points is greater than 70. In these cases, the student does
not have to earn all possible points (70 or less) on mandatory topics, because
by working on optional topics, he/she earns. in total, the required 70 points, or
less, if he/she did not manage to achieve the maximum 70 points.
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Table [1] shows the learning materials and pre-exam assignments that the
teacher must provide for each lesson to students in SE201 Introduction to Soft-
ware Engineer-ing. As each lesson can be gradually expanded with new optional
topics to the level of L1, L2 and L3, the work of the teacher is too much, and it
becomes unacceptable. In order for it to be acceptable, in addition to teachers,
it is planned that students who want to earn new and specific competences, they
can develop appropriate learning materials under the supervision of teachers.

The teacher and students may use generative intelligence, according to uni-
versity rules, in order to reduce their workload, and to significantly increase the
efficiency of development of new, optional learning objects at levels L1 and L2,
and essays at level L3. The university’s internal standards define the technical,
ethical and legal requirements that the author of learning materials must ap-
ply when preparing learning materials. Compliance with these requirements in
case the author is a student is checked by teacher, and when the author is a
teacher, it is checked by a specially appointed reviewer. More than 60 criteria
for evaluating the quality of the prepared teaching material have been defined,
adapted to the specifics of the course. Depending on the quality assessment, the
financial compensation to the teacher, as the author of the learning material, is
determined every year, in the event that he has re-vised the learning material at
least 5%.

Table 1. Learning materials, pre-exam assignments and exam points for SE201.

Learning material offered to students and|Number of instances|Points|Total points
pre-exam assignments

Online learning material offered to all students

1. Video introduction L1 1
2. Video lecture L1 1
3. Multimedia web lecture L1 13
4. Multimedia web lecture L2 13
5. PDF lecture L1 13
6. PDF lecture L2 13
7. PPT lecture presentation L1 13
8. PPT lecture presentation L2 13

Pre-exam assignments

1. Question tests L1 13 1 13
2. Question tests L2 13 1 13
3. Task test L1 3 1 3
4. Task test L2 3 1 3
5. Project (1, part) L1 1 8 8
6. Project (2, part) L2 1 12 12
7. Essays L3 2 4 8
8. Student activity 1 10 10
Total pre-exam points: 70
Examination

Examination: 13 questions and 3 tasks 1 [ 30 ] 30
TOTAL POINTS: 100
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When preparing the learning material, it is taken into account that it is based
on the recommended textbooks that have been selected for each subject. The
scope of the learning material is taken into account, depending on the specifics of
the subject, because students today are looking for as short learning materials
as possible to read or watch video clips. The volume of learning material for
compulsory topics at the L1 level, as a rule, is at least two times smaller than the
corresponding learning material prepared for the L2 level, which also includes the
learning material prepared for the L1 level. A special edition of teaching material
at the L1 level is prepared for students who want to just pass the exam, while
securing the minimum required 35 points. Within these 35 points, at least 80%
of the points must be provided by learning on compulsory topics (which provide
up to 28 points). The difference of up to 35 points students should earn from
the optional teaching material intended for the L2 level, of his own choice.

In addition to the summary presentation of the learning material for which
the teacher used the selected textbooks, the teacher can add his own contribu-
tions to the content of the teaching material, as well as processed parts generated
by the GenAl tool. When creating online teaching material, the teacher is obliged
to indicate the use of sources, and to emphasize especially the parts that are not
contained in the recommended textbooks (if there are such parts), i.e., that he
created himself or was created by the GenAl tool. He is obliged to carefully study
and approve the learning material generated by GenAl, which are not contained
in the selected textbooks. This part of learning material is very limited in rela-
tion to the one that is generated on the basis of the specified textbooks, which
should be major source for learning material.

After preparation, the teacher defines the structure of each lesson (as in Fig-
ures 5, 10 and 16), and in accordance with the recommendations for writing
prompts (prompts), specifies a prompt on the basis of which the selected gen-
erative artificial intelligence tool GenAl generates the text (with images) for
the topic for which the prompt is specified. It usually takes several iterations
of improvement of the prompt to get acceptable learning material In this way,
texts are generated for all topics of one lesson, and then the procedure is re-
peated for each lesson. If the teacher is well trained in preparing prompts for
his course, the application of generative intelligence can drastically reduce the
time for preparing learning materials, i.e. learning objects for all three levels of
competence.

In accordance with the university’s standards, the final approval for the teach-
ing material is given by a specific reviewer who thus checks whether the teacher
has done his work in accordance with the internal standards for the preparation
of learning materials and with the prescribed criteria for evaluating the quality of
teaching materials. Every academic year, the process of applying and evaluating
the revised learning material is repeated. Within 7 years at most, the teacher is
required to prepare completely new teaching material (at least 80% of the con-
tent should be new). In the event that due to some reasons (new technologies,
new requirements, etc.) there is a need for significant changes to the existing
learning material, then after the dean’s approval, the teacher prepares a new
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version of the learning material. Changes in the content of the learning material
are controlled by software. In addition to learning materials, the teacher is re-
quired to prepare tests and pre-exam assignments for stu-dents for each learning
topic of a lesson and for all course lessons, using appropriate prompts and GenAl

tools (Fig. [L§).

l Teacher /\

; Learning object

New LO (Lo)
LO Production
Al Teacher
v v
Al generated
Prompt I_, GenAl s| VERIFY sub-
Tool
X J SKILL
VERIFY

Teacher

[
\

Yes

Fig. 18. Specifying of VERIFY elements of learning objects and their contents for L1
and L2 competence level.

In a similar way, the teacher must prepare at least five times more exam
questions and tasks than there are topics in all lessons of the course (Figure .
On the exam, each student receives randomly generated special questions and
tasks, it depends on the portfolio of competences acquired in the subject, i.e., the
topics and their depth, which he chose and studied, taken from student learning
object repository. In this way, the repository of all learning objects contains all
the necessary learning materials, for verifying what has been learned and the
database of questions and tasks for the exam.

All learning materials are available to students, but they cannot access learn-
ing verification materials (e.g. question or task tests, exam questions and tasks).
They only can access the obtained grades and possible explanations of the ob-
tained grades.
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5.2 Preparation of learning materials for optional topics of each
lesson

As already mentioned, in addition to compulsory courses, optional courses can
be offered at L1, L2 and L3 levels. For some of them, the teacher can prepare
the necessary learning contents, and in most cases, the student is expected to
prepare them, under the teacher’s supervision, according to his wishes. Based
on the student’s proposal for new competences, the teacher should determine
optional topics for each lesson that the student has to develop (Figure .

In a demonstrative way, the structure of each lesson (teaching unit) is de-
termined, which is the basis for creating learning materials. As you can see, in
addition to the mandatory topics, optional topics for levels L1, L2 and L3 are
defined for each les-son. Over time, that number of optional topics will probably
increase, in accordance with the wishes of students and employers to acquire
some specific competencies.

Now the student can create the missing mDita lessons with their own topics
and use their learning objects to prepare tests and the exam questions and
tasks. It is important to note that each student must receive different exam
questions and tasks in the exams, depending on the optional competences he
has chosen and studied, which contain his special lessons and topics, as well
as special exam questions and tasks. That is why there are student learning
facilities that support all these specificities and are necessary during the studies
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of every student. Of course, created learning objects that have been prepared
and placed in the university repository of learning objects can be shared and
used by other students who have chosen the same optional competencies and
their learning objects later during their studies.

Figure shows, in a simplified way, the hybrid process of preparing and
submit-ting learning material for optional and specific topics of each lesson in
the course. Teaching materials are placed in the repository of learning objects
of the university, but links to these learning materials are placed in a separate
student’s repository of links to learning materials, which each student has and
which is filled during the entry of new learning materials. In this way, it is known
exactly which optional teaching materials the student chose during his studies
in each subject, in each lesson.

Reference
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resources SCHOOL LEARNING
OBJECTS REPOSITORY
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New
. Lo R —
Course LO planning and Learning object
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Fig. 21. Hybrid development procedure of optional teaching materials of specified op-
tional competencies (L1, L2, L3).

Figure shows, in a simplified way, a hybrid process in which a student
prepares learning material for optional competencies for one or more courses,
their lessons and topics. He also prepares tests and pre-exam assignments for
these lessons and topics. The teacher verifies the defined pre-exam tasks that
are part of the learning material and are given for further use by all students
who choose the same specific competency.

Figure[23]shows a similar procedure for preparing all possible exam questions
and tasks (with correct solutions) that the student prepares for the optional
competencies and topics he has chosen. After verification by the teacher, the tests
with exam ques-tions and tasks are placed in the repository of the university’s
learning facilities, and they become inaccessible to students. The student who

30



SCHOOL LEARNING
OBJECTS

REPOSITORY

LO structure Prompt GenAl l Student L'earmng
and A . objects (LO)
Engineering Tool
competences —
LouT
Prompt modification COMP
KNOW
SKILL
e \

Storing tests and assignments

Fig. 22. Preparation of pre-examination requirements for optional competencies and
topics, and their placement in the repository of the university’s learning facilities.

prepared them is obliged to sign a statement on the confidentiality of the exam
questions and answers he pre-pared (as part of his learning process).

6 Automatic generation of prompts for GenAl tools
when preparing teaching materials

Applying prompt engineering increases work efficiency, but it is highly depen-
dent on the skill of the user of the GenAl tool. Depending on the problem he
wants to solve by applying it, he must apply the appropriate prompt structure.
Even so, it often takes several iterations to perfect it and provide application
results of the chosen GenAl tool that are good for practical application in a
particular field. The question arises, is the field of application of the GenAl tool
in the preparation of learning materials possible for the creation of software that
will itself, without human intervention, generate the appropriate prompt for the
application of the selected GenAl tool in certain narrower areas of education,
and especially in certain narrower areas of higher education?

These researches are now in the preparatory phase at our university. Figure
24 shows a conceptual model of the process of possible automatic obtaining of
instructions in the preparation of learning materials in higher education. The
goal is not to completely remove the teacher from the process, but to assign him
an appropriate role that slows down the efficiency of the work as little as possible,
and can significantly affect the quality of the final results of the application of
the selected GenAl tool.

As you can see, the preparatory part of the process is the same as in the case
of applying prompt engineering. The difference is that instead of using prompt
engineering, here an Al software module is introduced to automatically generate
the prompts. It should provide fully automatic generation of the needed prompt,
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with which GenAI will generate the desired learning material. The prompt is
the query text based on which the GenAl tool produces, in our case, the text
of certain topics. So, we have two cycles of iterative improvement of the query,
but also the software which, now, instead of the teacher, should produce the
appropriate text of the query (prompt).

The acceptability of the text of the material for the topic is assessed by
the teach-er. If he is not satisfied, he now does not make direct changes in the
text of the prompt, but in the software that should generate a new prompt
that will produce either an acceptable prompt or a new modification of the
software, until an acceptable result is obtained - acceptable teaching material
in the opinion of the teacher. The teacher’s decisions and the obtained result
- new teaching material, are checked by a reviewer whose role is to ensure, in
addition to the teacher, the obtained quality of the teaching material, but also
to check whether the teacher carries out the prescribed procedure according to
the given rules and. restrictions. The human factor is often an element of risk in
maintaining the quality of the process of preparing teaching mate-rials, so this
additional control is desirable and is standardly applied in the preparation of
learning materials at BMU.

If the reviewer has objections to the quality of the generated learning ma-
terial, he submits his objections to the teacher, who then once again modifies
the prompt gen-eration software that generates a new prompt and repeats with
which the GenAlI tool generates new teaching material with a single topic. If,
after that, the reviewer has no more objections, the obtained learning material
is archived in the university’s repository of learning materials At the same time,
the software for automatically generating prompts is also archived.

The question arises: what is gained by specifying software to generate prompts
in-stead of directly and iteratively specifying the prompts that will produce ac-
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ceptable learning material with a selected GenAlT tool 7 This research is currently
in its infancy, but the smart software is expected to provide a much greater
speed of producing the needed prompt than when using manually and itera-
tively specification of a needed prompt. Future research will hopefully confirm
these expectations. Similarly, as for generating teaching materials for learning,
teaching materials can be generated for verification of what has been learned
(tests, tasks, and other pre-exam home-work assignments of students), as well
as tasks and questions for exams (Figure [25]).

When a student decides to create optional learning material for optional
specific competencies, he/she uses the same procedure for automatic prompts
generation as the teacher (Fig. and Fig. . The role of teacher is assumed
by the student, and the role of reviewer is assumed by the teacher.

7 Using the system for personalized learning by students

The student uses the personalized learning system in two ways:

— Use as an author of teaching material, if he has been assigned to prepare,
with the help of the teacher, teaching material for a specific competence for
which he wants to acquire competence, and

— Use as a student who has chosen an optional competency for which there
is already teaching material, noted by the teacher, or a student who first
re-quested the acquisition of that specific competency.

Figure shows the procedure for preparing the teaching material in the
case that the student has the role of the author of the teaching material, which
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includes the preparation and evaluation of the students’ pre-exam assignments,
as well as their exam questions and assignments. As already mentioned, the
procedure is the same as in the first case of the teacher. The only difference is
that the teacher, in addition to his advisory role, also has the role of a reviewer
of the received teaching materials.

Figure [27] shows the procedure of using the system for personalized learning
in the case that the student has his usual and most common role, i.e. to learn
and use developed learning materials. In this case, through the student interface
for using the iLearn system, he searches, finds and access the lesson he needs to
learn.

As each student has his own specific portfolio of competencies that he ac-
quires (due to the use of optionally offered competencies and learning materials),
the student must have his own special repository, which contains links to learn-
ing materials that are stored in the university repository. These links are created
when the student determines, for each year of study, which optional compe-
tencies he wants to ac-quire. Most often, students can access prepared learning
materials, for which the necessary links are then created. If they made a request
to acquire optional specific competences for which the needed learning material
was not developed yet, then they need to develop learning materials for new op-
tional topics according the procedure of creating learning material described in
Figure 26. Students also may prepare pre-exam assignments and, exam questions
and tasks, verified by their teacher. On exams, students may receive only exam
questions and tasks that correspond to their portfolios of acquired competencies.
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8 Conclusion

The paper presents a conceptual model of a system for hybrid personalized learn-
ing guided by competences and supported by the GenAl tool of the generative
artificial intelligence system. The aim of the paper was not to provide an overview
of research in the field of research and development of systems for personalized
learning, but to devote itself entirely to a more detailed exposition of the concept
of such a system that is under development and partially implemented at the
Metropolitan University in Belgrade.

The paper presents the concept of the system as a whole, i.e. which provides
conceptual solutions to the most important research and development challenges
for the application of personalized learning in higher education. In the last two
academic years, the concept was tested in the case of the application of prompt
engineering using several models of generative intelligence, but GenAl tool of
the CharGPT4.0 system was used. The results of the experimental application
on the SE201 course showed that a significant increase in efficiency is achieved
in the preparation of teaching materials, including the preparation of tests, but
that the teacher must be well trained in the preparation of prompts. The goal
is to train the students to use GenAl tools for the needs of their future job,
but to do so with a full understanding of the problem they are solving, i.e. to
acquire the appropriate competencies that are defined for each topic studied in
the course.

The challenge is also how to hold F2F teaching in classrooms when students
study different teaching topics, within their personalized learning in each course.
The development of pedagogical models of F2F teaching on personalized syllabi
is also necessary. The current F2F lectures can only cover the compulsory part of
the program, and for the personalized parts, the practice of student consultation
with the teacher and his assistants must be introduced.

By applying engineering prompts, useful experiences were gained, and en-
couraging results were achieved, especially in the efficiency of creating learning
materials and tests. This enables rapid adaptation of syllabi and their courses
to the demands of students and employers.

In the next phase of the research, research into the automatic generation of
prompts will be carried out using intelligent software for generating appropriate
prompts. The following research and development activities are planned:

1. Development of a software system that implements the set conceptual model
of learning personalization using prompt engineering

2. Research and development of an intelligent software generator of the required
prompts for obtaining learning materials necessary for the acquisition of new
and required competencies.

3. Pilot application of the developed system for personalized learning based
on the conceptual model presented here in different syllabi and groups of
specific courses, in order to determine new challenges in application and find
new solutions based on new experience in application.
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These researches are demanding and extensive, because BMU always strives
to apply the results of its research projects in teaching in all university pro-
grams. As of this academic year, all learning materials (except in the education
field of art and design) support the application of three levels of competence. In
the preparation of learning materials, the concepts presented in this paper are
applied, and for each teaching unit, the goals, learning outcomes and competen-
cies that the teaching unit must provide to students are clearly defined, while
their mapping is carried out starting from the reference corpus of knowledge, as
described in this paper.

BMU is open to cooperation in further research in the field of application of
artificial intelligence in the personalization of learning with other universities,
with the support of appropriate funds to support planned research.

Acknowledgments: This study was not funded by any external source.
Disclosure of Interests: The author has no competing interests to declare that
are relevant to the content of this paper.
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Abstract. This paper presents the results of a pilot study conducted
at Belgrade Metropolitan University within the framework of the Eras-
mus+ ISILA project which investigates how data-driven early interven-
tions 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 an-
alyze 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 ad-
ditional learning sessions positively influenced engagement and submis-
sion rates. The study demonstrates how combining SRL data and learn-
ing analytics supports early identification of learning barriers and offers
practical insights for improving academic outcomes through evidence-
based decision-making .

Keywords: Learning Analytics - Early Intervention - Student Engage-
ment - Self-Regulated Learning.

1 Introduction

In recent years, universities have increasingly relied on learning analytics (LA) to
understand and improve how students engage with learning materials and digital
environments. The collection and analysis of learner data, when aligned with ped-
agogical frameworks such as Self-Regulated Learning (SRL), enables educators
to design timely and data-informed interventions that prevent dropout, increase
motivation, and foster continuous engagement. Within the European Erasmus—+
project ISILA, which aims to enhance the quality and sustainability of learn-
ing by developing and testing methodologies for early interventions based on
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learning, the authors implemented several pilot studies. For the study, data was
used from various sources which comprise Belgrade Metropolitan University’s
learning ecosystem. Namely, we have use BMU Educational Information System
(iMet), Learning Activity Management System (LAMS), and Learning Locker,
an open-source Learning Record Store (LRS) that stores learner interactions in
xAPI format. These pilots were conducted in three core Information Technology
courses: Object-Oriented Programming 1, Fundamentals of Web Development,
and Distributed Systems, which represent different levels of study and student
experience. Together, the pilots provide a comprehensive overview of how learn-
ing analytics can be applied in both foundational and advanced programming
contexts.

Student engagement is a persistent challenge in computer science education,
especially in blended and online settings. Engagement is often multidimensional,
encompassing behavioral participation, emotional involvement, and cognitive in-
vestment. When these dimensions decline, students risk academic underperfor-
mance or course withdrawal. The ISILA project’s core hypothesis is that data-
driven early intervention, based on real-time analytics and SRL feedback, can
indeed mitigate these risks by identifying disengagement early and supporting
students through personalized communication on one side, and utilizing adaptive
instructional design as well.

Each of the three pilot courses follows a similar structure: data collection
through the LMS and SRL surveys, creation of course dashboards in Learning
Locker, and the design of both general interventions and personalized interven-
tions. General interventions include announcements, extended deadlines, addi-
tional sessions, while personalized interventions include targeted emails or con-
sultations. The timing and content of these interventions varied slightly across
courses to reflect contextual needs and observed trends in engagement.

In the course CS101 Object-Oriented Programming 1, interventions are plan-
ned in weeks 6 and 13, focusing on students with missing activity or elevated
anxiety levels. For the course CS105 Fundamentals of Web Development, three
interventions are planned at weeks 9, 14, and 15, offering repeated opportunities
for inactive students to rejoin the learning process. These two courses are for first-
year students. Finally, the only course for students in the second year of studies,
(CS230 Distributed Systems, interventions are planned as for CS101. This multi-
course implementation allows us to assess the effectiveness of early intervention
strategies under diverse conditions. It also provides comparative insight into how
different instructional approaches, such as in-person consultation versus email-
based communication, impact re-engagement patterns. The goal of this paper
is to synthesize findings across all three pilots to answer the following research
questions:

1. How can learning analytics be used to identify early signs of student disen-
gagement?

2. What forms of personalized and general intervention are most effective for
improving student participation and performance?
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3. How can SRL data complement quantitative learning analytics to guide more
empathetic and context-aware academic support?

The paper is structured as follows. Section 2 outlines the research method-
ology, including the data sources, instruments, and analysis techniques. Section
3 describes the implementation process of the three pilots and summarizes the
intervention designs. Section 4 presents the results and discussion, focusing on
measurable engagement changes and qualitative feedback. Section 5 concludes
the paper with implications for future applications of learning analytics in higher
education.

2 Related Work and Methodology

2.1 Related Work

Learning analytics (LA) has emerged as a central component of educational in-
novation, enabling universities to transform raw digital traces of learning activity
into actionable insights [1-3]. Defined by the Society for Learning Analytics Re-
search (SoLAR) as "the measurement, collection, analysis and reporting of data
about learners and their contexts", LA aims to improve both teaching practices
and learning outcomes [4].

A growing body of research has explored the application of LA for early de-
tection of at-risk students and targeted interventions [5,6]. The authors of [7]
demonstrated that the Course Signals system could predict students’ academic
risk and deliver proactive feedback that improved course completion rates. Sim-
ilarly, in [8] showed that LMS interaction data could serve as a reliable indicator
of engagement and academic success. More recent studies extend this approach
by combining behavioral indicators with self-reported psychological data, linking
analytics with motivational and affective constructs [9, 10].

Self-Regulated Learning (SRL) theory [11-16] provides a valuable framework
for interpreting these analytics. SRL emphasizes learners’ capacity to plan, mon-
itor, and evaluate their own progress, a process that aligns well with data-driven
feedback loops. In [17] and [18], the authors highlighted that dashboards sup-
porting reflection on SRL processes increase students’ metacognitive awareness
and motivation. However, they also caution that analytics alone are insufficient
without pedagogical scaffolding.

Recent European initiatives advocate for institution-wide frameworks that
connect analytics to ethical governance, teacher training, and continuous im-
provement [19,20]. Within this landscape, the ISILA project contributes by
focusing not only on institutional adoption but also on practical intervention
design, ultimately linking dashboard insights to individualized and empathetic
student communication.

This paper builds on these foundations by presenting an integrated model
that combines Learning Locker dashboards, SRL survey data, and context-
sensitive interventions within three university-level IT courses from multiple
sources at multiple universities, as shown in Fig. 1. Unlike prior studies that
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concentrate on a single course or technology, the ISILA pilots test the scalabil-
ity of such interventions across multiple curricular contexts affected by external

socio-political disruptions.
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Fig. 1. The ISILA LRS model, comprising of multiple local LRSs connected to a global
LRS running on a common server.

2.2 Research Design

The research followed a mixed-methods approach, combining quantitative analy-
sis of learning analytics data with qualitative interpretation of student responses
and instructor reflections. The pilot activities were implemented during the
spring semester of 2025 at BMU as part of the Erasmus+ ISILA project. Each
course served as a separate case study, but shared an aligned methodological
framework. This design allowed both longitudinal tracking throughout the 15-
week semester and cross-course comparison. We can summarize the phases as
follows.
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1. Data collection phase, in which extraction of student activity data from
institutional platforms is performed.

2. Dashboard analysis phase, where Learning Locker gives the needed visual-
izations of learning patterns.

3. Intervention phase, performing the targeted actions which are emails, con-
sultations, or extra sessions for students.

4. Evaluation phase, in which the analysis of behavioral changes and qualitative
feedback after each intervention is performed.

3 Implementation and Interventions

3.1 Data Sources and Tools

Learning data were aggregated from several institutional systems, which include
BMU’s iMet Educational Management System (EMS), which is needed to pro-
vide enrollment records, assignment submissions, and grades. Next, we used the
LAMS Learning Management System, where we captured weekly activity logs,
exercise completion, and access time. For student communication, we used Dis-
cord. Finally, each week we gave students SRL surveys, focused on goal-setting,
time management, anxiety, and perceived overload.

3.2 Participants and Context
The three courses involved 204 students in total, divided as follows.

— (CS101 Object-Oriented Programming 1 with 90 students, first-year under-
graduate, at two campuses.

— (CS105 Fundamentals of Web Development with 61 students, first-year un-
dergraduate at one campus.

— (CS230 Distributed Systems with 53 students, second-year undergraduate
students at one campus.

All participants were Computer Science or Information Technology majors.
Participation in data collection and interventions was voluntary and conducted
under explicit consent in accordance with institutional ethics guidelines. The
Learning Locker is shown in Fig. 2.

3.3 Analysis Procedures

Data analysis combined descriptive statistics, dashboard interpretation, and the-
matic coding:

1. Quantitative metrics (number of active users, submission counts, average
grades, SRL index values) were extracted from Learning Locker and analyzed
in order to identify engagement trends before and after interventions.
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Fig. 2. Learning Locker dashboard.

2. Qualitative data, including open-ended survey responses and email corre-
spondence, were coded using inductive thematic analysis [21] to identify
recurring patterns related to motivation, stress, and perceptions of support.

3. Cross-case synthesis compared patterns among the three pilots to evaluate
the consistency and scalability of early-intervention outcomes.

Reliability was ensured through double-checking dashboard exports and tri-
angulating analytics data with SRL responses. Internal validity was strengthened
by aligning interventions with clearly defined student categories (dropout risk,
average activity, high achievers with anxiety, etc.).

Each course used a common set of institutional tools (iMet, LAMS, Discord,
Learning Locker), but differed slightly in the frequency and type of interventions,
as presented in Table 1.

Instructors were trained to interpret analytics dashboards and to act upon
indicators of low engagement, such as missing assignment submissions, inactivity
on the LMS, or negative SRL survey responses.

Table 1. Overview of pilot courses, number of students, and timing of interventions.

Course Students|Intervention Tools Used Key Focus
Weeks
Fundamentals of|61 Weeks 9, 14, 15 |iMet, LAMS,|Flexibility and
Web Develop- Learning Locker [repeated support
ment opportunities
Object-Oriented |90 Weeks 6 and 13 |iMet, LAMS,|Early  detection
Programming 1 Learning Locker |and  SRL-based
communication
Distributed Sys-|53 Weeks 6 and 13 |iMet, LAMS,|Personalized feed-
tems Learning Locker |back and stress
management

Note that the implementation was heavily influenced by contextual factors:
Serbia’s ongoing student protests during the semester disrupted regular classes
and reduced student motivation and attendance. Consequently, the pilots offered
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a unique opportunity to evaluate interventions under crisis conditions, testing
whether timely communication and flexible scheduling could help mitigate ex-
ternal disruptions.

3.4 Data Collection and Dashboard Setup

Data were collected continuously from the institutional systems, first converted
into the xAPI format, and then automatically exported to Learning Locker us-
ing system integrations and the csv2xapi converter developed under the ISILA
project. Each student’s activity, including login frequency, time spent on exer-
cises, assignment submissions, and survey participation, was transformed into
xAPI statements, allowing for cross-platform analysis. The Learning Locker
dashboards were customized to visualize engagement trends at both course and
individual levels. Key dashboard components included:

— Total time spent on the course per student

— Number of exercises and assignments completed

— SRL survey scores (motivation, anxiety, time management)
— Cumulative grade progress
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Fig. 3. Learning Locker dashboards for CS230 after Week 6.

These dashboards were updated weekly, providing instructors with actionable
insights into participation trends.
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This early diagnostic phase was crucial for designing the first round of inter-
ventions, which aimed to re-engage inactive students before mid-semester dead-
lines.

3.5 General Intervention Strategy
Each pilot followed a similar three-step approach:

1. Identification, using dashboard data to detect low-engagement or high-anxiety
students;

2. Classification, grouping students into categories according to performance
and SRL data;

3. Intervention, sending personalized or general messages and providing addi-
tional support sessions.

The classification model distinguished five main student profiles:

. No learning activity detected (dropout risk)
. Average activity, missing SRL data

. Below-average performance, high SRL

. Average performance, high anxiety

. High performance, high anxiety

U W N

This taxonomy allowed instructors to adapt both the tone and content of
interventions. For example, students with no activity received empathetic out-
reach emphasizing re-engagement opportunities, while those with high anxiety
but good performance received reassurance and stress management guidance.

In addition to individual emails, general interventions included announce-
ments, deadline extensions, and group consultations designed to create oppor-
tunities for re-entry into the learning process.

Table 2. Example student classification and corresponding intervention types.

Student |Intervention 1: Week 6 Intervention 1 actions

S1 Average SRL. Submitted all exercises and|NONE
high grades

S2 Average level of activity. No SRL data avail-| CONTACT PERSONALLY
able.

S3 No learning activity detected on the system| CONTACT PERSONALLY
— dropout.

S4 No learning activity detected on the system| CONTACT PERSONALLY
— dropout.

S5 No learning activity detected on the system| CONTACT PERSONALLY
— dropout.
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3.6 Course-Specific Implementation

CS101 Object-Oriented Programming 1

The CS101 course focused on core Java programming concepts such as classes,
inheritance, and exception handling. Data analysis during the first six weeks
revealed an alarming number of inactive students, with over 50% had no recorded
activity in LAMS or iMet.

First Intervention (Week 6):

Personalized emails were sent to all students showing inactivity, missing SRL
data, or high anxiety levels. The emails, written in a supportive tone, encouraged
students to restart their coursework and offered additional help. Five different
email templates were used, addressing dropout risk, low engagement, or anxiety

Fig. 4. Learning Locker dashboards for CS101 after Week 6.

Second Intervention (Week 13):
A follow-up round included reminders about final assessments and invitations
to group consultations, organized on middle of July, 2025. Activity peaks were
observed shortly afterward, showing a measurable increase in platform usage and
assignment submissions. Several students explicitly stated in their replies that
time management tips and clarity about remaining obligations motivated them
to resume their studies.
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Despite external disruptions, around 35% of previously inactive students
re-engaged by Week 13, while high-performing students maintained consistent
progress. However, approximately 20% of the cohort remained inactive through-
out, often citing personal or work-related issues.

CS105 Fundamentals of Web Development
The CS105 course introduced students to front-end programming with HTML,
CSS, and JavaScript. This pilot included four successive interventions, making
it the most extensive implementation among the three.

First Intervention (Week 9):
Due to widespread inactivity, all students received an online questionnaire de-
signed to identify barriers to engagement. Survey results revealed recurring chal-
lenges:

— Inability to attend classes due to student protests and transport blockades;
— Preference for online instruction and asynchronous completion of tasks;
Personal or health-related obstacles;

Lack of motivation due to non-mandatory attendance.

Second and Third Interventions (Weeks 14 and 15):
Based on feedback, instructors organized additional pre-exam sessions for stu-
dents to catch up on missed work. Personalized emails invited low-performing
students to these sessions.

Dashboard analytics in Fig. 5 indicated clear activity spikes in Weeks 14 and
15 with the number of submitted statements rising from 904 to 1200 and the
average grade increasing from 2.3 to 3.0.

How many users have recorded activities? How many statements have been stored? How many attempts for quizzes have been stored?

How many submissions for assignments have been stored What is the average quiz grade? What is the average assignment grade?

What is the completion progress for quizzes? What is the completion progress for assignments?

Fig. 5. Learning Locker dashboards for CS105 after Week 15.
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Although some students remained inactive, most respondents expressed ap-
preciation for the extra opportunities and flexibility. The iterative approach in
CS105 showed that repeated, flexible interventions were most effective under
crisis conditions.

CS230 Distributed Systems

The distributed systems course, which included topics on process synchroniza-
tion, communication models, and blockchain security, served as an advanced-
level pilot. Engagement analysis in Week 6 revealed that two-thirds of students
had yet to begin any course activities.

First Intervention (Week 6):
Students were contacted individually according to the same five-profile model
as in CS101. Particular attention was given to those who reported high anxiety
or stress through the SRL survey. Some students expressed gratitude for the
personalized support, noting that it reduced their sense of isolation.

Second Intervention (Week 13):
A similar follow-up was conducted with personalized feedback and suggestions
for workload organization. Dashboard visualizations shown in Fig. 6 indicated
modest improvements in engagement, especially among students who had previ-
ously responded positively to the first intervention. However, nearly half of the
cohort remained unresponsive, highlighting the limitation of email-based out-
reach alone.

How has activity changed over fime?

Weskly Activity Heatmap How does activity change in a week?

cccccccc

Fig. 6. Learning Locker dashboards for CS230 after Week 13.
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Overall, the CS230 course underscored the importance of multimodal inter-
vention strategies, including direct conversations and group consultations, rather
than relying solely on asynchronous communication.

3.7 Cross-Course Summary
Across all three pilots, several common trends emerged:

— Early inactivity was widespread (40-60% in Weeks 1-6) but decreased after
the first intervention.

— Response rates to personalized emails varied (10-30%), but those who replied
often demonstrated consistent improvement.

— Flexible opportunities (extra sessions, extended deadlines) yielded the most
significant engagement increases.

— SRL indicators (particularly self-reported anxiety) correlated strongly with
performance fluctuations.

These findings collectively demonstrate that data-driven and empathetic in-
tervention models can effectively re-engage students even in challenging aca-
demic environments. The pilots also validated the functionality of the Learning
Locker dashboard as a tool for monitoring engagement and guiding instructors’
decision-making

4 Results and Discussion

4.1 Overview of Results

The three pilot implementations at Belgrade Metropolitan University provided
a broad dataset for examining how early interventions informed by learning
analytics can affect student engagement and academic performance.

Across all courses, the data reveal consistent trends:

1. Student engagement was initially very low in the first half of the semester
(Weeks 1-6 or 1-9).

2. Targeted interventions, whether through personalized emails, surveys, or ad-
ditional sessions, corresponded to visible increases in LMS activity and higher
assignment submission rates.

3. Students’ self-reported SRL indicators (motivation, anxiety, and organiza-
tion) were closely aligned with observed behavioral changes in Learning
Locker dashboards.

The interventions were implemented at different points of the semester (Weeks
6, 9, 13, 14, and 15), but in all cases, dashboard visualizations displayed clear
peaks in activity immediately following outreach.

In the CS101 course, approximately 35% of previously inactive students be-
came active after the first intervention. In the CS105 course, the number of
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submitted learning statements increased from 904 to 1200, and the average as-
signment grade rose from 2.3 to 3.0 after two rounds of interventions.

In the CS230 course, engagement improved modestly, primarily among stu-
dents who had responded to initial communication, while others remained inac-
tive.

Table 3. Quantitative summary of key engagement metrics before and after interven-
tions.

Course |Week of Average Average Active Active Average
Initial Submissions [Submissions |Students |Students |Grade
Intervention|Before After Before After Change

CS101  |Week 6 45 82 43% 65% +0.5

CS105  |Week 9 904 1200 50% 70% +0.7

(statements) |(statements)
CS230 |Week 6 25 47 37% 53% +0.4

The results summarized in Table 3 confirm the hypothesis that timely, data-
informed interventions can reactivate disengaged students, even in semesters
marked by significant external disruptions.

4.2 Impact on Student Engagement

Engagement was assessed through multiple dimensions, namely behavioral (ac-
tivity logs), cognitive (task completion), and emotional (SRL self-reports).

Following the first intervention in each course, dashboards recorded increased
frequency of logins, message exchanges, and assignment submissions. This trend
aligns with prior findings that early communication and personal acknowledg-
ment can trigger renewed motivation [7,17].

However, engagement patterns differed by the type and timing of interven-
tion.

In CS101 and CS230, where the first outreach occurred in Week 6, engage-
ment improved temporarily but plateaued after several weeks, suggesting that a
single intervention round is insufficient to maintain momentum.

By contrast, in the CS105 course, where three consecutive rounds were or-
ganized between Weeks 9 and 15, the engagement curve displayed sustained
improvement, peaking during final pre-exam sessions.

The CS105 data therefore suggest that iterative interventions, even if similar
in content, serve as recurring reminders that sustain engagement over time.

This finding supports [10], who observed that repeated prompts based on
analytics encourage self-regulatory behaviors such as planning and time man-
agement.
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4.3 Patterns in SRL Indicators and Student Feedback

The integration of SRL surveys provided deeper insight into the psychological
and motivational factors underlying student behavior.

Across all pilots, high levels of reported anxiety were observed among both
high- and low-performing students.

This aligns with findings from and [9, 12], who note that even high achiev-
ers may experience reduced self-efficacy when external disruptions or increased
workload occur. In the BMU courses, SRL data informed the tone and focus of
interventions:

— Students reporting high anxiety received messages emphasizing stress man-
agement and reassurance.

— Students with low self-regulation received suggestions for time planning and
breaking tasks into smaller goals.

— Students lacking SRL data were reminded to complete the survey to enable
tailored support.

Analysis of email correspondence and survey responses revealed several re-
curring themes, summarized in Table 4, and given as follows:

1. Appreciation of personalized contact: Many students expressed gratitude
that instructors noticed their inactivity or stress, indicating that acknowl-
edgment alone contributed to motivation.

2. Preference for flexibility: Students valued additional sessions and deadline
extensions, especially when facing external challenges (e.g., protests, trans-
port blockades).

3. Persistent barriers among some students: Despite support, roughly one-
quarter of students remained inactive, suggesting deeper issues such as lack
of intrinsic motivation or competing life obligations.

Table 4. Summary of thematic codes from student feedback.

Theme Description Example Student Comment
Recognition |Students valued being noticed|"I didn’t expect anyone to follow up
and supported on my work and it really helped me
refocus."
Flexibility Requests for online or additional|"I could finally complete assign-
sessions ments thanks to the extra class."
Emotional Acknowledgment of anxiety and|"I feel less pressure knowing the
support stress teacher understands our situation."
Structural Transportation, protests, work|"I simply couldn’t attend because of
barriers obligations the road blockades."

The inclusion of SRL-based personalization thus enhanced the human dimen-
sion of data-driven interventions, combining analytics precision with empathetic
communication as an aspect emphasized in recent LA studies 17, 19].
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4.4 Comparative Discussion Across Courses

While all three pilots shared common objectives and tools, they produced dis-
tinct insights depending on course structure and student maturity level. Regard-
ing CS101 course, results shown that this was the most structured and technically
demanding course. Early interventions had moderate impact, improving partici-
pation but not entirely eliminating inactivity. Advanced students responded best
to individualized guidance. The most flexible and iterative implementation was
conducted in CS105. The use of surveys and repeated sessions demonstrated the
highest overall engagement increase. This supports the idea that multiple micro-
interventions outperform single, large-scale actions. Finally, for CS230, despite
clear data visualization and tailored communication, improvements remained
modest. The findings for this course highlight the limitations of asynchronous
email communication and the need for real-time support channels such as live
consultations or mentoring.

These differences suggest that while the Learning Locker infrastructure ef-
fectively centralizes analytics, the pedagogical responsiveness of instructors ul-
timately determines impact. The best results occurred when interventions com-
bined data insights with context-sensitive teaching actions, such as extending
deadlines, organizing catch-up labs, and maintaining regular communication
loops.

4.5 Interpretation in Light of Literature

The results from the BMU pilots support existing research emphasizing the
value of continuously monitoring students’ engagement through learning analyt-
ics dashboards, complemented by SRL survey data, in order to design timely and
personalized interventions. Consistent with [7], early detection of disengagement
led to measurable improvements in participation and grades. The integration
of SRL surveys parallels findings in [11,17], who argue that feedback rooted in
metacognitive awareness enhances learners’ capacity for self-regulation.

However, the pilots also reveal key practical limitations that echo concerns
from [2,18]:

— Data analytics alone cannot ensure engagement; they must be paired with
pedagogical empathy.

— Sustained impact requires iterative, multi-channel communication.

— External contextual factors (sociopolitical disruptions, mental health issues)
significantly shape students’ responsiveness to interventions.

Moreover, these findings contribute to the emerging body of European re-
search advocating for institution-wide frameworks that connect learning ana-
lytics with ethical use, teacher training, and early-warning systems. The BMU
implementation shows that such systems can be scalable and adaptable across
courses, provided that instructors receive proper support and interpret analytics
as a diagnostic tool.
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5 Conclusion

This study examined how learning analytics and early interventions can be ap-
plied to improve student engagement and learning outcomes in higher education.
Within the framework of the ISILA project, three pilot courses at BMU served as
testing grounds for the integration of Learning Locker dashboards, SRL surveys,
and targeted communication strategies.

Across all pilots, the results confirmed the central premise that data-driven
insights combined with timely pedagogical action can positively affect engage-
ment, motivation, and academic performance. The use of learning analytics en-
abled early identification of disengaged or anxious students, while SRL data
provided the necessary context to tailor interventions to individual needs. This
dual approach demonstrated that learning analytics are most effective when
interpreted through a human-centered, empathetic lens rather than as a purely
technical monitoring tool. Several key findings emerged from the analysis. Firstly,
early intervention matters significantly increased engagement after the first out-
reach in each course, confirming that students respond to acknowledgement and
structured support. In addition, frequency and flexibility of interventions proved
decisive. The course that implemented multiple interventions recorded the largest
and most sustained improvement, showing that repeated prompts and opportuni-
ties for participation maintain engagement more effectively than single interven-
tions. Third, the pilots revealed the importance of addressing affective factors,
such as anxiety and stress, which directly influence academic persistence. Per-
sonalized messages and flexible deadlines mitigated these issues and encouraged
students to take proactive control of their learning.

At the same time, several limitations must be acknowledged. A consistent
group of students (roughly one quarter) remained inactive despite multiple in-
terventions, suggesting that external or personal factors, such as employment,
mental fatigue, or systemic disengagement, require alternative strategies beyond
email communication. Furthermore, the socio-political context of the semester,
characterized by nationwide protests and disrupted class schedules, limited the
generalizability of the findings. These external stressors underscore how con-
textual factors can amplify disengagement, and why institutional resilience and
adaptability are essential components of successful learning analytics initiatives.

Building on these findings, future work at BMU and within the ISILA con-
sortium will focus on automation and predictive analytics by expanding the
Learning Locker system with predictive models that can automatically flag at-
risk students and trigger early notifications for instructors. Secondly, we will
incorporate multimodal communication channels such as in-app notifications,
learning platform chatbots, or short video messages to complement traditional
email communication. Regarding expanding SRL, we plan to introduce longitu-
dinal SRL instruments to measure how students’ self-regulation evolves over the
semester and how interventions affect metacognitive growth.
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Abstract. Student success prediction is a central topic in educational data
mining and learning analytics, as institutions increasingly rely on data-driven
approaches to enhance learning outcomes. However, the dynamic nature of
educational environments raises questions about the long-term reliability of
predictive features used in these models. This study aims to investigate the
temporal stability of features extracted by sensitivity analysis of predictive
models developed by integrating data from various sources, including the
e-learning system, student attendance records, teacher opinions, and
meteorological data. In this study, the stability of success predictors is modeled
using machine learning algorithms — Random Forest and Gradient Boosted
Decision Tree. By applying regression metrics, the precision of the model is
assessed to determine the reliability of predictive features over time.
Identification of the relevant success predictors and their temporal stability
provides insights into significant success predictors in the long term. The
results support the development of robust predictive models and highlight key
features that contribute to the reliable analysis of student success outcomes.

Keywords: Predictive Data Modeling, Machine Learning, Stability of Success
Predictors, Learning Management System, Learning Analytics, Random Forest,
Gradient Boosted Tree.

1 Introduction

Machine learning algorithms and the vast amounts of data generated daily have led to
data-driven predictions aimed at advancement and development across various
domains, including education. To provide high-quality feedback in the shortest
possible time, new models and methods for tracking student progress are being
developed. Data collected and analyzed from the Learning Management System
(LMS) helps predict which features influence student dropout rates and which
contribute to motivation, success, and continued engagement. The analysis of data
from the e-learning system is defined as learning analytics. According to [1], learning
analytics is the collection, analysis, interpretation and communication of data about
learners and their learning that provides theoretically relevant and actionable
insights to enhance learning and teaching. Researchers aim to extract high-quality
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data, specifically e-learning system features that would serve as a solid foundation for
developing accurate and reliable student success models. Study [2] states that only
LMS data is insufficient for prediction, highlighting the need for integration, making
it one of the research objectives.

This study will analyze data extracted from the e-learning system, integrated with
multiple sources, to determine the features that influence the student success model
and which features demonstrate stability in prediction over time, thereby ensuring
model robustness.

Objectives of the study are: (i) to integrate data from various sources
(e-learning system, nastava.foi.hr, teachers’ opinion, meteorological data), (ii) to
determine the temporal stability of features over time, (iii) to compare the stability of
predictive models obtained through different machine learning algorithms, (iv) to
identify stable and relevant features from the formative assessment group.

Based on the established objectives, research questions are formulated: (i) Which
group of integrated features contributes more to model stability?, (ii) Which success
predictors can be extracted as stable within courses in the e-learning system for
several years?, (iiil) Which stable data features have greater predictive power in
predictive models obtained using different machine learning algorithms, based on
sensitivity analysis?, (iv) Which features from the formative assessment group have
been identified as stable?

2 Course and Data Description

This section describes course included in the research as well as data used for
predictive models development.

2.1  Course Description

The research is conducted within a blended course model. The course is delivered at
the Faculty of Organization and Informatics, University of Zagreb, at the
undergraduate level. It is a mandatory course that enrolls over 200 students annually.
The course lasts 15 weeks and is organized so that the resources needed for lectures,
exercises, and seminars are published in the e-learning system.

Materials are published in the system during both synchronous and asynchronous
classes. Materials used during synchronous classes remain accessible for students to
review and study later, while materials published during asynchronous classes
additionally serve as preparation tools and support work in a live environment. Since
this is a blended course model, in addition to data on student activity within the
system and the number of points accumulated through various assignments during the
course, data on student attendance records and teacher assessments are also available
for analysis. This teaching format enables teachers to closely monitor student
progress.

Assignments are given to students either synchronously or asynchronously, and as
previously mentioned, all materials are published within the e-learning system.
Assessment is conducted through formative (assignments) and summative (midterms,
projects) tasks. Students must achieve at least 50% in each summative component to
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pass the course. The final grade is determined by summing the points earned in
summative assessments. Assignments are submitted by students via the e-learning
system, reviewed by teachers, and discussed through verbal feedback during live
sessions. This process provides students with insights into their performance and
areas for improvement.

For the 2023/2024 course, 241 students were enrolled, while in the 2024/2025
course, 246 students were enrolled.

The next subsection presents the data extracted from the e-learning system for a
regression task, specifically predicting the number of points obtained in midterms.

2.2 Data Description

The data includes integrated information from: (i) the Moodle e-learning system; (ii)
student attendance records; (iii) subjective teachers' opinions regarding students’
performance during classes, and (iv) meteorological data retrieved from the
Open-Meteo website [3].
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Fig. 1. Feature groups and examples of features used in the research

The first set of 46 features relates to LMS data. Since [4] states that the time spent
within a course is not significant for the outcome unless dedicated to learning, the
research analyzes those features that can track time spent on learning with the
integration of new data. Some of these features, highlighted in orange, were also used
in studies [2], [5], and [6].
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The second group of features, meteorological features, includes data on average,
minimum, and maximum temperature, precipitation, wind speed, and PM particles.
PM10, and PM2.5 - airborne pollutant particles capable of penetrating the skin,
bronchi, and bloodstream, thus posing a risk to human health [7]. Given their impact
on the environment, climate, and visibility [7], it is hypothesized that they also
influence human mood to some extent, potentially affecting motivation and academic
success. The inclusion of meteorological data further contributes to this research, as
there are no existing studies that have integrated such data into their analyses.

Meteorological data were incorporated to explore whether environmental
conditions—such as temperature or daylight duration—affect student engagement and
overall success. External factors of this kind can influence students both directly and
indirectly. For example, severe weather conditions may impact attendance, limit
students’ mobility, or affect their concentration and motivation. Similarly, prolonged
periods of poor weather could reduce opportunities for social interaction and
extracurricular learning, while favorable conditions may foster more consistent
participation. By including meteorological data, the study investigates whether
academic performance is sensitive to non-academic variables, offering a broader view
of factors shaping student outcomes.

Attendance record features are entered by teachers and can be retrieved from
the nastava.foi.hr system or the e-learning system. The features provide data on the
number of times a student has attended classes (lectures and/or seminars, and/or
exercises).

The teacher’s opinion feature represents the teacher’s subjective assessment, based on
the student's performance during classes or exercises, as well as their engagement in
all aspects of academic work.

Teacher assessments of student engagement and performance, while valuable,
introduce an inherently subjective dimension into the predictive model. Such
judgments may capture behavioral student patterns that are not reflected in
quantitative data from LMS logs or environmental records. However, reliance on
teacher opinions must be interpreted cautiously, as individual perceptions can vary
widely and may be influenced by implicit biases or limited classroom interactions.
Including this predictor provides an opportunity to compare human-informed insights
with objective metrics, helping to assess its relative stability and predictive power.

Integration of these data sources serves as the basis for development of
predictive models for student success prediction.

3 Research Methods

The research follows the CRISP-DM standard for data analysis. This standard is
applied through six phases: domain understanding, data understanding, data
preparation, modelling, evaluation, and deployment [8]. In conducting the research,
data is first collected from the e-learning system and other sources, then integrated to
ensure a comprehensive analysis.

After collecting and explaining the data for understanding, the data is extracted,
structured, and prepared for modelling using a machine learning algorithm.
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Sensitivity analysis identifies stable features for making predictions. In the evaluation
phase, models are assessed, and research questions are addressed.

Data sets are collected at the Faculty of Organization and Informatics, University
of Zagreb, and approval from the Ethics Committee is obtained for conducting the
research and using the data, with the necessary anonymization of personal indicators
and proper storage. The data is divided into a training set and a test set, and multiple
machine learning algorithms are applied to develop predictive models of student
success. The modeling phase is central to the research, where the application of
machine learning algorithms — Random Forest (RF) and Gradient Boosted Trees
(GBT) — determines the role and significance of stable features, as well as their
contribution to predicting model performance.

RF is an ensemble of decision trees where each tree relies on randomly selected
features from the input data. This approach reduces dependency among data points
and ensures robustness by minimizing sensitivity to noise in the data, such as missing
values and outliers [5], [9].

GBT is a machine learning algorithm that combines multiple weak predictive
models (decision trees) to create a strong predictive model [10]. In GBT, trees are
built iteratively, with each new tree attempting to correct and minimize the errors of
the previous one [10].

Many consulted studies apply these algorithms to similar types of tasks, which is
why they are applied in this research. Study [11] states that the GBT algorithm
provides the best prediction for student success and failure, while [5] reports similar
findings for the RF algorithm. Decision tree-based algorithms have also been applied
in studies [12] and [13].

The results obtained using the algorithms are evaluated using metrics commonly
used in regression tasks, namely Mean Absolute Error (MAE), Root Mean Squared
Error (RMSE), and Normalized Root Mean Squared Error (NRMSE). All metrics
measure prediction errors, where lower values indicate better model performance.
Based on the sensitivity analysis, insights into key features for prediction are
obtained, and the resulting model will then be applied to predict new cases.

4 Results and Discussion

This section presents the results of the pilot study based on an analysis of data from
the academic years 2023/2024 and 2024/2025.

Table 1. Presentation of results obtained using RF and GBT algorithms

Algorithm Metric 2023/2024 2024/2025
Random Forest MAE 2.3474 2.38
RMSE 2.8221 2.8303
NRMSE 0.2352 0.2881
Gradient Boosted MAE 2.2011 2.3093
Tree RMSE 2.7050 2.9587
NRMSE 0.2254 0.3012
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On the prepared dataset, after modelling with the mentioned algorithms, an evaluation
is conducted and presented in Table 1.

Table 2. Presentation of the top 10 features obtained through sensitivity analysis, sorted by
importance

RF -2023/2024
topinion: 0.3839
Exercise: 0.0961
Assignment:
Submission of the
task for lab
exercises - ERA
model time:
0.0481
Research seminar:
0.0340
start_learning_bef
ore_exam: 0.0287
weekend_10:
0.0260
Assignment:
Submission of the
task for lab
exercises -
Relational schema
time: 0.0248
activity _start_lear
ning_before_exam
_Afternoon:
0.0212
Assignment:
Submission of the
task for lab
exercises 5 -
BPMN time:
0.0174
Assignment:
Submission of the
task for Week 3
exercises (Exercise
2 and 3) time:
0.0171

RF -2024/2025
topinion: 0.3457
Assignment:
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task for Week 3
exercises (Exercise
2 and 3) time:
0.0480
activity sum*activ
ity_start_learning
_before_exam_su
m: 0.0303
AssignmentMean:
0.0297
activities_during 1
earning: 0.0287
Assignment:
Submission of the
task for lab
exercises -
Relational schema
time: 0.0260
Assignment:
Submission of the
task for lab
exercises 4 -
Project
management time:
0.0185
Assignment:
Oracle Apex
submission 1 time:
0.0184
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Submission of the
task for lab
exercises 6 - Use
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time: 0.0179
start_learning_bef
ore_exam: 0.0178
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Excercise: 0.1740
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Table 2 presents the top 10 features identified as the most important during the
sensitivity analysis, classified by years and algorithms.

So, one measure of stability, mentioned in study [9], is sensitivity analysis, which
tracks features that consistently appear over time. Another measure is the coefficient
of wvariation. Study [16] states that the coefficient of variation is a measure of
dispersion used to detect changes in accuracy and monitor process stability. In this
case, it is applied to assess feature stability over two years.
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Relational schema time
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Fig. 2. Feature stability trends across years obtained using the RF algorithm
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Fig. 3. Feature stability trends across years obtained using the GBT algorithm

The Figures 2 and 3 illustrate feature stability trends across years for four consistent
features. The first image shows results obtained using the Random Forest (RF)
algorithm, while the second reflects outcomes from Gradient Boosted Trees (GBT).
The comparison highlights how feature importance and consistency vary between
models, offering insights into their robustness and temporal reliability.

Table 3. Presentation of the coefficient of variation for features recurring in 2023/2024 and

2024/2025
Features in . Features in .
Coefficient of Coefficient of
2023/2024 and .. 2023/2024 and L
2024/2025 -RF  Varation 2024/2025 - GRT  Varation
teacher opinion 0.0524 teacher opinion 0.1451
Assignment:
Submission of the
start_learning_befo 0.2344 task for lab 0.4155
re_exam exer-cises -
Relational schema
time
Assignment:
Submission of the activity _start learn
task for Week 3 0.4747 ing before exam_ 0.4750
exercises (Exercise Afternoon
2 and 3) time
Assignment: .
Subnglission of the Asmgnm ept:
task for lab Sub-mission of the
exercises } 0.0236 task . for lab 0.0935
Relational schema exereises - ERA
time model time

Table 3 presents the results of the pilot study for the coefficient of variation measure.
The results show features that appear in both years for the RF and GBT algorithms,
considering only the top 10 features identified through sensitivity analysis. Findings
indicate that certain course assignments play a significant role in prediction, followed
by the subjective teacher's opinion.

5 Conclusion

This study provides valuable insights into the temporal stability of student success
predictors gained from multiple data sources. Reserach results highlight the
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importance of identifying robust features to ensure the long-term reliability of
predictive models in educational settings.

LMS features: Assignment: Submission of the task for lab exercises - Relational
schema time (using the RF algorithm) and - Assignment: Submission of the task for
lab exercises - ERA model time (using the GBT algorithm), which belong to the
formative assessment type, are the most stable predictors of success, demonstrating
the highest predictive power. This conclusion is derived from answering the research
question posed:

The first question examines which group of integrated features contributes most
significantly to model stability. The pilot study found that features related to teacher
opinions and academic success have a greater impact on model stability.

The second question aims to identify which success predictors remain stable within
an e-learning course over several years, measured by the coefficient of variation. The
results show that within the e-learning system, assignments, learning start time, and
activities in the system during learning can be extracted as stable predictors over time.

The third question aims to identify stable data features with strong predictive
power in models generated using various machine learning algorithms, based on
sensitivity analysis. Some of the features that can be identified include teacher
opinions, assignments, activities during learning, and weekend activity patterns.

Additionally, the fourth research question examines features from the formative
assessment group that have been identified as stable. These features belong to the
academic success category. Among the extracted LMS features, assignments stand
out, as sensitivity analysis indicates, they have higher predictive power. Furthermore,
the coefficient of variation shows that some assignments have remained stable over
the years.

It can be concluded that the study’s findings on predictor significance align with
the consulted research, with further contributions focusing on verifying the stability of
features. i.e., success predictors.

The study’s limitations are reflected in the small dataset. However, future research
will expand to include data covering more years. Additionally, in the continuation of
the study, more machine learning algorithms will be applied, and evaluations will be
conducted across multiple metrics.

The future goal is also to collect data over multiple years within a single course
before expanding the research to multiple courses.
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Abstract. This paper presents a case study on the integration of photogrammetry
into undergraduate game development education. Conducted within the course
AD185 — Izrada 3D video igara at Metropolitan University, the module engaged
six students in capturing real-world objects and transforming them into opti-
mized, textured 3D models for use in Unity Game Engine. A mixed-methods
approach was employed, combining pre- and post-assignment questionnaires
with technical evaluation of the resulting models. The results indicate significant
improvements in student understanding, practical skill acquisition, and engage-
ment. The assignment also encouraged students to critically evaluate different
workflows, balancing automation and manual control. Despite a small cohort, the
findings suggest photogrammetry is an effective, scalable addition to 3D model-
ing curricula. The paper concludes with recommendations for implementation
and outlines future research directions in photogrammetry-based education.

Keywords: Photogrammetry, 3D Modeling, Game Development Education.

1 Introduction

Photogrammetry, the process of reconstructing three-dimensional (3D) digital models
from photographs, has become an essential technique in the contemporary game devel-
opment pipeline. By enabling the transformation of real-world objects and environ-
ments into textured 3D assets, photogrammetry offers a fast, scalable, and increasingly
accurate alternative to manual modeling techniques. As gaming audiences continue to
demand photorealistic content, studios have embraced photogrammetry for asset gen-
eration, especially in creating environments, props, and surface textures with fine detail
and realism [1, 2].

Beyond industry applications, photogrammetry is gaining attention in higher educa-
tion as a powerful pedagogical tool. In domains ranging from archaeology and cultural
heritage to architecture and design, educators are adopting photogrammetric workflows
to provide experiential learning opportunities that bridge the digital and physical worlds
[3, 4]. These approaches support active learning through direct engagement with spatial
data, while also fostering technical and creative skills [5]. The ability to scan real
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objects and process them into game-ready assets offers students immediate feedback
and motivation, making photogrammetry a valuable addition to curricula focused on
3D modeling and game development.

Despite the growing relevance of photogrammetry in the digital content creation in-
dustry, its integration into game development education remains relatively underex-
plored in scholarly literature. While there are successful examples of its use in cultural
preservation [6], landscape modeling [7], and historical reconstruction [8], few studies
have examined how photogrammetry can enhance learning outcomes in game design
programs specifically. Moreover, little is known about how students experience the
technical and creative challenges of capturing, processing, and integrating photogram-
metric models into real-time real-time game engines such as Unity or Unreal.

In this paper, we present a case study from the undergraduate course AD185 “Izrada
3D video igara” (3D Game Development) at Metropolitan University, where a dedi-
cated photogrammetry module was introduced to teach students how to create their own
3D assets from real-world objects. Six students completed the module, including a prac-
tical assignment and pre/post questionnaires to evaluate expectations, experiences, and
learning outcomes. The goal of this study is twofold: (1) to assess the pedagogical value
of photogrammetry in a game development context, and (2) to document student-cre-
ated models, tools used, and the overall effectiveness of this approach in developing
practical skills relevant to digital game production.

2 Related Work

Photogrammetry has undergone significant development in recent decades, emerging
as a foundational technique in both industrial and academic contexts. In digital content
creation, particularly within the video game industry, photogrammetry allows the effi-
cient and accurate reconstruction of real-world objects and environments for use as
digital assets. It is valued for enabling rapid generation of realistic geometry and texture
data, thereby shortening development cycles while increasing fidelity [1, 2].

The use of photogrammetry in education has also gained considerable attention.
Chapinal-Heras et al. [3] demonstrated the pedagogical potential of photogrammetry in
a history curriculum, where students used image-based 3D modeling techniques to dig-
itize cultural artifacts. This hands-on approach helped students better engage with
course material while developing transferable technical skills. Similarly, Sapirstein [4]
reported on the value of photogrammetry in archaeological education, emphasizing
how it enhances students’ spatial reasoning and data literacy through direct interaction
with field data.

These findings align with broader efforts to integrate 3D modeling into immersive
educational environments. Hughes et al. [5] compared photogrammetry and laser scan-
ning in the context of real-world capture for virtual reality applications, concluding that
photogrammetry provided a cost-effective and accessible solution for creating immer-
sive learning assets. Their findings suggest that students benefit not only from acquiring
technical competencies but also from applying those skills in multidisciplinary and ex-
periential settings.
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In the context of game development, photogrammetry offers an effective bridge be-
tween artistic and technical disciplines. Peji¢ et al. [6], in their study of a historical
reconstruction project, compared manual and automatic photogrammetric approaches
to model the Barutana building in Serbia. The semi-automatic approach yielded a sim-
plified but manageable model suitable for visualization and presentation, whereas the
fully automatic method produced a highly detailed and geometrically accurate model,
albeit with a substantially larger file size. Their findings highlighted trade-offs between
manual effort and computational complexity, and their conclusions remain relevant to
game development workflows, where asset performance and visual fidelity must be
balanced.

Further research by Vannini et al. [7] explored photogrammetry's role in landscape
modeling, emphasizing its scalability and adaptability to various levels of detail. This
is particularly relevant to open-world game environments, where accurate terrain and
environmental models are required. Similarly, Koutsoudis et al. [8] conducted a perfor-
mance evaluation of multi-image 3D reconstruction, concluding that photogrammetry
techniques, if properly applied, can deliver high-quality models comparable to those
obtained with more expensive methods.

Finally, Guidi et al. [9] and Dall’ Asta and Roncella [10] contributed to the method-
ological literature by analyzing photogrammetric pipeline components, such as image
alignment, dense matching, and mesh reconstruction. Their studies underscore the im-
portance of algorithmic selection and parameter tuning, especially when photogramme-
try is taught as part of an applied curriculum.

Prior literature illustrates photogrammetry’s strong potential to support learning
through practice, foster technical skill development, and promote interdisciplinary
thinking. However, there remains a gap in empirical studies focusing specifically on
photogrammetry in game development education. This paper aims to contribute to this
emerging area by evaluating how photogrammetry was introduced in a game design
course, what students created, and how their learning evolved through the process.

3 Methodology

3.1 Course Context and Objectives

This study was conducted within the undergraduate course AD185 "Izrada 3D video
igara" (3D Game Development) at Metropolitan University. The course is part of the
curriculum for students specializing in game design and interactive media and aims to
equip them with practical skills in 3D modeling, animation, and game engine integra-
tion. The photogrammetry module was introduced mid-semester as an experiential
learning intervention, designed to bridge real-world object acquisition with digital asset
creation workflows used in the video game industry.
The learning objectives of the photogrammetry module were threefold:
1) introduce students to image-based 3D reconstruction methods and tools,
2) provide practical experience in converting real objects into game assets, and
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3) enhance student understanding of the end-to-end digital content creation
pipeline, including capture, modeling, optimization, and game engine inte-
gration.

3.2 Assignment Design and Workflow

Six students participated in the module. Each was assigned the task of independently
selecting a real-world object, capturing a series of photographs from multiple angles,
and processing the image set using photogrammetry software. Students were given a
choice of both mobile and desktop-based applications, including:
e RealityScan (Epic Games) and Polycam — mobile applications offering guided
photo acquisition and automated cloud-based processing,
e  Meshroom (AliceVision) — an open-source desktop tool requiring an NVIDIA
GPU or the OpenCL variant (MeshroomCL) for AMD systems,
e RealityCapture — a high-end desktop application available via student license.

Students were instructed to photograph their objects in consistent lighting conditions
with sufficient overlap between images. The resulting image sets ranged from approx-
imately 20 to 100 photos per student, depending on object size and complexity. Pro-
cessing was performed either on students' personal devices or remotely via cloud ser-
vices, yielding textured 3D mesh outputs.

Following reconstruction, students were required to:

e Import the model into Autodesk Maya for cleanup, including removal of back-
ground elements, and minor corrections,

e  Export the optimized model in a game engine-compatible format,

e Test the model’s integration into the Unity engine, including material assign-
ment and scene placement.

Students also documented their workflows and outcomes in a structured report, in-
cluding technical metadata such as:

e number of images used,
time required for photography and processing,
final polygon count,
file size of the exported model,
quality and clarity of generated textures,
e and whether further processing in Maya was required.
This documentation was used as the basis for comparative technical analysis.

3.3  Questionnaire Design and Data Collection

To evaluate the learning impact of the module, students completed two anonymous
questionnaires: one prior to the assignment (pre-questionnaire) and one after comple-
tion (post-questionnaire). The pre-questionnaire assessed students’ baseline knowledge
and expectations, including questions such as:
e  “Have you previously heard of or used photogrammetry?”
e “What challenges do you anticipate in capturing or processing real-world ob-
jects?”
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The post-questionnaire measured shifts in perception and self-assessed learning out-
comes, using both Likert-scale items and open-ended questions, such as:
e How would you rate understanding of photogrammetry after the assignment?
e  What was the most challenging part of the process?
¢  Would you consider using photogrammetry in future? Why or why not?
Responses were coded and analyzed thematically to identify common experiences
and emergent learning patterns. By combining quantitative data from model outputs
and qualitative data from student reflections, this study employed a mixed-methods
case study design, enabling a holistic assessment of both technical proficiency and per-
ceived educational value.

4 Results

This section presents the outcomes of the photogrammetry module in terms of student
feedback, learning progression, and technical characteristics of the generated 3D mod-
els. Results are derived from both the questionnaires and the technical evaluation of the
submitted assignments.

4.1 Student Feedback and Learning Outcomes

Pre-assignment awareness and expectations. Prior to the module, only 2 out of 6
students had heard of photogrammetry, and none had previously used it in any form.
Most expected the process to be either “highly technical” or “difficult to manage with-
out professional equipment.” On a 5-point Likert scale (1 = no knowledge, 5 = expert
knowledge), the average self-assessed understanding of photogrammetry was 1.8.

Post-assignment reflections. After completing the assignment, students reported a sig-
nificant increase in understanding, with the average self-assessment rising to 4.0. All
students rated the experience as “valuable” or “very valuable,” and five out of six stated
that they would consider using photogrammetry in their future projects. Open-ended
responses highlighted several recurring themes:
e Realism and satisfaction: “It was amazing to see how real the object looked
in Unity with real textures.”
e Technical challenge: “Lighting was tricky; I had to redo the photo session
twice.”
e Learning motivation: “I want to try scanning larger scenes next.”
The post-questionnaire also revealed an increased confidence in using new tools and
integrating external workflows into the game development process.

Perceived challenges. Students identified three main challenges during the assign-
ment:
1. Ensuring sufficient photo coverage to avoid holes in the mesh.
2. Managing lighting conditions and surface reflectivity.
3. Processing time and system requirements, especially when using desktop soft-
ware.
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Despite these difficulties, all students completed the assignment successfully and
gained practical insight into both the benefits and limitations of photogrammetry.

4.2 Technical Evaluation of Models

Each student submitted a complete asset pipeline: image set, reconstructed mesh,
cleaned model, and Unity-integrated prefab. A summary of the technical data is pro-
vided in Table 1.

Table 1. Technical Summary of Student Photogrammetry Projects

Student Object Photos Software Triangles  Size (MB)  Time (Min)
Veljko Kovacevic Statue 58 Meshroom 176,574 99.4 85
Luka Kurtic Statue 100 RealityScan 7.955 1.4 20
Luka Rankovic Chair 45 RealityScan 99,993 15 17
Lazar Stanisavljevic Bottle 20 RealityScan 1,000,008 32 30
Dimitrije Stojanovic Slipper 30 Polycam 13,390 3 12
Milos Nikolic Bike 100 RealityCapture 256,453 143 254

Across all projects, texture quality was generally strong due to the use of real surface
photography. Polygon counts varied based on software and optimization (Figure 1).
Students using mobile applications produced lower-poly models by default, while those
using desktop tools (e.g., Meshroom) submitted higher-resolution meshes, which re-
quired manual decimation in Maya to be suitable for game engines.

Fig. 1. 3D models created by students using photogrammetry method
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5 Discussion

The results of this study provide meaningful insights into the integration of photogram-
metry into a game development curriculum. Both the qualitative and quantitative out-
comes confirm that photogrammetry not only enhances technical proficiency but also
promotes creativity, engagement, and interdisciplinary thinking among students.

5.1 Educational Value and Skill Development

One of the most notable outcomes was the increase in students’ confidence and com-
petence in working with unfamiliar digital tools. The shift in self-assessed knowledge
from an average of 1.8 to 4.0 on a 5-point scale, demonstrates that even a short, well-
structured module can significantly enhance student understanding. This aligns with
findings from other studies [3, 4], which emphasize that experiential engagement with
photogrammetry enhances spatial reasoning and procedural knowledge.

In this module, students did not merely follow a theoretical introduction but engaged
directly in the complete asset pipeline, from data acquisition to deployment in a real-
time game engine. This approach reinforced applied knowledge and mirrored real-
world workflows in game studios [1, 2], validating the pedagogical decision to integrate
photogrammetry as a hands-on, project-based learning experience.

5.2 Tool Selection and Workflow Comparison

Students used a variety of software tools depending on hardware availability and per-
sonal preference, resulting in a natural comparison between mobile-based and desktop-
based workflows. Those using mobile apps like RealityScan or Polycam benefited from
faster, more automated pipelines but often faced limitations in texture sharpness and
mesh optimization. In contrast, desktop tools like Meshroom and RealityCapture of-
fered higher accuracy and control at the cost of increased complexity and processing
time.

This distinction parallels findings in professional and academic literature [6, 10],
which show that automatic photogrammetry solutions prioritize accessibility and speed,
whereas semi-automatic or manual workflows, though more labor-intensive—allow for
better customization and asset fidelity. Within the classroom context, both approaches
proved pedagogically valuable: mobile apps lowered the barrier to entry, while desktop
solutions challenged students to refine their technical workflows and practice digital
cleanup and optimization.

5.3  Trade-offs: Accuracy vs. Efficiency

The technical results revealed substantial variance in polygon counts and model sizes
(from under 10,000 to over 1 million triangles), depending on the reconstruction
method and user intervention. Students who spent more time optimizing their models,
either by cropping extraneous geometry or decimating dense meshes, produced assets
that were both game-engine ready and aesthetically compelling. This highlighted the
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importance of balancing visual realism with performance constraints, a fundamental
concern in game development [5, 7].

The assignment fostered awareness of data integrity and artifact correction. For ex-
ample, students who failed to capture the underside of an object or used inconsistent
lighting learned firsthand how incomplete data affects model quality. These real-world
challenges taught students critical lessons in planning and executing digital capture,
mirroring the practical difficulties encountered by professionals in the field [9].

5.4  Student Engagement and Motivation

From a motivational perspective, the project format proved highly effective. Students
frequently expressed enthusiasm for the tangible nature of the task, photographing real-
world objects and seeing them appear, realistically textured, within a game engine. This
tangible transformation from physical to digital fostered a sense of accomplishment and
ownership, echoing observations from other pedagogical studies that highlight the
power of hands-on digital fabrication to increase engagement [3, 8].

The open-ended nature of the assignment encouraged creativity. Students selected
personally meaningful objects, from statues and bikes to bottles and furniture, resulting
in a diverse and culturally resonant portfolio of models. This individualized approach
promoted intrinsic motivation and made the technical learning process more relatable
and enjoyable.

6 Conclusion

This study demonstrated the successful integration of photogrammetry into an under-
graduate game development course, where students created game-ready 3D models
from real-world objects. Through a structured assignment involving image capture, 3D
reconstruction, and game engine integration, students acquired essential technical skills
while gaining insight into realistic asset pipelines used in the industry.

The module proved effective in increasing both student engagement and understand-
ing of key concepts such as mesh optimization, texture fidelity, and tool interoperabil-
ity. Variations in workflows—between mobile and desktop tools—provided a practical
lens through which students evaluated the trade-offs between automation and control.
However, the study had limitations, including a small sample size and short duration.
Technical barriers such as hardware requirements and software compatibility also
posed challenges. Future implementations should incorporate peer feedback, structured
performance evaluation, and more advanced topics like environment-scale scanning or
error quantification.

Future research should explore longitudinal effects of photogrammetry training, its
integration into full game development pipelines, and its value in multidisciplinary col-
laborations, particularly in design, heritage, and AR/VR applications.
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Abstract. This paper critically analyses authoring tools for e-learning, with a fo-
cus on the H5P platform, highlighting its transformative potential in digital teach-
ing. H5P is an open-source technology capable of promoting interactive, inclu-
sive and cognitively stimulating learning environments. The article emphasises
that such tools should not be seen merely as technical solutions, but as pedagog-
ical levers for a profound methodological restructuring of teaching. Through the
integration of dynamic multimedia content and immediate feedback, H5P pro-
motes motivation, self-regulation and meaningful learning. However, the effec-
tiveness of digital innovation depends on the quality of instructional design and
teacher training. Only conscious and thoughtful use of these environments can
lead to real educational transformation, capable of going beyond the simple dig-
ital transposition of traditional teaching.

Keywords: H5P, E-Learning, Pedagogical Innovation.

Introduction

Authoring tools for e-learning: critical analysis and peda-
gogical perspectives. The case of HSP in interactive digital
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In recent years, the education sector has undergone a profound structural transfor-
mation, leading to increasing interaction with digital, online and hybrid learning envi-
ronments [1]. This process, further accelerated by the COVID-19 pandemic [2], has
forced school systems and academic institutions to adapt quickly to distance learning
and blended learning, combining the flexibility and accessibility offered by virtual
spaces with the importance of face-to-face interaction. This momentous transformation
has led to a paradigm shift in education, prompting those working in the education sec-
tor to reconsider teaching practices in light of the potential offered by digital technol-
ogy. In this context, the design of educational content has necessarily had to reformulate
delivery processes, considering that, in today's scenario, teaching cannot ignore
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hybridisation with multimedia materials [3,4]. The integration of resources such as im-
ages, sounds, videos and animations is no longer a simple complement to traditional
teaching, but rather an important pedagogical tool for motivating students and support-
ing highly complex cognitive processes, with the aim of promoting meaningful learning
development [5,6,7,8]. The richness and interactive nature of these materials act as ed-
ucational mediators capable of stimulating reflection, active participation and the con-
structivist construction of knowledge, essential elements for the educational success of
new generations, who are increasingly called upon to interact with electronic devices
in everyday and professional contexts.

Within this framework, e-learning authoring tools take on a strategic position, acting
as digital devices that enable educators to design, create and distribute interactive con-
tent in virtual environments. These tools, among which HSP (HTMLS5 Package) stand
out for its versatility and integration, allow the creation of dynamic and customisable
materials, such as interactive videos, quizzes, enriched presentations, timelines, simu-
lations and drag-and-drop activities, which can be easily integrated into the main Learn-
ing Management Systems (LMS) platforms. The uniqueness of these tools lies in their
ability to overcome traditional transmissive logic, promoting constructivist and socio-
cognitive teaching approaches that value active participation, reflection and self-regu-
lation of learning [9]. Furthermore, as authoring environments do not require advanced
programming skills, they enable the dissemination and customisation of educational
content even among teachers who are less experienced in technology.

From a systemic perspective, the adoption of authoring tools represents a strategic
lever for the design of inclusive, differentiated learning environments that can respond
effectively to the challenges posed by distance and blended learning. In this sense, sci-
entific literature shows that these technologies have a significant impact on student mo-
tivation, engagement and satisfaction, positively influencing overall learning outcomes
[10]. In particular, H5P stands out for its ability to build non-linear learning paths, in
which students actively interact with varied and dynamic content, developing a reflec-
tive and personalised learning process that not only activates higher cognitive processes
but also increases students' autonomy and responsibility in their own learning path
[11,12].

The digitisation of teaching, therefore, is not just a technological issue, but a pro-
found pedagogical transformation that broadens accessibility, promotes personalised
learning and responds more effectively to the multiple cognitive, emotional and social
needs of students in the third millennium. In this perspective, the role of authoring tools
becomes central, enabling the creation of multimedia and interactive teaching materials
that overcome the static nature of traditional teaching, enriching educational communi-
cation and stimulating active, self-regulated and inclusive learning processes [13]. Par-
allel to the evolution and growing popularity of Open and Distance Learning (ODL),
there has been an increasing need to develop Self-Instructional Materials (SIMs) SIMs)
that are not only highly interactive and attractive, but also based on rigorous pedagog-
ical structures capable of responding in a differentiated and targeted manner to the mul-
tiple cognitive, affective and motivational profiles of an increasingly diverse learning
population [14]. ODL is a strategic training method for meeting the flexibility needs of
university students, but it has also been extended to secondary school learners, shifting
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the educational model from a transmissive and linear logic to a dialogic training process
focused on operational autonomy, metacognitive awareness and the co-responsibility
of the learner. In this perspective, interactive tools for teaching mediation are techno-
logical and pedagogical resources capable of effectively responding to some of the re-
curring critical issues in learning pathways, helping to make the educational experience
more engaging on a sensory level, denser from a cognitive point of view and more
relevant in terms of personal development [13].

In this perspective, the HSP platform allows the construction of highly interactive
multimedia content, including enriched videos, dynamic questionnaires, simulations
and animated presentations, which promote active learning processes, supported by im-
mediate feedback mechanisms and continuous opportunities for meaningful interaction
with other users of the platform [9,10,15]. Recent empirical evidence confirms that the
integration of HSP in ODL contexts can positively impact on the overall quality of the
learning experience, helping to improve learning outcomes and student satisfaction and
counteract forms of disengagement and dispersion through teaching strategies focused
on cognitive activation and continuous interaction between content and users [11,12].

In light of the reflections developed so far, the introduction of digital authoring tools
cannot be interpreted simply as an accessory technological integration to traditional
teaching devices, but rather as an effective epistemological restructuring of educational
practices, capable of profoundly affecting the quality of teaching and learning pro-
cesses. These tools are vectors of methodological innovation, promoting the design of
learning environments that are more responsive to the cognitive, metacognitive and so-
cio-relational needs of students, with a particular focus on promoting regulatory auton-
omy, inclusiveness and active participation.

In this direction, this paper aims to analytically explore the educational potential
offered by authoring tools, with a specific focus on the H5P platform, in order to high-
light the transformative impact that these technologies can have on blended and dis-
tance learning. The advanced features of H5P and their pedagogical implications in
terms of cognitive activation, educational accessibility and personalisation of learning
paths will be critically examined.

The aim is to highlight how the conscious use of highly interactive digital environ-
ments can not only support but also reshape traditional teaching, promoting a transition
towards multimodal, dialogic training models centred on the reflective action of the
learner. The proposed reflection, therefore, is part of a pedagogy of innovation based
on criteria of educational sustainability, design flexibility and the enhancement of dig-
ital resources as complex teaching mediators.

2 Authoring tools

In the context of digital education, authoring tools for eLearning are advanced techno-
logical environments that enable the design and development of structured educational
content using a wide range of multimedia resources, such as text, images, audio, video
and interactive presentations, without the need for specialist IT expertise [16].These
environments, which have profoundly changed the paradigm of educational production
since the dawn of online training, now meet the dual need to simplify creation processes
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and ensure the pedagogical quality and accessibility of training materials. The unique-
ness of these tools lies in their intuitive interface, based on visual design logic, which
allows even those without advanced technical skills to structure personalised training
courses. This approach promotes a significant democratisation of educational design,
as it allows for the direct and active involvement of teachers and education profession-
als in the process of designing and developing training materials [17]. By eliminating
the need for specific technical skills and reducing dependence on external figures such
as programmers or designers, these tools allow teachers to translate their pedagogical
strategies into digital content with greater autonomy and timeliness, promoting a closer
connection between real teaching needs and the technological solutions adopted, help-
ing to make the training project more tailored to the specific needs of students and more
consistent with the educational objectives pursued. In this way, accessibility to author-
ing tools is a key element in enhancing the professional skills of educators and promot-
ing collaborative and participatory practices in the construction of learning experience
[17].

The effectiveness of authoring tools is also evident in their ability to ensure high
content usability, thanks to responsive interfaces that allow access from a variety of
devices such as smartphones, tablets and computers, promoting continuity of the learn-
ing experience even when on the move. In this context, the integration of interactive
features, such as simulations, multiple-choice exercises, branching paths and gamifica-
tion elements [18], makes it possible to overcome the traditional linearity of transmis-
sive teaching, promoting cognitive activation and personalisation of learning.

Particularly important is the focus on accessibility, which translates into the presence
of technological devices capable of meeting the needs of a diverse student population:
keyboard navigation aids, automatic subtitling, compliance with international guide-
lines for digital accessibility (WCAGQG), as well as automatic transcription of audiovisual
content, which, in addition to ensuring inclusion, also facilitate translation and semantic
search in training materials.

Another important aspect, according to [19], concerns the collaborative potential of
these platforms, which facilitate co-design and content sharing between different actors
involved in the training chain, facilitating the re , updating and integration of materials.
The presence of centralised libraries for teaching resources, templates, lesson models
and exercise databases is a further element supporting the standardisation and effec-
tiveness of instructional design processes.

Authoring tools for creating eLearning content are mainly distinguished by how they
are used and integrated into digital learning environments, thus forming different func-
tional and operational categories. The first category includes desktop-based tools, such
as Articulate and Adobe Captivate, which require local installation on dedicated de-
vices. This software is known for offering a wide range of advanced features, allowing
developers to design highly customised and complex content, integrating multimedia
elements, simulations and sophisticated interactions. However, this type has limitations
in terms of accessibility and collaboration, as its use is restricted to the machine on
which the software is installed and requires specific technical skills to manage and up-
date content.

In contrast, cloud-based tools, such as Genially, HSP and Canva, operate entirely on
web platforms, offering greater flexibility and ease of access regardless of the device
used. These tools facilitate collaborative work, allowing multiple users to work
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simultaneously on the same educational project and enabling immediate and centralised
updates [20]. Furthermore, cloud-based nature significantly reduces the costs and time
associated with software installation and maintenance, promoting an agile and inclusive
development model. This approach effectively responds to contemporary needs for
flexibility and scalability in educational production, especially in complex institutional
and organisational contexts.

A further category of tools is represented by those integrated directly into Learning
Management Systems (LMS), such as Moodle Book or Google CourseKit. These tools
allow content to be created and managed within the same platform used for training
delivery and tracking, promoting an integrated workflow that reduces discontinuities
between production and distribution. This integration facilitates centralised course
management, learning data collection and the customisation of training programmes,
representing an effective solution especially for institutions that adopt LMS as their
main training infrastructure.

To ensure that content produced with these different tools can be shared, reused and
monitored effectively on heterogeneous platforms, the adoption of interoperability
standards is essential. Among these, SCORM (Sharable Content Object Reference
Model) is one of the most established standards for the packaging and distribution of
reusable training modules, allowing the tracking of learning activities in a standardised
way. More recently, the Experience API (xAPI) has expanded data collection capabili-
ties, allowing learning experiences to be recorded in unstructured contexts or outside
traditional LMSs, enabling a more detailed analysis of the training process. Finally, the
Learning Tools Interoperability (LTI) standard facilitates the integration of external
tools within LMSs, enabling smooth and secure communication and inter tion between
different platforms, which is crucial for increasingly complex and interconnected train-
ing environments. Together, these standards form an essential pillar for ensuring the
technical compatibility, accurate traceability and scalability of eLearning content, con-
tributing substantially to the quality and effectiveness of digital training.

The pedagogical evaluation of eLearning authoring tools is a multidimensional pro-
cess aimed at determining their ability to support effective educational practices con-
sistent with contemporary learning principles. Firstly, the usability of the tool is a de-
termining factor, as an intuitive, accessible and functionally efficient interface facili-
tates instructional design by teachers, minimising technical barriers and promoting
more fluid content management and updating [21]. This cognitive and operational ac-
cessibility is essential to ensure that educators can focus on pedagogical aspects without
being hindered by technological difficulties. At the same time, the inclusion of interac-
tive elements plays a key role, as educational literature emphasises that active partici-
pation and the social construction of knowledge are fundamental to deep, lasting and
meaningful learning processes [22,23,24]. Authoring tools that integrate interactive ac-
tivities, such as dynamic quizzes, simulations and branching scenarios, not only facili-
tate students' cognitive engagement, but also promote reflection and critical thinking,
which are essential for meaningful learning [25].

Another essential criterion concerns the adaptability of tools and their compliance
with international accessibility standards, such as the Web Content Accessibility
Guidelines (WCAG) developed by the World Wide Web Consortium (W3C). These
standards are fundamental to ensuring that educational materials are accessible to users
with different sensory, motor or cognitive abilities, helping to reduce educational
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inequalities and promote an inclusive paradigm that respects the right to education for
all [26,27]. Finally, the ability of authoring tools to support the personalisation of the
training path and continuous learning monitoring is a crucial aspect in a learner-centred
teaching approach. The ability to adapt content and teaching strategies to individual
needs, as well as to collect detailed performance data, enables targeted educational in-
terventions and promotes metacognitive and motivational self-regulation processes
[28,29]. This level of personalisation and traceability fits perfectly into the contempo-
rary paradigm of dynamic; inclusive education geared towards the development of
transversal skills. However, the widespread adoption of digital tools in education is not
without limitations and critical issues that affect their pedagogical effectiveness and
real innovativeness. Among the most common problems is the lack of adequate and
systematic training for teachers on the potential and methods of integrating educational
technologies. Numerous studies highlight how insufficient preparation and a lack of
specific skills in the pedagogical use of digital tools and h s represent a significant ob-
stacle to the implementation of truly transformative teaching practices [30,31] This
training deficit often results in their use being limited to purely operational or technical
functions, without any real reflection on the methodological reorganisation of teaching.
Furthermore, there is a widespread tendency to adopt solutions that are predominantly
'content-based', i.e. focused on the simple digitisation of traditional teaching materials,
rather than on innovative pedagogical design. This reductionist approach reduces digi-
tal tools to mere vehicles for the transmission of knowledge, neglecting the interactive,
collaborative and adaptive potential offered by emerging technologies [32]. The side
effect is digital teaching that mechanically replicates existing transmission models,
without promoting active, critical and meaningful learning processes.

The most insidious risk, therefore, lies in the digital replication of traditional teach-
ing practices, which continue to favour a unidirectional and passive mode of knowledge
transfer. Such reproduction risks compromising the effectiveness of technological in-
novation, creating a dichotomy between the revolutionary potential of tools and their
actual application in educational contexts [33, 34]. The failure to transform teaching
and learning epistemologically and methodologically through digital technology results
in an uninspiring and uninclusive educational experience that does not take full ad-
vantage of the opportunities offered by technological mediation.

Overcoming these critical issues requires a structural and ongoing investment in
teacher training, aimed not only at acquiring technical skills, but above all at building
an integrated and critical pedagogical vision. Only through a conscious and reflective
approach will it be possible to avoid the simple digital transposition of traditional teach-
ing, promoting instead innovative, participatory and learner-centred educational pro-
cesses.

3 The HSP case: potential, experiences and pedagogical
reflection

In the contemporary context of digital technologies applied to education, HSP stands
out as one of the most relevant and versatile open-source solutions for the design, cre-
ation and dissemination of interactive educational content. This development environ-
ment, whose acronym stands for “HTMLS5 Package”, was launched in 2013 thanks to
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an initiative promoted and funded by the Norwegian Centre for ICT in Education. It is
a technological artefact inspired by an inclusive and democratic logic, aimed at pro-
moting the equal dissemination of digital educational resources [35].

The design philosophy underlying the platform is based on the adoption of open and
interoperable paradigms that encourage systematic sharing, content reusability and the
possibility of adaptation and reworking by users. In stark contrast to the proprietary and
closed models of commercial platforms, HSP stands out for its open-source nature,
which not only allows free use of the tools provided, but also access to and modification
of the source code. This promotes the construction of a participatory pedagogical eco-
system, in which teachers, learners and developers collaborate in the co-creation of
digital learning experiences.

From a structural point of view, the platform is based on an extremely flexible mod-
ular architecture that currently supports over forty types of educational content. These
include, for example, interactive quizzes, enriched audiovisual content, timelines,
memory games, branching paths, completion exercises and drag-and-drop activities.
These resources are characterised by a high level of interactivity and extensive custom-
isation options, making them ideal tools for supporting active, student-centred teaching
practices.

Another strength of H5P is its native compatibility with major Learning Manage-
ment Systems (LMS), such as Moodle, WordPress and Drupal. These platforms, being
open source, are also widely used in education and professional settings for managing
and publishing digital content, enabling the creation of virtual learning environments,
academic blogs, institutional websites and complex content management systems. The
seamless integration between H5P and these LMSs ensures not only the scalability of
training content delivery, but also centralised and consistent governance of digital
learning environments. This structural and functional interoperability is a competitive
advantage for educational institutions, as it allows the implementation of dynamic and
integrated educational pathways within established digital contexts, responding to a
systemic and complex vision of technology-mediated teaching [36].

Motivation to learn can be seen as the main driving force that lets students see them-
selves as active and intentional agents in the educational process. It not only encourages
genuine commitment but also leads to a process of cognitive and emotional restructur-
ing through which students rework their self-perception and redefine their role in the
educational relationship [37]. In this perspective, promoting a qualitative increase in
school motivation is equivalent to designing educational environments characterised by
a high level of cognitive and emotional stimulation, selecting content capable of arous-
ing interest and meaning, and adopting digital tools that allow immediate and bidirec-
tional interaction, providing timely, continuous and personalised feedback.

In this regard, the contributions of Susetyarini et al. [38] are particularly relevant, as
they offer a comprehensive interpretative model aimed at assessing students’ school
motivation through a series of indicators observable in the classroom context. The au-
thors’ proposal is based on a threefold perspective, which considers, on the one hand,
the level of active involvement of students and their ability to persevere with continuity
and determination in carrying out the tasks assigned; on the other hand, the quality of
the attitudes adopted and the emotions expressed during the educational experience,
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understood as signs of affective-cognitive disposition towards learning. Finally, the
study also examines behaviours that occur in less structured moments of school life,
such as breaks, transitions or non-directly educational phases, which, although not for-
mally part of the teaching-learning process, are emblematic of the student's latent mo-
tivation and general attitude towards the educational environment.

To supplement and expand on the theoretical framework outlined above, [39] pro-
poses a more detailed interpretative perspective, in which learner motivation is con-
ceived as the dynamic result of a variety of interrelated factors, each with specific ped-
agogical and theoretical relevance. Among the elements identified, the first to emerge
is the level of personal aspiration, understood as the student's ability to attribute mean-
ing and purpose to their educational path, orienting their choices and efforts within a
meaningful educational vision. A second element concerns confidence in one's abilities,
i.e. the degree of perceived self-efficacy that directly influences commitment, persever-
ance and willingness to tackle complex cognitive challenges. Added to this are the psy-
cho-physical conditions of the individual, which include emotional, physical and men-
tal dimensions and act as facilitating or inhibiting factors with regard to active partici-
pation in learning processes. No less important is the influence of the living environ-
ment, including cultural, social and family variables, which, although external to the
school setting, profoundly shape the motivational dispositions and educational expec-
tations of the student. Finally, the teaching strategies implemented by the teacher play
a crucial role: these include, in particular, clarity of presentation, the ability to create a
positive and inclusive relational climate, and the adoption of creative methodologies
capable of involving students in an authentic and meaningful way in the educational
process.

It is in this theoretical context that the strategic usefulness of HSP can be found, as
a digital platform capable of significantly increasing students' motivation levels while
supporting teachers who, for various reasons, may be less inclined to experiment with
teaching or creative design. Digital environments, due to their intrinsic media structure
and the immediacy of communication that characterises them, are inherently more stim-
ulating than transmissive teaching practices, which are rigidly frontal and based on the
mere mnemonic reproduction of content [40].The use of a platform such as H5P stim-
ulates students to take responsibility for their own learning, activating cognitive and
metacognitive processes that shift the focus of educational interaction from a passive,
teacher-centred paradigm to an active, participatory and learner-centred model. This
model is not limited to the simple execution of tasks, but stimulates and supports the
learner's awareness in decision-making, encouraging the development of willpower,
critical thinking and autonomy, in line with their inclinations and potential.

Educational technologies such as H5P have a profound impact on the motivational
and emotional aspects of learning: they simultaneously activate thought, emotions, in-
terest and attention, promoting effective, interactive and multisensory pedagogical
communication between teachers and students. As teaching mediation tools, these plat-
forms are highly effective in transmitting content, as they combine standardisation with
a high degree of customisation, helping to reduce interpretative ambiguity and increase
the transparency of the educational message [41,42]. According to Kristanto [43], these
environments promote clearer learning that is more consistent with the learner's
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cognitive style and facilitate effective educational interaction that respects the individ-
ual rhythms, modes and characteristics of the student.

It is worth emphasising the strategic role that teaching materials play in digital tech-
nology-mediated teaching, especially in online contexts. Thanks to the continuous evo-
lution of information and communication technologies, these materials have undergone
a profound transformation, evolving from predominantly transmissive tools to multi-
media devices capable of generating immersive, dynamic and highly interactive learn-
ing experiences. Currently, teaching resources can be designed to synergistically inte-
grate different communicative elements, including text, static images, audiovisual con-
tent and animations, in order to stimulate active participation by the learner, promoting
continuous and meaningful interaction between the user and the system.

In support of this perspective, Chen et al. [3] highlighted the educational effective-
ness of using interactive digital content developed through the HSP (HTMLS Package)
environment, which is particularly advantageous in terms of greater visibility and ac-
cessibility of materials, as well as more careful consideration of students' cognitive,
motivational and educational needs. In particular, HSP content is a suitable tool for
promoting active and constructive learning, thanks to its ability to stimulate cognitive
interaction and reflective processing: it requires learners to interact directly with the
content, tackle complex problems and implement strategies for applying the knowledge
acquired, thus promoting meaningful and situated learning.

One of the most important aspects of this tool is its immediate feedback function,
which is a powerful self-reflection device, as it allows students to monitor their learning
process in real time, correct any mistakes and reorient their cognitive strategies. This
type of feedback, which is part of a self-assessment process, promotes the development
of autonomy in the learning process and reinforces the sense of self-efficacy.

Being structurally based on the HTMLS5 standard, the H5P platform also guarantees
high cross-device accessibility, making it usable on a wide variety of digital devices —
from computers to tablets and smartphones — without compromising its usability or
educational effectiveness. Its native integration with various virtual learning environ-
ments further amplifies its versatility, making it compatible with a variety of educa-
tional contexts and adaptable to a wide range of disciplinary and methodological ob-
jectives [44].

From a pedagogical point of view, the features offered by HSP align with student-
centred learning models, supporting approaches such as microlearning and situated
learning. Support for microlearning takes the form of ' ', the possibility of building
modular, short-term teaching micro-units that promote continuous, just-in-time and
highly personalised learning [45]. This approach is particularly effective in flexible ed-
ucational contexts, such as continuing education and professional learning, but also in
secondary schools, where short content episodes allow for greater attention and cogni-
tive engagement. The promotion of interactivity is a further strength: H5P allows for
the structuring of non-linear learning paths, encouraging active exploration and self-
regulation of the learning process. The immediate feedback tools integrated into the
content, as already mentioned, facilitate a continuous cycle of action-evaluation-reflec-
tion, in line with constructivist learning theories and the formative assessment model
[46]. Furthermore, the ability to create easily reusable, clonable and adaptable learning
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objects makes H5P a highly efficient tool in terms of learning design sustainability: an
activity designed for a university module can be easily reconfigured for a secondary
school lesson, maintaining its structure and interactivity while updating the content. In
terms of inclusivity, HSP complies with WCAG 2.1 accessibility standards and offers
aresponsive interface that can be used on mobile and desktop devices, thus contributing
to reducing the digital divide and promoting equal access to education. The combina-
tion of interactivity, adaptability and accessibility makes H5P a tool capable of effec-
tively responding to the diverse educational needs of today's world [47]. In school set-
tings, studies conducted in Germany and Spain have shown that the use of H5P content
in secondary schools is positively correlated with increased intrinsic motivation among
students and greater participation in asynchronous activities, especially in integrated
digital learning contexts [48]. The most recent systematic reviews [49], confirm that
the use of interactive tools such as H5P has a positive impact on self-efficacy percep-
tions, sense of belonging to the learning community and course completion rates, con-
tributing significantly to the construction of motivating and cognitively challenging
learning environments. However, it should be emphasised that the effectiveness of HSP
is not intrinsic to the tool but depends largely on the quality of the pedagogical design:
technology can in fact become a facilitator or an obstacle, depending on its consistency
with the educational objectives, the clarity of the instructions and its suitability for the
students' profile. In this sense, pedagogical reflection on the use of H5P requires a re-
thinking of the roles of teachers, who must take responsibility for mediating the teach-
ing- moving from simple content providers to designers of cognitive and metacognitive
environments.

4 Conclusion and future prospectives

This study aimed to provide a critical and in-depth examination of authoring tools
for e-learning, with a particular focus on the paradigmatic case represented by HSP.
This tool is a highly versatile, interoperable, modular and accessible open-source plat-
form that has demonstrated significant potential in terms of promoting interactivity,
personalisation and cognitive activation in digital learning contexts [47]. HSP is there-
fore a virtuous example of educational technology capable of combining technical re-
quirements and pedagogical needs, offering an environment conducive to the develop-
ment of meaningful, constructivist and situated learning experiences. However, it is
necessary to avoid any uncritical mythologisation of the tool. H5P, although highly
functional and supported by a large international community of developers and educa-
tors, cannot be seen as a solution to the structural problems of digital teaching. Its ef-
fectiveness is not intrinsic to the technological device itself but is only realised to the
extent that it is integrated into intentional, critical and conscious pedagogical design
[33]. Converging empirical and theoretical evidence emphasises that the positive edu-
cational outcomes of using HSP are systematically mediated by the quality of the edu-
cational design, methodological consistency and the appropriateness of the educational
setting in which these tools are used [50]. In outlining a critical perspective, it is essen-
tial to emphasise that educational technology is never neutral, but deeply conditioned
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by the underlying epistemologies and practices that substantiate it. The introduction of
digital tools such as H5P, if not accompanied by adequate methodological transfor-
mation, risks remaining a purely aesthetic operation, generating digitisation that is de-
void of pedagogical effectiveness in traditional teaching [34]. In other words, the digital
replication of transmission models is one of the most insidious and regressive outcomes
of technological innovation disconnected from genuine pedagogical reflection. From
this perspective, the role of the teacher must be completely reconfigured: no longer a
simple provider of content, but a cognitive architect, director of educational interaction
and mediator of knowledge. This professional reconfiguration requires the solid acqui-
sition of instructional design skills, i.e. the ability to design authentic, dialogic, multi-
sensory and meaningful learning environments. Without specific training in this area,
authoring tools risk being used in a mechanical or standardised way, losing their trans-
formative potential.

Numerous international studies highlight a systemic deficiency in the initial and in-
service training of teachers with regard to the effective integration of educational tech-
nologies [51,52]. The gap between technological availability and pedagogical compe-
tence (the so-called 'second-level digital divide') is a real obstacle to the construction
of truly innovative and student-centred learning environments [53].

The experience with HSP highlights how the complexity of technological mediation
requires a systemic vision that integrates devices, content and practices within a coher-
ent pedagogical framework. In the absence of such a framework, there is a risk of con-
fusing technical interactivity with cognitive interactivity, multimedia with the plurality
of educational languages, and personalisation with the individualistic fragmentation of
learning paths.

In light of these findings, a number of strategic lines of development are needed to
consolidate the integration of authoring tools such as H5P in educational contexts, pro-
moting their sustainable, informed and pedagogically sound use.

It is a priority to provide teachers and educational institutions with theoretical and
operational frameworks to guide the educational use of authoring tools. These guide-
lines should be structured on three levels: the first concerns the pedagogical principles
of reference (constructivism, situated learning, dialogicity); the second concerns the
design criteria for the creation of effective multimedia objects (interactivity, accessibil-
ity, modularity); the third, on the other hand, concerns implementation and evaluation
protocols.

Training courses aimed at developing integrated instructional design skills that go
beyond mere technical ability should be promoted. In this sense, training should be
situated, i.e. carried out in realistic and authentic contexts; collaborative, with peer co-
design experiences; reflective, favouring processes of educational metacognition.
Teaching workshops based on authoring environments such as H5P, if properly guided,
can be fertile ground for methodological experimentation, the enhancement of creativ-
ity and the activation of continuous professional learning pathways [20]. In a context
increasingly focused on the quality and effectiveness of teaching, it is essential to move
beyond assessment based on purely quantitative indicators (frequency of use, connec-
tion time, number of clicks) and adopt multi-level assessment models capable of cap-
turing the real impact of digital learning objects on learning. The integration of tracking
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tools such as xAPI allows the collection of granular data on student interactions, which,
if correctly interpreted, can offer valuable insights into engagement, self-regulation,
critical thinking and meaning construction [54].

Furthermore, the introduction of participatory assessment methodologies is recom-
mended, directly involving students in reflection on learning processes and promoting
forms of formative and metacognitive assessment.

The case of H5P provides a privileged observatory on the potential and limitations
of the digitisation of teaching: on the one hand, it demonstrates the enormous opportu-
nities offered by digital tools in the construction of interactive, adaptive and inclusive
learning environments; on the other hand, it highlights the fragility of an education
system that often struggles to integrate these tools into a mature and coherent pedagog-
ical vision.

The challenge facing us today is not to use technologies without making any changes
to the teaching-learning process, but rather to rethink education itself through and with
technologies. This implies an epistemological, methodological and professional repo-
sitioning, which must start with teacher training and lead to the co-construction of a
shared, critical and inclusive digital pedagogical culture.

Only through structural and multidimensional investment will it be possible to
achieve a real transition towards an educational model capable of enhancing the poten-
tial of technology without sacrificing the centrality of relationships, reflection and ed-
ucational planning.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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Abstract: This paper analyzes the commercialization potential of an innovative
multi-sided platform for personalized learning using a qualitative research
approach based on both primary and secondary data. The data was collected
through surveys and semi-structured interviews with high school students,
university students, and employed individuals in need of personalized upskilling.
Through case study methodology and the analysis and synthesis of the collected
data, the results indicate that the monetization of the innovative platform is
feasible and sustainable.
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1. Introduction

Modern educational technologies increasingly rely on personalized learning, adapting
content, pace, and methods to meet the individual needs of users. Personalized learning
platforms represent dynamic digital tools that utilize user data to provide optimal
educational experiences for various target groups.

These platforms are an effective tool for educating all generations. Their primary
value lies in the ability to respond to different learning styles, needs, and preferences,
thereby improving the quality of education and contributing to better motivation and
learning outcomes. In today's digital environment, personalized learning is becoming
an increasingly important approach, as it allows for the customization of educational
content, pace, and methods according to individual needs. Platforms that enable this
type of education often function as multi-sided platforms, connecting various user
groups — learners, students, instructors, training organizations, and even employers.

What contributes most to the profitability of platforms are cloud-based
infrastructures (i.e., laaS, PaaS, SaaS, and FaaS), among which IaaS should be
highlighted for its scalability and flexibility.

Besides, in order to ensure sustainability and further development of such platforms,
it is essential to develop an effective monetization model that enables revenue
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generation without compromising the user experience. Therefore, monetization of
multi-sided educational platforms can be achieved through various mechanisms:
subscriptions, course fees, instructor commissions, advertisements, as well as
partnerships with institutions and companies investing in the skill development of their
employees.

2.  LITERATURE REVIEW

2.1. Platform-based business

In the literature, platform-based business is also known as a business model defined as
"a system consisting of components, linkages among these components, and dynamics"
[2]. On one hand, the business model identifies the transaction partners, defines the
value proposition for each, and describes how the core firm connects with them [4]. On
the other hand, it explains how value is delivered, monetized, and shared among the
partners [20].

According to some authors, it is essential to define how value is delivered,
monetized, and shared in platform-based business models [38], "emphasizing the
interdependence between activities that helps to understand the structural relationships
between the platform provider and its users" [5].

The literature also describes multi-sided platforms as hubs or intermediaries that
facilitate the exchange of value between two or more user-producer groups [34, 17].
For instance, Cennamo and Santal6é (2015, p. 12) define multi-sided platforms as
"networks that connect two or more distinct types of users and enable transactions
among them" [7], while Mclntyre and Srinivasan (2017, p. 143) conceptualize them as
“interfaces that can mediate transactions between two or more sides.” [24] These
definitions implicitly convey the idea that value creation through multi-sided platforms
is where the supply and demand of multiple parties meet. Such platforms are
characterized by strong network externalities [16].

The rise of digital platforms has transformed the way creative content is produced,
shared, and consumed, opening up new opportunities for content creators to monetize
their work. However, despite the rapid growth of digital content, challenges remain in
understanding the most effective monetization strategies [21].

The rapid advancement of digital technologies has changed how creative content is
produced, distributed, and consumed [25]. Platforms like social media have
democratized content creation, enabling individuals to reach global audiences without
relying on traditional intermediaries such as publishers or broadcasters [3]. This shift
has opened up new possibilities for content creators to earn directly from their work
instead of depending on intermediaries or conventional industry structures.

Monetization strategies have become essential for the success of digital content
creators, and various models have been developed to meet the needs of both creators
and their audiences [9]. Advertising revenue, brand partnerships, subscription models,
and crowdfunding are among the most common monetization methods used by digital
platforms to enable creators to generate income [6]. Many creators use multiple revenue
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streams simultaneously, leveraging a wide range of platform tools to maximize their
earning potential.

There are various monetization models - the nature of monetization differs across
platforms like YouTube, TikTok, Instagram, and Patreon. For example, YouTube relies
heavily on ad revenue, whereas TikTok emphasizes brand partnerships and Instagram
follows influencer-driven models. Likewise, Patreon’s subscription-based model offers
a more direct and sustainable form of income, contrasting with the fluctuating nature
of ad-based revenue [21].

2.2 Conceptual framework of personalized educational platforms

Personalized learning methods can help meet individual needs and goals. Accordingly,
personalized learning can be an effective approach that enhances motivation,
engagement, and comprehension [30], maximizing student satisfaction, learning
efficiency, and effectiveness [14]. Niknam and Thulasiraman (2020) argue that the
education community is interested in developing personalized learning systems that
adapt pedagogy, curricula, and learning environments to students’ needs and
preferences [27]. Schmid and Petko (2019) support this claim, stating that a clearly
defined concept of personalized learning still does not exist; instead, it serves as an
umbrella term for educational strategies aimed at addressing individual abilities,
knowledge, and learner needs [35].

Personalized learning is an educational strategy that tailors instruction to learners’
interests, abilities, or needs, and typically involves students having some degree of
voice and choice (i.e., autonomy) in the customization process.

Today, schools, universities, and corporate environments possess the technological
capabilities to personalize learning in line with students’ unique needs. Technology
provides numerous options for learners and educators to explore new approaches to
personalized learning.

Horn and Staker (2014) proposed a framework for thinking about the dimensions of
personalized learning in practice [19]. They suggested that personalization can be
achieved by adapting the time, place, pace, and/or learning path. Graham et al. (2019)
added a fifth dimension - learning goals [15]. Shewshack et al. (2021) proposed that a
unique, evolving personalized learning approach should include four main components:
learner profiles, prior knowledge, personalized learning pathways, and flexible self-
paced learning environments formed based on dynamic learning analytics (Chatti &
Muslim, 2019) [36, 8]. Learning environments that incorporate these various
dimensions and components can empower learners to take responsibility for their
learning and enhance their self-efficacy.

In his research, Short (2022) argues that the concept of personalized learning
explains that although various definitions describe it as adjusting instruction based on
a student’s background, needs, abilities, or interests, a comprehensive description
should include: firstly, what is being personalized - learning goals, assessments, or
educational activities; secondly, how personalization is achieved - via goals, time,
place, pace, and/or learning path; thirdly, who or what carries out the personalization -
the teacher, the student, or an adaptive learning system; and last but not least, on what

94



basis personalization is conducted - performance data, activity data, or learner profile
data [37].

Other studies highlight the need to further explore the outcomes of personalized
learning initiatives and the hope that technology will fulfill its transformative potential
to enable tailored, individualized education [41, 45].

2.3 Monetization strategies for platform business

The continuous advancement of digital platforms has changed the way creative content
is produced, shared, and consumed, offering new opportunities for content creators to
monetize their work. However, despite the rapid expansion of digital content, there are
still challenges in understanding the most effective monetization strategies [21].

Monetization strategies have become key to the success of digital content creators,
with various models developed to meet the needs of both creators and their audiences
[9]. Advertising revenue, brand partnerships, subscription models, and crowdfunding
are among the most common methods used by digital platforms to help creators earn
income [6]. Many creators use multiple revenue sources simultaneously, leveraging a
variety of platform tools to maximize their income potential.

According to some authors, a combination of audience engagement, consistent
content production, and platform-specific strategies (such as ads, subscriptions, and
merchandise sales) has been key to successful monetization. Moreover, creators who
diversify their income streams are more likely to achieve long-term financial
sustainability [21].

Despite the increasing volume of content produced on these platforms, there is still
limited understanding of the long-term sustainability of these monetization models
[26]. While short-term earnings may be possible, it remains unclear how creators can
build sustainable careers over time - especially in the context of constantly changing
platform algorithms, audience preferences, and market trends [12].

Although a growing body of literature explores content creation and monetization,
the specific factors contributing to long-term financial success remain underexplored
[22]. While many studies have examined individual monetization methods, there is a
gap in understanding how these strategies work synergistically across different
platforms [10]. Creators often use multiple monetization tactics simultaneously, yet
little is known about how these various income sources interact and affect financial
stability over time.

Additionally, research on how different content types (e.g., educational,
entertainment, lifestyle) influence monetization success remains limited [32]. While
some content genres may be better suited for specific monetization models (e.g.,
tutorials for subscription-based services), this relationship has not been systematically
studied. There is a need for a more sophisticated, genre-specific analysis to understand
which types of content have the highest potential for success across different platforms
[44].

The fast pace of technological change means that content creators must continuously
adapt to new formats and consumer behaviors, which can significantly impact their
earning potential [33].
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Finally, the financial sustainability of small and medium-sized creators compared to
large influencers has not been sufficiently addressed in academic research [13]. Many
studies focus on top-tier creators, while little is known about the challenges faced by
new and lesser-known creators who lack the resources or institutional support to
succeed on these platforms.

Filling the gaps in understanding content monetization is essential for both creators
and platforms [39]. By studying the synergistic effects of different monetization
strategies, creators can better navigate the complex digital content ecosystem [31]. The
insights gained from this research can help optimize revenue sources and achieve long-
term financial sustainability. Moreover, a deeper understanding of how various types
and genres of content function within different monetization models can lead to more
precisely tailored strategies for creators at all levels [40].

The digital economy, largely driven by content consumption, has enabled creators
to turn their passion into a profession, making monetization an essential aspect of
content creation. Monetization strategies are now crucial for the sustainability and
growth of content creation as a career. Content creators must explore revenue sources
beyond ads, which, while accessible, are often unreliable and insufficient on their own

[1].

3. RESEARCH DESIGN

3.1 Sample and Instruments

The personalized learning platform that is the subject of this paper can be implemented
as laaS (Infrastructure as a Service), providing scalable and flexible infrastructure on
cloud platforms (e.g., AWS, Azure, or Google Cloud, or with other providers offering
similar services). Naturally, cost plays a key role.

The approach allows dynamic resource management, security, and easy scalability,
along with full functionality for analyzing qualitative data and personalizing
educational content.

This solution was chosen primarily because it addresses the critical issue of
infrastructure, which requires a significant initial investment. In addition to the
aforementioned advantages, an [aaS solution allows for easy expansion of capacity and
resources as needed—they can be increased or decreased, and thus costs adjusted,
depending on demand. This approach also enables straightforward integration with
other cloud services and tools.

For the purpose of conducting the monetization analysis, a survey was conducted.
The study employs a qualitative research design, focusing on multi-sided platform-
based business models and, accordingly, various monetization strategies available to
content creators on digital platforms [42]. The research centers on the potential for
successful monetization of work on the platform and examines the factors influencing
financial success [43]. The methods of analysis and synthesis are used for the evaluation
of projected financial values of the platform monetization.
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The potential users are students from various universities, high school students from
different schools, as well as employed individuals and professionals in need of
personalized professional development.

Table 1: The Interview Respondents (Source: Author)

Respondents Number of respondents Percentage
High school students 66 30%
University students 115 52,27%
Employed individuals 39 17,73%
Total: 220 100%

Therefore, the research sample consisted of 220 respondents, purposefully selected
to represent key target groups relevant to the study. The sample included 115 university
students from various faculties, 66 high school students from different secondary
schools, and 39 employed individuals from various organizations who are in need of
professional upskilling (Table 1).

A semi-structured interview questionnaire was used as the primary data collection
instrument. This method allowed for a flexible yet focused exploration of the
participants perspectives on personalized learning platforms, their needs and
expectations, as well as their willingness to pay for such services. The semi-structured
format ensured that while a core set of questions was consistently asked across all
interviews, participants were also encouraged to elaborate on their willingness
experiences and opinions, thus providing rich qualitative insights.

A purposive sampling method was used in order to project monetization success,
such as steady revenue from advertisements, sponsorships, or direct user support (Table
2). Purposive sampling is a non-probability sampling technique where the researcher
selects participants based on specific characteristics or qualities, ensuring that the
sample is relevant to the research objectives [29].

3.2. Results and Discussion

Data collection conducted using semi-structured interviews [18] was developed to
cover the key area — the financial outcomes. In that respect, possible monetization
strategies, which preceded financial outcomes, were also analyzed. Secondary data
from various platforms and online articles were analyzed to complement the primary
data collected through interviews (Table 1).

The data collected for this study include metrics related to content demand on the
projected platform, such as the exchange of educational and teaching materials,
organization of personalized courses, and consultations.
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Table 2. The target Groups and Strategies of the Innovative Social Network (Source: Author’s
analysis based on research data)

Target group Description of personalization Strategies
High school - Individual lessons - Microtransaction,
students Freemium?®
- Textbook exchange - Microtransaction*
University - Sharing of educational -  Freemium, Subscription
students materials
(summaries/outlines)
- Subscription,
- Exchange of educational Microtransaction

materials (study notes)

- Personalized consultations - Freemium,
Microtransaction

- Individual lessons / one-on-

one sessions - Freemium,
Microtransaction
Employees - Personalized courses based - B2B model®
and on profession
professionals

- Technical and IT courses - Subscription,
Microtransaction,
B2B model

The indicators were projected based on the collected primary data, i.e., semi-
structured interviews with respondents from the target groups - as well as secondary
data from platforms where advertisements for such services are posted. Based on the
compiled dataset, the projected values of total investments, expenses, revenues, and net
profit were calculated (Table 3).

The data indicate the projected economic values and the factors that need to be
considered in calculating the necessary indicators. Creators on the platform primarily
rely on revenue from advertising, subscriptions, and microtransactions, with a
significant number of users and interactions contributing to their earnings.

3 Derived from the word “free” and “premium”, freemium is a type of business model where the basic features
of a product or service are offered to users at no cost. However, a premium is charged for additional or
advanced features.

4 A microtransaction refers to the ability to spend real money on a platform in exchange for virtual currency
that is used solely within that platform.

5 The B2B model (Business-to-Business) refers to a business model in which a digital platform is used to
connect two or more business entities. In this model, companies trade services, knowledge, and technologies
with one another.
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Table 3. Projected Investments, Revenues, Expenses, and Net Profit (Source: Author’s analysis
based on research data)

Indicators Values

INITIAL INVESTMENT (CAPEX)

- Software and Platform development 825.000 RSD

- Infrastructures + initial licenses 275.000 RSD

- Content development 825.000 RSD

- (UI/UX) 412.500 RSD

- Initial Legal and Administrative Costs 137.500 RSD

- Launch Marketing Campaign 275.000 RSD
Initial Investment Total: 2.750.000 RSD
EXPENCES

Operational Expenditure (OPEX):

- Infrastructure (IaaS hosting) 810.000 RSD

- Maintenance and IT Administration 810.000 RSD

- Marketing 1.620.000 RSD
- Content creation and Development & 1.080.000 RSD
outsourcing

- Customer support and tutoring 378.000 RSD

- Operational Financial Cost 270.000 RSD

- Administrative Costs (G&A) + Tax 432.000 RSD
Operational Expenditure Total: 5.400.000 RSD
REVENUE 6.472.500 RSD
ESTIMATED NET PROFIT 1.072.000 RSD
PROJECTED PROFIT RETENTION 50.000 RSD

The dataset from the ratio analysis reveals an efficiency ratio calculated as the
relationship between achieved effects (results) and resources spent, which is greater
than 1. This means the platform is economical, generating 11.09 RSD in revenue for
every RSD spent. Also, the analysis of the accumulation rate of 4.7% shows that a
portion of the profit that is not spent but reinvested into the further development of the
platform amounts to 4.7% as the percentage of profit retained for accumulation.

By analyzing the projected values, the PBP (Payback Period) can be observed as
2.57 years, which is the time needed for the initial investment to be covered through
generated profit or savings, meaning that monetization of the platform will cover the
entire investment within 2.57 years. The ROI (Return on Investment) calculation
indicates how profitable the investment was, i.c., the profit achieved relative to the
invested capital. Since the ROI is positive at 39%, the investment yields profit (Table
4). The justification for the investment is reflected in the ROI. The investment is
justified and sustainable.
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Table 4. Ratio Analysis (Source: Author’s analysis based on research data)

Indicator Calculation Value
Efficiency ratio Total revenue/Total expenses 11.9%
Accumulation rate Retention/Net profit * 100 4.7%
Payback Period (PBP) Total investments/Net income ~ 2.57 years
Return on Investment (ROI) Net income /Investments * 39%

100

Monetizing this platform for personalized learning, which is implemented as IaaS,
represents both a key challenge and an opportunity for sustainability and further
development of digital education. Since personalized learning is based on tailoring
content, pace, and methods to learners, the revenue model must be carefully designed
to simultaneously support inclusiveness, quality, and commercial interests.

Launching an innovative platform enables (Table 2):

Personalized lessons

Exchange of teaching and educational materials (scripts, textbooks, etc.)
Sharing of educational materials (summaries/outlines)

Personalized consultations

Personalized courses based on professions

Technical and IT courses

B2B model.

One of the strategies is the freemium model, where basic functionalities remain free
for all users, while advanced features - such as access to mentors or specialized courses
- are charged through subscriptions. This model ensures wide accessibility while
creating stable revenue through loyal users. The freemium concept involves a combined
approach where users can choose between using a free version of the product with basic
features or a premium version for a fee [28] (Table 2).

Another approach is the B2B model, where the platform collaborates with
educational institutions or companies, offering integration of the system into their
internal training and educational processes. In this context, monetization is achieved
through contracts, training, or content tailored to specific user needs. The literature
extensively examines how the B2B model affects content revenue on platforms [23]
(Table 2).

Additional revenue sources include advertising and microtransactions, where users
can purchase individual lessons, tests, consultations, and classes. This model offers
greater flexibility and accessibility, especially for groups with limited purchasing
power, allowing users to pay selectively.

Subscription services - models more directly focused on users - also provide creators
with more reliable and diversified income sources that are less vulnerable to platform
changes. Many creators today capitalize on their loyal audience by offering exclusive
content through subscription services [11] (Table 2).

According to the research data, the projections indicate that the number of users will
increase by 50% after the first year, and by 100% each subsequent year thereafter. This

100



means that ROI will increase proportionally with the growth of the number of users.
The reason for this is that [aaS stems from scalability as the main characteristics of this
type of platforms — as the number of users increases, the total revenue grows as well.

4. CONCLUSION

The analysis of the personalized learning platform demonstrates that the investment is
financially viable. Both the ROI (39%) and the PBP (- 2.57 years) indicate that the
investment is sustainable, with great potential for success. In that respect, the projected
analysis of investments, revenues, and profits (Tables 3 and 4), indicate that
monetization of an innovative multi-sided platform for personalized learning is
feasible, but requires a carefully designed implementation strategy in practice.

Primarily, the application of a freemium business model is recommended, which
would allow the platform’s basic functionalities - such as the exchange of teaching
materials and access to general courses - to be available to all users free of charge, while
advanced services (individual consultations, mentoring programs, specialized courses)
would be monetized through subscriptions and microtransactions. This approach
enables both inclusivity and revenue generation, which is especially important during
the initial development phase when attracting a wide user base is critical.

To stabilize revenue and expand the market, the development of B2B collaborations
with educational institutions and corporations is recommended, through which the
platform could be integrated into internal education and training systems. This
approach may result in contractual revenues that ensure long-term business
sustainability and strengthen institutional support.

As the key factor contributing to this profitability is the use of Infrastructure as a
Service (IaaS), which ensures scalability, cost optimization, and flexibility in adapting
to user demand. Consequently, the combination of solid financial indicators and
scalable infrastructure confirms the sustainability and long-term potential of this
platform.

Considering that the purpose of this paper is to demonstrate that a personalized
learning platform can be successfully monetized, a detailed presentation of the IT
solution will be the subject of further discussion in one of the upcoming scientific
papers.
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Abstract. E-learning platforms have become critical infrastructure for
knowledge dissemination, flexible scheduling, and lifelong upskilling. Their
relevance was underscored during the COVID-19 pandemic, which ex-
posed recurring gaps in widely used systems: brittle scalability under
surges, uneven customization across institutional contexts, fragmented
support workflows, and limited, siloed analytics. These constraints hin-
dered timely interventions, raised operational costs, and complicated gov-
ernance and maintenance as deployments grew and heterogeneity.

This paper proposes a scalable architecture for e-learning that combines
a microservices-based LMS with an integrated knowledge hub and gam-
ification. The design supports institutional customization, observability,
and elastic scaling. A comparative analysis with six leading platforms
highlights the architectural advantages and addresses scalability and sup-
port gaps exposed during the pandemic.

To evaluate the relevance and advantages of this architecture, an inte-
grated Artificial Intelligence layer provides conversational support and
data-driven recommendations grounded in usage and performance sig-
nals. We complement the architectural description with a comparative
analysis against six established platforms, using a set of evaluation vari-
ables defined in the methodology (architecture, licensing, implementa-
tion type, scalability, customization, ecosystem, integration/extensibil-
ity, and gamification), showing how the proposed approach addresses
pandemic-revealed gaps while delivering SaaS-like elasticity without for-
feiting institutional control.

Keywords: E-learning; Knowledge Hub; Gamification; Artificial Intel-
ligence; Microservices; Digital Platform.

1 Introduction

The COVID-19 pandemic exposed critical limitations in existing e-learning plat-
forms. Critical issues, as pointed in [1], include technological limitations, lack of
adequate technical support, ineffective change management and cultural bar-
riers. These gaps highlighted an urgent need for more effective and adaptable
solutions.
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In response to these challenges, this led to the conception of a platform
designed to combine e-learning features with an emerging knowledge center con-
cept. This knowledge center refers to a collaborative digital space that integrates
functionalities for creating, sharing and managing educational content. In con-
trast to traditional platforms, this implementation promotes an interactive and
dynamic environment where users can consume information but also actively
contribute to its enrichment.

To overcome challenges such as lack of interaction and inadequate support,
the knowledge center includes features such as opening technical and pedagogical
support tickets for quick resolution of problems, continuous interaction between
users through comments and collaborative forums and direct publication of con-
tent by users, an approach aligned with evidence showing that user-generated
content enhances collaborative knowledge building in online education [24].

The adoption of modern architectures, such as microservices supported by
Docker and Fastify, has proved crucial to ensuring scalability and efficiency on
large-scale platforms, as advocated by the literature [28]. According to these au-
thors, microservice-based architectures, when combined with lightweight, high-
performance tools such as Fastify, promote greater modularity and autonomy
between services, allowing different modules to operate independently, which fa-
cilitates maintenance, incremental updates and the expansion of the platform as
new needs arise.

This article is structured into sections that follow a logical sequence to en-
sure a clear and structured understanding of the platform being proposed. In the
Introduction section, the context of the project is outlined, along with the mo-
tivation for its development.This section also defines the problem to be addressed
and presents the main objectives established for the work. The Methodology
section details the methods and procedures adopted for the platform’s devel-
opment. It covers the technical approaches, tools to be used and methodological
strategies that support the implementation process. In the Comparative Anal-
ysis section, a range of current e-learning solutions available on the market is
explored and analyzed. The goal is to understand their architectures, function-
alities and and underlying technological choices. The Proposed Architecture
section explains how the selected methodologies are to be implemented in an
integrated and efficient manner. It describes the roles of each component within
the platform and how they interact with one another. Within the Comparison
with Existing Solutions section, the proposed platform is contrasted with
the previously analyzed systems. This comparison highlights both the strengths
and the potential limitations of the proposed solution. Finally, the Conclusions
and Future Work section summarizes the key contributions and findings of
the project. It highlights the strengths of the proposed architecture and suggests
future directions that could enhance the platform’s impact and capabilities.
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2 Problem Statement

Despite the progress that has been made in the area of digital education, [1]
highlight that there are still persistent shortcomings, such as the lack of inter-
action between users, the absence of adequate technical support and the lack
of adapted pedagogical approaches, problems which, when analyzed as a whole,
represent a major challenge that was highlighted in several of the platforms an-
alyzed, which is the lack of integration of robust technologies and collaborative
approaches. This obstacle directly compromises the effectiveness of e-learning
platforms, since there is a restriction on offering personalized educational expe-
riences aligned with users’ needs.

Given the scenario described in the previous paragraph, the following central
question arises: How can we develop an e-learning platform that is scalable,
comprehensive and integrates a robust knowledge center in order to promote
personalized and collaborative learning?

To meet the challenges of the issue raised, the proposed platform will rely
on technologies capable of enabling user-generated content, but will also provide
reactive technical support systems to help students face the challenges presented
to them. This need has become especially evident during the COVID-19 pan-
demic, when many institutions found it difficult to effectively support students
due to the lack of integrated technical assistance, as noted by the authors [15]. In
addition, [26], in their article, demonstrate that the use of gamified elements has
proven to be effective in improving student engagement and motivation in digital
environments. Finally, to provide personalized learning experiences, the integra-
tion of Artificial Intelligence is increasingly seen as essential, allowing platforms
to adapt content and resources to the individual needs of each student.

3 Methodology

In order to understand the current panorama of e-learning platforms, we carried
out a comparative analysis of six solutions on the market. The aim of this analysis
is to identify the architectural approaches adopted, the licensing models used and
the functionalities that each platform offers. The following platforms were chosen
for analysis: Moodle, Canvas, Open edX , Coursera, Udemy and Sakai.

As part of the comparative analysis of the Moodle, Canvas, Open edX, Cours-
era, Udemy and Sakai e-learning platforms, a set of variables were defined that
were considered fundamental for a comprehensive and rigorous assessment of the
solutions on the market. The purpose of selecting these variables was to ensure
a balanced analysis of the technical, functional and strategic aspects of each
platform. The variables analyzed can be seen in the table 1.

The selection of these variables was based on the need for a critical and
complete analysis, which is not limited to the functionalities offered, but also
considers technical sustainability, operational flexibility and user experience.

The comparison between the platforms was based on various criteria consid-
ered fundamental for evaluating e-learning solutions. In terms of architecture, the
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Table 1: Description of Comparative Evaluation Variables

Variable Description

Architecture Refers to the technical foundation of the platform, includ-
ing client-server models, layer separation, and development
technologies. This variable assesses the platform’s internal
organization, robustness, and long-term sustainability.

Licensing Model Distinguishes between open-source and proprietary solu-
tions, evaluating implications for customization, cost, and
community support, which directly affect adoption feasibil-
ity.

Deployment Type |Analyzes whether the platform uses a monolithic or
microservices-based architecture, influencing scalability,
maintainability, and modular updates.

Scalability Evaluates the platform’s capacity to support increasing
user volumes and activities without performance degrada-
tion—crucial for institutional growth.

Customization Assesses flexibility in adapting the interface, workflows, and
features to institutional or pedagogical needs, ensuring con-
textual alignment.

Community and|Considers project vitality, including forums, documen-
Ecosystem tation, third-party extensions, and development activ-
ity—indicators of maturity and sustainability.

Integration and Ex-|Measures the ability to connect with external tools and
tensibility systems via Application Programming Interfaces (APIs),
LTT support, and interoperability standards.

Gamification Analyzes the presence of motivational elements such as
badges, levels, and challenges, reflecting the platform’s po-
tential for user engagement.

technical foundations of each platform were analyzed, such as the client-server
model, the separation of layers and the technologies used in development.

With regard to licensing, an attempt was made to distinguish between open
source solutions and proprietary platforms, reflecting on the implications of this
distinction in terms of flexibility, costs and community. The deployment dimen-
sion was addressed by identifying monolithic or microservice-based architectures,
considering their impact on scalability, maintenance and ease of updating.

Scalability, in turn, was assessed based on the platforms’ ability to support a
growing number of users, courses and interactions without compromising perfor-
mance. With regard to customization, the aim was to understand the extent to
which each platform allows the interface, functionalities and flows to be adapted
to the specific needs of each organization or educational context.
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The community and ecosystem analysis focused on the vitality of the project
around the platform, including the existence of support forums, regular contribu-
tions, comprehensive documentation and extensions developed by third parties.
With regard to integration and extensibility, compatibility with other tools and
services, support for standards such as LTI (Learning Tools Interoperability)
and the existence of APIs to expand functionality were considered.

Finally, the degree of gamification offered by each platform was also assessed,
i.e. the presence of elements that promote user involvement through mechanisms
such as badges, progression levels, rankings and motivational challenges.

4 Comparative Analysis

To establish a comprehensive understanding of the current landscape, we ana-
lyzed six prominent e-learning platforms widely adopted in both academic and
corporate contexts. Each of these platforms demonstrates distinct architectural
patterns, integration capabilities, and educational approaches. The following sec-
tions detail the characteristics of each platform, highlighting their strengths,
limitations, and relevance to the development of a modern, scalable learning
environment.

4.1 Moodle

Moodle is a widely adopted Learning Management System (LMS) globally and,
according to its official documentation, [17], is licensed under the GNU Gen-
eral Public License v3 (GPLv3). This license allows the use, modification and
redistribution of the source code, promoting a strong international development
community .

On a technological level, the platform is mostly developed in PHP, with
additional support for web technologies such as JavaScript, HTML, CSS and
SQL, as described in [17]. This base ensures compatibility with web services
(Apache HTTP Server, Nginx, IIS) and with database management systems
such as MySQL, PostgreSQL, MariaDB, Oracle Database and Microsoft SQL
Server (MSSQL).

Its modular architecture, as detailed in the official repository [18], allows
extensive customization through plugins and themes. In addition, offers RESTful
APIs and web services that enable integrations with external systems, such as
academic information systems, digital libraries and videoconferencing tools [17].

With regard to the interface, Moodle uses the Boost theme, based on Boot-
strap, guaranteeing responsiveness and accessibility on various devices [17]. In
terms of security and authentication, it supports protocols such as LDAP, OAuth2,
SAML and Shibboleth, allowing integration with federated identity infrastruc-
tures [17].
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4.2 Canvas LMS

Canvas is an LMS developed by the US company Instructure and, according to its
official documentation, [12], offers an open-source version under the Affero GNU
General Public License v3 (AGPLv3). This license allows the use, modification
and redistribution of the source code, requiring the sharing of modifications
even in Software as a Service (SaaS) environments, promoting collaboration and
transparency.

On a technical level, the platform is mostly developed in Ruby on Rails,
complemented with JavaScript, HTML, CSS and SQL, as described in [12]. Tt
supports web servers such as Apache HTTP Server and Nginx, and uses Post-
greSQL as its database management system [13].

Its modular architecture allows extensions and integrations via RESTful APIs
and support for the LTI standard, making it easy to connect to various external
tools, [12]. It also provides webhooks and endpoints for real-time data synchro-
nization [13].

In terms of the interface, Canvas adopts a responsive and accessible design,
aligned with the Web Content Accessibility Guidelines (WCAG) 2.1, ensuring
compatibility with multiple devices and promoting inclusion [12]. In terms of
security and authentication, it supports protocols such as SAML, LDAP and
OAuth2, ensuring integration with complex identity infrastructures [12].

4.3 Open EdX

Open edX is an open source LMS initially developed by the Massachusetts In-
stitute of Technology (MIT) and Harvard University, and currently maintained
by the Open edX community and the company tCRIL [19]. It is licensed under
the Apache License 2.0, allowing wide freedom of use, modification and redistri-
bution of the source code.

From a technological point of view, it is developed mostly in Python, using
the Django framework, as well as JavaScript, HTML, CSS and SQL [19]. It
supports web servers such as Nginx and Apache HTTP Server and uses databases
such as MySQL and MongoDB [20].

The architecture is based on microservices and independent modules, allow-
ing for higher scalability and better customization. It offers RESTful APIs, LTI
support and integration with external tools via Open edX plugins [19]. It also
offers webhooks for synchronizing data with external systems [20].

In terms of interface, Open edX adopts a responsive design, in line with
the WCAG 2.1 guidelines, ensuring accessibility and compatibility with various
devices [19]. In terms of security, it supports protocols such as OAuth2 and
SAML, guaranteeing integration with institutional systems [19].

4.4 Coursera

Coursera is a SaaS-based commercial LMS, founded in 2012 by professors from
Stanford University with the aim of making Massive Open Online Courses (MOOCs)
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available globally [5]. As a proprietary platform, it does not make its source code
available, but operates under institutional and corporate licensing.

In terms of technology, it is developed with a distributed architecture based
on microservices [4]. It uses languages and technologies such as Java, Python,
JavaScript, HTML, CSS and databases such as MySQL, MongoDB and Cassan-
dra, operating essentially on public cloud computing infrastructures (Amazon
Web Services (AWS)).

Its integration with external systems is ensured through RESTful APIs and
support for LTI, in addition to providing Software Development Kit (SDK)s and
webhooks for educational partners and institutional platforms [6].

In terms of interface, Coursera adopts a responsive and accessible design,
in line with WCAG 2.1 guidelines [5]. Security and identity management are
supported by protocols such as OAuth2 and SAML, ensuring integration with
federated authentication infrastructures [5].

4.5 Udemy

Founded in 2010, Udemy, [34], is an online course platform that operates under
a closed commercial model. Unlike open-source platforms, it does not make its
source code available and access is regulated by individual subscription or via
Udemy Business, [32], aimed at organizations.

In technical terms, its infrastructure is based on a distributed microservices
architecture [33]. The platform uses Python, React, JavaScript, HTML, CSS and
databases such as MySQL and Redis, operating in Cloud Computing environ-
ments supported by AWS.

Although it does not offer an extensive public API, enterprise integrations
are possible through authentication solutions such as Single Sign-on (SSO) and
partial support for the LTI standard [32]. The platform favours stability and
scalability, but with less scope for institutional customization.

Udemy’s interface is responsive and user experience-oriented, meeting the
criteria defined by WCAG 2.1 and security is ensured by protocols such as SAML
and OAuth2, facilitating integration with corporate directories and external LMS
platforms [34].

4.6 Sakai

Sakai is an open-source LMS, primarily oriented towards higher education, and
is developed and maintained by the Apereo Foundation [2]. The platform is made
available under the Educational Community License 2.0 (ECL 2.0), a variant of
the Apache License 2.0, allowing wide reuse and modification of the code, in line
with free software principles.

From a technical point of view, it is built in Java and follows a modular
architecture based on independent components [3]. It uses application servers
such as Tomcat and database systems such as MySQL, Oracle Database and
PostgreSQL. The user interface is developed using web technologies such as
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JavaScript, HTML and CSS, and the platform supports integration with LDAP
and external services via RESTful APIs.

Sakai’s extensibility is one of its main features: it supports the LTI stan-
dard for integrating external tools and has a system of built-in tools that can
be activated, customized or removed according to the institution’s profile. Ad-
ditional web services allow interoperability with digital libraries and academic
management systems [2].

The interface design is responsive and in line with the good accessibility
practices established by WCAG 2.1, allowing fluid use on different devices [2].
Federated authentication mechanisms such as SAML, LDAP and OAuth2 are
also supported, ensuring security and compatibility with complex institutional
infrastructures.

5 Proposed Architecture

The proposed architecture aims to provide a robust, scalable, and modular e-
learning platform capable of adapting to growing user demands without com-
promising performance or maintainability.

The platform is optimized for responsiveness and stability, even under peak
load. The technology stack was selected based on maturity, community support,
and alignment with agile and secure development practices. In parallel, the archi-
tecture supports extensive customization—both visual and functional—to meet
the diverse needs of target user groups and institutional contexts.

Designed to address gaps in existing e-learning platforms, the solution com-
bines scalability, resilience, and personalization with a collaborative knowledge
center. The platform enables individualized experiences, supports real-time ped-
agogical intervention, and sustains engagement through gamification, all with-
out compromising technical robustness. A modular approach ensures long-term
adaptability, allowing for the system’s evolution without full rewrites [16].

At its core, the platform adopts a microservices architecture, isolating re-
sponsibilities into independent services packaged in Docker containers [7] and
orchestrated by Kubernetes [31]. This enables elastic scaling, fault tolerance,
and controlled deployment cycles. Horizontal Pod Autoscaler [30] and dynamic
load balancing ensure resource alignment with demand, while container isolation
improves environmental consistency. This setup allows intensive components like
analytics or content delivery to scale independently.

For the user interface, Next.js [35] was chosen, combining Server-Side Render-
ing (SSR) and Static Site Generation (SSG) [36], enhancing response times, in-
dexing, and usability on constrained devices. Its automatic routing and reusable
components facilitate rapid development while preserving visual and semantic
coherence. Documentation confirms that SSR and SSG contribute both to per-
formance and SEO, reinforcing its relevance in educational platforms.

The services layer is implemented in Fastify [9], a lightweight Node.js frame-
work with native JSON Schema validation. It enables the creation of secure,
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performant RESTful APIs in TypeScript. Benchmarks [29] highlight its perfor-
mance advantage over other Node.js frameworks, making it ideal for large-scale
platforms. Its plugin system also supports modular additions (e.g., authentica-
tion, rate limiting) without bloating the core.

PostgreSQL [21] was selected as the database for its ACID compliance, per-
formance optimizations, and backup features, ensuring integrity and availability
in high-throughput scenarios. For security, JWT [14] and OAuth2 [11] enable dis-
tributed authentication and authorization across services. GraphQL is optionally
used for efficient data aggregation when REST endpoints are insufficient [10].
General Data Protection Regulation (GDPR) principles [8] guide personal data
handling, emphasizing auditable logging and data minimization.

Artificial Intelligence and Learning Analytics modules analyze behavioral
patterns to deliver personalized recommendations, identify at-risk learners, and
support chatbot interactions [23]. Gamification reinforces engagement and mo-
tivation, with design guided by ongoing evaluation [25].

The platform’s operation is sustained by DevOps practices, including CI/CD
pipelines, automated testing, monitoring, and distributed tracing [27]. Observ-
ability is a key pillar in microservice ecosystems, supported through central
metrics, logs, and correlation mechanisms [22]. Complexity is mitigated through
automation and standardization, in line with microservices best practices [16].

Figure 1la presents an overview of the adopted architecture.
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Fig.1: Overview of the proposed platform: (a) adopted architecture and (b)
microservices communication.
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5.1 Customization, Ecosystem, Integration/Extensibility, and
Gamification

Ecosystem maturity varies markedly. Moodle and Canvas provide rich plug-
in/LTT catalogs and public APIs; Sakai offers tool activation and LTT; Open-EdX
supports modular extensions and webhooks; Coursera and Udemy expose nar-
rower partner or enterprise interfaces. These differences shape how institutions
tailor assessment, content, and analytics pipelines.

The proposed architecture presented in this paper, emphasizes contract-first
composition (versioned REST, optional GraphQL) rather than in-process plug-
ins, trading breadth-at-day-one for safer upgrades and clearer failure boundaries.
Integration with SSO (OAuth2/SAML) and support for standards such as LTI
sustain interoperability while keeping authorization and data minimization con-
sistent across services.

Finally, the knowledge-center layer and an event-driven analytics/gamifi-
cation stack speak to learner engagement and timely support: user-generated
resources, ticketed assistance, and telemetry-based recommendations are inte-
grated as first-class services; gamified elements motivate participation while re-
maining decoupled from core grading flows, in line with evidence that such me-
chanics can enhance engagement when carefully designed.

Taken together, the microservices approach delivers elasticity and operational
visibility comparable to commercial SaaS, yet preserves institutional control over
cadence, data, and customization. It complements—rather than merely repli-
cates—the strengths of open-source incumbents by localizing change, aligning
resource usage with real demand, and foregrounding support workflows, ana-
lytics, and motivation as integral, horizontally implemented capabilities. These
outcomes map directly to the comparison variables defined in the methodology
and to the shortcomings surfaced during the pandemic period.

The communication between the microservices that work together in Ku-
bernetes can be seen in the figure 1b. There, synchronous interactions are ter-
minated at the API Gateway, which applies JWT/RBAC and routes requests
to core microservices (Auth, Users, Courses, Articles, Engagement, Gamifica-
tion, Notifications, Analytics). Business events—such as ”Enrollment Created”,
”Progress Updated”, ”"Course Completed”, and ”Article Published” are pub-
lished to the Event Bus (e.g., Kafka/RabbitMQ), where downstream subscribers
consume them without tight coupling.

Gamification, Notifications, and Analytics process these events to award
badges, trigger messages, and maintain metrics/warehouse views. Al services
subscribe to the same streams: the Recommender updates personalized sugges-
tions, the Risk Scorer flags at-risk learners, and the Chatbot performs RAG
over a Vector DB (embeddings) for semantic retrieval. Solid arrows represent
synchronous API calls; dashed arrows represent asynchronous pub/sub flows
between containers/Pods.
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Table 2: Comparative summary of the analyzed e-learning platforms

Criterion Moodle Canvas Open edX Coursera Udemy Sakai
Licensing GPLv3 AGPLv3 Apache 2.0 Proprietary Proprietary ECL 2.0
Open source v v v X X v
Commercial model |Community Hybrid (open-|Community Closed SaaS Marketplace /|Community
(third-party SaaS|source & SaaS) |(with providers) SaaS
available)
Base technology PHP (+ JS) Ruby on Rails (+|Python/Django |Cloud microser-|Cloud microser-|Java (Tomcat)
PostgreSQL) (+ MySQL/Mon-|vices vices
goDB)
Implementation type|Modular mono-|Cohesive web app|Service-oriented |SaaS (provider-|SaaS (provider-|Modular (cohe-
lith with extensions |modules managed) managed) sive deployment)
Scalability Medium (tun-|Good Very good / Ex-|Excellent (SaaS) |Excellent (SaaS) |Good
ing/cluster (deployment- cellent
dependent) dependent)
Customization High (plugins) |Good Good  (XBlock-|Limited (vendor-|Very limited |High (built-in
(LTI/APIs) s/APIs) controlled) (course/enter- tools/LTT)
prise)
LTI/APTI integration |v/ v v 4 Partial ~ (enter-|v
prise)
Primary focus Formal education|Higher education |University-scale |Global MOOCs |Open market-|Higher education
(multiple levels) MOOCs place / enterprise
Installation complex-|Medium Medium-High High SaaS (ready to|SaaS (ready to|High
ity use) use)
Accessibility support |[v/ v v v v v
Active community | Very active Active Active — — Smaller
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6 Conclusions and future work

The proposed architecture offers a modular and scalable foundation for mod-
ern e-learning platforms. By adopting a microservices model with independent
deployment, containerization, and orchestration, it ensures fault isolation, re-
source efficiency, and flexibility in evolving components. The use of a contract-
first, CI/CD-enabled stack with observability and performance monitoring tools
supports agile development and reliable operations.

Security, interoperability, and governance are treated as first-class concerns,
with support for federated authentication, GDPR-aligned data practices, and
integration via standards such as LTI, REST, and optionally GraphQL. Beyond
infrastructure, pedagogical features such as a collaborative knowledge center,
educational analytics, and gamification are embedded as core services to enhance
learner engagement and enable timely interventions.

6.1 Future Work

Future development will focus on delivering a mobile client using cross-platform
frameworks like React Native or Flutter. This tier will adopt an offline-first model
and integrate with the existing identity and notification systems to ensure session
continuity and user engagement under varying connectivity.

To maintain parity with the web experience, the mobile application will repli-
cate accessibility guarantees, instrument telemetry, and leverage automated re-
lease strategies for progressive deployment.

Artificial Intelligence enhancements will span adaptive learning guidance,
conversational assistance powered by retrieval-augmented generation from the
knowledge base, and the refinement of gamification via A/B testing and be-
havioral analytics. All Al-driven features will adhere to privacy-preserving data
practices, include human-in-the-loop mechanisms where appropriate, and un-
dergo continuous efficacy evaluation to ensure responsible impact and trustwor-
thiness.

Acknowledgements

“This work is funded by National Funds through the FCT - Foundation for Sci-
ence and Technology, I.P., within the scope of the project Ref UIDB/05583,/2020.
Furthermore, we would like to thank the Research Centre in Digital Services
(CISeD), the Polytechnic of Viseu, for their support.”

116



1]

Bibliography

M. A. Almaiah, A. Al-Khasawneh, and A. Althunibat. Exploring the critical
challenges and factors influencing the e-learning system usage during covid-
19 pandemic. EDUCATION AND INFORMATION TECHNOLOGIES,
25(6):5261-5280, NOV 2020.

Apereo Foundation. Sakai documentation. https://sakai.readthedocs.io/,
2025. Accessed on: Jun 11, 2025.

Apereo  Foundation. Sakai lms source code repository.
https://github.com/sakaiproject/sakai, 2025.  Accessed on: Jun 11,
2025.

Coursera Inc. Coursera engineering. https://engineering.coursera.org/,
2025. Accessed on: Jun 11, 2025.

Coursera  Inc. Coursera  for campus documentation.
https://www.coursera.org/campus, 2025. Accessed on: Jun 11, 2025.
Coursera Inc. Partners api documentation.

https://partners.coursera.help/hc/en-us/categories /3600024 78312-
Partners-API, 2025. Accessed on: Jun 11, 2025.

Docker, Inc. Docker overview, 2025. Accessed on: Jul 23, 2025.

European Parliament and Council. Regulation (eu) 2016/679 (general data
protection regulation). Official Journal of the European Union, 2016. Ac-
cessed on: Jul 23, 2025.

Fastify Core Team. Fastify — fast and low overhead web framework, 2025.
Accessed on: Jul 23, 2025.

GraphQL Foundation. Graphql specification, 2021. Accessed on: Jul 23,
2025.

D. Hardt. The oauth 2.0 authorization framework. Technical Report RFC
6749, IETF, 2012.

Instructure Inc. Canvas Ims documentation.
https://community.canvaslms.com/t5/Canvas-Basics-Guide/tkb-p /canvas-
basics, 2025. Accessed on: Jun 11, 2025.

Instructure  Inc. Canvas lms source code  repository.
https://github.com/instructure/canvas-lms, 2025.  Accessed on: Jun
11, 2025.

M. B. Jones, J. Bradley, and N. Sakimura. Json web token (jwt). Technical
Report RFC 7519, IETF, 2015.

A. M. Maatuk, E. K. Elberkawi, S. Aljawarneh, H. Rashaideh, and H. Al-
harbi. The covid-19 pandemic and e-learning: challenges and opportunities
from the perspective of students and instructors. JOURNAL OF COM-
PUTING IN HIGHER EDUCATION, 34(1):21-38, APR 2022.

Martin Fowler. Microservices guide. https://martinfowler.com/microservices,
2019. Accessed on: Jul 23, 2025.

Moodle HQ. Moodle developer documentation. https://moodledev.io/,
2025. Accessed on: Jun 11, 2025.

117



[18]
[19]

[20]

[34]

[35]
[36]

Moodle HQ. Moodle open source lms source code.
https://github.com/moodle/moodle, 2025. Accessed on: Jun 11, 2025.

Open edX Consortium. Open edx documentation.
https://docs.openedx.org/en/latest/, 2025. Accessed on: Jun 11, 2025.
Open edX Consortium. Open edx source code repository.

https://github.com/openedx/edx-platform, 2025. Accessed on: Jun
11, 2025.

PostgreSQL Global Development Group. PostgreSQL 16 Documentation,
2024. Accessed on: Jul 23, 2025.

Prometheus Authors. Prometheus Documentation, 2025. Accessed on: Jul
23, 2025.

C. Romero and S. Ventura. Educational data mining and learning analyt-
ics: An updated survey. Wiley Interdisciplinary Reviews: Data Mining and
Knowledge Discovery, 10(3):e1355, 2020.

M. S. Roodposhti, E. Ezami, M. H. Hedayati, and A. Karimi. User-
generated content effectiveness in co-creation of online higher educational
services. JOURNAL OF MARKETING FOR HIGHER EDUCATION,
2024 MAY 8 2024.

M. Sailer and L. Homner. The gamification of learning: A meta-analysis.
Educational Psychology Review, 32:77-112, 2020.

A. N. Saleem, N. M. Noori, and F. Ozdamli. Gamification applications
in e-learning: A literature review. TECHNOLOGY KNOWLEDGE AND
LEARNING, 27(1):139-159, MAR 2022.

B. H. Sigelman, L. A. Barroso, M. Burrows, and P. Stephenson. Dapper,
a large-scale distributed systems tracing infrastructure. Technical report,
Google, 2010.

F. Tapia, M. A. Mora, W. Fuertes, H. Aules, E. Flores, and T. Toulkeridis.
From monolithic systems to microservices: A comparative study of perfor-
mance. APPLIED SCIENCES-BASEL, 10(17), SEP 2020.

TechEmpower. Web framework benchmarks (round 22), 2023. Accessed on:
Jul 23, 2025.

The Kubernetes Authors. Horizontal pod autoscaler, 2025. Accessed on:
Jul 23, 2025.

The Kubernetes Authors. Kubernetes documentation, 2025. Accessed on:
Jul 23, 2025.

Udemy Inc. Udemy business documentation. https://business.udemy.com/,
2025. Accessed on: Jun 11, 2025.

Udemy Inc. Udemy engineering blog. https://tech.udemy.com/, 2025. Ac-
cessed on: Jun 11, 2025.

Udemy Inc. Udemy terms of use. https://www.udemy.com/terms/, 2025.
Accessed on: Jun 11, 2025.

Vercel. Next.js documentation, 2025. Accessed on: Jul 23, 2025.

Vercel. Rendering: Ssr vs ssg, 2025. Accessed on: Jul 23, 2025.

118



16th International Conference on eLearning (ELEARNING2025) @ea rning

25 - 26 September 2025, Belgrade, Serbia 6th International Conference on e-Learning 2025

Applying Artificial Intelligence in the Promotion of Art
Faculties

Milica Shjepéewél [0000-0002-0431—2998]’ Nevenka POpOVié Sevic'2 [0000-0002-7435—2979],

and Tanja Devetak ]

! Belgrade Metropolitan University — Faculty of Management and Faculty of Digital Arts,
Serbia,

2 University Business Academy in Novi Sad, Faculty of Contemporary Arts, Belgrade, Serbia,
3Faculty of Design, Independent Higher Education Institution, Ljubljana, Slovenia
milica.slijepcevic@metropolitan.ac.rs
nevenka.popovic.sevic@fsu.edu.rs
tanja.devetak@fd.si

Abstract. Over the past decade, artificial intelligence (Al) has become a pivotal
driver of transformation across multiple sectors, including higher education
institutions. Art faculties, as integral components of the academic system, face
the challenge of modernizing their promotional strategies to attract prospective
students and effectively present their educational programs. In this context, Al
presents new opportunities for developing personalized and interactive marketing
campaigns tailored to the interests and online behavior of prospective students.
This analytical approach allows for the generation of customized promotional
content and advertisements that resonate with the specific interests of the target
audience. Additionally, Al can automate processes such as responding to
inquiries via chatbots, thereby enhancing user experience and improving
communication efficiency. By leveraging Al technologies, art faculties can
design interactive virtual environments where prospective students can navigate
campus spaces, access detailed program information, and engage in real-time
workshops. Moreover, by analyzing users’ emotional responses to various forms
of promotional content, Al enables the optimization of content appeal, including
the selection of appropriate communication channels and the creation of
effective, Al-driven materials.

Keywords: media promotion, art faculties, artificial intelligence.

1 Introduction

In the contemporary educational system, media promotion constitutes a key element in
attracting the attention of prospective students and the broader public. As specialized
institutions within the educational system, art faculties demand customized
promotional approach to effectively communicate their programs, values, and
accomplishments. Recognizing the inspirational and motivating nature of art, it is
imperative that media promotion strategies be precisely designed to effectively convey
the essence and distinctive qualities of art education.
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Media promotion in art faculties serves not only to recruit prospective students but
also to develop and sustain the faculty’s reputation, and to cultivate strong relationships
with alumni and cultural stakeholders. In addition, media promotion strengthens the
presence of art faculties across local, national, and international arenas, which is
increasingly vital in the context of global competition within the education landscape
[1]. Choosing the right promotional strategy involves selecting appropriate media
channels and generating effective content with the support of artificial intelligence. This
contributes to the development of institutional reputation and reinforces connections
with the cultural community. Achieving success in this field requires thoughtful
planning, creativity, and adaptability to clearly convey the distinct value of artistic
education.

2 Media promotion in higher education institutions

Effective media promotion of educational institutions can be instrumental in student
recruitment, increasing awareness of academic programs, and enhancing institutional
reputation and brand identity [2]. This paper reviews and analyzes the ways in which
educational institutions—particularly art faculties—employ media promotion,
supported by artificial intelligence, to attract students, promote their programs and
achievements, and build a recognizable institutional brand. It also explores how media
promotion shapes public perception of educational institutions and how it can be
employed to enhance institutional reputation.

Media promotion refers to a set of strategies and activities aimed at promoting
products, services, or—within this context—educational institutions through various
media channels. The primary objective of media promotion is to attract the attention of
the target audience, provide them with relevant information about available offerings,
and encourage them to take specific action—such as enrolling at an academic institution
[3].

The success of media promotion in educational institutions frequently results from a
combination of media channels and techniques that are specifically designed for the
characteristics of the target audience and the academic institutions’ objectives.
Consequently, the successful attainment of the intended results is contingent upon the
proper planning, implementation, and evaluation of media campaigns [4]. Media
channels can be employed by educational institutions to communicate information
regarding their programs, services, and activities, while simultaneously emphasizing
their fundamental values and competitive advantages. Institutions can also monitor
trends and interests within their target audience through media, which enables them to
adjust their promotional activities accordingly [2].

Media plays a critical role in the promotion of educational institutions by assisting
in the recruitment of prospective students. Media can help attract new generations of
students by publishing pertinent information regarding enrollment periods, admission
requirements, and student experiences [5], [6]. Artificial intelligence’s contribution to
the advancement of educational institutions is multifaceted and challenging. The
institution’s success, the recruitment of prospective students, and the establishment of
a positive public image can all be significantly influenced by the appropriate utilization
of media channels.
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3 Media promotion strategy for art faculties

Due to their specific nature, art faculties necessitate a promotional strategy that is
meticulously crafted. The primary component is the identification of the target audience
and the selection of the most effective method to capture their attention.

3.1  Identifying the target audience of art faculties

Target audience analysis and market segmentation are essential components of an
effective media promotion strategy for art faculties. These institutions have a specific
target audience that must be carefully identified and understood in order to establish
effective communication. The target audience of art faculties may include prospective
students, their parents or guardians, faculty members and other academic staff, as well
as the general public interested in the faculty’s activities and achievements. [3].

By applying market segmentation to tailor their marketing strategies and messaging
to distinct audience segments, art faculties can enhance engagement and achieve more
effective outcomes. For instance, a faculty may provide targeted information about
available programs, faculty members, and career opportunities within a specific artistic
discipline to a segment of high school graduates who have already expressed interest
in the field. [5]. In addition, market segmentation can help faculties develop a more
comprehensive understanding of the needs and trends within each audience segment,
enabling them to adapt their programs and activities accordingly. For example, a faculty
may observe a growing interest in digital art among younger audiences and broaden its
academic programs to cover these trends [7].

The target audience and market segmentation represent critical success factors in the
media promotion strategies of art faculties. By identifying their audience and
understanding its interests, the faculties can enhance the effectiveness of their
communication, attract qualified audiences, and achieve both their promotional and
developmental objectives.

3.2 Selection of media channels for promotion

For art faculties, it is essential to select media channels that align with the preferences
of their target audience and facilitate outreach to individuals with similar interests. For
example, faculties offering visual arts programs may opt for promotional channels—
such as art magazines, galleries, specialized art websites, or popular social media—that
align with the preferences of the artistic community. [6]. A well-balanced mix of media
channels, tailored to the specific needs and characteristics of the target audience, can
serve as a critical success factor in the effective promotion of art faculties. [5] It is
important for faculties to follow trends and innovations in the media landscape in order
to stay up-to-date with the most effective ways of communicating with their target
audience. For example, digital marketing tools—such as Google Ads, Facebook and
Instagram advertising, and influencer marketing—can be particularly effective in
capturing the attention of younger audiences active on social media.

Creating engaging content is a vital component of a media promotion strategy for art
faculties. Well-crafted content can capture the attention of the target audience, foster
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engagement, raise institutional visibility, and ultimately contribute to student
enrollment or enduring stakeholder support.

For art faculties, content may encompass a wide array of creative formats—
including photographs and videos featuring student artworks, interviews with faculty
members and students, event coverage, and lecture and exhibition highlights, as well as
value-driven educational content that communicates the faculty’s identity. [6]. By
producing relevant and engaging content, art faculties can foster meaningful audience
engagement, attract the attention of prospective students and advocates, and achieve
their promotional and institutional goals [7].

These initiatives support real-time audience engagement and contribute to increased
brand recognition in the digital era. In addition, websites and search engine
optimization (SEO) are indispensable for enhancing the faculty’s visibility in the digital
space. Conversely, email marketing and digital campaigns facilitate personalized
communication with prospective students and support throughout the conversion
process. By combining these three segments of digital promotion, art faculties establish
an effective mechanism for attracting and engaging prospective students [8]. Through
the integration of these strategies, they can efficiently utilize digital channels to
promote their offerings and enhance student recruitment. This is particularly critical in
the current digital era, where an online presence is a prerequisite for success in a highly
competitive educational environment [9].

Social media has become an indispensable tool for promoting art faculties in today’s
digital era. Moreover, their interactive social media functionalities—such as Q&A
sessions, polls, and audience-engaged live streaming events—enable faculties to build
stronger connections with their target audiences and gather real-time feedback [10]. As
a strategic promotional channel, social media enables art faculties to expand their reach,
build brand identity, foster community engagement, and connect with prospective
students in a way that is relevant, engaging, and interactive [11].

Establishing communities of engaged followers and alumni can provide art faculties
with sustained benefits. Creating dedicated groups or pages for students, alumni, faculty
members, and other stakeholders can further reinforce a sense of belonging and support.
Social media has become an indispensable channel for communication and promotion
in art faculties. Through the creative and strategic use of these platforms, faculties can
engage effectively with their audiences, build a distinctive brand identity, and attract
new talent—thereby enhancing their reputation and strengthening their position within
the educational landscape.

Through continuous monitoring of analytics across all media promotion channels,
universities can gain insights into website traffic, source attribution, and visitor
behavior. Such an approach allows them to assess the impact of their digital strategies
and adapt them to achieve the best outcomes possible [12], [13].

3.3 Applying artificial intelligence in the promotion of art faculties

Art faculties can leverage artificial intelligence (Al) in various ways to promote their
activities, academic programs, and student achievements more effectively and
creatively. Al enables precise segmentation of target audiences by analyzing social
media data, thereby facilitating the development of promotional campaigns tailored to
specific interests—for example, students interested in visual arts, music, design, and
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related fields. With the support of generative Al tools —such as ChatGPT and
DALL-E—it is possible to automatically generate text, graphic, and video
advertisements adapted for various media platforms [14]. Al can also be employed for
the automated production of posters, artistic catalogs, and audiovisual materials, as well
as for generating video and animation content using a range of Al-based tools.

As part of its efforts to develop a strong digital identity, Metropolitan University
Belgrade was among the first universities in Serbia to implement a chatbot on its official
website. The chatbot serves as a digital assistant, offering information on academic
programs, enrollment periods, and other relevant topics. By employing this tool, the
university enhances information accessibility while simultaneously optimizing the
workload of administrative staff—particularly during peak promotional periods.

To evaluate the effectiveness of promotional efforts, Al tools are capable of
conducting detailed analyses to identify which campaigns yield the most favorable
outcomes for the faculty. For example, emotional analysis tools can assess prospective
audience responses, enabling the adaptation of each piece of content. Al technologies
also enable the creation of virtual tours of art faculties, presenting various
departments—such as visual arts, fashion design, painting studios, multimedia
laboratories, and similar facilities. Additionally, Al can help implement interactive
exhibitions and various performances by creating digital installations that allow the
audience to participate in the artistic experience using mobile devices or augmented
reality (AR) glasses.

These tools are particularly effective in engaging prospective students, as they can
deliver information on academic programs, enrollment periods, exhibitions, and other
relevant activities. A major advantage of these tools is the information delivery outside
standard working hours, which helps lower administrative expenses for academic
institutions. With the help of Al, art faculties can launch virtual ambassadors—digital
characters that promote the faculty and student life on social media platforms such as
TikTok and Instagram.

3.4  Case studies in best practice and prospects for future development

In recent years, art faculties across the globe have increasingly embraced targeted
models of artificial intelligence applications to improve communication with
prospective students. Whereas the preceding sections focused on overarching
applications of Al in the promotion of educational institutions, case studies from
international practice further illustrate the efficiency and range of such methods.

An illustrative example of innovative practice involves the use of gamified virtual
tours enhanced by generative Al technologies. [15] describe the development of three-
dimensional virtual walkthroughs of an educational institution that integrate user
interaction, spatial simulation, and narrative flows, offering prospective students a
comprehensive digital experience. Such tools not only present content but also
contribute to building an emotional bond between candidates and the faculty’s spatial
context and identity.

An additional significant advancement lies in the application of predictive analytics
for selecting specific audience segments and tailoring promotional strategies
accordingly. According to [16], Al models are used by universities to analyze the digital
footprints of prospective students, supporting timely and more precise campaign
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interventions. Such strategies contribute to greater relevance in communication and
lead to improved conversion rates.

In addition, [ 17] explores the impact of immersive virtual reality (VR) environments
in art-oriented educational institutions, emphasizing their potential to engage students’
creative capacities. These findings suggest the potential for applying VR technologies
not only within the classroom but also in the promotional and motivational phases—by
offering prospective students a “creative experience” prior to enrollment.

Significant use cases of generative Al in visual communication include the
application of Generative Adversarial Networks (GANSs) for the production of tailored
visual content, multimedia materials, and interactive presentations [18]. Within this
framework, [19] developed algorithms that predict audience preferences in the arts,
providing a foundation for the design of promotional messages and the development of
faculties’ visual identity.

Prospects for future development include the integration of emotional analytics and
multimodal content personalization, wherein Al is employed to simultaneously process
visual, verbal, and behavioral data. Such an approach facilitates a comprehensive
understanding of prospective students’ emotional responses to promotional content,
allowing for advanced segmentation and real-time dynamic campaign adaptation.

4 Conclusion

Effective media promotion of art faculties requires ongoing engagement and
responsiveness to evolving technologies and communication trends. By systematically
monitoring outcomes and collecting feedback, faculties can identify best practices and
adjust their future media strategies. Successful promotional efforts enable faculties to
attract prospective students while also contributing to the broader dissemination of art
and culture within society. Investing in the development and implementation of
effective media strategies is therefore a necessary step toward achieving the long-term
objectives and ensuring the sustained success of art education institutions.

Developing an effective promotional strategy of art faculties entails a holistic
approach that integrates strategic planning, innovative content creation, the use of
cutting-edge digital tools, and cooperation with relevant stakeholders. Such an
approach supports not only the faculty’s success but also promotes art and culture as
fundamental societal values.
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Abstract. Over the past few years, artificial intelligence (AI) has moved from
being a background tool to becoming a central actor in education [49]. Generative
Al is transforming the way learners interact with knowledge, offering
personalized pathways, adaptive content, and new forms of digital collaboration.
Yet most existing systems remain focused on efficiency and performance, while
overlooking the emotional side of learning, factors such as motivation,
frustration, or anxiety that often determine whether a student succeeds or
disengages [1], [2].

This paper proposes the idea of Affective Generative Al in eLearning,
combining large language models (LLMs), prompt engineering, and emotion-
aware computing to design learning environments that are not only intelligent but
also empathetic and inclusive. We argue that digital tutors capable of recognizing
affective cues can adapt their responses in real time, providing encouragement,
reframing explanations, or reducing cognitive load, thereby supporting both well-
being and achievement [3], [4].

At the same time, handling emotional data [47] raises critical ethical and legal
[12] questions. Issues of privacy, bias [51], and transparency must be addressed
if such systems are to be trusted and responsibly deployed [5]- [7]. Our
conceptual framework seeks to balance pedagogical innovation with these
concerns, highlighting a path towards human-centered [53] Al in education that
values inclusion, equity, and emotional resilience alongside cognitive
performance.

Keywords: Generative Al, Affective Computing, Prompt Engineering, Adaptive
Learning, LLMs, Al Ethics, Inclusive Education.

1 Introduction

Education in the 21st century is increasingly mediated by digital technologies that
promise to expand access, enhance personalization, and support lifelong learning.
eLearning platforms have become essential, yet their design has traditionally focused
on delivering content and assessing performance, while neglecting the affective
dimension of learning [8]. Emotions such as engagement, frustration, and motivation
are now recognized as central to the learning process, influencing persistence, memory,
and overall achievement [1], [2]. When these affective states are ignored, learners,

Research Paper
DOIL: https://doi.org/10.46793/eLearning2025.126K
Part of ISBN: 978-86-89755-37-4

© 2025 Copyright for this paper by its authors.
[ Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

126


mailto:dmw00034@uowm.gr
mailto:sanastasiadou@uowm.gr

especially those from vulnerable or marginalized groups, face higher risks of
disengagement and exclusion [9].

Generative artificial intelligence (Al) has introduced new possibilities for adaptive
and scalable digital education. Large language models (LLMs) can generate
personalized explanations, tailor exercises to a learner’s level, and provide immediate
feedback. However, these systems remain cognitively adaptive but emotionally
indifferent [10]. Recent scholarship argues that the next step for Al in education must
be its integration with affective computing, enabling digital tutors not only to adapt
content but also to respond to learners’ emotions in real time [3], [4]. This shift aligns
with broader movements in inclusive education, which emphasize equity, empathy, and
responsiveness to learner diversity [11].

At the same time, the adoption of affective Al raises significant ethical and legal
challenges. Emotional data is inherently sensitive, requiring careful consideration of
privacy, fairness, and transparency [5], [6], [7]. Scholars in Al ethics stress that without
robust governance [46] [14] frameworks, the same technologies that promise inclusion
and wellbeing may instead amplify bias and erode trust [12], [13]. This paper therefore
positions affective generative Al at the intersection of pedagogy, technology, and
ethics, aiming to contribute to a more human-centered vision of eLearning.

The aim of this study is threefold:

1. To conceptualize an affective generative Al framework for adaptive and
inclusive eLearning.

2. To examine how prompt engineering can integrate affective signals into LLM-
driven educational interactions.

3. To discuss the ethical, legal, and psychosocial implications of deploying such
systems in real-world contexts.

By pursuing these aims, the paper addresses a critical gap in current eLearning
systems and argues for a paradigm shift: from Al that merely delivers knowledge to Al
that empathizes, supports, and includes.

Unlike previous adaptive eLearning approaches that primarily emphasize cognitive
personalization, our study contributes by explicitly integrating affective signals into
generative Al systems through prompt engineering. This integration allows learning
environments to be not only knowledge-centered but also emotion-sensitive, addressing
the overlooked psychosocial dimensions of digital education. By situating our
framework at the intersection of pedagogy, computational modeling, and ethics, the
paper provides a novel contribution that bridges theoretical perspectives with actionable
design principles for inclusive eLearning.

2 Affective Computing and the Role of Emotions in Learning

The study of emotions in human—computer interaction was first introduced through the
field of affective computing, which highlighted the potential for machines to recognize
and respond to emotional states [1]. In education, this perspective has become
increasingly important, as re- search shows that emotions such as frustration, curiosity,
or anxiety directly shape attention, memory, and motivation [2]. Learners who feel
emotionally supported are more likely to persist, collaborate, and achieve meaningful
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outcomes, whereas neglecting the affective dimension can lead to disengagement and
inequality [3].

Affective learning environments move beyond traditional instruction by embedding
empathy into digital systems. Such environments aim to provide scaffolding that adapts
not only to cognitive performance but also to emotional needs. For instance, when a
student experiences cognitive overload, an affective-aware system may slow the pace,
simplify explanations, or offer encouragement, helping to sustain resilience and
wellbeing [4], [5]. This human-centered approach underscores the fundamental link
between emotions and inclusion, ensuring that every learner’s experience is
acknowledged.

Generative artificial intelligence (Al) has rapidly advanced from ex- perimental tools
to mainstream applications in education. Large language models (LLMs) can generate
explanations, create adaptive exercises, and provide personalized feedback, thereby
extending the possibilities of digital learning environments [6]. These systems represent
a significant step towards more flexible and individualized learning, as they can
dynamically tailor content to a learner’s level of knowledge and preferred style of
interaction [7].

Despite these advantages, current implementations of generative Al in education
remain primarily cognitively adaptive. They adjust what and how of learning materials,
but they do not yet address how learners feel during the process [8]. Without accounting
for affective states, adaptive learning [48]-[56] risks becoming mechanistic, capable of
personalizing tasks but not of sustaining engagement when learners struggle with
motivation, stress, or anxiety [9].

Integrating affective signals into generative systems can bridge this gap. For
example, a digital tutor powered by an LLM could detect signs of disengagement or
cognitive overload and adjust its responses accordingly: simplifying explanations,
providing motivational scaffolding, or reframing challenges to reduce frustration [10],
[11]. Such responsiveness- ness moves adaptive learning closer to true inclusivity,
where technology does not simply optimize performance but also recognizes and
supports the learner as a whole person

3 Ethical and Legal Dimensions of Affective Al

While the pedagogical potential of affective generative Al is significant, its adoption
raises equally important ethical and legal questions. Emotional data is among the most
sensitive categories of personal information, and their collection and analysis in digital
learning environments must be governed by strict principles [54] of privacy,
transparency, and accountability [12], [13]. The risk is that technologies designed to
foster inclusion could unintentionally reinforce bias, manipulate behavior, or
exacerbate inequalities if deployed without adequate safeguards [14].

Scholars in Al ethics have repeatedly stressed the dangers of opacity, the so-called
“black box” problem, where even system designers may struggle to explain why an
algorithm produced a certain output [15]. In education, such opacity undermines trust,
as learners and educators need clarity about how affective data are being interpreted
and used [16]. Calls for responsible [50] artificial intelligence emphasize principles
such as fairness, non-discrimination, and respect for human dignity [17], [18].
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Embedding these principles into affective systems is essential if they are to become
trustworthy allies in inclusive education.

Legal perspectives also contribute to this discussion. The rapid pace of Al
development has outstripped existing regulatory frameworks, leaving gaps around
liability, accountability, and cross-border governance [19], [20]. Recent debates around
the European Union’s Al Act and related directives illustrate the complexity of
balancing innovation with protection of fundamental rights [21]. Scholars argue that
frameworks must not only regulate technical standards but also anticipate new risks,
including the commodification of emotions and the potential misuse of biometric
affective data [22], [23].

Finally, affective Al must be situated within the broader socio-political- cal critique
of digital technologies. Zuboff’s analysis of surveillance [55] capitalism warns of the
dangers of extracting personal experiences for profit [7]. When applied to education,
this critique raises uncomfortable questions: should learners’ emotions be treated as
data points for optimization, or as integral parts of their human identity that deserve
protection? Addressing such tensions requires an interdisciplinary dialogue between
pedagogy, law, technology, and ethics [24].

4 Methodology

The methodological approach of this study combines a conceptual framework with
computational underpinnings that support adaptive and inclusive e-learning. The design
draws on socio-technical perspectives that emphasize the interplay between governance
structures and algorithmic- mic processes [44,46].

From a technical standpoint, the methodological grounding is influenced by prior
research in distributed systems and big data management. For example, dynamic
scheduling of data streams has been shown to improve system responsiveness and
efficiency in heterogeneous environments [48,52]. Similarly, pipeline-based
approaches and linear scheduling in the cloud demonstrate how complex learning
workloads can be optimized for scalability and fairness [51].

Advanced modeling tools, such as Colored Petri Nets, enable the representation of
hierarchical and dynamic system behaviors, allowing researchers to simulate and
validate resource allocation strategies in e-learning infrastructures [53,55].
Probabilistic detection methods applied to social and learning networks provide
additional insights into the collective behaviors that shape adaptive learning
environments [56]. This methodological synthesis ensures that the research framework
is not only ethically and legally grounded [45,47], but also supported by rigorous
computational models capable of sustaining adaptive, scalable, and inclusive Al-driven
learning platforms.

5 Results

The synthesis of the literature reveals several recurring patterns that highlight both the
opportunities and the challenges of embedding affective generative Al into eLearning.
Three clusters of findings are particularly noteworthy: (a) the pedagogical benefits of
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integrating affective signals into adaptive systems, (b) the risks of ethical and legal
misalignment, and (c) the broader socio-psychological implications for inclusion and
learner wellbeing.

Pedagogical benefits. Research consistently demonstrates that emotions act as

critical drivers of learning outcomes. Learners who feel motivated, supported, and
emotionally engaged are more likely to persist and achieve higher cognitive gains [1],
[2]. Digital environments that incorporate affective feedback can transform the learning
experience from passive content reception to active, emotionally enriched participation
[8], [9]- Generative Al offers new potential in this regard: through large language
models (LLMs) and prompt engineering, systems can dynamically adapt instructional
strategies, reframe explanations, or provide empathetic encouragement when signs of
frustration or disengagement are detected [10], [11]. Such responsiveness aligns with
broader educational goals of personalization and equity, supporting learners not only
as knowledge receivers but as whole people with emotional needs.
Risks and challenges. Alongside these pedagogical promises, the literature reveals deep
concerns about the ethical deployment of affective technologies. The interpretation of
emotional data is fraught with risks of misclassification, cultural bias, and
oversimplification of complex human experiences [12]. Furthermore, emotional data
are highly sensitive: their collection, storage, and use raise acute concerns of privacy,
surveillance, and manipulation [13], [14]. Scholars warn that without robust safeguards,
affective Al could amplify systemic inequities rather than reduce them, for example by
reinforcing stereotypes about certain groups of learners [15], [16]. The “black box”
nature of advanced generative systems further complicates this picture, as even system
designers may struggle to explain how outputs are derived [17]. In educational contexts,
where trust is fundamental, such opacity undermines confidence among both learners
and educators [18].

Psychosocial and inclusion dimensions. A third cluster of insights highlights the
psychosocial importance of embedding affective aware- ness into educational
technology. Inclusive education is not only about access but also about recognition,
ensuring that learners’ diverse emotional experiences are acknowledged and valued
[19]. Studies on inclusive pedagogy emphasize that when students feel their emotions
are validated, their sense of belonging and participation improves markedly [20].
Conversely, neglecting affective dimensions risks marginalizing those who already
face barriers, such as learners with disabilities, neurodiverse students, or those
experiencing anxiety and stress in digital environments [21]. By combining generative
Al with affective computing, systems have the potential to reduce these barriers,
offering timely support and fostering resilience [22], [23]. However, this promise will
only materialize if ethical principles such as fairness, accountability, and transparency
are embedded into design and governance processes from the outset [24], [25].

Taken together, these findings suggest that affective generative Al occupies a
paradoxical position. On the one hand, it has the capacity to humanize digital learning
environments, bringing empathy, motivation, and inclusion into spaces that often feel
abstract and isolating. On the other hand, it risks intensifying surveillance,
commodification, and inequality if developed without adequate ethical foresight.
Addressing this tension requires moving beyond isolated technical solutions towards a
comprehensive framework that integrates pedagogy, ethics, and psycho-social well-
being.
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This discussion points to the need for a structured model of adoption that can guide
institutions in balancing innovation with responsibility. Such a model must ensure that
generative Al systems in education are not only technically effective but also aligned
with human values—supporting equity, protecting rights, and nurturing the emotional
lives of learners. It is on this foundation that the proposed framework for this paper is
built.

6 Framework Proposal: The Emotion-Aware Generative
eLearning Model

Building on the insights from the literature, this paper proposes the Emotion-Aware
Generative eLearning Model (EAGeL), a three-layered framework designed to
integrate affective computing with generative Al for adaptive and inclusive digital
education. The framework emphasizes both pedagogical innovation and ethical
responsibility, ensuring that learners’ cognitive and emotional needs are recognized
while safeguarding- ing their rights and well-being.

Layer 1 — Emotional Data Recognition and Interpretation.

The first layer focuses on capturing and interpreting affective signals from learners.
These may include behavioral indicators (e.g., hesitation, error patterns), self-reports
(e.g., quick surveys), or biometric cues where ethically permissible (e.g., facial
expression, heart-rate variability) [26]. Unlike traditional affective computing
approaches that often reduce emotions to simplistic categories, this layer emphasizes
contextualized interpretation. The system must recognize frustration differently in a
child with learning disabilities than in an adult learner in higher education [27].

Layer 2 — Generative Adaptation through Prompt Engineering.

The second layer integrates affective inputs into large language models (LLMs)
through carefully designed prompt engineering strategies. Emotional cues dynamically
shape the AI’s responses: for example, when frustration is detected, the model may
reframe the explanation, simplify instructions, or introduce encouraging feedback [28].
Similarly, signs of boredom could trigger more interactive or gamified tasks, while
indications of anxiety may lead to shorter, step-by-step guidance [29]. This adaptive
loop ensures that learners receive not only personalized content but also emotionally
attuned support.

Layer 3 — Ethical and Inclusive Governance.

The third layer provides the ethical “scaffolding” of the framework. Handling
affective data requires strong safeguards to ensure privacy, fair- ness, and transparency
[5], [13], [24]. This includes anonymization protocols, explainable Al mechanisms, and
clear policies about data use. In addition, the governance layer aligns the framework
with principles of Universal Design for Learning (UDL) and the European
DigCompEdu framework, ensuring that emotion-aware generative systems support
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inclusion and accessibility across diverse contexts [30], [31]. Interdisciplinary- nary
collaboration, among educators, technologists, ethicists, and policymakers, is essential
to maintain alignment with human values.

7 Scalability and Sustainability

The framework is designed to be implemented in stages, beginning with low-risk
affective inputs such as learner self-reports and progressing to more advanced
multimodal signals as ethical and technical maturity increases [32]. This phased
approach allows institutions to test, refine, and scale emotion-aware generative systems
responsibly, avoiding premature adoption that could undermine trust or equity [33].

In essence, the EAGeL model seeks to reimagine digital education not only as a
space for knowledge delivery but as an environment where learners feel recognized,
supported, and included. By integrating emotion-sensitive prompts into generative Al,
the framework offers a roadmap towards empathetic and equitable eLearning
ecosystems.

8 Practical Scenarios

8.1  Scenario 1 — Managing math anxiety in online tutoring.

A high-school learner repeatedly struggles with algebra tasks on an online platform.
Delayed responses, high error rates, and a quick self- report about feeling “stressed”
are interpreted as signals of math anxiety [34]. Instead of re-explaining the same
formula, the Al tutor adapts its response style: it breaks the problem into smaller steps,
praises incre- mental progress, and introduces motivational scaffolding. Over time, the
system also suggests short reflection prompts to help the learner regulate stress,
aligning with evidence that affective support can improve resili- ence in mathematics
learning [35]. This illustrates how generative Al can become not only a tutor but also a
coach for emotional self-efficacy, pre- venting dropout in a subject often associated
with student anxiety.

8.2  Scenario 2 — Rekindling motivation in disengaged learners.

In a digital history course, several students display low engagement: minimal
contributions to forums, rapid skimming of digital resources, and skipping of optional
assignments. The platform flags this as disengagement and possible boredom. The Al
responds by reframing the learning path: introducing short quizzes framed as
challenges, weaving narratives that connect historical events to current issues, and
suggesting group debates through interactive prompts [36]. These interventions draw
on gamification strategies, which research shows can reignite curiosity and enhance
persistence in online courses. Importantly, the system does not punish disengaged
learners but seeks to re-motivate them, reflecting inclusive pedagogy principles where
all students are given opportunities to re-enter the learning process on their own terms

[9].
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8.3  Scenario 3 — Supporting neurodiverse learners in MOOC:s.

A programming MOOC includes a student on the autism spectrum who struggles with
vague instructions and unpredictable tasks. Over time, the system notices repeated
requests for clarification and signs of withdrawal. The Al responds by offering
structured task lists, step-by-step explanations, and optional peer-support groups.
Although technically simple, these adjustments reduce frustration and create a sense of
pre- predictability. This practice resonates strongly with the Universal Design for
Learning (UDL) principles, which call for multiple means of representation and
engagement, and with the DigCompEdu framework, which emphasizes teacher
capacity to personalize learning through technology [37], [38]. Such scenarios illustrate
how affective generative Al can extend inclusion policies into practical, everyday
learning contexts, supporting not only academic performance but also social belonging.

8.4  Scenario 4 — Promoting wellbeing in higher education.

During exam season, university students in an online course show sign of overload:
high dropout from optional tasks, shorter attention spans, and careless mistakes. The
system interprets this as stress [39]. In re- response, it recommends pacing strategies,
encourages short breaks, and even reframes assessment with alternative formats. These
well-being-focused interventions are modest, but they remind learners that the digital
environment is designed with care for their mental health. Such approaches are
consistent with international recommendations, such as those of UNESCO and the
WHO, which emphasize the integration of mental well-being into digital education
systems [40].

These scenarios illustrate how the EAGeL framework can translate abstract concepts
into real-world impact. By addressing anxiety, boredom, neurodiverse needs, and well-
being, affective generative Al demonstrates its potential to create empathetic, adaptive,
and inclusive learning ecosystems.

9 Discussion

The case scenarios and methodological approach demonstrate that affective generative
Al has the potential to foster inclusion and personalization in eLearning while also
raising critical governance and ethical questions. The results highlight not only the
feasibility of adaptive models but also the tension between technical optimization and
societal expectations. Previous works confirm that the co-evolution of Al and law must
be considered as a dynamic, autopoietic process, where educational practices and legal
norms evolve together [44]. At the same time, digital learning environments are deeply
intertwined with the “digital DNA” of the modern workforce, linking Al competences
with employability and organizational culture [45].

From a technical standpoint, advanced computational approaches such as pipelined
dynamic scheduling and Markov process modeling provide scalable solutions for real-
time educational platforms [48], [50], [52]. These methods support adaptive allocation
of resources and ensure efficient personalization of learning flows, especially in
heterogeneous cloud environments [54]. Furthermore, community detection in social
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networks contributes to identifying clusters of learners with similar needs, thereby
reinforcing the inclusivity of affective eLearning systems [56].

On the governance side, the concept of “legal entropy” offers a useful lens to analyze
the uncertainty and fragmentation in Al regulation [46]. Education cannot be isolated
from these dynamics, since the integration of affective Al implies new responsibilities
for teachers, institutions, and policymakers. The use of ESG-aligned data governance
frameworks further emphasizes the link between Al adoption in eLearning and broader
sustainability agendas [47]. This dual perspective, technical and legal, hows that
building trustworthy, human-centered Al in education requires bridging algorithmic
design with socio-ethical constraints.

Overall, the discussion illustrates that while the presented scenarios show promise,
they must be interpreted within broader debates on responsible Al, digital ethics, and
the resilience of educational institutions to disruptive technologies. In light of these
insights, it becomes evident that affective generative Al in e-learning cannot be
evaluated solely on the basis of its technical performance. Its real value lies in how
effectively it aligns with ethical imperatives, legal frameworks, and the human-centered
principles of inclusion and mental well-being. The in- interplay between technological
innovation and responsible governance highlights both the opportunities and the
unresolved challenges that ed- educators, policymakers, and developers must jointly
address. These con- considerations naturally lead to the concluding reflections of this
study, where the implications and forward-looking directions are drawn together.

The contribution of this study lies in extending existing models of adaptive
eLearning towards an affective generative paradigm. While earlier research has
demonstrated the potential of large language models and adaptive scheduling
techniques for personalization, few works have systematically integrated emotional
data into these processes. By linking computational models such as Petri Nets and
Markov-based scheduling with real-time affective cues, our framework provides a
distinctive pathway to connect technical scalability with pedagogical empathy. This
dual focus positions the paper as a bridge between conceptual discussions of Al in
education and practical, implementable architectures for inclusive learning.

10  Conclusions and Recommendations

This paper has explored the emerging field of Affective Generative Al in eLearning,
emphasizing how the integration of emotion-aware computing with large language
models can reshape digital education. Through the proposed EAGeL framework, we
outlined how affective signals can be recognized, embedded into generative responses,
and governed through ethical safeguards. Literature synthesis and practical scenarios
demonstrated that such systems could promote motivation, resilience, and inclusion,
while also highlighting the risks of bias, surveillance, and opacity.

Three key recommendations arise from this study. First, educational institutions
should approach affective Al through phased adoption, beginning with low-risk
applications such as self-report data, before expanding to multimodal affective sensing
[41]. This gradual pathway allows for testing and adaptation without overwhelming
learners or educators. Second, teacher professional development must be prioritized:
without adequate training, even the most advanced tools risk underuse or misuse [42].
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Teachers need not only technical skills but also critical awareness of ethical issues, so
that they can act as mediators between learners and Al systems. Third, ethical and legal
framework [44]s must evolve in parallel with technological development. Regulatory
instruments such as the EU AI Act, alongside guidelines from UNESCO and WHO,
should inform national and institutional policies to safeguard privacy, ensure fairness,
and prevent misuse of emotional data [21], [40], [43].

Future research should examine how affective generative Al operates across diverse
cultural and educational contexts, and whether its benefits can be sustained over time.
Comparative case studies, longitudinal evaluations, and participatory research with
learners and educators will be essential in validating the promises of the EAGeL
framework. Ultimately, the goal is not to replace human educators but to design
empathetic digital ecosystems where technology amplifies care, inclusion, and well-
being.

By embedding empathy into generative Al, education can move closer to a vision
where every learner, regardless of background, ability, or emotional state, finds
recognition, support, and opportunity in the digital classroom.

As a next step, the proposed framework could be tested in pilot studies across
different learning environments, such as open online courses (MOOCs), blended
university classes, or special education programs. A first stage could focus on simple,
low-risk methods like learner self-reports or analysis of interaction logs, and then
gradually expand to more advanced indicators such as optional biometric data, always
under strict ethical safeguards. The aim of these pilots would be to explore whether
affect-sensitive prompt engineering helps learners stay engaged, reduce anxiety, and
feel more included. Although still hypothetical at this stage, describing such a pathway
shows that the framework is not only theoretical but also has real potential for future
application
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Abstract. The rapid advancement of emerging educational technologies has
opened new avenues for inclusion and innovation in special education. This paper
presents findings from a mixed-methods study conducted in Cyprus, focusing on
the integration of Artificial Intelligence (AI), educational robotics,
virtual/augmented reality (VR/AR), and adaptive learning software in classroom
environments supporting students with special educational needs (SEN).
Drawing on both qualitative and quantitative data collected from over 120
participants, including teachers, parents, and learners, the research investigates
the pedagogical impact, user acceptance, and challenges of deploying such
technologies in real-world educational settings [1, 3].

Observational data and structured interviews highlight how these tools foster

motivation, autonomy, and engagement, particularly among students with
learning disabilities, autism spectrum conditions, or visual/hearing impairments.
The study further identifies barriers such as lack of teacher training,
infrastructural constraints, limited digital content in native languages, and the
need for ethical considerations when implementing Al-driven tools [4-6].
To address these gaps, the paper proposes the “Assistive EdTech Adoption
Framework”, a phased roadmap for schools aiming to deploy inclusive
educational technologies aligned with the Universal Design for Learning (UDL)
model [3, 10]. This framework emphasizes scalable implementation,
interdisciplinary collaboration, and alignment with the European Digital
Competence Framework (DigCompEdu). The paper concludes with policy and
practice recommendations to enhance digital equity and empower teachers in the
use of smart educational ecosystems [13], as illustrated in Figure 1.

Keywords: Special education, Artificial Intelligence, Educational robotics, VR/AR,

Inclusive learning, Assistive technologies, DigCompEdu, Universal Design for
Learning.

1 Introduction

Inclusive education has become a fundamental principle for 21st-century schooling,
calling for flexible, responsive, and highly personalized teaching approaches that
address the diverse needs of all learners. Across the globe, policymakers and educators

Research Paper
DOIL: https://doi.org/10.46793/eLearning2025.139K
Part of ISBN: 978-86-89755-37-4

© 2025 Copyright for this paper by its authors.
BY Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

139


https://orcid.org/0000-0002-0663-5408
mailto:dmw00034@uowm.gr
mailto:lseremeti@aua.gr
mailto:sanastasiadou@uowm.gr

are striving to remove barriers and promote equitable opportunities for students with
disabilities or additional learning needs.

In this context, the rapid advancement of artificial intelligence (Al), educational
robotics, and immersive technologies such as virtual and augmented reality (VR/AR)
has opened new possibilities for tailoring pedagogy and curriculum to the unique
profiles of each learner. These tools can enable more adaptive, interactive, and data-
informed instruction, helping teachers to better support cognitive, emotional, and social
development [4],[5].

While the theoretical promise of technology-driven inclusion is well documented,
real-world application remains complex. This study explores how Al-powered and
digital tools are currently being used in special education settings in Cyprus, examining
both their practical benefits and the challenges of scaling such innovations. The
research aims to provide insights for practitioners and policymakers interested in
maximizing the positive impact of technology in inclusive classrooms [1],[3].

2 Theoretical Background

The field of special education increasingly relies on a broad spectrum of technological
solutions designed to meet the individualized needs of students with diverse abilities
and learning profiles. Effective inclusion requires tools that facilitate sensory access,
enable differentiated instruction, and promote learner autonomy, ensuring that every
student can participate meaningfully and achieve their full potential within the learning
process [4], [5], [6]-

Artificial intelligence (Al) offers significant capabilities in personalizing content
delivery, assessment, and feedback, adapting resources dynamically to the learner’s
abilities, pace, and evolving progress [4], [10]. Al-powered analytics can identify
learning gaps, recommend targeted interventions, and even predict potential learning
difficulties, thus enabling preventive pedagogical measures. Similarly, virtual and
augmented reality (VR/AR) environments provide multisensory, immersive
experiences that enhance engagement, scaffold complex concepts, and create simulated
scenarios for practicing real-life skills in safe, controlled environments. This is
particularly valuable for students with attention disorders or sensory processing
differences, who may benefit from tailored sensory inputs and adjustable interaction
levels [5].

Educational robotics combines physical interaction with problem-solving and
gamification, fostering not only academic learning but also social-emotional
development, collaboration, and communication skills [6]. Robots can act as mediators
in peer interactions, enabling inclusive participation for students with autism spectrum
conditions or speech/language impairments.

This section draws upon international literature to review the pedagogical
affordances of these technologies, highlighting both opportunities, such as enhanced
engagement, personalization, and inclusivity, and potential pitfalls, including ethical
considerations, accessibility barriers, and the digital divide. It also underscores the
pivotal role of structured frameworks, notably Universal Design for Learning (UDL)
[10] and the European Digital Competence Framework for Educators (DigCompEdu)
[3], which provide evidence-based guidelines for integrating digital tools effectively
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into diverse educational contexts. However, despite promising results, gaps remain in
understanding how these technologies can be sustainably scaled across diverse
educational contexts, particularly in small or resource-constrained systems. Addressing
these gaps is essential to inform policy, guide teacher training, and ensure that
innovations are equitably accessible to all learners

3 Methodology

This study employed a convergent mixed-methods design, combining quantitative
survey data with qualitative interviews and classroom observations to explore the
pedagogical impact of emerging technologies in special education.

Participants The sample comprised 120 participants in Cyprus, including 85
educators (special and mainstream teachers) and 35 parents of students with special
educational needs (SEN). The educators represented primary and secondary school
levels, with teaching experience ranging from less than 5 years to more than 20 years.
Parents came from diverse socioeconomic backgrounds, reflecting the heterogeneity of
the SEN community.

Instrument Data were collected using a structured questionnaire developed and
validated during a previous MSc research project (Kontis, 2024). The instrument
consisted of 32 closed-ended items organized into six thematic domains:

1. Perceived effectiveness of technology (e. g. , “The use of Al tools improves
my students’ learning outcomes™),
Ease of use and accessibility,
Impact on motivation and engagement,
Support for autonomy and self-regulation,
Collaboration and social interaction,
Barriers and challenges (e. g. , cost, lack of training, language resources).

All items were rated on a 5-point Likert scale (1 = strongly disagree, 5 = strongly
agree). Example items included: “VR/AR environments help students with learning
disabilities engage more actively in lessons” and “Robotics activities improve peer
collaboration among students with autism. ”

The questionnaire was subjected to expert validation by three academics in
educational technology and special education, ensuring content validity and internal
coherence.

Qualitative component To complement survey data, 12 semi-structured interviews
were conducted with teachers, alongside 6 non-participant classroom observations. The
interviews explored practical experiences, benefits, and difficulties in implementing
technologies such as Al, robotics, and VR/AR. Observations documented student
engagement, autonomy, and social interaction patterns.

Procedure Surveys were administered both online and in print form between
February and May 2024. Interviews lasted 3045 minutes and were audio-recorded
with participant consent. Observations took place in inclusive classrooms during
normal teaching hours.

Data Analysis Quantitative data were analyzed using SPSS v. 28, applying
descriptive statistics (means, standard deviations, and frequency distributions) and
cross-tabulations by participant group (teachers vs. parents). Qualitative data were

Sk wb
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analyzed thematically following Braun & Clarke’s (2006) six-step framework, enabling
identification of recurring themes and triangulation with quantitative results

4 Results

The quantitative findings revealed clear trends regarding the pedagogical impact of
emerging technologies in special education. Descriptive statistics were computed in
SPSS (v. 28), including frequencies, percentages, and means across the main domains
of the instrument

Table 1. Perceived impact of emerging technologies on student outcomes (N = 120)

Indicator % of respondents reporting improvement
Student engagement 82%
Task completion rates 74%
Motivation and emotional confidence 67%
Peer collaboration and interaction 71%

These results suggest that teachers and parents perceived significant benefits in terms
of engagement, collaboration, and motivation, particularly for students with learning
disabilities and autism spectrum conditions.

Table 2. Reported barriers to implementation (N = 120)

Barrier % of respondents identifying barrier
Lack of teacher training 63%
Financial costs of equipment 58%
Limited digital resources in Greek 41%
Infrastructure/technical support 37%

The most frequently cited barrier was insufficient teacher training, followed by the
cost of acquiring and maintaining advanced technologies.

Qualitative insights further enriched these findings. Teachers described how robotics
facilitated social interaction among students with autism, while adaptive reading
software supported learners with dyslexia in overcoming literacy challenges. As one
participant noted: “For the first time, I saw my student initiate a conversation with a
peer without prompting. ” These narratives highlight how emerging technologies not
only improved academic outcomes but also contributed to autonomy, confidence, and
social inclusion.

Teachers emphasized that these technologies fostered greater autonomy, self-
advocacy, and metacognitive awareness in students, while also stressing the importance
of ongoing guidance, culturally relevant content, and personalized instructional
approaches [7], [11].
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5 Discussion

The findings of this study highlight the transformative potential of emerging
technologies in special education, while also exposing critical systemic barriers that
must be addressed for sustainable impact. When effectively integrated, Al, robotics,
VR/AR, and adaptive software foster engagement, autonomy, and social participation
among students with special educational needs [4], [5], [17]. The evidence presented
supports the principles of Universal Design for Learning (UDL) and the DigCompEdu
framework, demonstrating how structured approaches can guide inclusive digital
pedagogy [2], [8], [15].

At the same time, barriers such as insufficient teacher training, financial costs, and
lack of accessible resources in native languages remain significant challenges [3], [6].
Addressing these requires a whole-school approach, combining long-term professional
development, collaborative design of lessons, and sustained infrastructural support.
From a policy perspective, ministries and school leaders should prioritize strategic
investment in digital capacity-building, ensuring that educators are equipped with both
the technical and pedagogical skills required to implement new tools effectively [11],
[19]. Pilot projects and co-design initiatives involving teachers, learners, and families
can further ensure that innovations reflect real classroom needs.

Finally, embedding AI ethics throughout the process, from system design to
classroom practice, is essential to safeguard transparency, privacy, and fairness [9],
[10], [14]. Only through ethically responsible and pedagogically grounded integration
can emerging technologies contribute to sustainable inclusion and equity in education.

6 Proposed Framework: Assistive EdTech Adoption

Based on the findings and identified needs, this study proposes a three-phase model for
the structured and ethical adoption of assistive educational technologies in special
education (Figure 1). The framework was developed by the authors and is grounded in
the principles of Universal Design for Learning (UDL) and the European Digital
Competence Framework for Educators (DigCompEdu) [2], [8], [15].

Phase 1 — Exploration. Schools begin with low-cost or freely available tools (e. g. ,
text-to-speech software, browser-based accessibility extensions). The focus is on ease
of use, inclusivity, and minimal training, encouraging educators to take first steps
toward digital inclusion.

Phase 2 — Integration. As familiarity increases, more advanced solutions are
introduced, such as educational robotics, immersive VR/AR scenarios, and adaptive
learning management plugins for SEN learners. Teacher training and peer collaboration
are emphasized, ensuring that technology use aligns with pedagogical objectives.

Phase 3 — Optimization. Institutions adopt Al-driven personalization systems,
wearable sensors, and real-time analytics to tailor interventions and predict learning
needs. At this stage, explicit integration of Al ethics—transparency, privacy, and
fairness—is required to guarantee safe, equitable, and sustainable adoption.

This phased roadmap promotes a gradual, scalable, and pedagogically aligned
transition, allowing both educators and students to thrive in inclusive and ethically
responsible digital ecosystems.
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7 Conclusions and Recommendations

The findings of this study underscore the urgent need for well-structured policies that
guide the effective integration of assistive technologies in special education. Successful
implementation requires more than the deployment of tools, it demands a
comprehensive strategy encompassing professional development, inclusive
instructional design, and sustained support mechanisms.

Policymakers, school leaders, and education ministries should prioritize investment
in teacher training programs, co-design initiatives involving both educators and
learners, and small-scale pilot projects that reflect the realities of inclusive classrooms.
These actions should be aligned with established digital competence frameworks and
accessibility standards.

Future research should investigate the long-term impact of these technologies on
learner outcomes, comparing implementation strategies across diverse educational
systems and cultural contexts. Studies should also examine the factors that influence
successful adoption, including teacher readiness, resource availability, and ethical
considerations, particularly in relation to Al ethics, to ensure equitable and sustainable
integration.

Phase 1 - Exploration Phase 2 - Integration th?e 3- Opﬁ;mli:z.atlon
Free/low-cost tools Robotics P%:;é%igg 101
Text-to-speech VR/AR Analytics
Accessibility extensions Adaptive LMS ‘AT ethics

Fig. 1. Assistive EdTech Adoption Framework (Authors’ own work)

144



Fig. 2. AR tool used in inclusive classroom context (Source: Pixabay, free to use under Pixabay
License)

Disclosure of Interests.

The authors declare that they have no competing interests relevant to the content of this article.

References

10.

. Kontis, S. (2024). MSc Thesis: Integration of New Technologies in Special Education.

Frederick University, Nicosia.

. European Commission. (2017). DigCompEdu: European Framework for the Digital

Competence of Educators. Publications Office of the European Union, Luxembourg.
UNESCO. (2022). Al and Inclusion in Education. UNESCO Publishing, Paris.

Fung, K. Y., Fung, K. C., Lui, T. L. R. , et al. (2025). Exploring the impact of robot
interaction on learning engagement: a comparative study of two multi-modal robots. Smart
Learning Environments, 12, Article 12.

CAST. Center for Applied Special Technology. (accessed: 11 Aug 2025)

AEM Center. National Center on Accessible Educational Materials. (accessed: 11 Aug
2025)
ISTE. International Society for Technology in Education. (accessed: 11 Aug 2025)

. Al-Azawei, A., Serenelli, F. , Lundqvist, K. (2016). Universal Design for Learning (UDL):

A content analysis of peer-reviewed journal papers from 2012 to 2015. Journal of the
Scholarship of Teaching and Learning, 16(3), 39-56.

Anastasiadou, S. D. (2026). Exploring Al ethics through factorial correspondence analysis.
In S. Anastasiadou, T. Chadjipadelis, N. Koutsoupias, A. Markos, & G. Menexes (Eds. ),
Modern International Developments in Data Analysis and Multivariate Statistical Analysis
(pp- 495-528). IGI Global Scientific Publishing.

Seremeti, L. , Anastasiadou, S. , Masouras, A. , Papalexandris, S. (2025). Addressing the
challenges of harmonizing law and artificial intelligence technology in modern society.

145



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

IAES International Journal of Artificial Intelligence (1J-Al), 14(3), 2471-2478. https://doi.
org/10. 11591/ijai. v14. i5. pp2471-2478

Seremeti, L. , Anastasiadou, S. (2025). Dealing with semantic inconsistencies in Al
governance. In S. Anastasiadou, L. Seremeti, A. Masouras, & L. Anastasiadis (Eds. ),
Modern Perspectives on Artificial Intelligence and Law (pp. 125-134). IGI Global Scientific
Publishing.

Anastasiadou, S. , Seremeti, L. (2025). Autopoietic co-evolution of Al and law. In S.
Anastasiadou, L. Seremeti, A. Masouras, & L. Anastasiadis (Eds. ), Modern Perspectives on
Artificial Intelligence and Law (pp. 81-88). IGI Global Scientific Publishing.

Kalogera, C., Seremeti, L., Kontis, S. , Anastasiadou, S. (2025). The digital DNA of modern
workforce. In L. Seremeti, P. Liargovas, L. Anastasiadis, & S. Anastasiadou (Eds. ),
Harnessing Business Intelligence for Modern Talent Management (pp. 379-390). IGI
Global.

Kontis, S. , Anastasiadou, S. , Anastasiadis, L. , Seremeti, L. (2025). Legal entropy in Al
governance. In S. Anastasiadou, L. Seremeti, A. Masouras, & L. Anastasiadis (Eds. ),
Modern Perspectives on Artificial Intelligence and Law (pp. 193-206). IGI Global Scientific
Publishing.

Rose, D. H. , Meyer, A. (2006). A Practical Reader in Universal Design for Learning.
Harvard Education Press, Cambridge.

World Health Organization. (2011). World Report on Disability. WHO Press, Geneva.
Zydney, J. M., Bathke, K. , Hasselbring, T. (2014). Developing technological pedagogical
content knowledge (TPACK) of pre-service teachers for inclusive education. Journal of
Special Education Technology, 29(2), 1-12.

Agorogianni, A. Z. , Zaharis, Z. D. , Anastasiadou, S. D. , Goudos, S. K. (2011). Distance
learning technology and service support in Greece: the case study of the Aristotle University
over the last decade. Education and Information Technologies, 16(1), 25-39.

Seremeti, L. , Anastasiadis, L. , Anastasiadou, S. (2024). The role of data in environmental,
social, and governance strategy. In C. Papademetriou, S. Anastasiadou, K. Ragazou, A.
Garefalakis, & S. Papalexandris (Eds. ), ESG and Total Quality Management in Human
Resources (pp. 201-218). IGI Global Scientific Publishing.

Souravlas, S., Anastasiadou, S. (2021). Pipelined dynamic scheduling of big data streams.
Applied Sciences, 10(14), 4796.

Souravlas, S. , Anastasiadou, S. (2022). On implementing social community clouds based
on Markov models. IEEE Transactions on Computational Social Systems. https://doi.
org/10. 1109/TCSS. 2022. 3213273

Souravlas, S. , Anastasiadou, S. , Katsavounis, S. (2021a). More on pipelined dynamic
scheduling of big data streams. Applied Sciences, 11(1), 61.

Souravlas, S. , Anastasiadou, S. , Katsavounis, S. (2021b). A survey on the recent advances
of deep community detection. Applied Sciences, 11(16), 7179.

Tantalaki, N. , Souravlas, S. , Roumeliotis, M. , Katsavounis, S. (2020). Pipeline-based
linear scheduling of big data streams in the cloud. IEEE Access, 8, 117182-117202.
https://doi. org/10. 1109/ACCESS. 2020. 3004612

Souravlas, S. , Katsavounis, S. , Anastasiadou, S. (2021c). On modeling and simulation of
resource allocation policies in cloud computing using colored Petri nets. Applied Sciences,
10(16), 5644.

Souravlas, S. , Anastasiadou, S. , Tantalaki, N. , Katsavounis, S. (2022). A fair, dynamic
load balanced task distribution strategy for heterogeneous cloud platforms based on Markov
process modeling. IEEE Access, 10, 26149-26162.

Souravlas, S. , Anastasiadou, S. , Kostoglou, I. (2023a). A novel method for general
hierarchical system modeling via colored Petri nets based on transition extractions from real
data sets. Applied Sciences, 13, 339.

146



28. Souravlas, S. , Anastasiadou, S. , Economides, T. , Katsavounis, S. (2023b). Probabilistic
community detection in social networks. IEEE Access, 11,25629-25641. https://doi. org/10.
1109/ACCESS. 2023. 3257021

147



16th International Conference on eLearning (ELEARNING2025) @ea rning

25 - 26 September 2025, Belgrade, Serbia 6th International Conference on e-Learning 2025

Examining Axiological Assumptions in Machine Learning
Publications

Yashpreet Malhotral[0009—0009—1561—616)(]

! University of New Haven, New Haven, Connecticut 06516, USA
yashmalhotra9323@gmail .com

Abstract. This paper presents a study of the values embedded within machine
learning research papers. A novel annotation scheme is developed to analyze how
values are represented in scholarly documents, focusing on the rationales for
research projects, the emphasized attributes of those projects, and the discussion
or neglect of potential negative impacts. The method- ology is applied to a corpus
of influential papers from top- tier machine learning conferences. The analysis
explores the relationship between these encoded values and factors such as
institutional affiliations and funding sources, aiming to contribute to a more
nuanced understanding of the ethical dimensions of machine learning research.

Keywords: Machine Learning Research, Scientific Values, Ethical Analysis,
Research Rationales, Negative Impacts, Institutional Affiliations, Funding Sources,
scholarly discourse.

1 Introduction

1.1 The Hidden Values shaping Machine Learning Research

Over the past decade, machine learning (ML) has evolved from a niche academic
discipline into a cornerstone of technological advancement, influencing a wide array of
industries including healthcare, finance, transportation, and social media. Its rapid
proliferation has been accompanied by increasing public attention, government
investment, and corporate inter- est. As ML systems become more deeply integrated
into the fabric of society, concerns surrounding their ethical, social, and political
implications have gained prominence. However, despite these growing concerns,
mainstream ML research often continues to treat such issues as peripheral rather than
central to the development process. [1], [7]

A dominant narrative persists within the research community that presents ML
development as an inherently technical and neutral endeavor—driven by objectivity,
performance benchmarks, and empirical rigor. This framing, while useful for fostering
scientific progress, tends to obscure the fact that every design choice, evaluation
criterion, and research focus reflects an underlying set of values. The choices
researchers make—what problems to tackle, which metrics to optimize, whose data to
use, and what outcomes to prioritize—are never fully divorced from societal context.

[4].
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Yet, these considerations are frequently underexplored in published literature, which
often defaults to a narrow set of values such as accuracy, scalability, and novelty.

This study aims to interrogate the implicit value systems embedded in the corpus of
ML research. Specifically, it seeks to uncover which attributes are consistently praised,
which concerns are systematically excluded, and how these patterns reflect broader
institutional forces shaping the field. By conducting a qualitative and thematic analysis
of 100 highly cited papers published at top-tier venues—specifically the International
Conference on Machine Learning (ICML) and the Conference on Neural Information
Processing Systems (NeurIPS)—between 2008 and 2019, this work offers a critical lens
into the internal logic of the ML research ecosystem.

These papers were selected not only for their influence, as measured by citation count,
but also for their role in setting research agendas and defining norms within the field.
The analysis investigates the extent to which the values promoted in these works align
with broader societal goals, and how institutional affiliations—whether academic,
corporate, or hybrid—affect the framing of research contributions. In doing so, this
study contributes to ongoing conversations about the social responsibility of ML
research and calls for a more reflective and inclusive approach to innovation in the field.
(6], [12]

2 Methodology

To systematically investigate the implicit and explicit value structures embedded within
machine learning research, we adopted a multi-phase interpretive methodology
grounded in both qualitative analysis and rigorous validation protocols. This hybrid
approach enabled a nuanced examination of how research in ML is framed, what kinds
of justifications are offered for methodological choices, and which societal
considerations are emphasized, downplayed, or omitted altogether. [3]

2.1  Corpus Selection

The dataset consisted of 100 high-impact research papers selected from two of the most
prestigious venues in the field of machine learning: the International Conference on
Machine Learning (ICML) and the Conference on Neural Information Processing
Systems (NeurIPS). These conferences were chosen for their longstanding influence
and for setting research trends within the global ML community. Papers were drawn
from four strategically chosen years—2008, 2009, 2018, and 2019—thereby capturing
both the early development of modern ML techniques and their more recent,
industrially-integrated manifestations. Citation count was used as a proxy for impact,
ensuring that the papers analyzed were widely read and influential in shaping discourse.

2.2 Annotation Framework and Process

The textual content of each paper was segmented at the sentence level across four core
sections: Abstract, Introduction, Discussion, and Conclusion. These sections were
chosen because they encapsulate the narrative arc of the paper—from motivation and
framing to the articulation of contributions and broader implications.
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A team of trained annotators conducted a detailed manual coding of each sentence using
a hybrid coding framework that combined deductive and inductive strategies. The
deductive component was informed by existing literature on responsible Al and
technology ethics, focusing on established normative categories such as fairness,
transparency, accountability, safety, and social benefit. This provided a structured lens
through which to assess the explicit values referenced in each paper.

In parallel, the inductive approach allowed for the emergence of novel themes not
predefined in the coding schema. This was essential for capturing domain-specific
justifications or subtle rhetorical strategies that may reflect implicit values. Annotators
were instructed to identify and classify sentence- level value statements according to
several dimensions: the type of value elevated (e.g., novelty, performance, efficiency),
the presence or absence of societal impact acknowledgment, and the rhetorical
justification strategies employed (e.g., ap- peals to utility, objectivity, scalability). [4]

2.3 Validation and Reliability Measures

To ensure analytical rigor and mitigate subjectivity, 40% of the dataset underwent dual
annotation, followed by a recon- ciliation process to address discrepancies. The inter-
annotator agreement was assessed using both raw percentage agreement and statistical
metrics. An overall agreement rate of 87% was achieved, demonstrating a high level of
consistency in the identification and categorization of value-laden statements.

In addition, a fuzzy Fleiss’ kappa score of 0.45 was computed, suggesting moderate
agreement across multiple annotators for categorical variables. For ordinal variables
such as the degree of societal justification and acknowledgment of potential harms, a
weighted Fleiss’ kappa exceeding 0.6 was recorded, indicating substantial inter-rater
reliability. These validation metrics reinforce the reliability of the annotation
framework and support the credibility of subsequent analyses. [12]

2.4 Institutional Attributional Analysis

Beyond textual analysis, each paper was reviewed for meta- data relating to institutional
affiliation and funding disclosures. Authors’ primary affiliations were classified as
academic, corporate, or hybrid (e.g., university-corporate collaborations). Publicly
disclosed funding sources were also documented, with particular attention paid to
corporate sponsorship or government grants. This layer of analysis was designed to
examine whether institutional context influences the values promoted in ML research—
either directly through funding priorities or indirectly through organizational norms and
incentives.

By triangulating content-level findings with metadata on institutional context, this
methodology offers a comprehensive lens through which to understand the value
orientations embedded in mainstream ML research. [18]
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3 Quantitative Results

This section presents the quantitative findings derived from the analysis of 100 highly
cited ML papers. The results are organized around key axes of ethical and societal
engagement: justification of research relevance, acknowledgment of potential harms,
value prioritization, and institutional trends.

3.1 Justification Distribution

To assess the extent to which authors justify the broader relevance of their research,
each paper was classified into one of four categories based on the nature and depth of
its societal justification.

Table 1. Classification of Justification Strategies in Analyzed Papers

Justificatory Classification level Proportion of Papers
No Mention of Societal Relevance 68%

Stated but Unjustified Societal Link 17%

Minimal Societal Justification 11%

Detailed Societal Justification 4%

As shown in Table I, a striking 68% of the analyzed papers made no reference to the
societal implications or applications of their work. An additional 17% included vague
or symbolic gestures toward societal relevance (e.g., claims of “real-world
applicability”) without substantiating such claims with detailed argumentation or
evidence. Only 4% of papers offered a robust societal rationale—highlighting a
significant gap in ethical contextualization across the literature.

3.2 Negative Implication Discussion

A separate coding exercise investigated the degree to which authors engaged with
potential negative outcomes or ethical risks associated with their contributions.

Table 2. Extent of negative Impact Consideration in Sampled Literature

Engagement with Potential Harm Proportion of Papers
No Recognition 98%

Brief Mention of Possible Harms 1%

Substantive Risk Discussion 1%

In-Depth Harm Analysis 0%
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Table II reveals that nearly all papers (98%) omitted any discussion of potential
negative consequences arising from the proposed methodologies. Only 2 papers
mentioned possible harms, and even these were restricted to cursory or high-level
remarks. Not a single paper in the sample engaged in a deep or systematic exploration
of unintended impacts—highlighting a profound asymmetry between technical
enthusiasm and ethical foresight. [3]

3.3 Figures and Interpretations

Figure 1 illustrates the dominant values emphasized across the dataset. Performance
metrics such as accuracy, precision, and F1 score were by far the most cited benchmarks
of success, followed closely by generalization ability and computational efficiency.
Conversely, socially relevant values such as fairness, interpretability, and safety were
mentioned infrequently, indicating a skew toward optimization-centric paradigms.

Figure 2 highlights a notable temporal shift in the institutional makeup of ML
authorship. Papers published in 2008 and 2009 were predominantly authored by
researchers from academic institutions. However, by 2018 and 2019, the presence of
large technology companies—particularly U.S.-based firms such as Google, Facebook,
and Microsoft—had surged. This trend reflects the growing influence of corporate
actors in setting research agendas, potentially reinforcing a value system oriented
toward scalability, commercial applicability, and proprietary advantage.

Fig. 1: Frequency distribution of top values (e.g., performance, generalization,
efficiency) across reviewed papers.
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Fig. 2: Temporal shift in paper affiliations: Increased prevalence of Big Tech and elite
academic institutions over time.

4 Value Analysis

A thematic exploration of the annotated corpus revealed six dominant values
recurrently emphasized in the reviewed ML research: Performance, Generalization,
Efficiency, Building on Prior Work, Quantitative Evidence, and Novelty. These were
not only frequently mentioned but often operationalized in ways that prioritized
technical benchmarks over social impact or inclusivity.

4.1 Performance

Performance was the most cited metric of value, often ex- pressed through
improvements in accuracy or superiority over existing methods. This emphasis
generally revolved around benchmark datasets and quantitative evaluation metrics such
as accuracy, F1 score, or mean squared error. Yet, such evaluations often lacked
reflection on the limitations of the metrics used, particularly their inability to capture
broader ethical or contextual concerns. Most papers treated accuracy as a proxy for
progress, without discussing what such “improvement” means for real-world
stakeholders.

4.2 Generalization

Generalization was primarily framed as the capability of a model to perform
consistently across unseen data or varying tasks. However, this concept had almost
always evaluated using multiple curated datasets rather than deployment scenarios.
Rarely did authors reflect on the sociotechnical implications of transferring models
across domains, such as the potential amplification of biases or the ethical concerns of
applying ML systems without contextual calibration.
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4.3  Efficiency

Efficiency was commonly understood as reduced computational cost, memory usage,
or training time. Paradoxically, many papers used the term efficient” to indicate the
ability to scale to massive data or models—essentially enabling high- resource
operations rather than reducing resource consumption. Energy use, environmental
impact, or the democratization of access were virtually absent from the discussion,
implying that the term “efficiency” primarily served large institutions with abundant
resources.

4.4  Building on Prior Work and Novelty

Most papers sought to balance novelty with continuity by demonstrating how their
contributions extended or refined existing methods. Novelty was typically framed in
algorithmic or architectural terms, while social innovation or problem
recontextualization was nearly invisible. Even when prior limitations were mentioned,
they were addressed strictly from a performance lens, not through broader critical
analysis. [1]

5 Institutional and Corporate Influence

A detailed examination of author affiliations and funding disclosures across the
sampled corpus reveals a pronounced concentration of influence among elite academic
institutions and major technology corporations. These institutional forces play a pivotal
role in shaping not only the direction of research but also the values and priorities
embedded within the ML literature. Over the span from 2008 to 2019, this influence
intensified, signaling broader structural shifts in the machine learning research
ecosystem. [18]

5.1  Authorship Trends

Analysis of authorship patterns across the selected pa- pers demonstrates a marked
increase in contributions from corporate-affiliated researchers, particularly those
associated with multinational technology companies such as Google, Microsoft,
Facebook, and Amazon. Between 2008—2009 and 2018-2019, the proportion of papers
with at least one author affiliated with a corporate entity nearly tripled. This rise
coincided with a growing dominance of elite academic institutions, including but not
limited to Stanford, MIT, Carnegie Mellon, and UC Berkeley.

In contrast, the representation of authors from smaller universities, non-Western
institutions, and under-resourced aca- demic settings remained minimal to negligible.
This stratification reflects a consolidation of research capital within a narrow band of
institutions capable of providing substantial re- sources, infrastructure, and visibility—
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factors that significantly increase the likelihood of acceptance at top-tier conferences
and high citation impact.

The increasing prevalence of industry-academic collaborations also merits attention.
While such partnerships can yield powerful synergies, they often risk aligning academic
inquiry with commercial imperatives, particularly when corporate entities contribute
funding, data, or compute resources that are inaccessible to independent researchers.

5.2 Funding Patterns

A complementary analysis of funding acknowledgments (where disclosed) reveals a
similarly skewed landscape. A substantial proportion of the papers did not explicitly
state their sources of financial support. However, through cross- referencing
institutional affiliations and known partnerships, we inferred that corporate backing—
either directly or indirectly—played a significant role in supporting many of the most-
cited works.

Among papers that did disclose funding information, industry sponsors were
disproportionately represented. Funding from companies involved in the development
and deployment of machine learning systems—especially those with commercial
interests in scalability, speed, and competitive advantage—was widespread. This trend
suggests a potential narrowing of research agendas, wherein work that aligns with
deployable, monetizable outcomes is privileged over research that interrogates ethical
trade-offs, social impacts, or long-term risks.

Moreover, the underreporting of funding sources further obscures the extent of
corporate influence in shaping the knowledge landscape. This lack of transparency
hinders the ability of external observers to critically assess how financial incentives
may affect methodological choices, problem framing, or value prioritization in
published research.

5.3 Implications for Research Diversity

The concentration of authorship and funding within a small set of elite and corporate
institutions has significant implications for epistemic diversity and agenda-setting in
machine learning. When research is disproportionately driven by entities with aligned
economic or geopolitical interests, the scope of inquiry may contract, prioritizing
performance improvements and technical optimization over critical reflection and
societal responsiveness.

To foster a more inclusive and balanced research environment, increased attention must
be given to diversifying funding pathways, promoting equitable authorship
opportunities, and establishing norms around full disclosure of institutional and
financial affiliations. Such measures are essential for ensuring that the field evolves not
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only in terms of technical sophistication, but also in its ethical maturity and global
inclusivity.
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Fig. 3: Corporate and institutional ties of high-impact papers over time.

6 Discussion

The findings of this study offer a substantive challenge to the prevailing narrative that
machine learning research is inherently objective, apolitical, or universally beneficial.
Instead, our analysis reveals a pronounced value orientation within highly cited ML
literature, one that privileges technical metrics, institutional prestige, and deployability,
often at the expense of ethical reflection, inclusivity, and social accountability. [14]

One of the most striking patterns observed is the near-total omission of ethical
considerations, even in papers addressing high-stakes domains such as healthcare,
finance, or surveillance. Core ethical principles fairness, transparency, accountability,
autonomy, and human dignity, are rarely acknowledged, let alone meaningfully
integrated into the research frameworks. This omission is not merely a matter of
oversight but reflects an implicit prioritization of values like performance, novelty, and
scalability, which are more easily measured and often more directly aligned with
corporate or academic incentives. [3]

While performance metrics such as accuracy, F1 score, or inference time offer
convenient benchmarks for progress, their dominance in justifying research
contributions may obscure the contextual complexity of real-world deployment. A
model achieving state-of-the-art results on benchmark datasets may still reproduce
harmful biases, fail under domain shifts, or exacerbate existing inequalities in practical
applications. Yet few papers engaged with these risks, and even fewer offered
mechanisms for identifying or mitigating them. This signals a systemic undervaluation
of harm-centred perspectives in the current ML publication ecosystem. [13]
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Furthermore, the growing centrality of elite institutions—both academic and corporate
in shaping the research discourse raises concerns about epistemic homogenization and
agenda capture. As our institutional analysis indicates, the most visible and impactful
research increasingly originates from a concentrated set of organizations with aligned
strategic interests. While such institutions undoubtedly contribute valuable resources
and infrastructure, their dominance risks marginalizing alternative research
paradigms—particularly those emerging from underrepresented regions, community-
based organizations, or disciplines outside the core ML com- munity.

This concentration of authorship and funding may also shape the field’s incentive
structures. Research that advances the goals of commercial scalability, market
integration, or technological innovation is often rewarded, while critical, interpretive,
or justice-oriented work may struggle for recognition and support. As a result, the
boundaries of “valuable” research are defined not merely by scientific rigor but by
institutional alignment with dominant economic and political interests.

The absence of diverse voices—including those most affected by the deployment of
ML systems—further compounds the problem. Without intentional inclusion of
marginalized perspectives, the field risks reifying inequities under the guise of technical
progress. Democratizing ML research will there- fore require more than open-source
code or broader dataset access; it will necessitate structural changes in publication
practices, funding distribution, and community norms that currently privilege a narrow
set of actors and values.

Ultimately, these findings underscore the need for a more reflective and inclusive
machine learning research culture—one that critically interrogates its assumptions,
explicitly acknowledges its limitations, and centers societal well-being as a primary
criterion for progress. Future research must work toward rebalancing technical
innovation with ethical deliberation, ensuring that the benefits of ML are both equitable
and just.

7 Conclusion

This study highlights the inherently normative character of contemporary machine
learning research, directly challenging the widespread assumption of its neutrality or
objectivity.

Through a systematic content analysis of 100 highly cited papers published between
2008 and 2019 in premier ML venues, we uncovered a consistent and reinforcing
pattern: values such as performance optimization, computational efficiency, and
generalizability are overwhelmingly prioritized, while ethical, societal, and user-
centered considerations are notably marginalized.

These dominant value preferences are not incidental. They are embedded within
broader institutional structures, particularly the growing entanglement of elite academic
institutions and corporate technology firms, which significantly influence what
research is conducted, how it is evaluated, and whose interests it ultimately serves. The
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result is a research culture where social accountability, transparency, fairness, and harm
reduction are treated as peripheral, rather than foundational, to technical progress. [18]

Equally concerning is the near-total absence of rigorous engagement with the
potential risks and unintended consequences of ML systems, even in domains where
such harms are well-documented. This lack of critical discourse not only weakens the
field’s ability to safeguard against misuse but also erodes public trust in machine
learning technologies.

To address these shortcomings, a redefinition of success within the ML research
community is urgently needed. Progress must no longer be equated solely with
surpassing benchmark datasets or publishing in prestigious venues. In- stead, evaluation
criteria should be broadened to include the social utility, contextual relevance, and
ethical integrity of proposed methods. Incentive structures—such as peer review norms,
funding priorities, and institutional recognition—must evolve accordingly.

Furthermore, cultivating an inclusive and pluralistic research environment will
require intentional efforts to elevate voices and perspectives that have historically been
excluded from the ML discourse. This includes researchers from underrepresented
regions, disciplines focused on critical theory or social justice, and communities
directly impacted by algorithmic systems.

In conclusion, steering machine learning toward a more socially responsible
trajectory is not merely a matter of technical refinement. It is a political, institutional,
and cultural under- taking—one that demands collective commitment to equity,
accountability, and shared human flourishing. Only through such a deliberate shift can
ML fulfill its potential as a force for inclusive and ethical innovation.

8 Disclosure of Interest

There was no use of Generative Al to make this research paper or to make this research
successful. The author takes the full responsibility for the publication’s content.
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Abstract. As generative artificial intelligence (GenAl) tools such as ChatGPT,
Gemini, and Copilot increasingly enter educational settings, the ability of
educators and learners to interact with these systems meaningfully becomes a
critical competence. This paper positions prompt engineering - the practice of
formulating effective inputs to guide Al outputs - as a foundational skill within
the broader concept of Al literacy for educators and learners. This paper suggest
a conceptual framework that connects prompt engineering with existing models
of Al literacy and examines its relevance for pedagogical design, content
generation, feedback, and student interaction. We synthesize recent literature on
prompt typologies, outline key dimensions of competence (cognitive, technical,
ethical), and propose a structure for integrating prompt engineering into learners'
and educators' professional development. By treating prompt engineering as a
form of literacy rather than technical know-how, we argue for its central place in
future educational practices and policies to enable a smart society in which
learners and educators effectively use generative Al.

Keywords: Prompt Engineering; Al literacy; Generative Artificial Intelligence;
ChatGPT.

1 Introduction

The integration of GenAl tools such as ChatGPT, Copilot, and Gemini into
educational practice is no longer a matter of future potential - it is an active
transformation already underway. These tools are increasingly used to generate content,
assist in the automation of assessment feedback, support student inquiry, and even assist
in curriculum design. As their presence grows, so does the demand for learners and
educators to understand and use them effectively and responsibly. This evolution in
educational technology calls for a shift in focus from general digital literacy toward a
more specific set of competencies known as Al literacy. Al literacy is commonly
defined as the capacity to critically understand, use, and evaluate Al systems in varied
contexts [1]. Recent frameworks extend this to generative Al, highlighting the
importance of discerning tool selection, prompting strategies, and ethical evaluation of
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Al-generated content [2]. Within this broader framework, prompt engineering - the art
and practice of formulating effective and purposeful inputs for large language models
(LLMs) - emerges as a foundational skill. While often discussed in technical or
developer contexts, prompt engineering is increasingly relevant in pedagogical settings,
where the quality of an educator’s or learner’s prompts can significantly influence the
relevance, clarity, and ethical integrity of Al-generated content. Recent research
emphasizes this relation. [3] demonstrate that a high level of AI literacy among
educators directly impacts the success of prompt engineering strategies in learning
environments. Their work supports the argument that prompt engineering is not merely
a matter of syntax or tool mastery, but rather a pedagogical and epistemic skill that
requires educators to understand the affordances, risks, and limitations of Al systems.
Despite its growing importance, prompt engineering is not yet systematically addressed
in existing learners' or educators' training programs or Al literacy frameworks. Most
users encounter these tools without formal guidance, learning through trial and error or
relying on templates of uncertain pedagogical value. This lack of structure presents both
a challenge and an opportunity: to define prompt engineering as a core element of
educators’ Al literacy.

This paper aims to provide a conceptual foundation for understanding prompt
engineering as part of Al literacy in education. We synthesize existing literature,
examine the cognitive, technical, and ethical dimensions of prompt use, and propose a
framework for integrating prompt engineering into learners' and educators’
development. The paper seeks to inform future curriculum design and policy initiatives,
and to open space for critical discussion around the educator’s evolving role in Al-
mediated learning environments.

The structure of the paper is as follows: Section 2 explores the concept of Al literacy
and positions prompt engineering within it. Section 3 outlines key educational
applications and typologies of prompts. Section 4 introduces a conceptual framework
for prompt engineering competence. Section 5 concludes the paper with
recommendations for practice and directions for future research.

2 Theoretical Background

As Al technologies become increasingly embedded in everyday life, the concept of Al
literacy has gained prominence as a critical component of digital competence. It
encompasses not only technical understanding but also awareness of societal impacts,
ethical considerations, and the capacity to make decisions in Al-mediated contexts.
Recent frameworks have moved beyond narrow definitions of technical proficiency,
emphasizing a holistic view of Al literacy to support individuals - especially educators
and students - with the knowledge and skills to critically engage with Al-driven
technologies across different settings [4]

Al literacy frameworks demonstrate three main structural approaches (component,
competency, and perspective-based), consistently including technical and ethical
components but rarely incorporating explicit measurement tools. Al literacy
frameworks are developed for varied audiences (K—12, higher education, workforce,
and citizens). Furthermore, such frameworks fall into distinct groups. For example,
several studies (e.g., [5], [6]) use component or taxonomy-based models, whereas [7]
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focus on competency-based approaches. Others (e.g. [8], [9]) develop
perspective-based frameworks. [9] propose a multidimensional ABCE model with an
explicit 32-item assessment tool. That is one out of only few studies (e.g. [10].)
integrating clear measurement strategies, while the remainder rely on conceptual or
implicit assessments. Most frameworks converge on the inclusion of technical, ethical,
and cognitive components. There is a trend toward multidimensionality, with
frameworks increasingly incorporating affective, reflective, and collaborative
elements. Distinctions arise in: level of granularity (e.g., [7] present detailed sub-
competencies vs. broader categories presented in [11], intended audience (universal vs.
stage-specific) and degree of empirical validation, where most frameworks are
conceptual (as discussed earlier). The lack of standardized assessment imposes cross-
contextual comparison and practical implementation.

Several recent studies discuss prompt engineering as a skill within Al literacy (e.g.
[3] Some authors (e.g. [12].) distinguish between prompt engineering (the technical
skill of formulating prompts) and prompt literacy (the broader ability to refine and
critically assess Al outputs), suggesting a need for specific integration within Al
literacy frameworks. Foundation for integration are prompt engineering frameworks,
which can serve as basic element for integration. Recent literature reported structured
frameworks such as CLEAR [13]. CLEAR consists of five principles: Concise, Logical,
Explicit, Adaptive and Reflective [13]. Frameworks such as CLEAR highlight the
principles needed to formulate purposeful prompts, emphasizing the skills involved in
human—Al interaction.

Building on these foundations, the next section explores how prompts function
within educational contexts - examining their typologies, roles, and instructional
potential in teaching and learning with GenAl.

3 Functions and Typologies of Prompts in Educational Practice

Prompts are widely used to generate and adapt educational content, including lesson
plans, problem solutions, explanations, and creative outputs (such as poetry, art, and
guided tours). Automated content creation and personalization are common, especially
in higher education and science, technology, engineering, and mathematics (STEM)
disciplines. Prompts facilitate the design of assessments, automatic grading, and real-
time feedback. Examples include generating test items, providing personalized
feedback, and supporting self-assessment and reflection ([14]; [15]; [16]). Prompts
support student engagement through interactive activities such as Prompt Problems
([17;[18]) role-plays, Socratic questioning, and collaborative problem solving. Prompts
are also used to foster critical thinking, reasoning, and dialogue-based learning.

Table 1 summarizes relevant literature insights regarding prompt engineering
templates and effectiveness.
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Table 1. Prompt engineering templetes and effectivness

Task Category Prompt Template Implementation Reported
Guidelines Effectiveness

Content generation “Generate a lesson Use structured Reported to
plan frameworks enhance
on [topic] for (PARTS, efficiency and
[grade CLEAR); iterative  personalize content
level].” refinement ([14];

[19])

Assessment design ~ ”Create 5 Specify learning Reported to support
multiple-choice objectives; use assessment
questions on output redesign and
[concept].” formatting automate grading

([15]: [16])

Feedback provision ”Provide feedback Use explicit Reported to
on criteria; improve
this student essay.” enable  feedback relevance and

loops quality of
feedback [207];[21]

Computational ”Write a prompt Scaffold with  Reported to engage

thinking that visual students and
generates code to representations; develop
solve evaluate programming skills
[problem].” via test cases [17]; 18]

Critical ”Act as a Socratic Assign roles; Reported to foster

thinking/Socratic tutor encourage higher-order
and guide the stepwise reasoning thinking
student to and  engagement
the answer.” ([20]; [16])

Collaborative ”Simulate a peer Assign personas; Reported to

learning discussion on structure dialogue  facilitate
[topic].” collaboration and

peer

learning [22])

By reviewing literature, we found six distinct task categories addressed by prompt
engineering in education: content generation, assessment design, feedback provision,
computational thinking, critical thinking/Socratic, and collaborative learning. Each task
category had unique implementation guidelines. Most reported effectiveness outcomes
were unique to each task, except for “engagement,” which was reported for both
computational thinking and critical thinking/Socratic tasks (two studies). Other
outcomes (such as efficiency, personalization, assessment redesign, automating
grading, relevance and quality of feedback, programming skills, higher-order thinking,

collaboration, and peer learning) were each reported in one study.
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A Conceptual Framework for Prompt Engineering
Competence

GenAl become embedded in educational contexts and the ability of educators to
construct, refine, and critically assess prompts takes on new significance. Prompt
engineering is not simply a technical action - it is a multifaceted competence that
encompasses cognitive understanding, practical skill, and ethical awareness. To support
educators in developing this ability as part of their broader Al literacy, we propose a
three-dimensional conceptual framework for prompt engineering competence,
consisting of: (1) cognitive, (2) technical, and (3) ethical-critical dimension.

4.1

Cognitive Dimension: Understanding How Prompts Shape AI Behavior

At the core of effective prompt engineering lies an understanding of how
generative Al models operate. This does not require deep expertise in machine
learning, but it does involve cognitive insight into the relationship between
input and output, including:

Model behavior and context sensitivity: Educators need to be aware
that large language models are sensitive to phrasing, structure, and
specificity. For instance, the difference between “Summarize this
text” and “Summarize this text in three bullet points focusing on key
arguments” is significant in shaping the response.

Prompt influence on tone, style, and scope: Educators should
understand that the design of a prompt directly affects the style and
appropriateness of the generated content. Prompts like “Explain this
to a 10-year-old” versus “Provide a graduate-level explanation” yield
vastly different outputs.

Mental models of the Al: Teachers often anthropomorphize or
misinterpret Al responses. A cognitively competent educator
develops an accurate mental model of how Al “thinks,” recognizing it
as a probability-based language model, not an intelligent agent.

This cognitive dimension aligns with the Al literacy component of "knowing

what Al can and cannot do," including limitations, probabilistic reasoning, and
non-deterministic outputs.
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4.2 Technical Dimension: Formulating, Iterating, and Reusing Prompts

The second dimension involves the practical ability to write, test, and improve
prompts. This is the most visible aspect of prompt engineering and involves:

e  Prompt formulation strategies: Including role-based prompts (“You
are a science teacher...”), task-based prompts (“Generate 5 quiz
questions about...”), constraints (“Limit your response to 150
words”), and chaining (breaking tasks into subtasks).

e Prompt iteration: Educators must be able to assess the quality of Al
outputs and refine their prompts accordingly. This includes
experimenting with order, specificity, examples, and scope. Iteration
is a skill often acquired through practice and reflection.

e Reusable templates and modular design: Prompt engineering
competence includes the creation and adaptation of reusable
templates, e.g., prompts for lesson planning, rubrics for feedback
generation, or reflection scaffolds for students.

e  Multilingual and subject-specific adaptation: Since many educators
work in non-English environments, the ability to adapt prompts to
different languages and subject-specific terminology is essential.

e Tools and interfaces: Technical competence also includes fluency in
the tools used (e.g., ChatGPT’s custom instructions, prompt libraries,
prompt editors) and awareness of their limitations and updates.

This dimension mirrors the “skills” layer of Al literacy - particularly the ability
to use Al tools productively and effectively in varied educational contexts.

4.3  Ethical-Critical Dimension: Responsible and Reflective Prompt Use

The third, often underemphasized dimension of prompt engineering
competence concerns ethical awareness and critical reflection. Educators do
not only shape the AI’s output - they also have responsibility for its
pedagogical impact.

e Bias and fairness: Prompts can generate biased content, reinforce
stereotypes, or marginalize certain perspectives. Competent educators
should be able to detect and address such issues and adjust prompts
accordingly.

e Academic integrity: Prompt engineering raises questions of
originality and authorship. For instance, if an educator generates
feedback or assignments via Al, how should this be disclosed? Where
is the line between support and automation?

e Transparency with learners: Prompt use should be transparent to
students. Ethical competence involves the ability to explain Al
involvement in learning processes and model responsible use.

e  Opver-reliance and de-skilling: Educators must be able to critically
assess when the use of Al is enhancing pedagogy and when it may
lead to reduced pedagogical engagement.
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e Equity and access: Prompt engineering competence includes
awareness of accessibility and inclusivity - designing prompts that
consider diverse learners, cultural contexts, and digital divides.

This dimension draws from critical digital pedagogy and responsible Al
frameworks. It emphasizes reflection-in-action and reflection-on-action -
helping educators become thoughtful users of powerful tools.

4.4 Integrating the Three Dimensions into Learner and Educator

Development

The three dimensions outlined above are interdependent. For example, a technically
well-defined prompt may still produce ethically problematic content if cognitive
understanding of model behavior is lacking. Similarly, ethical reflection is difficult
without practical experience or conceptual insight. For integration into educator
training, we propose a matrix of competencies aligned with these dimensions. Table 2
would cross-reference pedagogical tasks (e.g., content creation, feedback generation,
critical thinking support) with competency areas (cognitive, technical, ethical). This
provides a foundation for curriculum design, self-assessment tools, and professional
development programs.

We argue that prompt engineering should not be treated as an isolated “trick” or
quick fix. Rather, it is a layered competence that must be systematically developed
through a blend of conceptual understanding, practical engagement, and ethical
deliberation. Its integration into educator education is essential to ensure that educators
remain empowered, reflective agents in Al-mediated learning environments.

Table 2. Prompt engineering competence matrix

Educational task Cognitive Technical Ethical-Critical
competence competence Competence
Lesson/Content Understand how Formulate Ensure content
generation prompt  structure structured prompts accuracy, factual
affects output for curriculum- consistency, and
depth, tone, and aligned materials absence of bias or
scope (e.g., quizzes, misrepresentation
summaries, slides)
Feedback to Interpret how Design adaptive Maintain
Students prompts influence prompts for rubric- transparency in Al-
formative vs. based or formative generated
summative tone of feedback feedback; avoid
feedback depersonalization
Student Support Anticipate different Create prompts for Prevent reinforcing
student needs and explainers, stereotypes or
learning levels in examples, hints, misalignment with
prompt design and adaptive learners’
questioning backgrounds
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Critical Thinking Recognize how Use prompts to Avoid
prompting can stimulate Socratic oversimplification;
scaffold analysis, questioning, ensure inclusion of
evaluation, or debates, or diverse
reflection multiperspective perspectives
reasoning
Assessment Design  Predict how prompt  Generate question Ensure  fairness,
framing affects the sets, rubrics, or avoid answer
cognitive demands case studies using leakage, and
of tasks varied prompt protect academic
structures integrity
Professional Understand model Use role-based or Communicate
Communication behavior in context persona prompts transparently about
of formal/informal (e.g., “Write an Al use; avoid
register, tone, and email as a manipulation or Al
audience department head overreach
explaining...”)
Tool Mediation (AI  Understand how Al  Teach students how Model responsible
in classroom) mediates to co-create use; discuss Al’s
knowledge creation prompts; integrate limitations and
and teacher-student guided prompting potential social
interaction activities into impacts
lessons

This table can serve as the foundation for a training curriculum, self-reflection
checklist, or teaching portfolio rubric. Each row can be expanded into learning
outcomes, micro-credentials, or rubric-based assessments for educator competence in
prompt engineering. Also, different versions adapted for primary/secondary vs. higher
education can also be developed.

5 Conclusion

GenAl continues to change educational environments and there is the need for
educators and learners to develop new competencies. Among these, prompt engineering
emerges as a key skill - yet one that is often underestimated, informal, and insufficiently
integrated into professional development frameworks. This paper has argued that
prompt engineering is not merely a technical tool, but a core component of Al literacy
for educators and learners, requiring cognitive insight, practical skill, and ethical
reflection. We proposed a three-dimensional conceptual framework of prompt
engineering competence - cognitive, technical, and ethical-critical - and illustrated its
relevance through common educational tasks. This framework is intended to serve as a
foundation for training programs, curriculum design, and self-assessment practices. In
doing so, the paper tries to shift the discourse around prompt engineering from
anecdotal techniques to a structured pedagogical literacy, grounded in educational
theory and aligned with emerging Al literacy standards.
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The findings and framework presented in this paper have several implications:

@) Teacher education and continuous professional development
programs should incorporate structured modules on Al literacy,
with explicit focus on prompt engineering.

(i1) Educational institutions and policymakers should recognize
prompt engineering as a transferable digital-educational skill and
support the creation of resources, tools, and guidelines for its
responsible application.

(iii) Curriculum developers can use the proposed matrix (Table 3) as a
basis to design micro-credentials, workshops, and integrated
learning tasks involving generative Al.

This paper contributes to the growing field of Al in education by conceptualizing
prompt engineering as a literacy-based competence rather than a purely technical task,
aligning prompt engineering with broader theoretical frameworks of Al literacy,
proposing a structured model that can inform both pedagogical theory and teacher
training design, and providing a typology of educational use cases mapped to specific
competency dimensions.

By doing so, the paper addresses a gap in the current literature, which has so far
emphasized tool use but has often overlooked the development of underlying educator
competencies. While the framework presented is grounded in theory and supported by
a synthesis of current literature, several limitations must be acknowledged: the paper
does not include empirical validation of the framework through classroom studies,
educator surveys, or intervention trials; the proposed competency matrix, while
illustrative, may require adaptation for specific contexts, such as early childhood
education, vocational training, or multilingual environments; Al tools and prompt
strategies are rapidly evolving, which may limit the framework’s longevity unless
updated regularly. To build upon the ideas presented here, future research should:

1) Conduct empirical studies testing how different types of educators
engage with prompt engineering across disciplines and
educational levels;

(ii) Explore learner perspectives on prompts generated or used by
educators, particularly regarding transparency, trust, and
engagement;

(iii) Develop and validate rubrics and training modules based on the
proposed framework;

(iv) Investigate cultural and linguistic dimensions of prompt
engineering competence in non-English speaking contexts;

) Examine the long-term pedagogical impact of integrating prompt

engineering into teaching routines on student learning outcomes
and educator agency.

In conclusion, the integration of generative Al into education presents both

opportunity and responsibility. Prompt engineering stands at the intersection of
pedagogy and technology, requiring not only technical fluency but reflective, ethical,
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and learner-centered thinking. By framing it as a literacy for the age of Al, we empower
educators not only to use these tools - but to shape their use in ways that uphold the
values and goals of education itself.
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Abstract. The development and evaluation of the Mentora ChatBot, an
educational conversational agent designed to provide personalized learner
support, are presented. Mentora combines large language models (LLMs)
with sequential modeling of user behavior, relying on a BiLSTM archi-
tecture alongside heuristic rules to generate recommendations aligned
with learners’ needs.

The system was developed and initially tested during preparatory classes
for the final exam in mathematics and the Serbian language, conducted
from February—June 2025 at a private educational institution. Twenty-
two eighth-grade students participated, and more than 600 interaction
logs were analyzed. Substantial gains in recommendation precision and
acceptance were observed with the integration of the BiLSTM module,
relative to a purely heuristic baseline.

An empirically grounded approach is introduced that couples LLM-driven
dialogue with personalization of learning trajectories. Directions for fur-
ther development are outlined, including the adaptation of recommen-
dations to diverse learner profiles and the incorporation of explainable
recommendations (explainable AI).

Keywords: Recommender systems - educational chatbot - BiLSTM -
log analysis

1 Introduction

Contemporary education increasingly strives for a personalized approach to
learning, wherein recommender systems and artificial intelligence (AI) play a
growing role in monitoring progress and tailoring content to individual learner
needs [IJ5]. A particular place in this transformation is occupied by large lan-
guage models (LLMs) and conversational agents, which enable dialog-based in-
teraction, automated feedback, and intelligent guidance of the learning flow.

The development and evaluation of the Mentora ChatBot, an educational
conversational assistant that uses a combination of LLMs, log analysis, and se-
quential modeling to generate learner-tailored recommendations, are presented.
The system was developed as part of the broader Mentora educational platform,
designed for deployment in real school settings and encompassing interactive
lessons, quizzes, Al-based assistance, and learner progress tracking.
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Mentora ChatBot combines explicit data (e.g., learners’ answers to questions)
with implicit signals from behavioral logs during learning sessions to produce
personalized recommendations. Within the recommender module, a BiLSTM
model is implemented to enable sequential analysis and tracking of learning
trajectories over time. In addition, heuristic approaches are employed to obtain
a hybrid effect by combining rule-based logic with data-driven learning. The
current version of the BiLSTM model operates on synthetically generated data,
whereas real user logs are in the process of being collected and expanded.

This study addresses the following research questions:

— How can large language models support the generation of educational rec-
ommendations within a conversational interface?

— To what extent does combining explicit data and behavioral logs contribute
to higher-quality personalization?

— How can sequential models, such as a BiLSTM architecture, improve the
dynamic adaptation of recommendations to the learner over time?

The remainder of this paper is organized as follows. Section 2 reviews rele-
vant literature on educational recommender systems and conversational agents.
Section 3 describes the architecture and functionalities of the Mentora system.
Sections 4 and 5 detail the development of the recommender module and the
analysis of log data, while Section 6 presents the experimental results and eval-
uation. Concluding remarks and directions for future development are provided
in Section 7.

The Mentora system was developed during the 2024/2025 academic year
within a private educational institution, as part of broader research into the
application of Al in personalized learning. The objective is the enhancement of
self-regulated learning by leveraging dialog-based interaction and recommenda-
tions grounded in prior learning experiences.

2 Theoretical Background and Literature Review

This section summarizes the theoretical foundations and current research direc-
tions that have shaped the development of the Mentora ChatBot system. The
focus is on (i) personalization of learning through recommender systems, (ii) the
role of conversational agents, (iii) analysis of usage logs and sequential modeling
(KT/sequence-aware RS), and (iv) explainable recommendations and knowledge
graphs. In this way, a conceptual framework is established for a hybrid approach
(heuristics + BiLSTM within dialogue).

2.1 Recommender Systems in Education

Recommender systems (RS) in education are most commonly based on content-
based filtering (CBF), collaborative filtering (CF), and hybrid approaches that
combine multiple signals [9]. In CBF, profiles are formed from attributes of
lessons /tasks, whereas CF relies on similarities derived from behavioral patterns
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across larger groups of learners. Hybrid approaches are particularly suitable in
school settings due to data heterogeneity (different topics, tasks, learning styles)
and the cold-start problem [5/1]. For working with web and usage logs, as well as
evaluation metrics (Precision@k, Recall@k, NDCGQk), standard data-mining
literature was followed [2/4UTT]. In line with prior work advocating multi-layer
architectures for educational recommender systems, the system was modularized
into logging, evaluation, and recommendation components [10].

2.2 Conversational Recommender Systems (CRS)

Conversational recommenders (CRS) fuse recommendation generation with dia-
log: through multiple turns, preferences and constraints are elicited, explanations
are provided, and suggestions are iteratively adapted. Surveys of CRS [3] and
recent work in the area point to key components: a user model, a dialog manage-
ment strategy, integration of background knowledge, and evaluation (offline and
user studies). In education, CRS naturally align with learning pathways—dialog
is used for diagnosis and the selection of next steps [I2]. In the present approach,
language understanding and generation are handled by an LLM, whereas rec-
ommendations are produced in a hybrid manner: heuristics for stability and a
BiLSTM for sequential context.

2.3 Log Analysis and Sequential Modeling

Usage logs (interactions with lessons, tasks, and the bot) contain implicit pat-
terns of progression, impasses, and knowledge transfer. Sequential modeling of
these sequences (sessions, events, inter-event times) enables anticipation of the
learner’s next step. The seminal Deep Knowledge Tracing line of work has shown
that LSTM models over task/answer sequences effectively predict performance
[7]. Complementary surveys on sequence-aware recommender systems further
support the use of sequential context for improved predictions [8]. In the same
spirit, a BiILSTM is employed to couple the learner’s “history” and “current con-
text,” with operation supported under limited real logs augmented by synthetic
sequences (pilot phases and cold start). Empirical studies in learning analytics
also document predictive value in real classroom logs [6].

2.4 Knowledge Graphs and Explainable Recommendations

Explainable recommendations are essential for trust and uptake, particularly
in education, where both learners and teachers seek the “why” alongside the
“what.” Knowledge graphs (concepts, prerequisites, learning objectives) and a
retrieval-augmented generation (RAG) layer over lessons provide a natural basis
for explanations: “recommended because it is a prerequisite for X” or “because
recent tasks in Y were challenging.” Surveys of explainable RS [I3] and work
on graph-based learning paths indicate the effectiveness of these approaches
in EdTech. In the current system, explanations are grounded in lessons and
objectives (RAG), while explicit ontologies are planned for subsequent iterations.
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3 System Description and Methodology

3.1 Architecture of the Mentora ChatBot System

Mentora ChatBot is a modular conversational system designed to enable a per-
sonalized educational experience in primary and secondary school contexts. The
system was developed as part of the broader Mentora platform and is based on
the integration of large language models (LLMs), an interaction-tracking layer,
a heuristic recommendation layer, and a sequential model built on a BiLSTM
architecture.

The architecture of the Mentora ChatBot system, which includes the LLM
module, the lesson embedding space, the heuristic layer, answer evaluation, and
the BiLSTM module for sequential modeling of learner behavior, is shown in

Figure

System Architecture of the Mentora ChatBot
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Fig. 1. Architecture of the Mentora ChatBot system

The system components include:

— LLM module — the OpenAl GPT-40 API is used for natural-language
understanding and generation;

Lesson repository and embedding space — lessons are represented by

semantic vectors and tags and are indexed for relevant retrieval;

— Answer evaluation system — learner solutions are automatically ana-
lyzed (textual, visual, and audio input);

— Recommendation system — heuristics are applied based on learner be-

havior, with an integrated BiLSTM module proposing next learning steps.

A similar multi-layer architecture for e-learning hybrid recommenders has
been described, and the present study focuses on the K-12 deployment setting

[10].
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Internal Architecture of the Mentora ChatBot
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Fig. 2. Internal architecture of the Mentora ChatBot

3.2 Internal Architecture of the Mentora ChatBot

The internal architecture of the Mentora ChatBot is shown in Figure [2 The
system consists of multiple interconnected modules organized around user inter-
action and personalized learning support. The key components are:

— Input module — textual, image, or voice input is received and forwarded
to the system;

— Context Parser — each message is analyzed in the context of prior inter-
actions, with intent and learning phase identified;

— Dialog Manager — the course of the conversation is managed and subse-
quent steps are determined;

— Session Memory — prior answers, recommendations, and bottlenecks are
retained to ensure continuity;

— Recommendation module — individualized suggestions are generated
using heuristics and a BiLSTM model;

— Lesson Embeddings — semantic retrieval of content is enabled;

— LLM API layer — natural-language responses are generated using the
GPT-40 model;

— Feedback loop — behavioral data are leveraged to improve personalization.

This architecture enables Mentora ChatBot not only to function as a con-
versational agent but also as an adaptive tutor that learns about the user and
monitors progress. The BiLSTM module contributes in particular to understand-
ing behavioral patterns (e.g., recurring errors, returns to prior lessons), thereby
producing recommendations aligned with the learner’s pace and style.

3.3 Data Collection and Processing

Data are collected directly from learner interactions with the system and include:
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textual answers and questions;

selected areas of interest;

— task-solving performance;

— session duration and activity order;
visual inputs (images of tasks, drawings).

All data are stored in a relational database and, in parallel, converted into
sequential series for training the BiILSTM module. In the initial phase, the model
was tested on synthetic data that emulate typical learner behavior. Starting in
September 2025, processing of real data is planned to improve performance and
recommendation accuracy.

3.4 System Functionality

Mentora ChatBot integrates multiple functionalities for learning personalization
and learner support:

Interactive tutor — questions are answered, learners are guided through

lessons, and assistance with problem solving is provided;

— Recommendations — subsequent lessons, tasks, and explanations are sug-
gested;

— Answer evaluation — textual and visual responses are analyzed and feed-

back is provided;

Progress tracking — activity is logged and learner progress is measured;

Adaptive feedback — heuristics and the BiLSTM model are used to deliver

intelligent recommendations.

The system was implemented using the following technologies:

Backend: Django, PostgreSQL;

Frontend: HTML, CSS, JavaScript, Bootstrap;

AI: GPT-40 API, text-embedding-3-small, prompt engineering;

— Recommender: heuristics + BiLSTM in a TensorFlow/Keras environment.

Configuration and API keys are stored in an .env file, with scalability sup-
ported through a modular architecture.

3.5 Role of the Recommender Module in Dialogue

A modular structure is used to generate recommendations during dialog with the
learner. When a need is expressed or a question is posed (e.g., “I do not know how
to solve a fractions problem”), the context is recognized and the corresponding
part of the recommender module is triggered.

Depending on the quantity and quality of prior interactions with the learner,
the following is activated:

— a heuristic approach — in the case of a new user or insufficient data;
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— the BiLSTM model — when sufficient information is available about the
learner’s prior behavior in the system.

The recommendation is then surfaced through the dialog, and multiple op-
tions are offered: the suggestion can be accepted, additional explanation re-
quested, or an alternative task provided. When a rich activity history is available,
the BiLSTM model is used to generate the next suggestion; otherwise, heuristics
are relied upon.

4 Heuristic Layer of the Recommender Module and
Personalization

The recommender module within the Mentora ChatBot system was designed
to offer learners content that is most relevant at a given moment, in accordance
with their prior interactions, achieved results, and interests. At the present stage
of development, a heuristic approach is employed that combines explicit and
implicit learner data.

This approach constitutes the first layer of the recommendation system and
establishes a foundation for later integration with more complex data-driven
models.

4.1 Heuristic Strategies

The heuristic layer operates via a set of rules that map observable behavioral
patterns to concrete recommendations. Key rules include:

— Revisiting areas of difficulty — if repeated incorrect answers are observed
within the same topic, additional lessons and tasks from that domain are
recommended;

— Suggesting the next lesson in sequence — when a lesson is successfully
mastered, the next item in the syllabus sequence is suggested;

— Accounting for prior interest — if pronounced interest in a topic is evident
(e.g., requests for extra examples or questions posed), content related to that
concept is prioritized;

— Adapting to session length and frequency — for shorter or less frequent
sessions, shorter and easier tasks are proposed to help maintain motivation.

4.2 Personalization via Rules

Although not based on machine learning, these heuristics enable a baseline level
of personalization and content adaptation. The rules are currently hand-crafted
but were informed by insights gained during the pilot testing phase. In subse-
quent versions, it is planned that rules be generated dynamically from discovered
behavioral patterns.

At present, the rules are implemented directly in the system code; however,
a management interface is planned to allow teachers or administrators to edit
and tailor them to the needs of specific learner cohorts.
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4.3 Integration with the Tutor

This heuristic layer is directly coupled with the system’s LLM tutor component.
Based on the triggered rules, a contextual prompt is constructed and employed
within the dialog. For example:

“Given that the previous lesson on fractions appeared challenging, it is
recommended that another example be worked through together. Would
you like to proceed?”

In this way, recommendations are not displayed as a separate list but are
naturally woven into the flow of conversation, consistent with the principles
of conversational recommender systems [3]. This increases the likelihood that
the recommendation will be perceived as supportive guidance rather than an
algorithmic command, which positively affects engagement.

4.4 Limitations of the Heuristic Approach

The heuristic approach is valuable for rapid testing and basic personalization;
however, limitations arise with more complex modeling of learner behavior, es-
pecially when multiple factors interact or when learner needs are highly variable.

In addition, heuristics may be insufficiently robust when a mismatch between
measured performance and expressed confidence is present, e.g., when tasks are
solved correctly but uncertainty or requests for additional explanation are ex-
pressed in dialog.

Despite these limitations, heuristics provide a stable and easily adaptable
starting layer for recommendations. Their principal advantages lie in simplicity
and transparency. In what follows, their extension via sequential modeling of
learner behavior is explained.

5 Sequential Modeling of Learner Behavior Using Logs
and a BiLSTM Network

5.1 Log Collection and Processing

Log files constitute the foundation for analyzing user behavior in the Men-
tora system. This approach enables detailed mapping of the user journey and
supports advanced personalized learning. Every interaction with the Mentora
ChatBot—questions posed, lesson access, correct and incorrect answers, time-
on-task, and answer type (textual, multiple-choice, visual input)—is recorded in
pseudonymized form in a relational database.

The data are transformed into sequences that represent learning-interaction
flows. Each learning session is encoded as a sequence of attribute vectors (e.g.,
lesson identifier, task type, performance, response time, topic), thereby enabling
the application of sequential prediction models.
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Prior research has shown that logs from real educational systems encode
behavioral patterns that can be mined to improve recommendations and predict
learning outcomes [8J6]. A similar strategy is adopted in Mentora to construct
the predictive layer. All logs are stored in accordance with privacy and ethical
principles: personal identifiers are pseudonymized, and data access is strictly
restricted.

5.2 BiLSTM Model Structure

A bidirectional LSTM (BiLSTM) architecture is employed for sequential model-
ing of learner behavior, well-suited for uncovering patterns in interaction streams.

The model consumes input sequences composed of event vectors with the
following components:

— activity type (lesson, quiz, question),

topic category (e.g., fractions, grammar, logical reasoning),
— activity outcome (correct/incorrect),

— execution time and inter-event pauses,

— prior recommendations and accepted suggestions.

These vectors are normalized and arranged into fixed-length input tensors for
training.

The BiLSTM layer processes the sequence in both forward and backward di-
rections, yielding a contextualized representation at each step. In this manner, it
is enabled to account for how preceding and subsequent events influence the cur-
rent timestep, providing a deeper understanding of learning patterns and more
precise next-step predictions. Complex trajectories are thus captured, including
performance oscillations, topic transitions, and responses to earlier recommen-
dations.

The implementation is based on the PyTorch framework. The model is planned
to be trained on sessions collected during the platform’s test phase (August—
September 2025), with accuracy and F1-score evaluated on a validation set.

5.3 Predicting Learners’ Next Steps

On the basis of the BiLSTM output representations, the Mentora system can
generate personalized recommendations that anticipate the learner’s most likely
next step, including;:

— recommending the next lesson consistent with prior performance and topic,
— proposing a task type that best suits the learner (visual, textual, interactive),
assessing the need for a concept explanation or additional guidance,

— flagging to the instructor a potential misunderstanding.

Such recommendations are injected into the Mentora ChatBot dialog, en-
abling proactive, intelligent system behavior aligned with the goals of conversa-
tional recommender systems in education [3I8]. In this way, the system not only
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reacts to learner actions but also anticipates needs, creating the experience of
an intelligent, supportive tutor. Future development includes automated evalu-
ation of recommendations using engagement and performance metrics, as well
as experimental comparisons with static heuristic systems. By integrating the
BiLSTM model into the Mentora architecture, the platform transitions from a
static, rule-based approach to a dynamic system that tracks—and shapes—the
learning trajectory in real time.

6 Results and Discussion

6.1 Evaluation Protocol and Statistical Considerations

The pilot was conducted during February—June 2025, including a seven-day in-
tensive testing window, with n = 22 eighth-grade students. Learners were as-
signed to an experimental (BiLSTM) and a control (heuristics) group (n =
11/n = 11). Interactions were logged uniformly across groups. Given the pilot
scale, we emphasize effect sizes (absolute deltas) and 95% bootstrap confidence
intervals (10,000 resamples) rather than null-hypothesis significance testing. Re-
ported gains (Precision@3 +0.17, F1 4+0.19; HR 76%) are interpreted as indica-
tive and consistent across sessions.

Compliance with Ethical Standards. All interactions were pseudonymized, and
participation was conducted with parental consent, in line with institutional
ethical guidelines.

6.2 Experimental Results

The evaluation outcomes are shown in Figure[3] The BiLSTM-based recommen-
dation module was found to outperform the heuristic approach across all metrics.
The largest differences were observed in recommendation accuracy and session
duration, indicating a higher degree of personalization and greater learner en-
gagement.

The quantitative results of the pilot study are as follows:

— Precision@3: 0.71 (BiLSTM) vs. 0.54 (heuristics);

— F1 score: 0.68 (BiLSTM) vs. 0.49;

— Hit Rate: 76% (BiLSTM);

— Average session length: 12.4 minutes (BiLSTM) vs. 9.8 minutes;
— User satisfaction: 4.3 out of 5 (Likert-scale survey).

These findings corroborate the initial hypothesis that sequential modeling
enables a deeper understanding of learning trajectories and more accurate pre-
diction of next steps. Beyond improved precision, a higher level of learner en-
gagement was observed, reflected in longer sessions and more frequent interaction
with the tutor.
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Comparison of BiLSTM and Heuristic System Performance
76

I BiLSTM
mmm Heuristics

0.71 0.54 0.68 0.49
Precision@3 F1 Score Hit Rate (%) Session Length (min)

Fig. 3. Performance comparison between the BiLSTM model and the heuristic system

6.3 Discussion and Contributions

The results situate this work within current research on conversational recom-
mender systems (CRS) and sequential modeling in education. In contrast to
approaches focused solely on dialog without deep sequential modeling [3], a BiL-
STM was integrated to capture temporal dependencies in learning logs. Relative
to knowledge tracing that applies LSTM outside the dialog loop [76], the con-
tribution lies in embedding the sequential model directly into the dialog flow.
Furthermore, by introducing a RAG-based explanation layer, existing efforts on
explainable recommendation are extended [13], providing pedagogically mean-
ingful justifications (e.g., “this is a prerequisite for ...”, “difficulties were previ-
ously observed in ...”).

An empirical contribution was established through a pilot evaluation in a real
educational setting (22 students, >600 interactions), where measurable gains of
the BiLSTM over heuristics were demonstrated (Precision@3 +0.17; F1 4+0.19;
HR 76%). These results indicate that combining an LLM-driven tutor with a
BiLSTM sequence model yields more relevant, adaptive, and explainable recom-
mendations than traditional heuristic approaches.

Limitations. The pilot study was constrained by a relatively small sample
and partially synthetic logs. Future work is planned to involve larger cohorts,
ablation studies, and enrichment of learner profiles with metadata on motivation,
prior knowledge, and learning goals.

7 Conclusion and Future Work

In this paper, the Mentora ChatBot was presented—a hybrid conversational
recommender system (CRS) for educational settings that combines an LLM-
driven tutor, heuristic rules, and a BILSTM model over learning logs for on-policy

181



decision-making. The system architecture and data flow were described, and
a pilot evaluation was conducted under real final-exam preparation conditions
(eighth grade), with a focus on recommendation quality and learner acceptance.

Contributions. (1) Integration of LLM + BiLSTM + RAG into a single, on-policy
decision flow (the LLM manages the dialog, the BILSTM models sequential con-
text, and the RAG layer provides explanations understandable to learners and
teachers); (ii) empirical confirmation that sequential context improves recom-
mendation relevance and uptake over a heuristic baseline (22 students, >600
interactions): Precision@3 0.71 vs. 0.54, F1 0.68 vs. 0.49, Hit Rate 76%; (iii)
operationalization of a CRS in a school setting (mathematics and Serbian lan-
guage) with minimal changes to the existing instructional flow.

Our study has important limitations: a small, convenience sample, irregular
study sessions, and partially synthetic logs in the early phase. These factors may
bias the results, inflate apparent performance, and materially constrain both in-
ternal and external validity; hence, the findings should be viewed as preliminary.
In future work we will (i) expand the dataset with real, end-to-end logs from a
larger and more diverse student cohort and additional subject domains, (ii) run
systematic ablations to isolate component contributions (LLM-only, BiLSTM-
only, RAG-only, and combinations), (iii) examine Transformer-based architec-
tures for sequential modeling, and (iv) deepen personalization by learner profile,
coupled with richer, pedagogically grounded explanations. To enhance trans-
parency and interpretability, we will include anonymized student—chatbot dia-
logue snippets in the supplementary material and present additional examples
during the conference talk.

In sum, it was demonstrated that the LLM+BiLSTM+RAG hybrid can de-
liver pedagogically meaningful, contextually adaptive, and empirically better-
accepted recommendations than static heuristics, laying the groundwork for scal-
able and transparent learning support in real classroom practice.
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Abstract. In this paper, we examine the capability of ChatGPT in solving prob-
lems based on mathematical modelling. In line with the research objective, we
assigned the free version of ChatGPT (GPT-40) six problems that fourth-year
mathematics students, majoring in Applied Mathematics, had solved as part of
their exam. We analyzed whether the following steps were properly carried out:
constructing a mathematical model, the problem-solving process in the mathe-
matical context, interpreting the solution in relation to the problem, and finally,
validation. The results were then compared with the work of the aforementioned
students. The findings indicate that, in all parts of the solution and for all tasks,
the free version of ChatGPT was either completely or partially successful. Nev-
ertheless, it achieved results that were weaker than those of the students. Based
on these findings, we can say that solutions to problems addressed through math-
ematical modelling — which, in the second step, involve solving first-order dif-
ferential equations, game theory problems, and linear programming tasks — can
be used to some extent as student support. However, it is equally necessary to
work on the specialization of LLMs that would solve problems of this level of
complexity in accordance with the mathematical modelling process.

Keywords: Mathematical Modelling, ChatGPT, Student Performance Compari-
son

1 Introduction

In recent times, an increasing number of researchers in the fields of education, engi-
neering, and computer science have been exploring the potential and capabilities of
large language models (LLMs) in solving various tasks through Al tools. Contemporary
research mainly investigates the extent to which specific tools can successfully address
different challenges and solve concrete tasks and problems and often compares the per-
formance of different models in executing specific user instructions. Among these
tools, ChatGPT is probably the most widely used.

Mathematical modelling is gaining increasing prominence in mathematics educa-
tion. On one hand, it is important to introduce future mathematicians — particularly
those seeking careers in industry — to the principles of mathematical modelling so that
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they can successfully translate real-world problems from various fields of science and
industry into mathematical contexts, solve them, and interpret and discuss the results
within the original context. Likewise, prospective mathematics teachers should acquire
the same competencies and develop the pedagogical skills needed to teach their students
the step-by-step process that characterizes mathematical modelling.

This raises the question of to what extent ChatGPT can effectively solve mathemat-
ical modelling problems, to serving as an additional resource in the education of future
mathematicians and, in particular, as support in solving problems from various domains
through the application of mathematical tools. This study aims to contribute to this
emerging area of research.

2 Literature Review

One of the widely accepted processes or cycles of mathematical modelling was pro-
posed by Blum and LeiB3 [1]. The cycle they suggested consists of six phases and six
transitions between these phases. According to their methodology, the first step is to
understand the real-world problem and construct the so-called situation model (1). This
situation model is then simplified — specifically, the problem is structured, and the nec-
essary assumptions are formulated (2). The next step, which is particularly important
in this cycle, involves constructing a mathematical model through a process of mathe-
matization (3). In this step, the process shifts into a mathematical context. The mathe-
matical problem thus formed is then solved, yielding the required mathematical results
(4). These mathematical results are then considered and examined in the context of the
real-world problem to determine how they can be effectively used to solve the initial
problem; through interpretation, results corresponding to the initial real situation are
obtained (5). Finally, the results obtained should be validated (6). Within this validation
process, the modelling steps should be reconsidered by re-examining the assumptions,
the mathematical models, their solutions, and the correctness of the calculations. Alt-
hough it represents an important aspect of learning, the meta-analysis conducted by
Schukajlow et al. [2] found that only 3% of research papers published in leading jour-
nals on mathematics education over a six-year period focused on the topic of mathe-
matical modelling. Furthermore, most of these papers were empirical studies with a
qualitative research design. Sen Zeytun et al. [3] conducted a qualitative study invol-
ving six mathematics students in order to identify the sources of students' difficulties in
learning mathematical modelling. Based on their results, it can be concluded that the
factors contributing to students’ difficulties can be divided into contextual and individ-
ual categories. Contextual factors refer to the students’ lack of experience in solving
problems through mathematical modelling, while the individual factors relate to the
time constraints for completing the tasks. Individual factors also include gaps in math-
ematical knowledge and skills, difficulties in establishing connections between the real-
world and mathematical contexts (and vice versa), students' tendency to focus solely on
the result, as well as their inability to adequately organize their work [3].

ChatGPT is a Natural Language Processing (NLP) model developed by OpenAl that
uses a large dataset to generate responses to students' questions, prompts, and feedback
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[4]. There are many studies that explore the capabilities of ChatGPT and other OpenAl
models in solving mathematical tasks and problems. For example, OpenAl models have
been tested in solving complex mathematical competition problems. Interestingly,
when solving problems of lower complexity but with a higher degree of non-standard
structure, OpenAl tools perform at the level of average competition participants [5].
However, when tackling more demanding mathematical problems intended for high
school students, the ol and 03-mini models would win awards when competing among
the best high school students [6].

ChatGPT can solve problems in the field of linear algebra, compute integrals, and
solve differential equations when given appropriate instructions [7]. When it comes to
differential equations, it was found that ChatGPT correctly solved 72% of the given
first-order differential equations, made minor errors in 20% of them, and in the remain-
ing 8% it made serious computational or methodological errors. In solving second-or-
der differential equations, it solved 64% of the problems completely correctly, made
minor errors in 24% of them, and made a serious computational or methodological error
in every eighth problem [8]. Zhu et al. [9] explored ChatGPT's compatibility in deci-
sion-making when solving game theory problems, which are also widely used in math-
ematical modelling.

Some research on integrating LLMs into solving mathematical modelling tasks has
already been conducted. For instance, Huang et al. [10] introduced a LLM model called
Mamo, which has integrated solvers aimed at validating solutions and evaluating the
correctness of the entire mathematical modelling process.

3 Research question

Considering the importance of mathematical modelling for the education of mathe-
maticians — regardless of whether their future profession will be in industry or in teach-
ing — as well as the potential of ChatGPT for solving tasks of various levels in terms of
mathematical content and complexity, we aimed to examine the accuracy and overall
problem-solving process of tasks based on mathematical modelling generated by
ChatGPT. This gave rise to the following research questions.

1. To what extent does ChatGPT successfully solve mathematical modelling
problems related to the application of differential equations, game theory and
linear programming?

2. Are there differences in the performance between mathematics students who
attended the Mathematical Modelling course and ChatGPT in terms of accu-
racy and the structure of solutions within the context of the mathematical mod-
elling cycle?

3. Can the solutions produced by ChatGPT serve students in carrying out valida-
tion — the final phase of the mathematical modelling cycle?
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4 Method

As part of the course Mathematical Modelling, which is conducted in the
seventh semester of the Applied Mathematics program at Faculty of Science, University
of Kragujevac, students are expected, upon completion of the course, to be able to apply
the principles of mathematical modelling and to formulate mathematical models in
various fields of natural and social sciences. This course was offered for the first time
in the 2023/2024 academic year. Only four students attended it during that academic
year. After completing the theoretical and practical instruction, the students took the
written part of the exam, in which they were expected to demonstrate practical
knowledge of mathematical modelling. On that occasion, they solved tasks in which
they were required to carry out the last four phases of mathematical modelling,
specifically from mathematization to validation [1]. The test consisted of 6 tasks. The
first task involved a simple theoretical consideration of an exponential growth model
with a given constant. The second task focused on the application of a first-order
differential equation to a bacterial population in a controlled environment, where
students were required to construct an appropriate logistic differential equation using
the given data. Using the model they created, they had to determine the size of the
population at several specific time points from the initial moment, identify when the
population would reach half the carrying capacity, and analyze what happens as the
time variable tends to infinity. The third task was also a population model, but with
constant relative rates of birth, death, and emigration over time. Students were asked to
determine a particular solution to the problem for a given initial value, find the
condition under which the model exhibits exponential growth, and identify the
condition under which the population remains constant. In the fourth task, students were
provided with tabular data related to time and population size and were required to
construct a model that fits the given data. Based on the model, they were to explain the
meaning of all parameters and their influence on the behavior of the model. The fifth
problem dealt with mathematical modelling within decision theory — more specifically,
game theory and the analysis of strategies in a competitive environment. The task
required modelling the competitive relationship between two manufacturers,
identifying the strategies of each player, and determining the optimal decision for the
first company in response to various possible moves by its competitor. The final, sixth
task focused on the application of linear programming, specifically optimizing
production under resource constraints, with two objectives: minimizing production
costs under the condition that a certain number of products be manufactured, and
maximizing the number of products produced given limited resources.

We gave the same problems that the students had solved to ChatGPT to solve
as well. Considering that we wanted to examine whether it could help students in terms
of validating their answers by comparing them with the solution produced by ChatGPT,
we used the free version of ChatGPT (GPT-40). When evaluating the solutions
provided by the students and the ChatGPT, we assessed the work according to the
modelling cycle — that is, to what extent the problem solutions followed the given
mathematical modelling approach. The study was conducted in July and August 2025.
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5 Results

To address the research questions, we analyzed whether ChatGPT successfully
solved the six tasks that the students had worked on. Specifically, for each task, we
examined whether the following steps (Fig.1) were successfully carried out: translating
the problem into a mathematical context, i.e., the process of mathematization; whether
the problem-solving procedure was mathematically correct; interpreting the solution in
accordance with the original context; whether and how the validation process was car-

ried out.

Mathematization

Validation

I unsuccessful

«—

partially
successful

Mathematical
Procedure
Correctness

Interpretation

I successful

Fig. 1. Illustration of the evaluation of the mathematical modelling process

For each aspect and each task, one of three levels of success was assigned: successful,
partially successful, and unsuccessful. Solutions categorized as unsuccessful were those
in which serious conceptual or procedural errors were identified. The successful cate-
gory included all solutions that were entirely correct, while partially successful referred
to those parts of the solutions that were fundamentally correct but either lacked suffi-
cient detail or precision, or contained a minor computational error in the mathematical
result. The following table presents ChatGPT’s performance in solving these tasks.

Table 1. ChatGPT’s Performance in Solving Mathematical Modelling Tasks

Problem Mathematization Mathematical Re- Interpretation Validation
sult
1 successful successful successful successful
5 successful partially partially partially
successful successful successful
3 successful successful successful successful
4 partially successful partially successful
successful successful
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partially

5 successful successful successful
successful
p partially partially partially partially
successful successful successful successful

At first glance, it can be seen that none of the four aspects in any of the six tasks was
unsuccessful. A detailed analysis of the solutions produced by ChatGPT revealed that
the first task was completed successfully. However, in the second task, which con-
cerned a bacterial population model, it made an error in solving the model (although it
should be emphasized that the chosen model was appropriate). Specifically, it pro-
ceeded with a numerical approach, which led to a computational error that subsequently
affected the following steps of the solution. The third task was solved entirely success-
fully (Fig. 2), whereas in the fourth task — which, unlike the first three, was presented
in a tabular form — ChatGPT constructed a model that was not the most suitable solution
to the problem. In the fifth task, the processes of mathematization and solution imple-
mentation were adequate, but the interpretation of the solution within the appropriate
context of game theory could have been better and more refined. The validation pro-
cess, however, was carried out successfully. In the final task, which was from the field
of linear programming, ChatGPT exhibited the greatest weaknesses, especially from
the mathematical perspective, as it did not select the most appropriate model, and the
objective function was also not well formulated. Nevertheless, the constraints were well
defined, and the problem was solved correctly in accordance with them.
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Fig. 2. The solution to the third task by ChatGPT in the context of mathematical modelling.

Regarding the students’ work, all students solved the first and second tasks com-
pletely successfully. In the third task, three students fully carried out the appropriate
procedures in all four steps, while one student completed the first two steps entirely
successfully but only partially succeeded in interpreting and validating the solution. In
the fourth task, two students successfully completed all steps. One student was only
partially successful in the mathematization process and in interpreting the solution but
fully succeeded in the other two steps. Another student had the same level of success
as the previous one in the first three parts but entirely omitted the validation step. In the
fifth task, two students completed the task entirely successfully, while the other two
were successful in mathematization but only partially successful in the remaining three
steps. In the final task, two students again solved it completely successfully. One was
partially successful in all steps, while the fourth student was fully successful in the first
three steps but partially successful in validation.

To more easily compare the performance of students and ChatGPT, we numerically
evaluated their results. Each task was worth 4 points (1 point for each of the four parts
of the solution). Each of the four aspects in every task was scored with 1 if that part
was fully completed successfully, 0.5 for partially successful, and 0 for unsuccessful.
The students scored 24, 22, 20.5, and 20 points, respectively. The arithmetic mean of
the students' scores was 21.625 points, with a standard deviation of 1.80 points. Look-
ing at ChatGPT's results on this test, it scored 19 points. Compared to the students'
results, the Z-score corresponding to ChatGPT's score is -1.46. This score is relatively
low but not extreme, as it falls between one and two standard deviations below the
mean. This result indicates that the students still performed better at solving mathemat-
ical modelling tasks. On the other hand, some students could benefit from certain as-
pects of ChatGPT's solutions, particularly in interpreting and validating the results.

6 Discussion and Conclusion

By reviewing the students' work, it can be observed that their shortcomings in math-
ematical modelling are more pronounced in steps such as interpreting results within the
initial context and validating the obtained solution, while weaknesses in mathematizing
the problem and carrying out computations are less noticeable. These deficiencies—or
factors influencing students' success in mathematical modelling—align with those iden-
tified by Sen Zeytun et al. [3], particularly referring to difficulties in mathematization,
i.e., establishing connections between the real-world problem and the mathematical
context, and vice versa.

When it comes to ChatGPT's performance, we see that it successfully carried out the
mathematization process in 4 out of 6 tasks — meaning it understood the problem's con-
text and correctly assigned mathematical meaning to the models. In the same number
of cases, it was fully successful in solving mathematical problems, including construct-
ing equations, solving differential equations, and addressing tasks from other men-
tioned fields. That ChatGPT is successful in solving first-order differential equations
was also demonstrated by Koceska et al. [8]. In the remaining two cases, it was partially
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successful. On the other hand, Li et al. [11] pointed out the shortcomings of ChatGPT
in solving linear programming problems compared to an LLM that had been addition-
ally trained to handle that specific type of task. In our research as well, ChatGPT was
partially successful when solving the linear programming task. Interestingly, it was
only partially successful in both initial steps of the linear programming task. More con-
cerning is that in 4 out of 6 cases, it was only partially successful in interpreting the
results, while in the remaining two, it was fully successful. It should be noted that the
tasks given to ChatGPT did not include explicit instructions regarding the mathematical
modelling process, so future research should examine its solutions in more detail if
more specific modelling-related instructions are provided. As for validation, ChatGPT
was fully successful in 4 out of 6 cases, while in the remaining two, it was only partially
successful.

Based on the obtained results, we can say that ChatGPT largely successfully solved
mathematical modelling problems related to the application of differential equations,
game theory, and linear programming — though these results could have been better.
When comparing ChatGPT's results with those of the students, we observe that all four
students achieved better results in terms of solution structure within the mathematical
modelling cycle. However, it is also evident that certain parts of ChatGPT’s solutions
could still be useful to some students, particularly in verifying and validating problem
solutions.

Obviously, this research has its limitations. The first limitation concerns the sample
size, which stems from the fact that only four students were enrolled in the Mathemat-
ical Modelling course during the given academic year. Consequently, our findings can-
not be generalized. Furthermore, in this research we examined the capabilities of only
one tool - the free version of ChatGPT - because it is accessible to all students without
additional subscription costs. These limitations also point to directions for future re-
search. In addition to providing more detailed instructions when assigning tasks within
the framework of the mathematical modelling cycle, future studies could also investi-
gate the capabilities of other free tools, such as DeepSeekR1, as well as paid versions
of widely adopted tools, including those offered by OpenAl, Claude Opus, Gemini, and
others, and compare their performance on tasks completed by larger student samples.
Furthermore, future research could focus on developing specialized LLM models de-
signed to address and solve relevant problems in accordance with the principles of
mathematical modelling, with the goal of providing higher-quality support to students.
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Abstract. Nowadays, e-learning systems rely heavily on artificial intelligence
(Al) as the core operational mechanism to deliver adaptive, personalized, and
scalable learning experiences. However, the effectiveness of e-learning depends
not only on computational capabilities but also on the conceptual basis of the
knowledge under representation. Ontologies provide the formalized frameworks
through which Al-based educational systems organize, correlate, and retrieve the
educational content. Beyond the technical and structural aspects of e-learning lies
the deeper philosophical foundation, that of Qualia, which refer to the phenome-
nological and subjective learners’ sense, such as their perception of continued
support, their engagement with the content in a meaningful way, and the quality
of sensation on learning. This paper introduces the need for an e-learning entity
which is based on the interplay between Al, Ontologies, and Qualia, arguing for
an integrated framework that involves computational intelligence, semantic
structure, and philosophical foundation.

Keywords: E-learning, Artificial Intelligence, Ontologies, Qualia.

1 Introduction

The ultimate goal of education is the development of individual autonomy, otherwise
self-governance in the deepest and broader sense, i.e. intellectual, emotional, ethical,
and social self-realization [1], [2]. This core purpose must remain the same also in the
context of e-learning [3]. Autonomy does not simply mean the ability to study inde-
pendently, but the cultivation of critical thinking, self-determination, emotional aware-
ness, and the capacity to make informed decisions [4]. Autonomous learners are guided
toward becoming active participants in their own learning path, not passive recipients
of information [5]. Designing e-learning systems that recognize this complexity ensures
that the digital transformation of education remains faithful to its most human-centered
goal.

E-learning has been flourishing in recent years, largely as a result of rapid advance-
ments in artificial intelligence (Al) and the implementation of educational ontologies
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that can be used to organize content in any field and thus make it machine interpreted
[6]. Both technologies have revolutionized how learners interact with knowledge, of-
fering adaptive learning paths [7]. Indeed, the extensive body of literature clearly indi-
cates that the design and implementation of e-learning systems are primarily grounded
in the achievements of artificial intelligence, often in conjunction with educational on-
tologies [8 — 13]. These two pillars form the operational and structural backbone of
most modern digital learning platforms. Through them, systems model learner behav-
ior, and personalize content. However, there is a scarcity of research that identifies
philosophical dimensions [14], [15] as a third foundational element in the development
of e-learning environments. The novelty of this paper is the inclusion of Qualia, that is
the science of subjective experience, into e-learning design. Even though philosophy of
mind has debated qualia for decades, computer science lacks a shared conceptual and
formal schema to represent personalized states (e.g., frustrated, overwhelmed, pleased,
surprised, etc.) in ways that are computable and interoperable [16]. While Al and On-
tologies have provided the operational and structural foundation for e-learning, the in-
tegration of Qualia introduces the essential human dimension of how do learners feel.
Incorporating such philosophical perspective could radically enhance the way educa-
tional technologies relate to learners, not only as cognitive agents but as sentient indi-
viduals. Bridging this gap may be essential for the next generation of e-learning.

In this vein, alongside Al (i.e. the operational mechanism) and Ontologies (i.e. the
semantic structure), Qualia are introduced as the qualitative basis of e-learning design.
The concept of Qualia is not claimed access to consciousness, but standardization of
attributions of learners’ experience (e.g., confusion, anxiety, curiosity, etc.). Based on
the Al-Ontologies-Qualia triad, Al can estimate such attributions from data, Ontologies
can guarantee consistency, and Qualia can direct pedagogical interventions toward the
quality of learning.

The motivation for writing this paper is to obtain information about the basic terms
and the use of Al, ontologies, and qualia in education in order to get better guidance
when creating next generation e-learning. In this sense, the aim of this paper is to pre-
sent these three distinctive but enmeshed domains and give an overview of recent re-
search in the field, in the context of education. The research question of this paper is
focused on finding how to combine Al, ontologies, and qualia in e-learning design in
order to overcome its current limitations and meet the educational needs of the next
generation.

The paper is structured as follows. Section 2 explores the theoretical background of
Al, ontologies, and qualia in e-learning. Next, the interplay among the three domains is
discussed in Section 3. Future research directions are discussed in Section 4. Finally,
Section 6 concludes the paper.

2 Theoretical Background
This section broadly conceptualizes Al, Ontologies, and Qualia as the main theoretical

building blocks of next generation e-learning systems design. The aim is not a system-
atic literature review [17] nor a systematic mapping study [18]; rather is conceptual
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clarity of the corresponding domains in order to motivate their interrelation in the re-
mainder of the paper.

2.1  Artificial Intelligence as Operational Mechanism

Artificial Intelligence (Al) is the subfield of computer science which offers a spectrum
of technologies, including machine learning, deep learning, knowledge representation
and reasoning, computer vision, natural language processing, in order to enhance effi-
ciency, productivity, and decision-making in all sectors of everyday life [19].

In the education sector, Al has recently been adopted and used, particularly in the
design of digital educational environments [20], [21]. Innovations such as intelligent
tutoring systems, personalized and adaptive learning, conversational agents, predictive
analytics, gamification, and Al-based assessment confirm the growing impact of Al on
learner engagement, instructional design, and performance monitoring [22]. However,
the integration of Al in e-learning also presents significant challenges [23]. These in-
clude data privacy, algorithmic bias, transparency, and educator resistance [24].

Indeed, bibliography on Al in education is both vast and rapidly expanding, reflect-
ing the increasing stakeholders’ interest in leveraging Al to transform learning and
teaching. The growing body of literature can broadly be divided into two major cate-
gories. The first one focuses on specific applications of Al in e-learning, like natural
language processing in detecting misconceptions of learners about a specific concept
[25]; intelligent tutoring systems development for providing learners with personalized,
adaptive, and interactive instructions [26], [27]; adaptive and personalized learning
platforms design that customize content to individual learner progress [28]; and con-
versational agents which answer questions, explain concepts, provide feedback, guide
learners through problem-solving steps, and simulate role-play scenarios for skills de-
velopment [29]. Studies in this category emphasize mainly technical design, implemen-
tation, and performance evaluation, demonstrating how Al technologies can enhance
instructional delivery, personalize learning experiences, and improve educational out-
comes. The second one addresses the specific challenges associated with Al integration
in education, especially ethical concerns [30], such as algorithmic bias [31], data pri-
vacy [32], academic integrity [33], [34], teachers’ role [35], as well as issues like ped-
agogical alignment [36], and the potential of over-reliance on automation [37].

This path of research tends to adopt a critical, interdisciplinary perspective, incorpo-
rating insights from education, computer science, philosophy and social science. Both
categories form a comprehensive framework for understanding the integration of Al in
education, where technological innovation and critical evaluation progress in parallel.
The application-focused research drives the development of advanced learning systems
and tools that can enhance teaching and learning, while the challenge-oriented scholar-
ship ensures these innovations are implemented in ethical and pedagogically sound
way.

In a nutshell, Al in education is an interdisciplinary field that studies how Al inno-
vations are integrated into educational settings. However, most research focuses on
technological and ethical aspects, which cannot achieve a deep understanding of the
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complex nature of instant sense-making of learners. Indeed, current Al-based educa-
tional platforms, as operational mechanisms, can produce detailed analytics, personal-
ized recommendations, and adaptive feedback, but without addressing the subjective,
emotional experiences of learners, these outputs may remain underutilized.

2.2 Ontologies as Knowledge Structure

Ontologies aim at capturing the semantics of domain expertise by deploying knowledge
representation schemes, enabling a machine to understand the relationships between
concepts in a domain [38].

In short, ontologies are semantic web technologies that are thought as the structure of
web-based applications [39]. They explicitly define the relationships between concepts
within a specific domain, enabling shared understanding and interoperability among
systems and humans [40]. They are rooted in philosophy, especially by using the term
in singular, that is “ontology”, to refer to a unified and fundamental branch of meta-
physics, but then they widely adopted, in plural, in computer science as “domain ontol-
ogies”, by providing a formal representation for knowledge structure, thus enabling
data integration, and reasoning [41]. Nowadays, they are no longer only theoretical ap-
proaches; they are semantic tools to facilitate the goals of sharing, and reusing
knowledge [42].

Traditionally, studies on ontologies in the context of education are viewed from two
perspectives, “ontologies in education” and “educational ontologies”. Although these
terms are often used interchangeably, they signify distinct research directions. The first
term refers broadly to the application of ontology engineering within educational set-
tings. For instance, ontologies were used for curriculum modelling and management,
for describing learning domains, learning data, and e-learning services [43], [44]. Re-
cent studies in the field of e-learning refer that ontologies allow systems to adapt con-
tent based on learner profiles, preferences, and performance [45]; allow institutions to
track performance and enhance decision-making [46]; aligns gamification elements
with cognitive models to improve learner engagement [47]; and facilitate curriculum
modeling and knowledge alignment across different platforms, fostering standardiza-
tion [8]. On the other hand, educational ontologies are specific domain ontologies that
focus on the standardization of specific learning domains and educational concepts,
such as learning objectives through Bloom’s taxonomy, instructional strategies, Or as-
sessment types [48 — 50].

In summary, ontologies have gained the attention of scientists in e-learning field
since they are used as tools for organizing and managing information due to their in-
herent features, including resource sharing and reuse, knowledge modeling, and infer-
ence.

2.3 Qualia as the Philosophical Foundation

Qualia are the felt, subjective “what it is like” aspects of experience [51]. The term
became central in late 20" century debates about mind and consciousness [52]. As a
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theoretical foundation of computer science, Qualia mark the difference between pro-
cessing information and experiencing it [53 — 55].

Indeed, scholars and engineers have already explored the conceptual, ethical, and
architectural implications of qualia within Al. One of the dominant themes in the latest
literature is that while Al systems have made significant progress in simulating emo-
tional expressions [56], the problem of simulating subjective feelings remain unre-
solved [57]. Another notable area of recent expansion lies in affective computing, par-
ticularly with respect to ethical implications, such as data privacy and user satisfaction
[58 — 60]. In a broad sense, the research on qualia in computer science, and, in particular
in Al, reflects a rich multidisciplinary dialogue. The field is advancing rapidly, from
abstract philosophical studies to concrete architectural experiments [61].

Especially, in the context of education, qualia are rarely discussed explicitly in e-
learning literature; they are indirectly related with Al-based learning systems. For in-
stance, the design of emotion-sensitive intelligent tutoring systems relies on tracking
facial expressions, or voice tone to infer user emotions and adapt content accordingly
[62]. These systems approximate qualia by interpreting behavioral patterns [63]. De-
spite substantial progress in e-learning domain, by relating education, cognitive science
and neuroscience [64], qualia remain unutilized in explaining the e-learning processes
that are accompanied by felt experience [65]. Unfortunately, for e-learning designers,
many of the desirable traits are not inherently measurable via traditional, quantitative
means, but they are emergent properties dependent on qualitative aspects of mechanis-
tic, unconscious reactions.

3 The Interplay of Al, Ontologies, and Qualia in E-learning

Re-designing and modernizing e-learning is now imperative to satisfy the diverse dis-
closure requirements of learners, educators, institutions, regulators, and industry part-
ners. This goal requires a coherent convergence of Al for operational intelligence and
personalization, Ontologies for structured and interoperable knowledge, and Qualia to
capture the phenomenological and affective dimensions of learning.

Although there is no existing body of literature that explicitly focuses on the inter-
section of Al, Ontologies, and Qualia in e-learning, a number of studies across these
domains provide conceptual and technical insights for their interrelation. These works,
while often studying the concepts in isolation, collectively contribute to a broader un-
derstanding of how subjective experience (Qualia), structured knowledge representa-
tion (Ontologies), and intelligent adaptation (Al) may converge in the design of next-
generation e-learning. More precisely, Al is increasingly used to personalize learning
experiences through adaptive algorithms and intelligent tutoring systems [66], [67]
while ontologies serve as structured frameworks that formalize domain knowledge and
learners’ models [68], [69]. Simultaneously, the concept of qualia has gained traction
in affective computing and user experience design, particularly in emotionally respon-
sive learning environments [70]. Taken together, these fields open new possibilities for
modeling and enhancing not only the cognitive but also the emotional and reactive di-
mensions of digital learning.
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This paper proposes a novel, interdisciplinary theoretical framework for understand-
ing the relational interaction between learners and advanced e-learning models through
the lens of the triad Al-Ontologies-Qualia.

The following Table 1 gives an overview of the three pillars work together in designing
next generation e-learning.

Table 1. Al-Ontologies-Qualia triad for e-learning.

Definition in e-
learning

Scope in e-learning

Interdependencies

Artificial Intelligence

Ontologies

Qualia

The application of
data-driven algo-
rithms that person-
alize instruction,
automate feedback,
and optimize learn-
ing pathways at
scale

Formal, shared
models of concepts
and their relation-
ships that structure
educational
knowledge for in-
teroperability, per-
sonalization, and
reasoning

The subjective
qualities of learn-
ers’ experience that
shape motivation
and decision-mak-
ing

Operational mecha-
nism (augment teach-
ing and personalize
learning by using
technological ad-
vancements)

Knowledge structure
(formal, shared se-
mantic models that
define domains,
learner profiles, and
instructional pro-
cesses, enabling in-
teroperability, pre-
cise metadata, adap-
tive personalization,
and explainable ana-
lytics across plat-
forms)

Theoretical founda-
tion (recognition and
modelling of the
learners’ lived expe-
rience)

Al depends on On-
tologies for clear
meaning of context
and on Qualia to
prioritize which
experiences matter

Ontologies depend
on Al to populate
instances and on
Qualia to formalize
experiences

Qualia depend on
Al for operationali-
zation and on On-
tologies for stand-
ardization

The integration of Al, Ontologies, and Qualia-like modeling, although still in the early
stages of development, is reshaping e-learning. Ontologies provide the semantic struc-
ture of the model, given that they provide the formal knowledge representation of
learner preferences and content and Al operates as the main mechanism that enables
adaptive and context-sensitive interaction, through the use of machine learning tech-
nologies [71], [72]. Qualia, while not directly programmable, as theoretical foundation
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of the model, serve as motivational goals for creating emotionally and ethically aware
learning environments. Though still largely theoretical, such proposal indicates a direc-
tion where Qualia, Al, and Ontologies convergence could support e-learning re-design.

4 Future Directions

As future work, the Qualia Ontology for e-learning will be constructed, aligned with
existing educational ontologies and in accordance with Al advancements. Its core will
include classes and relations standardizing attributions of learner experience with ex-
plicit dimensions, modalities, context, and evidence. For instance, the class of Learn-
ingEpisode refers to a time-bounded instructional activity for a specific learner, such as
watching a video, solving a problem, or taking a quiz. Each LearningEpisode is char-
acterized by a Modality (e.g., visual, auditory, or textual) within which experience
arises, and by PhenomenalQuality terms that capture what the LearningEpisode felt like
(e.q., clarity, perceived complexity, or novelty). The qualia core is represented by the
class AffectiveState, which encodes states such as confusion, curiosity, boredom, anx-
iety.

This ontology is under construction and its purpose is to encode what learners are
likely experiencing a learning path in a consistent and interoperable way. By complet-
ing and using this ontology in an e-learning environment, mechanism (i.e. what the
system does), meaning (i.e. how things are named and related), and experience (i.e.
why it matters for learning) are clearly interwined, thus preventing pedagogical errors
and enabling transparent and controllable content adaptation to learners’ aspirations.

5 Conclusion

Next generation e-learning seems to stand at the confluence of technological innova-
tion, semantic structure, and philosophical research. Al provides the technological
mechanisms for adaptability and efficiency; ontologies offer the conceptual schemes
for knowledge representation; and qualia explain the grounds of private feelings. Their
interplay can lead to intelligent, coherent, and private thinking enriched e-learning en-
vironments. This triadic form may mark a shift toward e-learning systems that respect
the spirit of democracy in learning such as, the objectivity of knowledge, the subjectiv-
ity of experience, and the equal access to learning.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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Abstract. This study evaluates the potential of ChatGPT-4 and ChatGPT-4.5 as
research assistants in applied linguistics (AL) by examining their ability to gen-
erate annotated bibliographies of research articles. Five AL papers on technolo-
gy in English pronunciation and speaking instruction were summarized by both
models and by human researchers, producing 25 summaries. Fourteen expert
raters assessed the summaries for quality and judged their authorship. Results
show that both models produced factually accurate and structurally faithful
summaries. However, both models lacked critical selectiveness, could only pro-
vide generalized statements on relevance, and relied on surface-level markers to
assess credibility. Quantitative analysis indicated that ChatGPT summaries
were rated as comparable in quality to human-authored ones, though inter-rater
agreement was low and a bias against texts perceived as Al-generated was ob-
served. Qualitative findings revealed that experts distinguished Al from human
summaries based on information density, word choice, stylistic naturalness, and
evaluative engagement. Overall, ChatGPT proved advantageous in accuracy,
structural consistency, and efficiency, but its weaknesses in evaluative depth
and authenticity suggest that, while it can accelerate the early stages of litera-
ture review, it cannot substitute for the nuanced judgment and interpretive rea-
soning required in applied linguistics.

Keywords: ChatGPT, applied linguistics, research assistant, research summari-
zation, annotated bibliography.

1 Introduction

The rapid advancement of generative artificial intelligence (Al), especially through
large language models (LLMs) such as ChatGPT, has had a wide impact on the aca-
demic community and the process of conducting research. Since its public release in
November 2022, ChatGPT has been employed for tasks such as generating abstracts
and summarizing research articles [1], while some authors have even used it as a co-
author [2]. ChatGPT has undergone several iterations, and its current versions at the
time of writing, ChatGPT-4 and its successor ChatGPT-4.5, have much enhanced
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capabilities compared to previous iterations such as ChatGPT-3 [3][4]. These devel-
opments suggest an expanding potential for using ChatGPT as a research assistant.

So far, ChatGPT has been used as a research assistant in diverse fields, including
medicine for generating research article abstracts [5], international business and man-
agement for summarizing from citations, retrieving citations from those summaries,
and linking them back to the original abstracts [6]. In the field of linguistics, Bae’s [7]
demonstration study illustrated how ChatGPT-3.5 and ChatGPT-4 could assist exper-
imental linguistics by suggesting sources for literature reviews, supporting experi-
mental design, and facilitating statistical analyses. The author concluded that the tools
could save researchers time and streamline data preparation, but constant verification
was necessary as the tools tended to exhibit shallow reasoning and produce hallucina-
tions! and outdated information. Furthermore, Uchida [8] assessed ChatGPT-3.5 for
core corpus-linguistic tasks such as frequency analysis, collocation identification, and
genre classification, finding partial alignment with established corpus data and high-
lighting significant limitations, particularly in genre analysis, suggesting that the tool
should be used as an auxiliary rather than primary tool for rigorous research. Howev-
er, there is a notable gap in the literature as to how ChatGPT can be used as an assis-
tant for summarizing research articles. Its use could greatly assist researchers during
the time-consuming stage of literature preview, which is foundational for subsequent
stages of the research process. Reluctance to use ChatGPT for such purposes likely
stems from its tendency to generate inaccurate information and hallucinate, which
puts its ability to reliably summarize information into question [1] [9]. Ethical con-
cerns have also been raised, with several studies demonstrating that ChatGPT can
produce plagiarized information when used as a research assistant [10] [11] [12]. None-
theless, if the accuracy of ChatGPT’s latest models continues to improve, ChatGPT
could substantially benefit researchers by reducing the time spent on reviewing litera-
ture, and allow for more time to be invested in conducting practical linguistic re-
search. While field-specific applications vary, this study focuses on applied linguistics
(AL), with the expectation that insights into ChatGPT’s summarization capacity may
yield benefits across disciplines.

Therefore, this study seeks to evaluate the performance of ChatGPT-4 and
ChatGPT-4.5 in summarizing AL research papers by addressing the following re-
search questions:

1. To what extent do ChatGPT-4 and ChatGPT-4.5 produce accurate summaries that
capture key findings while adhering to the required structural conventions?

2. In what respects do ChatGPT-generated summaries differ from human-authored
summaries?

By evaluating the performance of these models, this study aims to provide insight into
the advantages and limitations of using ChatGPT for summarizing linguistic research
papers, while also offering potential insights for the broader development of artificial
intelligence. To the best of our knowledge, as of August 2025, no peer-reviewed

' Al generated content that is fluent and confident but factually incorrect, fabricated, or un-

supported by its training data.
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study has systematically examined ChatGPT’s ability to summarize AL research arti-
cles. This study addresses that gap by analyzing summaries of AL papers generated
by ChatGPT-4 and ChatGPT-4.5 and comparing them with those produced by human
authors, drawing on expert evaluations to determine relative quality and reliability.

2 Previous Research

2.1 Technology Acceptance Models and the Use of ChatGPT as a Research
Assistant

Previous research on the acceptance of ChatGPT has examined the factors that influ-
ence its adoption as a research assistant, but concerns about its accuracy and reliabil-
ity for summarization tasks have also been raised. These studies primarily rely on the
factors outlined in the Technology Acceptance Model (TAM) [13] and the Unified
Theory of Acceptance and Use of Technology (UTAUT) [14]. These theories are
closely connected as TAM focuses on perceived usefulness and ease of use, while
UTAUT refines these factors and expands them with performance expectancy, effort
expectancy, social influence, and facilitating conditions. Empirical studies have
shown that there is a high acceptance rate of LLMs among academics, and that its
adoption is primarily shaped by usefulness, ease of use, and researcher competence,
alongside factors such as AI’s perceived intelligence, enjoyment, social influence, and
institutional practices [15]. Balaskas et al. [16] reported similar findings, adding that
age and prior Al experience also play a moderate role. Nevertheless, concerns about
accuracy persist. Salleh [6] documented frequent errors of omission (excluding rele-
vant information), and commission (including irrelevant information) when ChatGPT
is used as a research assistant. They noted that while ChatGPT can generate relevant
summaries from citations, it often fails to understand the papers’ theoretical signifi-
cance. Moreover, it often mistakenly attributed the work to other authors, and often
exhibited the Matthew Effect by showing a bias towards more prominent authors.
These findings suggest that ChatGPT can help in summarization, but remains unrelia-
ble for citation and theoretical integration. Similarly, Rahman et al. [17] found that,
even though ChatGPT-3.5 could generate acceptable abstracts if given precise
prompts, it struggled to evaluate the studies critically and connect their significance
when used for literature review. Therefore, in addition to examining whether
ChatGPT-4 and ChatGPT-4.5 can accurately summarize AL research papers, this
study also assesses their ability to critically evaluate research papers as an essential
component of the literature review process.

2.2 Evaluation Criteria for ChatGPT-generated Summaries

When evaluating the effectiveness of ChatGPT in generating summaries of research
papers to support AL research, the accuracy and faithfulness of the information in the
generated output constitute a sine qua non condition and therefore represent the pri-
mary criterion in the present study.
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Previous research has frequently assessed ChatGPT-generated summaries using
ROUGE (Recall-Oriented Understudy for Gisting Evaluation), a set of automatic
evaluation metrics used to measure lexical overlap between generated and reference
summaries to determine how much of the essential content is captured [18]. Goyal et
al. [19] reported that ChatGPT-3 exhibited lower ROUGE scores than traditional
summarization methods when summarizing news articles and other similar content. In
contrast, Yang et al. [20] found ChatGPT-3’s performance on summarizing news,
dialog transcripts, and Reddit posts to be on pair with traditional methods. Zhang et
al. [21] investigated the performance of the more advanced model ChatGPT-3.5 in
extractive summarization of diverse text types, including news articles, scientific
articles, and government reports. Their findings also showed that ChatGPT-3.5 per-
formed worse in terms of ROUGE scores when compared to traditional methods, but
yielded better results in terms of faithfulness when provided with step-by-step sum-
marization instructions. Such procedural prompting reduced the occurrence of hallu-
cinations and errors, which earlier studies had identified as recurrent problems in
ChatGPT-3 and ChatGPT-3.5 [19] [21] [22].

Although ROUGE remains widely used, Fabbri et al. [23] demonstrated that it was
insufficient for evaluating academic or scientific summarization, as it failed to capture
deeper qualities such as factual accuracy and coherence, and called for more refined
metrics and the inclusion of human judgment. Responding to this limitation, Hake et
al. [5] evaluated ChatGPT-3.5’s summarization ability in medical research by asking
experts to assess summaries or research articles generated from abstracts. Their find-
ings confirmed that the tool could be of assistance since study participants claimed
that summaries were high in quality, had high accuracy, and low bias, and they were
often able to classify if the articles were relevant for different medical specialties.
Nonetheless, the authors stressed that full-text evaluation remained necessary before
making final research selection. To date, no comparable human-judgment studies
have been conducted in applied linguistics, and the present study seeks to address this
gap by drawing on the expertise of professional linguists to evaluate the effectiveness
of ChatGPT-4 and ChatGPT-4.5 for AL research summarization.

Apart from accuracy and faithfulness, the quality of a summary also depends on its
adherence to the conventions of academic writing. As a subgenre of academic dis-
course, summaries are expected to follow a recognizable structure and exhibit charac-
teristic linguistic features [24]. These features include conciseness, high information
density, explicit cohesion achieved through signaling devices, and the use of evalua-
tive language to highlight significance or limitations. In the context of applied linguis-
tics research, this further requires the consistent use of appropriate disciplinary termi-
nology, since precision in technical language is essential for accurately conveying
research findings and theoretical constructs. Accordingly, this study investigates
whether ChatGPT-generated summarizes demonstrate these linguistic qualities.

As the structure of a summary may vary depending on particular research goals,
the quality of ChatGPT-generated summaries should be judged by whether the tool
can adhere to the required format. In this study, evaluation is based on a modified
annotated bibliography format, as outlined by the Purdue Online Writing Lab of the
College of Liberal Arts of Purdue University, though other formats could also be used
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when prompting ChatGPT to summarize research papers. The term annotated bibliog-
raphy refers to a list of research sources where each entry includes the full citation
and a short paragraph that describes the source’s content and evaluates its relevance
and quality, while also providing a statement why the source is relevant for the re-
searcher’s own work. It is thus a more robust format than a summary, which only
condenses the main ideas of a single article without providing an evaluation. There-
fore, a further criterion for assessing the effectiveness of ChatGPT-4 and ChatGPT-
4.5 in AL research summarization is their ability to follow the prescribed structure
specified in the prompt. The annotated bibliography format was selected because it
not only requires presentation of the topic, methodology, and key findings of the re-
search article, but also demands a critical evaluation of the article’s credibility and its
relevance to the researcher’s topic and goals. As Rahman et al. [17] and Salleh [6]
found, ChatGPT-3.5 lacks the ability to critically evaluate information for literature
review, so employing the annotated bibliography format provides a means of testing
whether the current models, ChatGPT-4 and ChatGPT-4.5, demonstrate improved
capacity for critical evaluation alongside summarization.

3 Methodology

Given the insights from previous research and the evaluation criteria identified, the
present study adopts a mixed-method approach to assess the summarization perfor-
mance of ChatGPT-4 and ChatGPT-4.5 in applied linguistics and determine whether
the two models have improved capabilities and become more suitable to be used as a
research assistant.

3.1 Topic Selection and Corpus Selection

A research topic in the field of applied linguistics, the integration of technology in
English language pronunciation and speaking instruction, was chosen. This topic was
selected for practical reasons, as the researchers involved in this study possess profes-
sional expertise in this area and are therefore well positioned to evaluate the quality of
the generated summaries. It is assumed that findings concerning the factual accuracy,
faithfulness, structural conformity, and academic language features of ChatGPT-
generated summaries in this domain are likely generalizable to other areas of applied
linguistics.

Five research papers published between 2022 and 2024 were selected to form the
study corpus [25] [26] [27] [28] [29]. These papers were selected on the basis that the
subject matter of these papers closely aligns with our own interests in AL research,
and because the survey participants would also be familiar with these topics. They
were drawn from peer-reviewed journals to ensure scholarly credibility and rigor. All
were experimental studies, as this methodological uniformity helped minimize varia-
bility in the source material and enabled a fairer comparison between ChatGPT-
generated and human-authored summaries. This corpus size was deemed sufficient to
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obtain meaningful findings, while acknowledging that larger corpora might yield
additional insights beyond the scope of the present study.

3.2 Human-written Summaries

The researchers in this study (three junior lecturers in Applied English and Linguistics
at Belgrade Metropolitan University who have produced peer-reviewed publications
in the field of applied linguistics) independently produced summaries of the five arti-
cles using the modified Purdue OWL annotated-bibliography template. The annota-
tion procedure comprised the following steps:

e State what the topic of the paper is and what it is about.

e Summarize the methodology and most important results of the paper (if applica-
ble).

o Evaluate the credibility of the cited works.

e State how the findings or methodology of the paper are applicable to our own re-
search paper.

3.3 ChatGPT-generated Summaries

Each of the five articles was uploaded separately to ChatGPT-4 and ChatGPT-4.5. In
line with Zhang et al. [21], both models received step-by-step instructions specifying
the annotated-bibliography format and required elements to minimize hallucinations
and improve faithfulness. The same prompt was used for both models to ensure com-
parability. The exact prompt text is provided below.

e You are working on a research paper that discusses the integration of technology
and Al into the ESL classroom. You want to summarize the following research pa-
per and write the summary in the style of an annotated bibliography. You need to
write the summary using the following template. Do not omit any information.
Provide a citation for this paper following the APA7 style of citation.

State what the paper is about and what topic it discusses.

State what the methodology of the paper is and how the research was conducted.
State what the most important results of the paper were.

Provide an evaluation of the paper’s credibility and explain why it is or is not a
reliable source.

o State how the paper is relevant for your own paper and research.

Additional contextual information about the research topic was intentionally withheld
in order to test how the two models would generate critical links to previous literature
and to determine whether their performance showed any improvements.

In total, 25 summaries were produced: 15 written by the researchers (five each) and
10 generated by ChatGPT (five by ChatGPT-4 and five by ChatGPT-4.5).
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3.4  Summary Evaluation Survey Questions and Participants

Fourteen university professors teaching English linguistics at Belgrade Metropolitan
University and the Faculty of Philosophy of the University of Ni§ participated in this
study as expert raters. All participants teach applied linguistics courses, and were
selected through convenience sampling based on their relevant teaching and research
expertise. Each expert rated the overall quality of all 25 summaries on a five-point
Likert scale (very poor, poor, acceptable, good, very good) and answered whether
they thought each summary was Al-generated. To avoid priming effects, no explicit
criteria for judging the quality of the summaries were provided, as raters were ex-
pected to rely on their professional judgment. An optional open-ended question fol-
lowed each summary, allowing participants to elaborate on their ratings and their
decisions regarding Al authorship.

4 Data Analysis and Results

4.1 Summarization Quality Analysis of ChatGPT-generated Summaries

The first stage of analysis focused on evaluating the summaries produced by
ChatGPT-4 and ChatGPT-4.5 in terms of accuracy, faithfulness to the original texts,
and adherence to the required structural format. This analysis was carried out manual-
ly by all three researchers, who systematically examined each summary against the
source article and the prescribed annotated bibliography template.

ChatGPT-4

Upon first examination of the five summaries, it was noticed that the summary of
Article 5 contained several obvious inaccuracies and hallucinations. The information
in the summary appeared to have been merged with the content of a different study. In
order to eliminate any possible mistakes made by the researchers when prompting
ChatGPT, this output was discarded and regenerated in a new chat with temporary
chat mode enabled. The prompt was not changed nor were the model settings altered
in any way. The regenerated summary of Article 5 no longer contained hallucinations,
suggesting the error resulted from context window confusion between the documents
rather than an inherent model failure.

Closer inspection of the final set of summaries revealed that they did not contain
any information that was not included in the articles themselves. In each summary,
ChatGPT had successfully identified the topic of the paper, described the methodolo-
gy accurately, and presented the results in a way that did not omit any important in-
formation. However, there was one discrepancy in how it identified the topic in its
summary of Article 4.

Summary 4: This paper explores how technology-enhanced learning (TEL) con-
tributes to the improvement of English pronunciation and overall language proficien-
cy, emphasizing the role of digital tools such as speech recognition software, mobile
applications, and interactive learning platforms. It investigates how blending tradi-
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tional instruction with modern technology can help learners overcome pronunciation
challenges, receive real-time feedback, and enhance self-directed language practice.

The research focus of the original article was on the use of digital tools to enhance
pronunciation, fluency, and comprehension skills, while the results from interviews
indicated that the advantages of these systems lay in their ability to provide instant
feedback and provide guidance for further improvement in real time. The summary,
on the other hand, presented these elements as research aims rather than reported
outcomes. We regard this imprecision as a minor error that is unlikely to influence a
researcher’s decision to consult the full paper. Overall, the factual accuracy and faith-
fulness of the analyzed ChatGPT-4 summaries were found to be high, and the outputs
can be considered reliable in assisting researchers in deciding whether to engage with
the original texts further. These results are consistent with Zhang et al. [21], who re-
ported that hallucinations and inaccuracies were greatly reduced when models were
provided with structured, step-by-step instructions.

Regarding the evaluation of the articles’ credibility, several patterns were ob-
served. Four of the summaries (all except the fifth) cited publication in a peer-
reviewed journal as evidence of credibility, while all five referred to the inclusion of
detailed methodology or statistical analysis. Additional elements also appeared: the
summary of Article 1 mentioned the study’s limitations and the authors’ affiliations,
Summary 2 highlighted ethical considerations, and Summaries 2 and 3 pointed to the
use of theoretical frameworks. While all of these factors are valid indicators of credi-
bility, human-authored annotated bibliographies might not typically state them all
explicitly. The findings indicate that ChatGPT-4 lacks the critical selectiveness of
human researchers, however, it might produce different output if provided with more
specific criteria focusing on article credibility in the prompt.

The final part of each summary contained one or two sentences that outline the rel-
evance of the article. However, these sentences were found to be overly general and
provided no specifics as to how these articles fit into the researcher’s own work. This
further illustrates ChatGPT-4’s limited capacity for critical evaluation and corrobo-
rates earlier findings reported in the literature [6] [17].

In regard to whether ChatGPT-4 was able to follow the requested annotated bibli-
ography structure as defined in the prompt, the results indicate that the model per-
formed successfully. All five summaries followed the prescribed format, as illustrated
in the table below.

Table 1. Structure of ChatGPT-4 Generated Summaries

Total % of words describing the | % of words providing an
word topic, methodology, and | evaluation of credibility and
count findings own research usefulness

Article 1 299 65% 35%

Article 2 304 65% 35%

Article 3 299 79% 21%

Article 4 302 73% 27%

Article 5 219 66% 34%
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ChatGPT-4.5

The same analytical procedure was applied to the summaries generated by
ChatGPT-4.5. As with ChatGPT-4, the summaries did not include any information
absent from the original articles. Each summary stated the topic faithfully, and both
the methodology and results were described accurately, though the ChatGPT-4 sum-
maries tended to provide more detail in these sections. The output of ChatGPT-4.5
were also comparatively shorter than those produced by ChatGPT-4.

With respect to the evaluation of the articles’ credibility, patterns similar to those
in ChatGPT-4 were observed. All five summaries referred to methodology and data
analyses as evidence of credibility. Summaries 1, 3, and 5 additionally mentioned
publication in a peer-reviewed journal, with Summary 1 explicitly naming the journal.
Summary 5 further included information about the author and the article’s DOI.

Summary 5: Authored by a scholar with a solid publication record in language ed-
ucation, it appears in a peer-reviewed academic journal with a clear DOI.

Additionally, Summaries 2 and 4 included sample size, Summaries 3 and 4 refer-
enced theoretical frameworks, and Summaries 2 and 5 noted limitations as further
evidence of credibility.

Comparing the two models, it can be concluded that both ChatGPT-4 and
ChatGPT-4.5 consistently referred to aspects of methodology and data analyses as
primary indicators of credibility, which aligns with accepted standards of academic
reliability. Both models also frequently mentioned peer review status as evidence,
even though this need not be stated explicitly when articles have already been selected
from peer-reviewed journals. The same applies to references to author information,
which is typically not noted in annotated bibliographies. Other forms of evidence
offered by the models appeared somewhat random, though still reasonable and ac-
ceptable. These findings suggest that ChatGPT-4.5 does not demonstrate greater criti-
cal selectiveness than ChatGPT-4.

Finally, the last section of the ChatGPT-4.5 summaries addressed the articles’ rele-
vance to the personal study. As with ChatGPT-4, these sections consisted of one or
two sentences making general links between the findings and the study at hand, show-
ing no notable improvement in this respect over the earlier model.

As with ChatGPT-4, all summaries generated by ChatGPT-4.5 adhered to the re-
quested structure, as shown in Table 2, indicating that both models are consistent in
following structural instructions when clearly specified in the prompt.

Table 2. Structure of ChatGPT-4.5 Generated Summaries

Total % of words describing the | % of words providing an
word topic, methodology, and | evaluation of credibility and
count findings own research usefulness

Article 1 218 61% 39%

Article 2 230 53% 47%

Article 3 233 70% 30%

Article 4 258 71% 29%

Article 5 220 60% 40%
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The distribution of content across topic, methodology, findings, and evaluation was
relatively similar in both models, with ChatGPT-4 devoting 65-79% of words to de-
scription and ChatGPT-4.5 allocating 53—-71%. Given the questionable information
occasionally used as credibility evidence and the generally vague statements regard-
ing article relevance, ChatGPT-4 appears to be marginally more useful than
ChatGPT-4.5 for generating annotated bibliographies.

Taken together, these observations directly address the first research question of
this study, indicating that both models can produce accurate and structurally con-
sistent summaries, with ChatGPT-4 showing marginally greater usefulness than
ChatGPT-4.5.

4.2  Survey Results

Quantitative Analysis Results
Table 3 presents the quantitative results of the survey. All 14 participants provided
ratings and Al-authorship judgments for each of the 25 summaries.

Table 3. Survey Results

Author Summary Rating Perceived Al
Mean | SD | Count Count Count Mean | SD

of vyes | of no | of both

answers | answers | yes and

no an-

swers

Human 1 1 3.57 1094 2 12 1 0.18 | 0.37
2 3.79 10.70 2 12 0 0.14 | 0.36
3 3.79 10.58 2 11 1 0.18 | 0.37
4 4.07 ]0.62 2 11 1 0.18 | 0.37
5 421 10.36 4 8 2 0.36 | 0.46
Human 2 1 421 10.89 9 5 0 0.64 | 0.50
2 4.00 | 0.68 6 8 0 043 |0.51
3 4.07 ]0.62 10 3 1 0.75 1043
4 393 10.73 9 5 0 0.64 | 0.50
5 4.14 10.53 7 5 2 0.57 1047
Human 3 1 329 10.73 1 12 1 0.11 ]0.29
2 393 1092 0 14 0 0.00 | 0.00
3 2.86 | 0.77 4 9 1 0.33 | 046
4 3.86 |0.95 3 11 0 021 |043
5 3.86 |0.77 1 13 0 0.07 | 0.27
ChatGPT- 1 4.00 | 1.04 11 2 1 0.82 | 0.37
4 2 436 |0.84 10 4 0 0.71 047
3 4.00 | 1.04 9 4 1 0.68 | 0.46
4 393 | 1.21 8 4 2 0.64 | 0.46
5 3.86 |0.95 12 2 0 0.86 | 0.36
ChatGPT- 1 3.86 | 0.77 8 6 0 0.57 10.51
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4.5 2 4.14 | 0.86 8 6 0 0.57 10.51
3 393 1092 11 2 1 0.82 |0.37
4 421 |0.89 6 7 1 0.46 | 0.50
5 3.71 ]0.64 9 5 0 0.64 | 0.50

Since all the participants were asked to evaluate the same summaries, the degree of
agreement or consistency among them was first calculated using the Interclass Corre-
lation Coefficient (ICC). The result was ICC(2.k)=0.39 indicating poor-to-fair con-
sistency among the 14 experts. This suggests that a considerable portion of the varia-
bility in ratings was attributable to differences among raters rather than true differ-
ences in the quality of the summaries. To further explore rater variability, mean rat-
ings and standard deviations were calculated for each rater, as shown in Figure 1.

Mean Rating + SD Per Rater

Mean Rating = SD per Rater

Y
T

w

Mean Rating = SD

Rater

Fig. 1. Mean Rating and Standard Deviation per Rater.

It was found that Participant 10 was consistently more lenient (M = 4.64), while
Participant 2 was systematically stricter (M = 2.96). Additionally, Participants 6 and
12 demonstrated the highest rating variability (SD > 1.1). A one-way ANOVA con-
firmed significant differences across raters (p < 0.001), and Tukey’s HSD post-hoc
tests revealed that multiple rater pairs differed significantly in their mean ratings.
These results indicate that participants applied different internal criteria for assessing
the quality of the summaries, and that the overall ratings cannot be considered highly
reliable as an objective measure of summary quality.

To address this issue, analytical approaches were employed to reduce the influence
of rater bias and obtain a more stable estimate of central tendency (i.e. what most
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raters thought on average even if they disagreed on the details). The data was reana-
lyzed using median ratings per summary, which revealed that ChatGPT-4 (Mdn = 4.0)
and ChatGPT-4.5 (Mdn = 4.0) summaries received comparable evaluations, while
Human2 summaries tended to receive slightly higher ratings (Mdn = 4.1) and Hu-
manl and Human3 summaries slightly lower ratings (Mdn = 3.8). Grouping summar-
ies into three categories (Human, ChatGPT-4, ChatGPT-4.5) showed no significant
differences. ChatGPT-4 and ChatGPT-4.5 summaries both received median ratings of
4.0, while Human summaries received a median rating of 3.9. Although Human
summaries displayed greater variability (SD = 0.39) than ChatGPT-4 and
ChatGPT-4.5 (SD = 0.00 for both), the mixed-effects model revealed that these dif-
ferences were not statistically significant. These findings suggest that ChatGPT-4 and
ChatGPT-4.5 produced summaries that were evaluated as being of comparable quality
to human-authored summaries, with no significant performance differences between
the two models. However, the low inter-rater agreement raises questions about the
subjectivity of expert evaluations.

In addition to rating quality, experts were also asked to judge whether each sum-
mary was generated by Al, and to offer additional insights into how they differentiat-
ed between human and Al-authored texts. Their overall detection accuracy was calcu-
lated using a majority vote criterion (=50% of raters identifying a summary as Al).
The result was 56%, suggesting that experts performed only slightly better than
chance (50%). Detection accuracy differed by true authorship, whereby experts cor-
rectly identified 70% of Al-authored summaries but only 47% of human-authored
summaries. This indicates that participants were substantially more accurate at detect-
ing Al-generated summaries than at correctly identifying human-written ones, sug-
gesting the ChatGPT outputs displayed identifiable characteristics.

Finally, a linear regression analysis was conducted to examine whether perceived
Al authorship influenced quality ratings. The results revealed a significant effect of
perception, whereby summaries perceived as Al-generated received ratings that were,
on average, 0.32 points lower than those perceived as human (or uncertain) (p <
0.001). This suggests that bias associated with perceived Al authorship negatively
impacted ratings regardless of the true authorship of the summary, and may have
contributed to the low inter-rater agreement among the participants.

Qualitative Analysis Results

Responses to the open-ended survey questions were analyzed using thematic anal-
ysis following Braun and Clarke’s [30] framework. An inductive, semantic coding
approach was adopted, meaning that codes were generated directly from participants’
responses without imposing pre-existing categories, and the analysis focused on the
explicit content of the data. Codes were then iteratively grouped into broader themes
through comparison and refinement. To structure the analysis and enhance interpreta-
bility, themes were organized around four analytical cases: (1) correct classification
of human-written texts, (2) misclassification of human-written texts, (3) correct clas-
sification of ChatGPT-authored texts, and (4) misclassification of ChatGPT-authored
texts. This approach provided a systematic way to capture both the criteria raters used
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in their judgments and the implications of those judgments for evaluating ChatGPT’s
effectiveness as a research assistant.

Cases When Human-written Texts Were Correctly Classified

Within the first case, several themes emerged that reflect the criteria raters relied
on to distinguish human from Al authorship: information density, word choice and
style, structure and organization, credibility and relevance, and the presence of errors.

Information density. Most responses (n = 9) in this category focused on the
amount of information presented. Six participants highlighted omissions in methodol-
ogy or results as indicators of human authorship: “Not very detailed (no mention of
Likert scales, etc.)” (ART2 HUM3 P7); “The results and conclusions... are not pre-
cise and comprehensive enough” (ART3 HUM3 P11). Three participants, however,
regarded conciseness as a strength: “Includes appropriate specifics without infor-
mation overload” (ART5 HUMS3 P13). Overall, participants tended to expect
ChatGPT to provide extensive descriptive detail, whereas human authors were ex-
pected to exercise greater critical selectiveness. This indicates that ChatGPT is effec-
tive for descriptive summarization but less aligned with academic expectations of
concise and evaluative writing, which aligns with our findings from the qualitative
analysis of the ChatGPT-generated summaries.

Word choice and style. Informal expressions, hedges, and clumsy phrasing were
frequently interpreted as markers of human authorship. For example: “The report
hedges at the end with ‘The results of this study appear to be credible,” which I think
an Al would avoid” (ART1 HUMI P8). Language errors further reinforced this per-
ception: “Also, there are some language mistakes, i.e. wrong choices” (ART1 HUM3
P4). By contrast, ChatGPT’s strengths lie in grammatical accuracy, consistent formal-
ity, and the correct use of disciplinary terminology, but its lack of hedging and imper-
fection may undermine perceptions of authenticity.

Structure and organization. Human-written texts were often perceived as disor-
ganized: “The summary is very chaotic, not clear(ly organized)” (ART1 HUM1 P7).
In contrast, ChatGPT’s rigid adherence to structural conventions can be advantageous
for clarity and for facilitating the accurate interpretation of information, though this
same rigidity may reduce the stylistic naturalness typically associated with human
writing.

Credibility and relevance. Engagement with personal research was a strong indi-
cator of human authorship: “The conclusion demonstrates actual engagement with
how this relates to the writer’s own research” (ART5 HUMI1 P13). ChatGPT, by
contrast, lacks the ability to establish genuine connections between articles and a re-
searcher’s individual project, underscoring a core limitation of the tool as a research
assistant.

Errors. Spelling and grammatical mistakes were typically attributed to human au-
thorship: “Contains small mistakes like ‘inlcuded’ instead of ‘included’ (ART4
HUM3 P13). ChatGPT, by contrast, largely eliminates such errors, which can enhance
efficiency in research-related tasks. However, this very perfection paradoxically
makes its outputs more easily identifiable as Al-generated.
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Cases When Human-written Texts Were Misclassified

In the second case, themes similar to those identified in the first case re-emerged,
particularly regarding word choice, information density, relevance, and errors. This
highlights the overlapping criteria participants used and the difficulties of reliably
distinguishing between human and Al summaries.

Word choice. Repetitive phrasing and vague expressions led participants to attrib-
ute some human-authored summaries to Al: “Great summary, but wording such as
‘well-grounded’ and ‘valuable insights’ are vague... sounding professional” (ART3
HUM2 P12). This illustrates that stylistic overlap exists, as humans occasionally pro-
duce “Al-like” phrasing. For ChatGPT as a research assistant, this suggests that its
outputs can blend into established academic conventions, but at the same time may
reinforce perceptions of formulaic or overly generic language.

Information density and relevance. A lack of detail regarding how an article re-
lated to personal research was often taken as a sign of Al authorship: “It is impersonal
and shows that Al can summarize well but does not relate anything to personal inter-
est” (ART1 HUM2 P3). When human authors omitted such evaluative context, their
summaries were sometimes misclassified as Al-generated. This highlights that while
ChatGPT cannot yet convincingly perform evaluative tasks, human writers may also
neglect this dimension, contributing to overlap and misclassification.

Errors. Factual mistakes and grammatical slips were at times attributed to Al:
“The summary... combination of generic phrasing and minor grammatical inconsist-
encies suggests Al” (ART1 HUMI1 P13). This reflects a bias in which participants
expected Al to produce errors resembling those made by humans, illustrating how
perceptions of Al unreliability can distort evaluations and lead to misclassification.

Cases When ChatGPT-authored Texts Were Correctly Classified

In the third case, participants highlighted themes similar to those observed in the
first and second cases, particularly word choice, structure, credibility, and errors,
though here these features were more consistently associated with AI authorship.

Word choice and style. Six participants described Al language as “mechanical” or
characterized by “typical Al phrasing.” For example: “This one appears to be fully
generated by Al. It sounds much more mechanical” (ART1 ChatGPT-4 P10). Others
observed: “The text is repetitive” (ART1 ChatGPT-4.5 P12). Word choice was the
most frequently cited criterion across all cases, indicating that while ChatGPT ensures
consistency and correctness, its predictability and limited lexical variety remain its
most prominent stylistic weaknesses.

Structure and information density. ChatGPT was frequently recognized for its
rigid organization: “Extremely systematic progression through all elements” (ART2
ChatGPT-4 P13). It was also described as detailed and clear: “Very well organized,
detailed and clear” (ART1 ChatGPT-4 P7). This consistency represents a strength,
making ChatGPT reliable for descriptive tasks. However, its rigidity also reduces
naturalness, reinforcing perceptions of mechanical style.

Credibility. Formulaic credibility sections were frequently identified as Al mark-
ers: “The final paragraph about credibility reads like a standard Al template” (ART4
ChatGPT-4 P13). While ChatGPT can reliably insert credibility indicators, they often
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lack nuance and may appear artificial, limiting its usefulness in evaluative dimensions
of research assistance. This observation highlights and reinforces the findings report-
ed earlier, where both models demonstrated limited critical selectiveness in assessing
credibility.

Syntactic complexity and punctuation. Participants frequently noted the sim-
plicity of sentence patterns and the presence of “Al-like” punctuation: “Sentences are
mostly simple and to the point... typical Al punctuation” (ART5 ChatGPT-4 P12).
These perceptions indicate that while ChatGPT’s preference for clarity and formula
supports readability, it also reduces stylistic authenticity and makes its outputs more
readily identifiable as Al-generated.

Cases When ChatGPT-authored Texts Were Misclassified

In the fourth case, the only recurring theme concerned credibility and relevance.
The main reason Al-generated summaries were mistaken for human was when they
included statements about personal research: “This one has a reference to ‘my re-
search’” (ART3 ChatGPT-4.5 P11). This shows that ChatGPT can mimic evaluative
engagement, but such personalization remains surface-level rather than genuine.

Additional insight emerged from participants’ comments, indicating that personal
attitudes toward Al influenced their evaluations. One participant explicitly acknowl-
edged: “My obviously negative attitudes towards the use of Al... influence my evalua-
tion of abstract quality.” This demonstrates that predispositions toward Al can bias
perceptions, undermining the fairness of comparative evaluations. For ChatGPT as a
research assistant, this highlights that user trust is as critical a factor as textual quality
in determining its acceptance and effectiveness.

5 Discussion

The purpose of this study was to evaluate the performance of ChatGPT-4 and
ChatGPT-4.5 when summarizing applied linguistics (AL) research papers and to ex-
amine if these models could function as reliable research assistants. The study ad-
dressed two research questions: (1) To what extent do ChatGPT-4 and ChatGPT-4.5
produce accurate summaries that capture key findings while adhering to the required
structural conventions? and (2) In what respects do ChatGPT-generated summaries
differ from human-authored summaries?

With respect to Research Question 1, both ChatGPT-4 and ChatGPT-4.5 produced
summaries that were factually accurate and faithful to the original texts, with no hal-
lucinations when the articles were uploaded individually and the models were guided
with explicit, step-by-step prompts. This suggests that the newer versions of ChatGPT
have improved in terms of accuracy and supports earlier observations that procedural
prompting can reduce hallucinations [21] [22]. ChatGPT-4 tended to provide more
detailed accounts of methodology and results, while ChatGPT-4.5 generated shorter
and more concise outputs. Both models consistently followed the annotated bibliog-
raphy structure, demonstrating their reliability for descriptive summarization and
structural conformity. However, they showed limited critical selectiveness, often rely-
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ing on surface-level credibility markers and offering only generalized statements of
relevance, confirming limitations highlighted in prior studies [6] [17].

Turning to Research Question 2, the findings indicate that ChatGPT-generated
summaries were rated as being of comparable quality to human-authored ones, with
no significant performance differences observed across the groups. This suggests that,
in terms of overall perceived quality, ChatGPT-4 and ChatGPT-4.5 can already per-
form at a level similar to human researchers when tasked with descriptive summariza-
tion in applied linguistics. This aligns with Hake et al.’s [5] study in medicine, where
experts judged ChatGPT-3.5 summaries as high in accuracy and low in bias. Howev-
er, the low inter-rater agreement highlights the subjective nature of expert evaluations,
suggesting that raters relied on diverse criteria and that judgments of summary quality
are not straightforward. Thematic analysis helped clarify these underlying criteria.
Participants often associated information density, repetitive or mechanical phrasing,
rigid structure, and formulaic credibility statements with ChatGPT, while hedging,
stylistic variety, evaluative engagement, and occasional errors were taken as indica-
tors of human authorship. This reflects broader concerns raised in applied linguistics
and corpus studies that ChatGPT outputs risk appearing formulaic or lacking nuance
[8].

The detection task further clarified these distinctions. Experts were considerably
better at recognizing Al-authored summaries (70%) than human-authored ones (47%),
indicating that ChatGPT output retained identifiable stylistic features that distin-
guished them from human writing. While this ability to detect Al-authored texts may
safeguard against over-reliance on ChatGPT outputs, it also suggests that the models
are not yet fully capable of blending seamlessly with human writing styles in academ-
ic contexts. Importantly, regression analysis revealed that perceived Al authorship
negatively influenced ratings. This bias may be an impediment toward using
ChatGPT as a research assistant, echoing concerns in acceptance studies that user
perceptions and attitudes significantly shape the adoption of Al tools [15] [16].

The advantages and disadvantages of ChatGPT, as revealed in the findings, be-
come especially clear when compared with human-authored summaries. As shown in
Table 4, ChatGPT demonstrates notable strengths in accuracy, structural consistency,
grammatical correctness, and efficiency, making it particularly effective for descrip-
tive tasks and the initial stages of literature review. At the same time, its limitations,
most notably its inability to engage critically with the material, restrict ChatGPT’s
usefulness for tasks that demand selectiveness and nuanced interpretation. These re-
sults align with prior studies emphasizing ChatGPT’s potential as a time-saving tool
[31], while confirming its insufficiency for tasks requiring deeper evaluation and theo-
retical integration [6] [17].

Table 4. Advantages and Disadvantages of using ChatGPT in AL Research Summarization

Dimension H ChatGPT (4 /4.5) H Human Authors

Generally accurate and faithful to|[May omit details or include
source texts, few hallucinations when||errors due to oversight or sub-
prompted properly. jectivity.

Accuracy &
Faithfulness
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Dimension H ChatGPT (4/4.5) H Human Authors
Consistently follows annotated bibli-||Structure sometimes incon-
Structure & .. . . .
. ography format. Is rigid and system-||sistent or disorganized, but
Organization ; s
atic. allows flexibility and nuance.
. . . . .. |More selective and concise,
Information ||Provides comprehensive descriptive _, e .
. . . exercising critical judgment in
Density detail, reliable for factual coverage. L .
deciding what to include.
. ||Grammatically correct, formal, and|[Varied, natural, and authentic,
Word Choice . . . .

& Stvle terminologically precise, but mechan-||but prone to hedging, vague-
Y ical, repetitive, and formulaic. ness, and clumsy phrasing.
Credibilit Reliably cites surface-level markers||Offers more critical selective-

Y (peer review, methodology, author|jness and nuanced evaluation of]
Evaluation ) . . o
info). Formulaic and lacking nuance. ||credibility.
. Can link articles to own re-
General, impersonal statements.
Relevance & . . search goals and contexts,
Cannot genuinely connect findings to . .
Engagement showing authentic engage-
personal research.
ment.
. Occasional spelling, grammar
Few to none (spelling, grammar, peiiing, & S
. . or factual mistakes. Paradoxi-
Errors factual slips rare). Perfection can cally perceived as more “hu
make outputs identifiable as Al y”p
man.
Rated as comparable in quality to .
P -~ quatity Rated similarly (Mdn = 3.9),
human summaries (Mdn = 4.0). Iden- . . .
Expert Eval-|.. . but more variable in quality.
. tifiable stylistic markers make Al
uation . . . Harder to detect as human
easier to detect. Bias against per- .
. . when vague or impersonal.
ceived Al lowered ratings.
Efficient for descriptive summariza-|Stronger in evaluative depth,
Overall Use-| . o . .
fulness tion, initial scanning, and standard-||contextualization, and authen-
ized outputs. tic voice.
6 Conclusion

This study investigated the extent to which ChatGPT-4 and ChatGPT-4.5 can serve as
research assistants by generating annotated bibliographies of research articles related
to applied linguistics (AL). The findings showed that both models are highly reliable
in terms of factual accuracy and structural adherence, as they produced summaries
that were comparable in quality to those written by human experts. Their ability to
faithfully summarize topics, methodologies, and findings demonstrates they hold
potential for tasks that require descriptive summarization and standardized formats.
At the same time, both models exhibited limitations when providing critical eval-
uation. While they consistently highlighted peer-review status, methodological detail,
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or author credentials as markers of credibility, the evaluations were formulaic and
lacked critical selectiveness. Similarly, statements about the studies’ relevance were
typically general and impersonal, and failed to demonstrate genuine engagement with
research contexts. These weaknesses suggest that even though ChatGPT can assist in
providing accurate summaries of the methods and results of AL research articles, it
cannot engage critically with them nor provide nuanced reasoning as to why they
might be relevant for the researchers’ own work. Therefore, human expertise remains
invaluable for theory-driven interpretation.

7 Limitations and Further Research

Several limitations of the present study should be acknowledged. First, the dataset
consisted of only five articles per model, which does not capture the full range of
ChatGPT’s performance across different types of articles or subfields of AL. Second,
although 14 experts participated in the evaluation, inter-rater reliability was low,
which reflects the subjective nature of expert judgments and the influence of biases
toward or against Al authorship. This limits the generalizability of the quantitative
findings and highlights the need for further research into the criteria experts use when
assessing summary quality and identifying Al authorship. Third, the study only tested
the summarization of annotated bibliographies. Thus, testing how ChatGPT summa-
rizes other formats such as structured abstracts or critical reviews may reveal different
strengths and weaknesses. Fourth, prompting strategies were standardized but not
systematically varied, even though prior research suggests that prompting strongly
influences ChatGPT’s performance [21] [22]. Finally, the analysis was restricted to
ChatGPT-4 and ChatGPT-4.5, and other iterations of LLMs may address some of the
limitations observed here.

Future research should expand the dataset to include a larger and more diverse cor-
pus of AL research articles and experiment with multiple summary formats. Studies
should also systematically vary prompting strategies to assess whether evaluative
depth and critical selectiveness can be improved. Further research should also explic-
itly investigate the criteria on which experts base their perceptions of Al-generated
versus human-authored texts, as understanding these criteria would help clarify
sources of bias and improve both model development and evaluation practices. Final-
ly, comparative studies across disciplines would help determine whether the findings
observed in applied linguistics generalize to other fields, thereby clarifying the broad-
er potential and limitations of ChatGPT in academic research.
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Abstract. Educators have shown growing interest in escape rooms, as they
engage students while fostering teamwork, leadership, creativity, and
communication. Consequently, educational escape rooms are emerging as a
novel form of learning activity that seeks to enhance students’ learning through
immersive and highly engaging experiences. This paper presents a novel
approach to designing reusable educational puzzles within Unity and integrating
them seamlessly into the Escapp platform for creating educational escape rooms,
as part of the IGLUE project. We describe the workflow that enables educators
to configure customizable puzzle instances via Escapp’s interface—each instance
accessible through a unique URL that exposes configuration data in JSON
format. Four distinct Unity puzzles have been developed according to a flexible,
parameter-driven architecture, enabling them to adapt dynamically based on
educator-defined configurations. During runtime, the Unity game fetches the
JSON data to instantiate and render the puzzle, while solution validation occurs
via secure APl communication with Escapp—puzzle attempts are sent back to
the platform for validation, and correct solutions trigger automatic notifications
of completion. This bidirectional integration supports modularity, reusability,
and real-time feedback and learning analytics, enhancing the design of escape-
room-style learning scenarios in a scalable and extensible way.

Keywords: educational escape rooms, Escapp platform, reusable puzzles, game-
based learning.

Introduction

In recent years, game-based learning has gained increasing attention as an effective
approach to enhance learner engagement and motivation in digital education. Among
the many forms of game-based learning, educational escape rooms have emerged as a
particularly promising method, as they combine immersive storytelling with problem-
solving activities that require creativity, critical thinking, and collaboration [1].
Educational escape rooms situate learners in scenarios where they must solve
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challenges to progress and offer opportunities to reinforce knowledge acquisition while
simultaneously fostering transversal skills such as teamwork and communication [2].

Though leisure escape rooms —those designed primarily for entertainment— have
been mostly physical, the digitalization of the concept has contributed to the adoption
of educational escape rooms, since they can be applied in both classroom and remote
learning contexts, provide multiple levels of difficulty, and allow for easy reusability
and scalability across different subject domains [2].

However, most existing digital educational escape rooms rely on static designs,
which limits flexibility for educators and the possibility to adapt them to the
peculiarities of their classroom [3]. The IGLUE project addresses this challenge
through the Escapp platform [3], a web-based environment that allows educators to
create and orchestrate escape rooms, configure puzzle parameters, and track student
progress (https://escapp.es/). The contribution of the present study focuses on
developing reusable Unity-based puzzles integrated within Escapp. Each puzzle is
dynamically configured via JSON files generated by the platform and validated through
API communication, ensuring adaptability and security. Four Unity puzzles have been
implemented as proof-of-concept, demonstrating how reusable design can enhance
flexibility and scalability of educational escape rooms.

The aim of this paper is to present our work on the design and integration of
reusable Unity puzzles into the Escapp platform. We describe the educational and
technical background of escape rooms, introduce the Escapp platform, detail the
architecture for puzzle configuration and solution validation, and present four specific
puzzle implementations. Finally, we discuss lessons learned and potential directions for
future development of reusable and scalable digital escape rooms.

2 Background

2.1  Educational escape rooms

Educational escape rooms are a type of educational game that combines problem-
solving, collaboration, and critical thinking within a narrative framework [1]. Unlike
traditional escape rooms, which focus purely on entertainment, educational escape
rooms are designed to meet specific pedagogical objectives [2]. Students are placed in
immersive scenarios where they must solve puzzles and challenges in order to progress,
thus reinforcing learning outcomes in a playful yet structured manner. Key benefits
identified in the literature include increased learner engagement, development of
transversal skills such as communication, collaboration, creativity, and critical thinking
[41, [5], [6], [7], as well as the possibility of integrating domain-specific content in areas
such as healthcare [8], or STEM [9]. Digital escape rooms further expand these
possibilities by allowing both classroom and remote participation, adaptability to
different difficulty levels, and the reuse of puzzle templates across multiple educational
contexts [10].

A growing body of reviews illustrates the breadth of these applications. Early
surveys highlighted escape rooms as promising tools to enhance student motivation and
engagement across disciplines [11], while later analyses examined design principles
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linking puzzles, narratives, and learning goals [1]. Research has also emphasized the
importance of curricular integration and 21st-century skill development, though with
limited theoretical grounding [12], a gap that has been noted in recent scholarship [13].
Empirical syntheses provide further evidence: meta-analyses report that educational
escape rooms are generally effective across levels of education and modes of delivery
[2], while domain-specific reviews in STEM [9] and medical education [14] indicate
both motivational benefits and measurable knowledge gains.

At the same time, educational escape rooms are challenging to design, create, and
conduct. Developing pedagogically sound activities requires instructors to construct an
engaging narrative alongside a sequence of puzzles that are logically connected, employ
meaningful game mechanics, and target the desired learning outcomes [15]. Such
design processes demand imagination, creativity, and a strong pedagogical orientation.
Beyond the conceptual stage, the practical implementation of puzzles and interactive
elements can be difficult and time-consuming, particularly for instructors who lack
technical expertise. This tension between the pedagogical potential of escape rooms
and the practical challenges of their design motivates the need for platforms that lower
barriers to creation and provide reusable puzzle templates.

2.2 The Escapp platform

Escapp is a web-based platform specifically developed to support the creation,
orchestration, and execution of educational escape rooms [3]. It enables educators to
design escape room scenarios without requiring advanced technical skills by offering a
catalog of configurable puzzles, a scenario editor, and tools for monitoring student
progress. One of Escapp’s strengths is its modular architecture, which allows external
applications—such as Unity-based puzzles—to be seamlessly integrated into escape
room narratives. Each puzzle can be parameterized through a JSON configuration
generated within Escapp’s interface, ensuring flexibility and reusability. In addition,
Escapp provides APIs for solution verification and event notifications, making it
possible to synchronize game logic between the Unity puzzles and the platform. The
tight coupling between customization, gameplay, and progress tracking makes Escapp
a powerful tool for educators who aim to leverage game-based learning in both face-to-
face and online environments (see Fig. 1).

Fig. 1. Screenshot of the Escapp platform team interface.
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2.3 The IGLUE project

Educational escape rooms often face limitations such as the static nature of puzzles,
restricted opportunities for reuse, and the high technical effort required for
customization. Addressing this limitation requires a framework that supports the
reusability and configurability of puzzles. This is the core idea behind the IGLUE
project, in which the Escapp platform has been developed as a web-based environment
to design, orchestrate, and manage educational escape rooms. Escapp enables educators
to create customized puzzles and scenarios without advanced technical knowledge,
while also providing APIs for solution verification and player progress tracking.
Within this project, our contribution focuses on the development of reusable Unity-
based puzzles that are directly integrated with the Escapp platform. Each puzzle is
configured dynamically through a JSON file generated by Escapp and validated via
API communication. In this way, puzzles can be easily adapted to different educational
contexts while ensuring security and modularity. Four Unity puzzles have been
designed and implemented as part of this approach, serving as concrete examples of
how a reusable architecture can enhance the effectiveness of digital escape rooms.

3 Creating Reusable Unity-based Puzzles for Escapp

3.1 Reusable Puzzle Design in Unity

The development of reusable puzzles in Unity followed a modular and parameter-
driven approach, ensuring that a single puzzle template could be adapted to multiple
learning contexts. Instead of embedding fixed content or solutions directly into the
Unity code, puzzles were designed to load their configuration at runtime. This was
achieved through a JSON-based mechanism, where external parameters define the
behavior and appearance of each puzzle instance.

The configuration file may contain elements such as the puzzle’s textual content,
difficulty level, number of interactive components, or hints to be displayed to learners.
Once the Unity puzzle is launched, it retrieves the JSON file from a unique URL
generated by the Escapp platform, parses the data, and instantiates the puzzle
accordingly. This approach separates the pedagogical content, defined by the educator,
from the technical implementation, designed by the developer.

3.2 Integration Between Unity Puzzles and Escapp

The integration between Unity puzzles and the Escapp platform is based on a two-way
communication model. In the first direction, JSON — Unity, the puzzle reads the
configuration file generated by Escapp. This ensures that when a student launches a
puzzle within an escape room scenario, the Unity application automatically adapts to
the parameters chosen by the educator. The configuration stage provides flexibility
while maintaining a consistent workflow inside the platform.

In the opposite direction, Unity — Escapp, the interaction focuses on solution
validation and progress tracking. When a learner attempts to solve a puzzle, Unity does
not perform the validation internally. Instead, it sends the proposed solution to Escapp’s
API, which checks correctness and returns a boolean result. If the answer is valid, Unity
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notifies Escapp of puzzle completion, enabling the platform to register progress and
orchestrate the sequence of the escape room. This mechanism—implemented through
REST calls and potentially WebSocket communication—ensures security, prevents
unauthorized access to solutions, and guarantees that the educator retains full control
over the learning flow.

3.3 About reusable puzzles

In this section we present the reusable puzzles created for the purpose of the IGLUE
project; Caesar cipher, Bomb, Radio and Safebox.

Caesar cipher puzzle. The Caesar cipher puzzle relies on a JSON configuration file
that specifies two parameters: a string representing the original code and an integer that
defines the shift value. Based on this input, the Unity application generates a cipher that
players are required to decode.

L
“code™: “ABC 123",

"shift": -2

Fig. 2. Code of Caesar cipher.

For example, if the code is ABC and the shift is +2, the encrypted output becomes
CDE. Conversely, a negative shift produces a reverse transformation; with the same
code ABC and a shift of —2, the resulting cipher is YZA.

The game interface is divided into two sections: the upper part displays the encoded
text, while the lower part provides the input area for players’ attempts, Fig. 3. Input is
performed through a virtual keyboard positioned below the screen, with additional
options to reset or correct entries via backspace. The system also allows users to select
specific letter positions when constructing their solution. The visual design emulates a
retro-style handheld device, reinforcing the puzzle’s mysterious atmosphere. All
graphical elements were hand-drawn to enhance usability and player immersion. The
development process followed a two-step approach: an initial prototype was created to
validate interaction and gameplay mechanics, which was later refined into the final
version implemented in Unity.
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Fig. 3. Caesar cipher puzzle made in Unity.

Bomb puzzle. The bomb puzzle is a 3D puzzle that consists of four distinct smaller
puzzles, each contributing to the overall puzzle system, Fig. 4a. To successfully
complete the puzzle the player needs to stop the bomb timer by pressing the stop button.

Fig. 4. Bomb puzzle example: a) Overall puzzle system, b) Sliders puzzle.

The stop button is covered by a plastic lid, which can only be lifted after the player
completes all the smaller puzzles. For the purpose of connecting the puzzle to Escapp,
the smaller puzzles must be solved in a specific order. The four smaller puzzles in order
are: the sliders puzzle, color button puzzle, wire cut puzzle and number pad puzzle.
Each of the puzzles has a lightbulb that indicates if the puzzle is active. If the lightbulb
shines yellow it means that the puzzle has been activated, but if the lightbulb is just
gray it means that the puzzle is inactive. When the puzzle is completed correctly the
lightbulb will turn green. However the player makes a mistake the lightbulb will blink
red and reset.

The first puzzle to be completed is the sliders puzzle, Fig. 4b. This mini puzzle
features two separate sliders positioned on the sides of the bomb. The player must match
each of their values to the corresponding values entered in Escapp. To change the value,
the player needs to grab the slider's handle and drag it to the correct position.
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Fig. 5. Bomb puzzle example: a) Color button puzzle, b) Wire cut puzzle.

The next mini puzzle is the color button puzzle, Fig. 5a. This puzzle consists of four
differently colored buttons that are placed at the bottom part of the bomb. The buttons
themselves need to be pressed in a predefined sequence. The order of the buttons and
their color are entered through Escapp. Furthermore, the button sequence can repeat the
same button multiple times or exclude some buttons. The length of the sequence can
also be changed to fit each escape room's purposes. If the player makes a mistake during
the sequence, it will reset and the player will have to start from the beginning of the
sequence.

The third mini puzzle is the wire cut puzzle, Fig. 5¢c. This puzzle consists of four
wires that connect the front of the bomb to its top. Each wire has a specific color and
must be cut in a predefined order, which can be entered through Escapp. Since wires
are being cut, each wire can only appear once during the sequence, and the sequence
can only range from 1 to 4. When the player hovers the mouse over a wire, the cursor
changes to a wire cutter icon to simulate cutting. Once a wire is cut, it will visually
appear cut in the game. If the player cuts a wire in the wrong order, the sequence resets,
and they must start again from the beginning.

Fig. 6. Bomb puzzle example: a) Number pad puzzle, b) Completed bomb puzzle.

The last mini puzzle is the number pad puzzle, Fig. 6a. This puzzle consists of a
number pad with digits, a backspace, and an enter button, located at the center of the
bomb. The player needs to enter the correct number code, which can be set through
Escapp. Once the player has inputted the code, they must press enter to check if it is
correct. If the code is incorrect, the player will need to reenter a new code.
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Finally, once all of the mini puzzles are completed the plastic lid covering the button
will lift up and the player can press the stop button to stop the timer, Fig. 6b. With that
the player has successfully completed the whole puzzle.

Safebox puzzle. The safebox puzzle is a 3D puzzle that requires the player to enter a
code using a combination lock, Fig. 7. The lock can be spun both clockwise and
counterclockwise to the desired digit. Pressing the key Q on the keyboard turns the
rotation counterclockwise, while pressing the key E turns the rotation clockwise. For
easier use, the player is using a circular slider to turn the handle to the correct number.
The code for the safebox is entered through Escapp, as well as the direction of the lock.
Once the correct code has been entered, the player can click on the safebox handle to
open it. If the player enters a wrong digit while inputting the code, the lock resets and
the player must start over. Inside the safebox there is either a note or an image that
provides an additional clue or story element to the game. The content inside can be
added through Escapp, including whether it should be a note or an image.

Fig. 7. Safebox puzzle example: a) Locked safebox, b) Open safebox.

Radio puzzle. The radio puzzle is a 3D puzzle that requires the player to adjust the
volume and the frequency of a sound to match the reference wave, Fig. 8. In the first
place, the player needs to turn on the radio and then use the volume and frequency
handles to adjust the sound itself. The radio screen displays the current volume and
frequency values of the sound. In addition to that, the end goal of the puzzle is to align
the sound wave with the reference wave shown behind it. Just like in the other puzzles,
the correct values and the sound itself should be entered trough Escapp. Once the sound
is matched correctly, the puzzle is completed. The player can readjust the audio as much
as they need to until they have found the correct values.
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Fig. 8. Radio puzzle made in Unity.

Discussion and conclusion

This work shows how reusable Unity-based puzzles can be integrated into the Escapp
platform to enrich educational escape rooms. By using JSON configuration files, puzzle
content is separated from logic, allowing educators to easily adapt puzzles to different
topics without additional programming.

The integration ensures secure solution validation through Escapp’s API and smooth
tracking of student progress. This modular design reduces development effort, supports
scalability, and encourages puzzle reuse across contexts. Overall, the approach provides
a flexible and reusable framework that strengthens the role of digital escape rooms in
e-learning.
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Abstract. This paper presents a systematic review of the latest research (2023—
2025) concerning the contribution of prompt design to the development of critical
thinking skills in the field of Al-supported eval practices. The review combines
studies of empirical and conceptual nature that are examining various prompting
strategies, such as role-based, Socratic, scenario-driven, iterative, and chain-of-
thought approaches. According to the findings, well designed prompts essentially
stimulate the higher-order cognitive processes, which are the ones that involve
the critical thinking skills of analysis, creation, and reflective reasoning and also
that they lead to increased engagement and metacognitive awareness. The results
additionally point to the possibility of prompt engineering to fundamentally
change the role of Al as a mere informational resource to that of a co-teacher
with active engagement in pedagogy, albeit with some issues still existing in the
area of teacher preparation, curriculum modification, and Al literacy. In conclu-
sion, prompt engineering is just as much a teaching practice as it is a technical
skill and it is at the core of students’ critical and reflective abilities development
in modern learning environments.

Keywords: Al in education, prompt design, metacognition

1 Introduction

In a time when the use of Al in higher education is entering very fast, a thorough
knowledge of prompt engineering skills could have a positive effect on student’s capa-
bilities [1] and would also be able to strengthen their critical thinking skills [2]. There
are projects that specifically aim to introduce Al literacy in school level [3]. The pri-
mary aim of these projects is to make the students realize the responsible usage of Al,
however, they can only do so if they understand how to ‘communicate’ with an Al to
get the desired result. It, therefore, means that students need to be competent prompt
engineers [2]. Prompt engineering is basically a clever and deliberate selection of inputs
that will bring about the desired response or the right conduct by an Al system. As such,
in education, it means the creation of such prompts that would be able to attract stu-
dents’ attention as well as to challenge their critical and creative thinking. The qualities
of prompt engineering are found in its capacity to change the Al from a simple infor-
mation source into a user-friendly tool which encourages more profound learning and
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comprehension [4]. In prompt engineering, students come up with, verify and improve
prompt that would result in desired Al responses, thus immersing them in elaborate
problem-solving and reflective thinking.

2 Prompt engineering and critical thinking

Existing research provides various views, some of which warn that Al applications may
slow down the development of critical skills, whereas others maintain the position that
Al may enhance learning if properly put in practice [5].

Methods of critical thinking are frequently discussed in the literature. Authors of [1]
observe that if a learner asks an Al system to prepare a paper it deprives the student of
the chance to engage in critical thinking. With the implementation of ChatGPT, there
are questions about the decline of the critical thinking skills and the possible obstruction
of human relations [6]. Excessive reliance on ChatGPT could result in the lowering of
students’ cognitive abilities, especially in critical thinking [7]. Critical thinking, by def-
inition is the capability to assess data, reason, and come up with logical solutions, is
among the crucial components of higher education, that perhaps Al application could
have an influence on [8]. One of the essential skills for learners is the ability to critically
think. This is especially true in college and universities where students are supposed to
be independent, solve problems, and analyze the given data [9]. But, prompt engineer-
ing may be a factor to motivate students to apply their analytical and critical thinking
skills, as shown in higher education contexts [ 10-12], in creative or experiential settings
[13-15], and in classroom-based case studies [16]. By using prompts that aim to delve
deeper into the topic, produce intriguing questions, or come up with practical solutions
can result students to be actively engaged which in turn will higher their cognitive skills
[12]. Author of [17] referred to “pivotal components™ as the three elements which are
the basis for an effective prompt engineering process: Content Knowledge, Critical
Thinking, and Iterative Design. He states that one of the most important skills that the
user must have when dealing with Al tools is critical thinking which “isn’t a mere ac-
cessory but a necessity” and also say that the function of the referred skill is to assess,
validate and challenge the Al tool’s results. The skills that need to be developed here
are the aptitude to critically analyze the content of Al responses and to accurately iden-
tify when hallucinations, biases, inaccuracies, or any other kinds of inappropriate con-
tent are present. These skills are the very basic ones that allow the user to later be able
to modify prompts in a proper way.

Working with students to create efficient prompts for large language models such as
ChatGPT can sharpen critical thinking capabilities [18, 19]). Moreover, ChatGPT sup-
ports user’s critical thinking skills as it helps the user with self-regulation by providing
frameworks for evaluating responses, thereby reinforcing reflective reasoning [20]. It
is important to approach to Al from a critical perspective. One of the ways to develop
the skills of prompt engineering is to carry out a critical thinking exercise [2]. The
stages of constant assessment and redesigning of instructions, as shown in the prompt
engineering templates found in the literature, are main features of the skill development
process for human-Al interaction. Author of [21] invites to reflect on the potential
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application of his CLEAR framework in teaching and asserts that this method will cul-
tivate the critical thinking abilities of learners.

Research indicates that prompt engineering can support inclusivity and equity [2,
22] and enhance reflective or critical questioning approaches [23, 24]. Prompting strat-
egies have been investigated across multiple disciplines, from higher education peda-
gogy [10-12] to creative and applied learning environments [13-15], with newer work
extending into technological innovation and classroom case studies [16, 2].

A study by [24] demonstrated that Al chat models, when integrated with engineered
prompts, significantly improved undergraduate students' critical thinking skills, with an
average increase of 12 points in critical thinking assessments. Participants also reported
high satisfaction and engagement with the Al prompts, indicating their effectiveness in
stimulating deeper cognitive engagement [24]. The study also demonstrates that engi-
neered Al prompts can measurably improve students’ abilities in analysis, evaluation,
and synthesis which are core components of critical thinking. Prompts functioned as
structured scaffolds that moved learners from passive knowledge reception to active
engagement and finally to reflective judgment.

Other research explored various strategies for prompt engineering, such as role-play-
ing prompts and Socratic prompts, which are designed to enhance learning experiences
with ChatGPT. These strategies help tailor prompts to individual needs, fostering en-
gagement and promoting critical thinking skills [22, 25]. Study concludes that prompt
engineering acts as both a pedagogical and cognitive scaffold: close prompts build
foundational knowledge, open prompts stimulate higher-order reasoning, role-play
prompts foster applied decision-making and empathy [22]. Socratic prompts systemat-
ically push learners into critical evaluation and reflective reasoning. The survey evi-
dence shows teachers perceived substantial improvements in critical thinking, analyti-
cal skills, and metacognition when prompts were carefully designed and aligned with
objectives.

Author of [2] emphasized the necessity of Al literacy and prompt engineering profi-
ciency in modern education. The study discussed strategies for embedding these skills
within educational curricula to enrich educational experiences and promote critical
thinking [2]. It also emphasizes that prompt engineering is not only a technical skill but
also a pedagogical strategy. By shifting from simple input/output prompts to chain of
thought prompts, tree of thought prompts, and expert prompting, educators can design
Al interactions that scaffold analysis, evaluation, reflection, and ethical reasoning
which are all core aspects of critical thinking.

Authors of [23] presented the Socratic Playground for Learning (SPL), a GPT-4-
based intelligent tutoring system that engages the Socratic method to stimulate the crit-
ical thinking skills. By means of prompt engineering, SPL creates educational situa-
tions, supports lesson contexts, and manages multi-turn conversations. Experimenting
Socratic prompts motivate the students to ask questions, think critically, and reflect.

While these studies highlight the benefits of prompt engineering in fostering critical
thinking, they also point to challenges such as the need for comprehensive educator
training and curriculum adaptation. The integration of Al in education requires careful
consideration of societal impacts and the development of Al literacy among educators
and students alike [2].
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Even with the increasing interest on Al powered educational solutions, there still
remains a substantial gap between the employment of Al to generally improve teaching
and learning processes and its use to develop student critical thinking skills via prompt-
ing only. This research comprehensively aims to scrutinize how prompt engineering
shapes the critical thinking skills in higher education. It seeks to delineate the connec-
tion between prompt design and students’ logical thinking, assessment of information,
and active engagement in critical thinking. The question is which types of prompt en-
gineering strategies in Al-supported learning environments are designed? How are they
related to critical thinking outcomes?

3 Methodology

This research used a systematic literature review approach which adheres to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) frame-
work involving four main stages: identification, screening, eligibility, and inclusion
[26]. A literature search was conducted using the Scopus, Web of Science and ERIC
databases. The search covered publications considering time interval of the last three
years (from 2023 to 2025). The goal of this systematic review is to outline the effects
of prompt engineering on the development of students’ critical thinking skills. Moreo-
ver, this research is intended to grasp the effect of prompt engineering on learners’
capacity to critically and independently evaluate and assess information. Databases
were searched by keywords: prompt engineering, critical thinking, Al in education.

Following the recognition of relevant documents, it was necessary to select the arti-
cles that qualified the inclusion parameters of the study. In order to carry out the initial
screening process, various criteria were set, such as eliminating duplicate documents,
implementing the exclusion and inclusion criteria, concentrating on items that were
pertinent to the objective of the research and restricting the choice to English language
papers openly accessible. There were 57 records identified through database searching,
29 full text articles assessed for eligibility and 12 articles included in the study. In order
to understand the content of selected articles for this review a deductive thematic anal-
ysis approach was employed which consisted of defining and grouping themes on the
basis of the research questions [27].

Data were extracted on: prompt types used, reported outcomes on reasoning or crit-
ical thinking, identified best practices. In final, findings were synthesized into a frame-
work linking prompt design and critical thinking outcomes. The limitations refer on
synthesizing studies with different research designs (conceptual vs. empirical).

4 Results and discussion

Following table presents synthesized types of prompt design and related outcomes on
critical thinking (Table 1).
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Table 1 Prompt engineering types and critical thinking outcomes

Prompt Types Used

Reported Outcomes on Critical
Thinking / Reasoning

Study

Knowledge construc-
tion, Inquiry-based, Self-
assessment, Peer teaching

Scaffolded reasoning, inquiry, met-
acognition, peer explanation; reduced
transmissionist “answer-giving.”
Sample prompt: “You are a teacher
who facilitates inquiry-based learn-
ing...”

[10] — Teacher-
GAIA

Objective-driven,
Context-rich, Role-
based, Format-specified,

Promoted dialogue, reflective ques-
tioning, deeper analysis; highlighted
risk of shallow reasoning if poorly

[11] — Concep-
tual

Iterative, = Example-an- | crafted.
chored, Ethical prompts

Goal-aligned, Exam- Supported higher-order reasoning | [12] —  HE
ple-based, Lesson plan- (analysis, evaluation, synthesis), au- | Teaching
ning, Problem-solving, thentic assessment, divergent/conver-
Engagement/debate, gent thinking. Sample prompt: “Craft
short answer question, a complex scenario related to [topic].”
multiple choice ques-
tions, Assessment, essay
question prompt

Empathise,  Define, Fostered problem-solving, reflec- | [13] — Escape
Contextualise,  Design | tive reasoning, collaborative analysis, | Rooms
puzzles, Briefing, De- | metacognition through game-based
briefing, Prototype, Eval- | design. Sample prompt: “Write a de-
uation prompts briefing guide with reflection ques-

tions...”

Descriptive, Itera- Encouraged conceptual refinement, | [14] — Art Edu-
tive/variation, Synectic | divergent thinking, metacognition, | cation
triggers, Peer reinterpre- | ethical reflection on Al use.
tation, Ethical reflection

Open idea generation, Enhanced analytical reasoning, | [15] — Field

Elaboration, Contextuali-
sation, Specification,
Risk assessment, Instruc-

problem-solving, reflective thinking,
collaborative reasoning; required hu-
man critical validation of Al outputs.

Course Design

tional, Assessment de- | Sample prompt: “Critique your sug-
sign, Self-critique gestion for the marine litter field activ-
ity...”
Analytical,  Evalua- Measurable gains in analysis | [24] — Empirical
tive, Synthetic, Reflec- | (+7.8), evaluation (+7.8), synthesis | Study
tive/metacognitive, Per- | (+9.8); 83% reported broader perspec-

spective-taking prompts

tives; strong metacognitive develop-
ment.

Close question
prompts, Open question

Survey (N=120 teachers): Prompts
fostered evaluation (4.3/5),

[22] — Teacher
Survey
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prompts, Role-playing,
Socratic prompts;

exploration (4.1/5), reflection (4.1/5);
promoted perspective-taking and col-
laborative reasoning. Sample prompt:
“Provide examples and discuss the
mechanisms...”

Input-output prompt-
ing, Zero-/Few-shot,
Chain-of-thought (CoT)
prompting, Self-con-
sistency prompting,
Tree-of-thought (ToT),
Role-play or expert
prompting, automatic
prompt, generating
knowledge

CoT/ToT - structured reasoning;
Adversarial - critical evaluation of Al;
Role-based - applied judgment; scaf-
folded analysis, evaluation, ethical
reasoning. Sample prompt: “Provide
me step by step...”;

[2] — Al Literacy

Lesson creation, So-

Graduate pilot: +80% positive on

[23] — Socratic

cratic dialogue (What, | understanding/motivation; iterative | Playground
Why, How), Adaptive | Socratic prompts stimulated critical | (SPL)
feedback, Scenario-based | questioning, reflection, synthesis, and
problem-solving. Sample prompt:
“What aspect of the context do you
find most challenging to understand?”
Standard ~ (few-shot) Arithmetic ~ reasoning, = com- | [28]
prompting, chain  of | monsense reasoning, symbolic rea-
thought prompting, abla- | soning,
tion prompt variations
Expert identity Evaluation and judgment, reflec- | [29]
prompts, instruction | tive and contextual reasoning, analyti-
prompts cal and explanatory depth

Research of [10] illustrates that prompt engineering is capable of converting LLM re-
sults to switch logically from the detailed answer provision to the facilitation of the
reasoning process. Such change is consistent with advanced cognitive functions from
Bloom’s taxonomy (analysis, evaluation, creation) and with the Paul-Elder critical
thinking framework (reasoning, questioning, metacognition). Hence critical thinking,
logical reasoning, and self-regulation were enhanced by the use of carefully tailored
persona prompts, which elicited these skills to a far lesser extent when generic prompts
were used.

Authors of [11] state that prompt engineering forms the core of constructing a "con-
versational pedagogy" with Al. Although the paper is conceptual (not an empirical
study), it draws implications for critical thinking and reasoning in education. Good
prompts can stimulate critical thinking, deeper reasoning, and co-creation of
knowledge. Bad prompts can lead to the situation whereby students continue to learn
only at a surface level or even get false information. Therefore, the development of
critical thinking skills is very much dependent on the characteristics of prompts (clarity,
context, structure, and purpose).
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The study of [12] shows that carefully engineered prompts can be used by educators

to: generate content that elicits critical thinking from students, scaffold problem-solving
tasks, and redesign assessments to be more authentic, reflective, and reasoning-ori-
ented. In other words, prompt engineering acts as a pedagogical design tool that sup-
ports the creation of learning tasks requiring analysis, evaluation, and argumentation
which are the building blocks of critical thinking.
Well-engineered prompts transform ChatGPT from a content generator into a pedagog-
ical design partner [13]. By embedding narrative, puzzles, reflection, and evaluation,
prompts create immersive escape rooms that demand learners’ critical thinking, reason-
ing, and problem-solving skills.

The study of [14] integrated OpenAI’s DALL-E 2 into digital art courses. Students
were required to design and refine prompts as part of their creative process. The study
demonstrates that prompt engineering, when used iteratively and collaboratively, sup-
ports critical reasoning in at least three ways:

Cognitive — analyzing the effect of language on Al outputs (analytical thinking).
Creative — exploring divergent design possibilities (imaginative reasoning).
Ethical/Reflective — evaluating the implications of Al use in art (critical reflection).

Authors of [ 15] demonstrate that iterative, structured prompts can scaffold the design
of field courses that foster data analysis, environmental reasoning, risk assessment, and
reflective discussion. At the same time, the need for human oversight and adaptive
management highlights critical thinking as both a learning outcome and a methodolog-
ical safeguard. Authors of [28] established Chain of Thought (CoT) prompting as a
foundational method for eliciting higher-order reasoning in large language models.

Authors of [29] demonstrate that expert identity prompting effectively scaffolds
LLM reasoning by embedding domain-specific perspectives. This improves analytical
depth, explanatory detail, and evaluative precision which are all central to critical think-
ing. Moreover, the ExpertLLaMA model trained on such data showed that systematic
prompt engineering can enhance reasoning capabilities at scale.

This research underlined two different pathways by which prompt engineering has
developed, teaching and algorithmic, and illustrates how they are joining together at the
same result with the implications of critical thinking. Educational studies emphasize
the importance of role-based dialogue and Socratic questioning [10, 11, 23], scenario-
based and field applications [12, 15]), and creative integration in arts education [14].
Algorithmic approaches, by contrast, focus on refining reasoning through systematic
design, as seen in chain-of-thought, self-consistency, and tree-of-thought methods [28,
16], as well as automated and expert prompts [29]. Despite their different origins, both
strands converge on fostering analytical depth, reflective practice, and evaluative pre-
cision. Such method raises the reliability, correctness, and the logical framework of the
reasoning system in the large language models, thus opening up new prospects of their
application in education. Though the two are different from the outset, the paths of both
strands meet at common critical thinking outcomes. Despite this review showcasing the
capability of prompt engineering to facilitate critical thinking, it is still necessary to
have more proof from real cases in college environments. A set of possible future re-
search areas could be controlled classroom experiments, longitudinal studies, discipli-
nary case studies and mixed-methods approaches combined with quantitative testing
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and qualitative methods (student interviews, reflective journals, classroom observa-
tions) for obtaining students’ perceptions of prompts and understanding their reasoning
processes.

5 Conclusion

This review demonstrates that prompt engineering spans both educational strategies
and algorithmic innovations. New hybrid models are opening the way for linking these
two areas with a common goal, i.e. to develop critical thinking skills through analysis,
evaluation, synthesis and reflection.

When prompts are aligned with learning objectives, evidence shows quantifiable im-
provements in analytical reasoning, evaluative judgment, synthesis of ideas, and meta-
cognitive reflection. In addition, the results highlight the need for teacher training, cur-
riculum modification, and the teaching of critical Al literacy to guarantee that the ad-
vantages of prompt engineering are brought about and at the same time controlling the
risks like simple logic or Al hallucinations.

In conclusion, designing prompt should be considered just as much a teaching skill
as a technical skill, which could noticeably change the way users interact with Al, if
used properly. This is because it is not only easy to access source of information any-
more but an engaged partner that helps the user to learn through critical and reflective
thinking.

Disclosure of Interests. The author has no competing interests to declare that are relevant to the
content of this article.
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Abstract. This study investigates the extent of digital literacy among students
specializing in Tourism and Hospitality, highlighting the critical necessity of
acquiring advanced digital skills to sustain competitiveness within a digitally-
driven, multilingual labor market. The theoretical framework underpinning this
research incorporates the utilization of the Internet, websites, and various online
tools that facilitate the introduction of innovative methodologies and resources in
the specialized context of English language instruction.

To examine whether modern digital tools contribute to the development of
digital competences, mixed-methods research was employed. Data were
collected from approximately 150 undergraduate students of the Faculty of
Tourism at the University of Mediterranean during the academic years 2023/24
and 2024/25. The data collection instruments included online questionnaires
(Google Forms), semi-structured interviews, as well as follow-up communication
via email, short message service (SMS), phone calls and Viber calls.

The data were analyzed using statistical software (SPSS and Excel) and
thematic coding to identify patterns in digital literacy and English language use.
The analysis draws on prior research (Bojovich, 2016; Gee & Hayes, 2011;
Kwok, 2023) and focuses on three key aspects: (1) students’ mastery of the four
language skills in English, (2) their digital literacy within the context of Tourism
and Hospitality and (3) the digital competences required in this professional field.
Particular attention is paid to the practical application of English as a lingua
franca in tourism marketing, reflecting current industry needs.

The findings indicate that digital tools play a significant role in shaping
students’ language acquisition and digital skills. Moreover, the results suggest a
paradigmatic shift in teaching practices due to the growing integration of digital
technologies. These changes call for an adaptation of pedagogical strategies to
better prepare students for the evolving demands of the tourism and hospitality
sectors. This study is an empirical investigation that combines both qualitative
and quantitative methods to provide a comprehensive understanding of the
development of digital literacy among Tourism and Hospitality students.

Keywords: Digital literacy, Digital competence, English for Specific Purposes.

1 Introduction

The tourism and hospitality industry is undergoing rapid digital transformation,
significantly influencing how professionals interact with international guests and
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manage day-to-day operations. English, as the global lingua franca, remains the
dominant medium of communication, especially in online environments.[1]
Consequently, mastering both English language and digital competencies has become
essential for tourism professionals who aim to thrive in a technology-driven and
globally competitive market.

Kwok [2] in the article "Tech-Savvy Tourism: Trends and Innovations"
published in the Journal of Hospitality and Tourism Technology, examines the
transformative impact of digital technologies on the tourism and hospitality sector. The
study emphasizes the evolving role of technology, from a supportive tool to a central
enabler of market competitiveness by facilitating data collection and enabling
personalized service offerings. Moreover, the article highlights how technological
advancements have shifted power toward consumers, enhancing their ability to make
informed decisions and actively participate in the co-creation of value.

In this context, ESP for tourism must cover both language skills and digital literacy.
This can be more effectively achieved by referencing models like DigComp, which
provide a framework for digital competences. This is in line with the European Digital
Competence Framework (DigComp), which outlines essential digital competencies for
both personal and professional development. According to DigComp, students should
be proficient in the use of digital tools, content creation, and communication. Our study
found that the majority of students scored above the basic proficiency level in these
areas, although there were variations based on their previous exposure to digital tools
and English.

The evolving nature of the tourism sector demands that professionals operate
fluently within digital ecosystems, from booking platforms and social media to CRM
(Customer Relationship Management) systems' and live chat support tools.

This study explores how students of tourism and hospitality develop digital literacy
and English language competencies, examining the effectiveness of integrating digital
tools into language instruction.

This study also examines linguistic interference between English and
Serbian/Montenegrin in digital contexts, with over 60 lexemes identified from
communication via Viber, phone, and Zoom.

Additionally, the study contributes to the discourse on the role of digital technology
in facilitating lexical borrowing and English language acquisition. It underscores both
the benefits and drawbacks of technological influence on language interference,
particularly among students, whose growing dependence on online communication is
increasingly reflected in their lexical choices and everyday discourse.

The essence of the social and communicative aspect of the Internet lies in the
interconnection of participants within an online community, where the central activities
include communication, information exchange, and interaction. Participants establish
an entire network of social relations through both synchronous and asynchronous
communication, thereby creating an online social and public sphere.[3]

I CRM is a system (software) that companies use to: track customer contacts — including name,
phone number, email address, and history of previous communication, manage sales processes
— identifying potential customers, tracking who has purchased, and monitoring customer
interest, analyze customer behavior — understanding what they searched for, when, and how
often, improve customer support — by providing faster solutions since all client information is
already stored in the system.

246



Moreover, student networks are monitored due to the use of anglicized vocabulary.
[4] Numerous anglicized examples from the student corpus are the following translated
or transcribed into their English equivalents such as Instagram, to hate (hejtovati), to
reset (resetovati), to update (apdejtovati), to install (instalirati), and web (veb), mail
(mejl), blog (blog), clip (klip), cyber (sajber), videophone (videofon), spam (spem),
inbox (inboks), smartphone (smartfon), connection (konekcija), application
(aplikacija), implementation (implementacija), attachment (atacment), to attach
(ataCovati), to download (daunlodovati), to upload (aploudovati), input (input), online
(onlajn), to chat (Cetovati), notification (notifikacija), navigation (navigacija), password
(pasvord), camera (kamera), game (gejm), Viber (vajber), Zoom (zum), player (plejer),
Bluetooth (blutut), Wi-Fi (vaj faj), channel (kanal), chip (Cip), antivirus program
(antivirusni program), backup (bek ap), browser (brouzer), to create a program (kreirati
program), to delete (dilitovati), desktop (desktop), display (displej), driver (drajver),
file (fajl), filter (filter), gadget (gadzet), to generate (generisati), header (heder), folder
(folder), host (host), interface (interfejs), to install (instalirati), provider (provajder),
link (link), log (log), menu (meni), media (media), mouse (maus), offline (oflajn),
online (onlajn), option (opcija), system (sistem), screenshot (skrinSotovati).

Words are, therefore, an instrument through which we acquire knowledge of the
language and culture of a foreign country. At the same time, by learning foreign words,
the student expands the meanings of words in their native language, thereby gaining a
better understanding of the concepts those words express. Thus, knowledge of
vocabulary plays an important role in mastering a language.[5]

Digital communication includes selfies, various posts, and explanations covering
both general and professional topics. Communication takes place through emails, Zoom
meetings, online and Viber social groups, blogs, and video clips. Digitalization as a
process is interesting to students, especially to those who have access to new or cutting-
edge technological trends.

2 Methods

This empirical study adopts a mixed-methods approach to assess the digital and
linguistic competencies of students specializing in tourism and hospitality. The research
was conducted at the Faculty of Tourism, University of Mediterranean, during the
academic years 2023/24 and 2024/25. The innovation of this study is based on a clear
data setup and analysis methods, as well as the participants, data collection instruments,
and data analysis, in order to achieve the research results.

Table 1. Data Collection and Analysis Methods

Category Description

Data Collection Online questionnaires (Google Forms), Semi-

Instruments structured interviews

Data Analysis Tools Follow-up communication: email, SMS, phone calls,
and Viber calls
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Analysis Methods SPSS (Statistical Package for the Social Sciences)? -
Microsoft Excel

Focus of Analysis Statistical analysis (quantitative data) - Thematic

coding (qualitative data)

Approximately 150 undergraduate students enrolled in tourism and hospitality
programs participated in the study.

Data were collected through online questionnaires distributed via Google Forms to
gather quantitative information, while semi-structured interviews were conducted to
obtain qualitative insights. Follow-up communication was carried out using email,
SMS, phone calls, and Viber. Quantitative data were analyzed using SPSS (Statistical
Package for the Social Sciences) and Microsoft Excel, with a focus on frequency,
percentage, and correlation analysis. SPSS facilitated data entry, management, analysis,
and visualization through its user-friendly interface. Qualitative data from the
interviews were analyzed using thematic coding, allowing for the identification of
recurring patterns and categories related to students’ use of English and digital tools.

3 Results and discussion
Table 2. 1. Research Results (n = 150)
Digital Tool % of Students Using Frequently
Google Docs 87%
Microsoft Teams 68%
Zoom 75%
Canva 52%

ChatGPT / AI Tools 61%

Table 3. Self-Assessment of Digital Competences

Competence Level % of Students
High 39%
Medium 51%
Low 10%

Use of English in Digital Contexts
e 78% of students reported frequent use of English when using digital tools.
e  05% stated that digital technology helped them improve their understanding
of English.
e 22% reported feeling insecure when using English in online
communication.
Identified Themes (from Thematic Coding of Interviews)
e Increased Digital Autonomy: Students reported that online tools enabled
more effective learning management.

2 SPSS (Statistical Package for the Social Sciences) is a software package used for statistical data
analysis. It is used in various fields such as social sciences, business and many others for
processing, analyzing, and interpreting quantitative data
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e [anguage Barriers: A number of students mentioned difficulties using more
complex English terms in digital environments.

e Positive Perception of Al Tools: Most participants felt that tools like
ChatGPT made research and writing tasks easier and more efficient.

The results of this study highlight the essential role that digital tools and English
language proficiency play in the daily tasks of tourism and hospitality students. The
integration of technology into their educational process significantly influences their
vocabulary, communication strategies, and the development of digital literacy.

From the online questionaries, 61% of students reported that they use digital
platforms for learning purposes, such as online courses and educational videos, and
74% stated that they frequently engage in social media communication related to their
field of study. Social media platforms like Facebook, Instagram, and YouTube emerged
as key tools for gathering information about the latest tourism trends, destination
marketing, and industry news. The highest frequency of English usage was noted in
online interactions with tourists, where 56% of students indicated that English was their
primary language for communication.

In contrast, 52% of respondents acknowledged that they have encountered
difficulties in understanding specific tourism-related terms, especially those linked to
digital services (e.g., booking engine, virtual tour, customer engagement platform).
Students reported that they often rely on online dictionaries or machine translation tools
(e.g., Cambridge online dictionary, Trados, Lingue, Google) to overcome these
language barriers. This reliance on technology aligns with the study by Coyle et al. [6]
which emphasized that students in technical fields frequently face challenges in
understanding discipline-specific terminology in English, particularly when it is
associated with emerging digital technologies.

When asked to evaluate their own digital competences, 39% of students rated
themselves as highly competent, while a majority of 51% identified their skill level as
moderate, indicating that most students are still developing their digital competencies.
Only 10% considered themselves to have low digital skills. This distribution suggests
that the majority of students possess a functional level of digital literacy, with a
significant portion exhibiting advanced skills. These findings support the idea that
exposure to digital tools contributes to the enhancement of digital competences.

Also, the study highlighted cases of code-switching and translanguaging. i.e. the
practice of mixing English with Serbian/Montenegrin in digital communication. For
instance, students would often use English technical terms such as update, subscribe or
click, while continuing their communication in Serbian/Montenegrin. This
phenomenon suggests that digital competence, in the context of tourism, encourages
students to blend linguistic elements from both languages. Furthermore, the use of
anglicisms seems to be increasing, especially in informal communication on platforms
such as Viber and WhatsApp.

The integration of digital communication tools into the curriculum was shown to
have a positive impact on students’ professional development. They feel more confident
in their ability to handle digital marketing tasks (e.g., creating content for social media),
use CRM software, and engage in e-commerce transactions. Additionally, many
students reported an increase in their interest in digital entrepreneurship, as they saw
the practical benefits of using digital tools for personal branding and promoting tourism
services online.
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3.1  English Language Use in Digital Environments

James Paul Gee and Elisabeth Hayes explore how digital media are reshaping not only
the way we use language but also how we learn. They argue that digital technologies
such as video games, social media, and online communities have created new forms of
literacy and learning that differ significantly from traditional schooling.[7]

English plays a key role in students' digital experiences. Seventy-eight percent (78%)
of respondents reported frequent use of English when interacting with digital tools and
platforms, especially those with no localized language options. Moreover, 65% stated
that their exposure to English through digital environments has contributed to improved
comprehension and vocabulary.

Despite this, 22% of students reported feeling insecure when using English in online
communication, particularly in professional or academic contexts. This points to the
need for continued language support in higher education, especially in programs that
rely heavily on digital resources and international communication

3.2 Thematic Insights from Interviews

Qualitative data from semi-structured interviews and follow-up communication
revealed several themes:

e Increased Digital Autonomy: Students noted that modern tools allowed them
to manage their learning more independently, organize their schedules, and
access diverse learning resources.

e Language Barriers: Some students, particularly those with lower English
proficiency, expressed challenges in understanding specialized terminology or
navigating platforms available only in English.

e Positive Attitudes Toward AI Tools: Many participants viewed Al
technologies, such as ChatGPT, as helpful companions in the learning process,
offering assistance with writing, clarification of concepts, and even
translation.

Overall, the data suggest that modern digital tools play a significant role in
enhancing both digital competences and English language proficiency among students.
However, challenges related to language confidence and digital literacy gaps still
persist for a minority of users. These findings underline the importance of integrating
digital skills and English language support into university curricula, particularly in
programs preparing students for the global tourism industry.

The above mentioned findings are categorized into three core areas: (1) students’
English language proficiency, (2) their digital literacy in the tourism context, and (3)
the intersection of digital tools and language use.

(1) Students’ English language proficiency The majority of students demonstrated
functional English proficiency, particularly in reading and listening. However,
speaking and writing skills varied, especially in formal or professional settings.
Common challenges included limited vocabulary for tourism-specific contexts and lack
of confidence in spoken interactions.

(2) their digital literacy in the tourism context Students showed high familiarity with
basic digital tools such as booking websites (e.g. Booking.com, TripAdvisor), social
media platforms (Instagram, Facebook), and communication tools (WhatsApp, email).
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However, their usage was often limited to consumer roles rather than professional
applications. CRM systems and POS (Point of Sale) software were less familiar,
indicating a gap in industry-specific digital training. (3) the intersection of digital tools
and language use It refers to the integration of language and digital skills. Students who
actively engaged in e-learning platforms (e.g. Coursera, Udemy, Alison) reported
improved digital and language skills. Many noted that using English-language tools
(e.g. Google Maps, virtual tours, chatbots) helped them acquire vocabulary and
functional expressions in a practical context.

4 Concluding remarks

The results confirm the interdependence of digital and linguistic competencies in the
tourism and hospitality industry. While students demonstrate moderate proficiency in
both domains, the integration of English language instruction with digital tools remains
inconsistent.

The current findings call for a pedagogical shift toward more integrated ESP
curricula that reflect real-world digital interactions. Role-playing in simulated
environments (e.g. hotel reception, virtual customer service) and tasks involving online
content creation (e.g. writing reviews, responding to emails) could enhance both
language and digital skills.

Challenges such as outdated curricula, lack of access to digital tools, and limited
opportunities for real-world practice remain significant. The fear of making mistakes
in English, especially in public or digital contexts, hinders active participation.
Institutions must adopt blended learning models, incorporate industry software into
instruction, and foster confidence-building strategies.

This study highlights the critical role of digital literacy and English language
proficiency in preparing future professionals for the tourism and hospitality industry.
Students must be equipped not only with academic knowledge but also with practical,
industry-relevant skills. Digital tools significantly enhance language acquisition and
professional readiness, integrated instruction leads to better learning outcomes and
greater student engagement, there is a need for curriculum reform that reflects the
digital transformation of tourism, and e-learning platforms offer scalable solutions for
ongoing professional development.

Additionally, the study highlights the growing use of anglicized vocabulary in online
communication, especially among students in tourism and hospitality, where English
terms are often integrated into everyday digital interactions, reflecting both industry
trends and the influence of globalized communication norms. Moreover, student
communication networks are increasingly monitored due to the frequent use of
anglicized vocabulary. Numerous examples from the student corpus illustrate this trend,
with English words either directly borrowed or phonetically transcribed into the local
language. In the overall analysis, the frequent presence of anglicized vocabulary was
observed, indicating that many English-origin terms have become fully integrated into
everyday language use among students.[8§]

Despite the advancements, there are still challenges in overcoming language
barriers, especially concerning industry-specific terminology. Students’ increasing
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reliance on digital tools and English for Specific Purposes reflects the growing
importance of digital literacy as a core skill in tourism education.

This study also emphasizes the need for targeted English for Specific Purposes (ESP)
courses that combine linguistic knowledge with digital competence to help future
professionals navigate the complexities of the modern digital environment. It suggests
that further research should investigate how emerging technologies, such as Al tools
and virtual assistants, can be integrated into tourism education to further enhance both
language learning and digital skill development.

Disclosure of Interests. The author has no competing interests to declare that are relevant to the
content of this article.
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Abstract. It’s getting harder and harder for schools of the digital age to keep
students interested, motivated and engaged, particularly in an online learning en-
vironment. The use of game elements not in the context of games, or gamifica-
tion, provides innovative ways to increase emotional engagement and interactiv-
ity in the classroom. The research provides discussions noting the impact of gam-
ification on motivation of e-learners in real situations and its studies applied at
Metropolitan University. It also discusses the neuromarketing principles for en-
hancing instructional design through cognitive and affective triggers. In particu-
lar, the potential barriers for real-world use are discussed: moral questionings,
decreased intrinsically motivation to act and dependence on technology. The
findings of the study suggest that learners can benefit from gamification as it
could potentially contribute to raising the quality of education and to the devel-
opment of crucial competences in 21st century skills, provided that it is properly
designed and supported pedagogically.

Keywords: Gamification, Neuromarketing, Motivation.

1 Introduction

With the development of information, communication and learning technologies there
is a new "digital age" in which we are experiencing significant changes in education.
This is no superficial assimilation of new tools; it is a profound change in the logic of
education itself. Age-old models (teacher as the sage on stage who possessed infor-
mation that they then imparted to students) are being replaced by shared, interactive
and synergistic methods of learning. With the rise of to the internet, artificial intelli-
gence, virtual and augmented reality systems, new possibilities are arising that we can
utilize to customize education for each specific student and deliver knowledge in novel
ways.

In addition, the digital world has drastically changed communicating -- students can
communicate with teachers not only in person but also via multiple digital media chan-
nels instantly, so that we can track learning progress better and provide them feedback.
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This transition involves not only technological tools but a shift in educational philoso-
phy and educator and learner mindset. In this context, it is important to know how such
tools promote the acquisition of 21st-century skills that are considered fundamental in
education, which include creativity, critical thinking, collaboration and digital literacy.
As part of this paper, a research design will be presented, to be conducted at Metro-
politan University, with the aim of identifying the effects of gamification on students.

2 Online Education and Gamification

What were perceived to be alternative or experimental ways of learning online in the
past, are now mainstream practices in many parts of the world. The widespread use of
the internet, advances in reliable digital platforms and the current pandemic of COVID-
19 have all contributed to the widespread expansion of online learning. In many uni-
versities and colleges, online learning has now become the most common form of teach-
ing, radically transforming understandings of - and approaches to - this mode of educa-
tion. Oyebode- Fakuade says: There was resistance to quality and effectiveness of
online education initially but this has largely turned into broad acceptance and major
investment in intuitive digital tools, software and teaching techniques.

Distance learning facilitates the achievement of hybrid models of learning that merge
the best in digital and face-to-face forms, thus facilitating easier accommodation to dif-
ferent needs and learning styles [1]. Additionally, access to a broad variety of courses
and programs globally has opened up education opportunities for people from remote
or marginal communities, thus facilitating international democratization of knowledge.
But this model also raises significant concerns regarding quality assurance, accredita-
tion, socialization of students, and long-term impact—all of which necessitate ongoing
study and ongoing revision of policies and educational practice. However, this setup
brings some real headaches, too—like, who’s making sure the quality doesn’t tank?
Who’s actually accrediting this stuff? And don’t even get me started on whether stu-
dents actually get to, you know, make friends or learn how to be humans together.
Long-term? Jury’s out. Honestly, figuring all this out isn’t a one-and-done thing.
Schools and researchers pretty much have to tweak and rethink stuff every year just to
keep up.

Sure, tech lets more people get their hands on knowledge—it’s easier to jump in,
learn wherever, and there’s less gatekeeping. But let’s be real: keeping students pumped
about their classes online? That’s a whole other beast. Motivation’s all over the place.
You’ve got all these things crashing together—kids’ own ambitions, stuff happening
around them, if their friends are there to hype them up, personal goals, how much free-
dom they have to run the show. It’s not one-size-fits-all, that’s for sure.While digital
environments offer various benefits, they can also lead to a decline in motivation due
to excessive distractions, attention fragmentation, and feelings of isolation [4]. Distance
learning often demands a high level of self-discipline, organization, and intrinsic moti-
vation, which many students find challenging—particularly in the absence of adequate
support or when they experience a sense of disconnection from the academic commu-
nity.
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In addition, information overload can result in cognitive fatigue, reducing the will-
ingness to engage in learning and encouraging procrastination. Therefore, in contem-
porary education, it is essential to develop strategies that go beyond mere technical
access to knowledge and actively foster and sustain learner motivation and engagement.
Creating supportive and stimulating learning environments is crucial for promoting
continuous learning and personal development.

3 Online Education and Gamification

The current digital ecosystem has definitely caused an incremental change in the be-
havioral patterns and the attention spans of the younger gen- erations. From an early on
in the their lives, people in Generation Z and Alpha are surrounded by smartphones, the
Internet, and social media, which are an integral part life. This influences their cognitive
and learning abilities, what they expect, and how they will interact. The attention span
of the people has shrunk because of the plethora of things available on the internet,
especially on social media apps, such as the Tik Tok app, which focuses on in- instant,
short videos and other readily available sources of information.

Younger people’s mental constructions are beginning to be more and more in tune
with the “scrolling” and “browsing” mentality. This might pose a challenge when at-
tempting to deal with more intricate, advanced, and difficult issues and tasks. The say-
ings “reading is boring” and “I cannot concentrate” are com- monly heard amongst the
younger generation of today, and are not signs of apathy, but rather a proof of the new
digital behavior. [5] There is a great need for change in the approach and method of
engaging the people. This leads to the other major challenge facing the educators of
today. They have to change their strategies.

With each passing day, the integration of gamification strategies has transitioned
from an optional consideration to an educational necessity. In the face of a lack of mo-
tivation and the large amounts of attention new issues require, focusing on the multitude
of gamfication benefits has started to become a top choice. As such, gamfication helps
construct active and immersive learning experiences by allowing the students to ‘learn’
through various games and challenges that, in turn, facilitate the sense of control,
achievement, and enjoyment in the learning process.

In this current age, students are used to having things instantly, and gamification
strategies can help students stimulate their attention and enhance focused perseverance
through tiered levels of achievement. Additionally, as video games have rapidly be-
come the most popular leisure activity, having students informally learn through ‘for-
mal’ video games in the classroom would be an expected and appropriate revision to
current educational practices. In this scenario, the benefits of gamification offer the
most educational value, helping reclaim lost attention and motivation for learning.

Gamification is applying game related elements in non game contexts such as edu-
cation, healthcare, and the workplace. It spans a multitude of activities and strategies
aimed at improving interaction and motivation through playful and stimulating activi-
ties. These include a game-like aspect awarded points for tasks done, as well as cheers
and shoutouts badges or titles for tasks done, levels and challenges in rhythm games,
and leaderboards for boss fights in MMORPGs. These activities introduce competitive
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motivation, and social interaction while providing tangible and abstract forms of pro-
gress tracking.

In schols, even the most boring topics become easier to digest, and an added bonus
is the construction of a game layer in the lesson because it's a boring lesson Gamifica-
tion is possible through almost all forms of technology on the internet and almost all
applications, making it useful across a wide span of age groups and levels of education.

In most cases learned is forgotten Gamification in education allows for desEG as
well as instantaneous responses and gratification which most case taught with tradi-
tional methods of instruction fail to provide.

It is beneficial for students to have individualized assignments that stretch their cur-
rent level of knowledge to improve engagement and learning. Gamified systems can
monitor each learner's progress, pinpoint gaps in understanding, and provide adequately
challenging activities that stretch learning, avoiding frustration [7]. Instantaneous feed-
back is attributed to gamification, and it allows learners to appreciate both their success
and failures, thereby accelerating learning and minimizing the chances of learning gaps.

Learning is further enhanced by a badge system that provides additional motivation
and helps build self-efficacy, self-confidence, and self-awareness, which is bespoke and
usually lost in a conventional educational system.

Today, gamification is recognized as an effective motivational method for pedagogy.
This is corroborated by an increasing amount of literature showing beneficial impacts
of gamification for student engagement and performance. Aside from widely popular
services suchasDuolingo and Khan Academy, more and more schoolsand universities
are trying a variety of gamification methods that has new education models emerged
therefrom [8]. In a school in Finland, which is well-known for innovative education
systems, ‘thematic quests’ are adopted to mimic game play strategies to incorporate
teamwork, problem-solving and imagination [9]. High-end universities like MIT and
Stanford use virtual simulations that enable students to test out what they’ve learned in
a (risk-free) interactive experience, out in the field in high-realism — even intricate en-
vironments — helping them understand more deeply, and literally, the subject matter.
These case studies prove that gamification is so much more than just plain silly fun — it
can be a powerful pedagogical innovation.

Such developments are not the monopoly of elite institutions. More and more edu-
cational institutions around the world, and as well in Serbia, are recognizing gamifica-
tion as a possible learning tool with positive results successfully incorporating it into
their curriculums.

The Construction and Design department of Metropolitan University of Belgrade
outlines a practical instance of how demestic and market segmentation can customize
gamification. “The Meti QR Code Game” of 2025, embraced changing the university’s
approach towards marketing to digit arch technologies and outreach wherein these ini-
tiatives focused educating the prospects that drove student engagement and diversified
learning. Activities like these help draw in the potential students, maintaining the en-
gagement through the marketing strategies gamification and outreach prospects. This
showcases that gamification is equally as useful in the promotion and student support
promote offered during their studies.
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Strategically less capital was spent on marketing and communications to the students
as the whole process was structured digitally. This was a campaign that focused on
educating students through their participation as disciplined active Kotler. 123 students
from the programs of Information Technology, Digital Design and Digital Manage-
ment, Kotler and students and tourists in this. This case focused on attaining leaded
learned gamified in a setting and “jucaped” within a structured period. Students were
divided in half in order to receive and enhance their learning comparison at two differ-
ent scales. It was aimed at capturing traditional and gamified learning methods. It was
targeted at assessing real practical mind students of all tiers. The outcomes were aston-
ishing to the students. Users achieved even better outcomes than anticipated: increased
retention, active participation, and improved assessment results indicated that gamifi-
cation does not only motivate learners, it does improve the entire educational paradigm
as well.

Self-reported data from the users also corroborated these conclusions as described
by the increased reported feelings of belonging and the increased self-direction learners
experienced as a result of gamified learning, indicating the potential positive impact of
gamification on learners. This is important as it strengthens the rationale for the design
and integration of gamification in educational setting.

Researching gamification as a separate area in the field of higher education is im-
portant not only because it motivates learners in remote learning settings, but also be-
cause it encourages the formulation of new educational methods. At Metropolitan Uni-
versity, students, regardless of their study mode, whether face to face or remote, can
access the extensive skill set in programming, design, animation, game audio, story
telling, and user experience shaping through the Video Game Development program
offered by the Faculty of Information Technologies.

They learn to create storyboards that orient users to virtual spaces, facilitate user
interactions, and stimulate movement within the virtual space, often offering conver-
sion to real-world rewards [6]. By doing this, they go beyond being consumers of video
games and position themselves as the future creators, equipped with the ability to de-
termine the impact of their knowledge on the world and computer science education of
tomorrow, perhaps even letting it be a subject of their specialization. This embodiment
of the fundamental ability to cultivate gamification within the academic contexts, even
though its potential impact has yet to emerge, perhaps, on shaping tomorrow's world
and dealing with the pronouncing issue of attention deficit amongst the digital popu-
lace, the impact is real.

4 Neuromarketing and Educational Services

Neuromarketing, a mix science of neuropsychology and marketing, uses knowledge of
mental processes to relate productive activity to the way people behave as clients, and
in this case, behave as learners. It is useful in education because it focuses on under-
standing students' emotional and cognitive reactions to their educational and instruc-
tional aids and offers suggestions for improved motivational techniques.
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The studies conducted in the fieldof neuromarketing emphasize the importance of
dopamine—a neurotransmitter of reward and pleasure—in the development of motiva-
tion and decision-making faculties. It has been shown that dopamine-inducing neural
circuits are activated by reward systems such as gradual fulfillment of goals, small re-
wards, visualization of progress, and feedback in real time. This line of reasoning sheds
light on the phenomenon of “addiction” that students report in relation to particular e-
learning platforms that are richly gamified.

In addition, the application of colors, sounds, visual elements, movies, and rapid
exchanges in gamified contexts has both sensory and emotional aspects, and this is
another focus of neuromarketing. Experiences that are learned in a multisensory, dy-
namic, and emotionally engaging way are more likely to be retrieved as they are stored
in the long memory, and such a condition is the basis of the aims of education.

Empathy, personalization and authenticity, which are emphasized in neuromarket-
ing, are elements that can easily be incorporated in storytelling elements of gamifica-
tion.

For example, a student who is not just completing tasks but participating in a “mis-
sion” or some kind of narrative around the content they are working on becomes far
more emotionally and cognitively involved in that work. The human brain has been
wired in such a way that it is more likely to remember things, if they are placed within
the framework of a story.Tell your students a story — very effective for teaching.

From the perspective of neuromarketing, schools would be able maximize their im-
plementation of gamification in several core dimensions [10]:

Application of Emotions Triggers The inclusion of characters that students can relate
to (e.g. heroes or mentors in the platform), the use of positive reinforcement messages,
feeling of accomplishment, and the inclusion of success stories would intensify the
emotional attachment to the learning material and enhance the overall engagement.

Variable Rewards - As with the reward systems found in slot machines, gamifi-cat-
ion can apply unpredictable or variable rewards, which are demonstrated in the neuro-
marketing literature to cause greater dopaminergic reactions. Such mechanisms how-
ever, have to be ethically and pedagogically designed so that manip-ulative practices
are not practiced.

Attention- and Memory-Oriented Design - The educational material can be made
more visually stimulating and cognitively efficient with the help of the principles of
design applied in digital marketing (color contrast, information hierarchy, motion, etc.)
and thus, the retention of attention, as well as the encoding of the memory.

Behavioral Analytics and A/B Testing: In the same way that marketers will experi-
ment on which advertise-ment attracts more attention, educational sites can employ
comparable approaches to assess which kinds of jobs, images or problems best will
inspire and attract students.

The education sector as well as digital marketing are not an exception as both face a
similar challenge-cap-turing and keeping attention of the users in a digitally saturated
space. Mar-keting deals with this by emotional campaigning, story-telling and psy-
chologi-cal stimulation. In this kind of environment, education should be able to keep
up with it, but in the service of the acquisition of knowledge, development of skills, and
intellectual growth, it should embrace the same tools.
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Consequently, the lines between educational design and online marketing are be-
coming more and more unclear. The learner is turned into a user, consumer and a client
of the educational content. The institutions that identify this paradigm shift and act ac-
cordingly, with gamified, strategic and ethically logical solutions, will be enjoying a
significant competitive edge in the future of education.

5 Challenges of Implementing Gamification in Education

In spite of all those benefits, there are also many challenges and limitations related to
gamification. Among the greatest risks is the fact that extrinsic rewards can be viewed
as the main- or the only-motivator, and it can result in the so-called motivational de-
pendency. This can lead to a lower level of intrinsic motivation in students to learn and
develop when they are driven by the points, badges, or other extrinsic motivators into
learning. When such rewards are taken away or re-scaled, the students might lose their
motivation in learning at a very high rate [8]. In addition, competitive factors that are
inspiring to others may cause anxiety, frustration, and feelings of failure in others,
which affect their confidence and readiness to participate adversely. These issues point
to the necessity of the development of well-thought-out gamified systems that would
be both inclusive, balanced, and psychologically safe to avoid unintended results.

Also, it is possible to have surface learning and mechanistic task completion. Stu-
dents who are driven by the primary motive to get rewards might be motivated to look
at an advancement model that is characterized as com-petitive, with the objective of
gaining a new level or accu-mulating points instead of comprehensively learning the
material. This can cause an aspect of memorizing without critical thinking thus com-
promising on the quality of education in the long run. Complex ideas may be broken
down or completely excluded, decreasing the skills of the students to use the knowledge
in real-life and professional situations.

Technically, gamification needs significant re-investment of resources such as an
effective software program, dedicated staff to create content, and support, which can
be costly and difficult to organizational leaders of many educational establishments. A
misguided or shallow execution can have just the contrary impact, and the students will
be demotivated and dissatisfied.

In addition, the ethical aspect of gamification in education should be brought up.
Approaches that have been developed by the video game industry also believe in strong
psychological functions of reinforcement and control of behavior - strategies that are
practical in getting the attention of the user yet have been extensively denounced due
to their addictive properties [3]. Using the same principles in the education sector is
disturbing because of the danger of manipulating the learners instead of teaching them
to be independent, responsible learners. This brings up some fundamental concerns:
How can we manage motivation and ethical responsibility? What can be done to guar-
antee that gamification does not violate student autonomy and well-being?

There is therefore a necessity to come up with pedagogical methods that uphold hu-
man dignity and enable learners instead of viewing them as passive consumers of a sys-
tem.
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Having all these facts in mind, the concept of gamification should be introduced with
utmost care, considering the increasing cases of digital addiction, attention disorders,
and decreasing mental resilience in young people. The amplified consumption of digital
gadgets and social media has already started to impact the mental health of young peo-
ple using it, causing anxiety, depression, poor focus, and poor socialization. Otherwise,
gamification might enhance these concerns even more, especially when it is not well-
designed and applied with pedagogical consideration.

In that way, educational institutions should create the set of clear standards and
guidelines and observe the psychological impact of gamified systems and offer specific
sup-support to students with difficulties in digital learning. The final objective ought to
be the establishment of a safe and conducive ecosystem that encourages healthy tech-
nology usage and holistic learning growth of students.

However, gamification can be one of the main pillars of contemporary schooling as
long as it is planned out and is ethical. The education system of today is in a dire need
of a solution: how to keep the mind of stu-dents concentrated in the world of digital
distractions like Tik Tok, Instagram, playing some mobile games, and scrolling infinity
[7]. In this respect, learning materials should be presented in a manner that is captivat-
ing, interactive and connective to the youthful learners.

Combining educational objectives with the presentation formats and mechanisms
that students are already accustomed to and like not only increase engagement, but also
retention, comprehension, and use of the knowledge. Gamification developed well will
foster the creation of key 21 st -century skills, such as teamwork, problem-solving,
creativity, and digital literacy skills, which will be critical to the later personal and pro-
fessional achievements of students.

6 Research methodology outline

The key aspect of the research problem is that online learning presupposes the high
degree of self-motivation and engagement which may be a challenge to many students.
Despite the fact that most universities are using different digital platforms and strategies
to de-deliver distance learning, systems that may improve motivation and the consistent
involvement of the students in the learning task are usually not new. It has been identi-
fied that gamifica-tion, i.e. the implementation of elements of games within learning
(leaderboards, badges, points, rewards, challenges) may be considered as the potential
means of enhancing student motivation and engagement. Nonetheless, practically, it is
not clear to what degree these factors actually impact the motivation of online students
at the Metropolitan University Belgrade and what types of gamification impact the
most.

The primary research question is as follows: how is the use of gamification compo-
nents related to the motivational improvement and the engagement of online students
in Metropolitan University?

Moreover, the issue is also manifested in the fact that a systematic analysis and eval-
uation of gamification in online teaching is not carried out. Due to this reason, it is
needed to determine:
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eWhich gamification elements have the greatest impact on motivation;

eWhether gamification increases engagement in completing tasks and attending
lectures;

eWhat potential challenges and limitations arise in the implementation of gam-
ification in online education.

The topic of the study is the role of gamification in motivating online students in
Metropolitan University Belgrade. The study relies on the experience of students who
are enrolled in online education and with the intention of establishing the factors that
lead to greater motivation, engagement, and learning performance.

The study is confined to online students of Metropolitan University Belgrade that
will provide an opportunity to conduct a specific analysis and implement the findings
into the institutional framework.

The limitations to be considered are as follows:

oThe research focuses exclusively on online students of Metropolitan Univer-
sity Belgrade, meaning that the findings and recommendations primarily apply to
this population and the institution’s educational practices.

eThe sample includes only students who are willing to participate in the survey,
which may limit representativeness and the breadth of insights.

oThe focus is on perception and subjective experience of motivation rather than
on the objective measurement of academic performance.

oThe research does not include traditional on-campus students or international
students, which narrows the scope of applicability.

eThe timeframe of the research refers to the current period of online studies and
does not account for long-term effects of gamification.

Based on these restrictiveness, the research results will be interpreted on the prede-
termined sample and setting of online research, and the intention to make practical rec-
ommendations on how the motivation and engagement of the students can be improved
through the application of gamification.

The scientific objectives are concerned with the theoretical contribution and deeper
comprehension of effect of gamification of educational process in a digital environ-
ment, including:

eAnalyzing contemporary theoretical approaches to gamification and their role
in online education.

eExamining the relationship between gamification elements (badges, points,
leaderboards, challenges) and student motivation.

eDetermining the role of gamification in strengthening student motivation.

eTesting the proposed hypotheses through empirical analysis of survey data col-
lected from online students.

The practical objectives focus on improving online teaching at Metropolitan Univer-
sity Belgrade through the implementation of gamification elements. They include:

eldentifying the most effective gamification elements for stimulating student
engagement.

eAnalyzing the influence of gamification on participation in activities, regular
class attendance, and task completion.
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eRecognizing differences in gamification effects among various student groups
(e.g., by year of study, gender, or previous educational experience).

eFormulating practical recommendations for the introduction and optimization
of gamification elements in online teaching with the aim of increasing student mo-
tivation and academic success.

The hypothesis to be tested is as follows:

The introduction and application of gamification elements in online teaching con-
tribute to increased student motivation and engagement, resulting in improved aca-
demic outcomes and higher levels of student satisfaction.

The research method in this work is quantitative, as it is based on the application of
a sur-vey questionnaire to receive credible information about the perception and influ-
ence of gamification on the motivation of online students.

The main tool of the research is a survey of online students of Metro-politan Univer-
sity Belgrade. The reason why this method was chosen is because it will allow gathering
of standardized information with a greater number of respondents thus making it easier
to process and analyze the data in a statistical manner.

The questionnaire survey will be taken through an online tool (Google Forms),
which will give students easy and fast access to the questionnaire. The questionnaire
will remain operational within a period of two weeks, and the link will be sent to the
students via the institutional e-mail and the internal communication channels of the
University.

Online students of Metropolitan Uni-versity Belgrade with undergraduate and mas-
ter studies accessing the eLearning platform comprise the target population of the re-
search. The sample is convenience-based (available sample) because only those stu-
dents that are willing to fill out the survey will be chosen to participate in the survey.

A total of 120 to 150 students will be enrolled in the study and this would make up
a large enough sample to make descriptive and statistical analysis. Particular focus is
given to the heterogeneity of the sample (gender, age, pro-gram of study, and year of
study) to be able to offer more representative results on the motivation and perceptions
of gamification among the students.

Table 1. Tabular Overview of the Research Project

Research Phase | Objective / Ac- | Instrument / | Sample /| Expected Out-
tivity Method Population | come / Data

1. Problem Defi- | Identify chal- | Literature re- | — Clearly defined re-

nition and Goal | lenges in digital | view, consul- search  problem,

Setting campaigns and | tation  with objectives,  and
online  student | mentor hypotheses
motivation

2. Hypothesis | Examine the im- | Formulation - Hypotheses pre-

Formulation pact of gamifica- | of main and pared for testing
tion on student | auxiliary hy- through survey

potheses
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motivation and
engagement
3. Method and | Choose an appro- | Quantitative Online stu- | Instrument for col-
Instrument  Se- | priate method for | survey (online | dents of | lecting quantita-
lection data collection questionnaire) | Metropoli- tive and qualita-
tan Univer- | tive data
sity Bel-
grade
4. Instrument | Design a ques- | Questionnaire | Online stu- | Data on motiva-
Construction tionnaire tailored | with  closed | dents (150- | tion, perception of
to the target | and open- | 200) digital channels,
group ended ques- and attitudes to-
tions, Likert ward gamification
scale
5. Data Collec- | Conduct the sur- | Google Online stu- | Dataset prepared
tion vey and collect | Forms, distri- | dents for analysis (quan-
data bution via e- titative and quali-
mail and stu- tative)
dent groups
6. Data Analysis | Process and inter- | Statistical Survey data | Identified trends,
pret results analysis (de- correlation be-
scriptive  sta- tween gamifica-
tistics, corre- tion and motiva-
lations), open- tion
ended ques-
tion analysis
7. Recommenda- | Provide recom- | Synthesis of | — Recommendations
tion Formulation | mendations for | results and for digital market-
improving digital | conclusions ing strategy and
campaigns  and student engage-
gamification ment

Source: Authors

To summarize the attitudes and characteristics of the sample, the analysis of the sur-
vey results will be carried out by making use of descriptive statistics (frequencies, per-
cent-ages, arithmetic mean, standard deviation). Inferential methods of statistical anal-
ysis will be utilized in the context of hypothesis testing, i.e., t-test, ANOVA, and the 2-
test, etc. based on the data type. The correlation analysis will allow studying the con-
nection between the degree of using the gamification elements and student motivation.

Thematic coding method will be used in the analysis of the responses to the open-
ended questions, and the primary objective will be to determine the main perceptions,
experiences, and recommendations of stu-dents as regards to gamification. The analysis
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will be used to inform the findings of this study, which will be quantitative, to under-
stand the impact of gamification in online teaching further.

Table 1 gives the entire course and research process, and the stages of conducting
the research are well re-presented in the table. Given that the adequate number of re-
spondents has not been gathered yet to gather relevant findings to perform an analysis,
in the frames of the proposed paper we introduce the research plan and methodology to
be used, whereas the findings will be subsequently reported in another scientific article.

7 Conclusion

To sum everything mentioned above up, gamification is a good strategic reply to the
issues of modern education, although this reply should be well-designed, ethically
based, and pedagogical. It does not have to be implemented in a superficial or hasty
manner but must be informed by the scientific evidence, theoretical ideas about educa-
tion, and the real needs of the learners. Gamification can be a potent instrument of mo-
tivating, engaging, and achieving better academic performance- however, only when it
is incorporated as a component of larger, purposeful educational plan that is also con-
scious of integrity of learners and their holistic development.

In the future, research and practice will play a vital role in streamlining the gamifi-
cation practices and models, which will allow developing more dynamic and inclusive
educational system, capable of addressing the new needs of the digital era.

Gamification in education is not an innovation but a necessity anymore, as attention,
motivation, and engagement are considered to be one of the primary concerns of the
educators and institutions in a world. The overlap of the know-how of digital marketing,
neuromarketing, and the contemporary pedagogy helps to re-discover the enormous
opportunities of the creation of the educational experience which is not only efficient
and effective, but also emotionally soothing and sustainably beneficial.

The trick is to find the necessary balance between stimulation and substance, enter-
tainment and knowledge, dopamine and discipline.

When educational systems are able to identify and appropriately practise this balance
they will produce new breeds of learners; not only those who are well-informed, but
also those who are incredibly motivated, critically engaged and empowered to create,
question and transform the surrounding world.

The research, whose design is presented in this paper, will provide a comprehensive
overview of the effects of gamification on online students at Metropolitan University,
while the presentation of the results will offer an opportunity for further improvements
in this field.

Disclosure of Interests. The author has no competing interests to declare that are relevant to
the content of this article.
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Abstract. This paper presents the WOWCube® system, a mixed-reality educa-
tional device that combines a physical 2x2 puzzle cube with interactive digital
gameplay. By uniting tangible manipulation with on-cube visual feedback,
WOWCube supports puzzle-based learning aimed at strengthening spatial rea-
soning, problem solving, and sustained attention while avoiding distractions
common to general-purpose mobile devices. We describe the device architecture
and authoring workflow, highlighting how educators can create and adapt content
for classroom or at-home use. We further introduce an Al-augmented edition in
which a friendly digital character provides personalized, data-driven feedback
based on in-game performance metrics, offering encouragement, hints, and adap-
tive difficulty.

The paper contributes: (i) a system description and design rationale for a tangible
user interface that delivers mixed-reality learning experiences; (ii) a use case and
sequence of interactions for Al-mediated feedback from a digital tutor; (iii) em-
pirical observations from an exploratory, in-person pilot and a large-scale online
ideation exercise, used to derive user needs and content directions; (iv) a com-
parison with adjacent TUI/AR approaches; and (v) an expanded roadmap for fu-
ture classroom studies, accessibility features, and teacher-facing authoring tools.
We argue that WOWCube aligns with current e-learning priorities by offering a
safe, engaging, and authorable platform for gamified learning in formal and in-
formal settings.

Keywords: Gamification, Tangible User Interfaces (TUI), Mixed Reality, Edu-
cational Technology, WOWCube®, Cognitive Development, Artificial Intelli-
gence in Learning, Virtual Learning Environments (VLEs), Authoring Tools,
Augmented Reality in Education.

1 Introduction

Gamification, broadly defined as the integration of game mechanics into non-game
contexts, has gained significant traction within education over the past two decades.
Numerous studies have shown that the use of points, levels, challenges, and narrative
elements in digital learning platforms can enhance learner motivation and engagement
by appealing to intrinsic and extrinsic motivational factors [1], [2]. For example, game-
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like elements have been successfully applied to online learning systems, resulting in
improved retention and active participation [3].

At the same time, the widespread adoption of mobile devices has reshaped the de-
livery of educational content. While smartphones and tablets have enabled access to a
wide range of interactive applications, they have also introduced well-documented
challenges. Among the most prominent are distraction, cognitive overload, and reduced
attention spans, often associated with continuous exposure to multi-purpose digital eco-
systems [4], [5]. Recent research highlights concerns about short-form video consump-
tion and its correlation with diminished executive control and attentional capacity [6].
These findings underscore the need for alternative platforms that retain the motivational
strengths of digital games without the negative side effects of general-purpose mobile
devices.

Within this context, tangible user interfaces (TUIs) and mixed-reality devices offer
a promising avenue for educational innovation. By embedding computation into phys-
ical objects, TUIs enable learners to manipulate digital information through embodied
interaction, providing a bridge between abstract content and hands-on activity [7]. Puz-
zle-based TUISs, in particular, combine problem-solving with tactile engagement, fos-
tering spatial reasoning, logical thinking, and persistence. Classic examples such as the
Rubik’s Cube have long been associated with improvements in mental rotation, prob-
lem-solving strategies, and fine motor coordination [8], [9].

The WOWCube® platform exemplifies this integration of gamification, physical
manipulation, and digital content. Conceptualized as a mixed-reality puzzle device, it
combines the cognitive benefits of physical puzzles with the dynamic adaptability of
digital games. Unlike smartphones, the WOWCube® provides a focused learning en-
vironment, free from external distractions such as messaging, social media, or short-
form video platforms. At the same time, unlike static puzzles, it can deliver a variety of
adaptive games and educational scenarios. This paper examines the role of
WOWCube® as a tool for gamified learning, its cognitive potential, and its future ex-
tension into Al-assisted personalized education.

2 Background and Related Work

2.1 Gamifica'on and Educa'onal Outcomes

Gamification in education has been consistently shown to increase student motivation
and learning performance by introducing elements such as scoring, competition, feed-
back, and narrative framing [1], [2]. Well-designed educational games provide imme-
diate feedback, clear objectives, and a safe environment for trial-and-error learning,
making them effective tools across STEM and language learning domains [3]. Mayo
[4] demonstrated that game-based learning can significantly improve retention in sci-
ence education, while more recent work emphasizes the role of gamification in building
persistence and self-regulated learning skills [5].

Mobile learning platforms have further accelerated the adoption of gamified educa-
tion. However, alongside benefits such as portability and multimedia richness, scholars
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warn about the risks of distraction and “cognitive overload” when learning activities
occur on multi-purpose devices [6], [7]. Ward et al. [8] showed that even the mere
presence of a smartphone can negatively affect attentional control and task perfor-
mance. This challenge has been amplified by the rise of short-form video applications,
with several studies linking their overuse to attentional fragmentation and reduced ex-
ecutive control [9].

2.2 Tangible and Mixed-Reality Learning Tools

Traditional educational technologies typically rely on either fully digital or fully phys-
ical formats. Tangible User Interfaces (TUIs) provide a hybrid model, embedding com-
putational logic into physical objects that can be manipulated directly. Ishii and Ullmer
[10] were among the first to articulate the educational potential of TUIs, noting that
bodily interaction with digital content can improve comprehension, collaboration, and
engagement. Subsequent research confirmed that TUIs are especially effective for kin-
esthetic learners and for teaching abstract concepts such as geometry, programming, or
logic [11], [12].

Mixed-reality extensions of TUIs include devices that blend physical puzzles with
digital displays. Early examples such as Sifteo Cubes demonstrated how physical ma-
nipulation could be integrated with digital interactivity [13]. Osipov [14] introduced the
concept of “transreality puzzles,” a new category of entertainment and learning devices
that blur the boundary between physical and digital play. In such systems, there is no
single “primary game space”; instead, the puzzle exists simultaneously in tangible and
digital dimensions. The WOWCube® is a notable realization of this concept, combin-
ing physical twisting mechanics with interconnected digital displays.

2.3 Cognitive Benefits of Puzzle Solving

Puzzle-based learning has a long tradition in cognitive psychology and education. The
Rubik’s Cube, in particular, has been studied for its effects on spatial reasoning, work-
ing memory, and logical problem-solving [15], [16]. Lee et al. [17] found that fluid
intelligence predicted the rate of skill acquisition in Rubik’s Cube solving, indicating
strong links between puzzle proficiency and cognitive aptitude. Studies in STEM edu-
cation also report that practicing with 3D puzzles enhances mental rotation abilities, a
skill strongly associated with success in mathematics and engineering [18].

Beyond formal research, anecdotal evidence from puzzle enthusiasts suggests bene-
fits for concentration, patience, and stress reduction. Competitive “speedcubers” further
highlight improvements in fine motor coordination and hand—eye dexterity [19]. These
findings underscore the enduring value of puzzles as educational tools, while also point-
ing to the limitations of static puzzles for the digital-native generation. Devices such as
the WOWCube® extend this tradition by embedding puzzle-solving in a digital, adap-
tive framework.
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3 The WOWCube® Mixed-Reality Gaming Device

The WOWCube® is a novel interactive platform designed as a tangible and digital hy-
brid. Structurally, it resembles a 2x2x2 Rubik’s Cube, where each of the eight modules
contains a digital display, microcontroller, and sensors interconnected through mag-
netic contacts. This configuration results in 24 active screens covering the device’s ex-
ternal surface.

Players interact with the cube through tangible manipulations—twisting, tilting, and
flipping— which simultaneously alter the digital content displayed on the cube’s sur-
faces. The design principle aligns with Tangible User Interfaces (TUIs), where physical
manipulation becomes the primary medium for digital interaction [10], [13]. Unlike
static puzzles, the WOWCube® allows dynamic reconfiguration of digital games span-
ning multiple faces. Unlike general-purpose mobile devices, the platform is fully sand-
boxed, providing a curated ecosystem of puzzle, logic, and educational games free from
distracting or inappropriate content.

Figure 1 illustrates the structural design of the WOWCube®, highlighting its modu-
lar configuration and distributed network of screens.

From an educational perspective, the device combines puzzle-solving mechanics
with multimodal feedback:

1. Spatial reasoning is trained by mapping 2D content onto a rotating 3D ob-
ject.

2. Problem-solving is reinforced through puzzle-based games requiring algo-
rithmic strategies.

3. Attention and concentration are cultivated due to the absence of external
notifications.

4. Fine motor skills are strengthened by frequent and precise manipulations.

Together, these characteristics position the WOWCube® as a promising platform
for gamified learning that bridges the cognitive benefits of puzzles with the adaptability
of digital environments [14].
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Fig. 1. The WOWCube® device (2x2%2 modular cube) showing digital content
across faces; primary control via physical rotations.

4 Empirical Data and User Feedback

To complement conceptual analysis, two exploratory studies were conducted to capture
user perceptions and community-driven innovation.

4.1 CES 2023 Field Study

During the CES 2023 technology exhibition in Las Vegas, 43 participants interacted
with the WOWCube® for the first time at the company’s booth. Instead of structured
surveys, the team employed an open-question approach: attendees were encouraged to
manipulate the device freely and ask any questions that arose. The goal was to identify
the most salient concerns and interests of first-time users.
Key findings:
1. Retail Price: The most frequently asked question, raised by 39 participants
(=90%), concerned the expected retail cost.
2. Battery Life: 22 participants (=51%) asked about battery longevity.
3. Game Availability: 13 participants (=30%) inquired whether additional
games could be downloaded beyond the pre-installed set.
4. Other Questions: Fewer than five participants asked about hardware dura-
bility, educational applications, or multiplayer functionality.
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These results highlight that prospective users primarily focus on economic and prac-
tical aspects (price and battery), followed by content extensibility. Such concerns
should inform communication strategies and design priorities for future development.

4.2 Reddit Game Idea Contest

A complementary data source emerged from a large-scale community engagement ef-

fort on the Reddit r/gadgets forum. In a giveaway and brainstorming contest, users were

invited to propose new game ideas for the WOWCube®. The post attracted approxi-

mately 20,000 comments, including more than 120 distinct and viable game proposals.
Ideas were diverse and ranged from simple puzzle variations to advanced multi-cube

collaborative games. A thematic analysis grouped suggestions into the following cate-

gories:

Classic Puzzle Adaptations (e.g., Sudoku, Tetris-like mechanics).

STEM Learning Games (e.g., math drills, chemical bonding simulations).

Adventure/Exploration Games (narrative-driven puzzles).

Fitness and Reflex Games (reaction-based challenges requiring fast rota-

tions).

5. Social and Multiplayer Games (networked competitions, collaborative

problem-solving).

Sl ot

Social and Multiplayer Games

Classic Puzzle Adaptations [20.8% B Fiiness and Reflex Games

STEM Learning Games Adventure/Exploration Games

Fig. 2. presents a visualization of these categories, illustrating the relative frequency
of each idea type.

This large-scale engagement demonstrates that the WOWCube® fosters strong com-
munity creativity. The prevalence of educational and puzzle-based suggestions indi-
cates that the device resonates with users as a learning-oriented gaming tool, supporting
its positioning within gamified education.

5 Educational and Cogni've Impact of WOWCube

5.1 Fostering Cognitive Skills through Play

The WOWCube® gameplay environment engages multiple cognitive domains simul-
taneously by requiring learners to manipulate a reconfigurable 3D object whose digital
content spans interconnected displays. This mode of interaction parallels classic mental
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rotation tasks, which are strongly associated with the development of spatial reasoning
skills relevant to mathematics, engineering, and natural sciences [6], [15]. Unlike con-
ventional flat-screen games, the WOWCube demands constant alignment between
physical motion and digital representation, providing embodied practice that strength-
ens visuospatial processing.

Puzzle-based mechanics embedded in WOWCube games further promote problem-
solving and algorithmic thinking. Many games require players to plan moves in ad-
vance, detect patterns, and execute stepwise strategies, mirroring computational think-
ing practices central to computer science education [3], [16]. As learners progress
through incrementally challenging levels, the system naturally fosters persistence, re-
silience, and a growth mindset, as players learn to approach complex problems through
repeated trials and gradual mastery.

Attention and concentration are also actively trained. Unlike mobile phones, which
expose users to frequent notifications and competing applications, the WOWCube of-
fers a sandboxed ecosystem focused exclusively on puzzle and educational games. This
design supports deep engagement with a single task and reduces the risk of cognitive
fragmentation that has been linked to multitasking environments [8], [9]. In this sense,
WOWCube aligns with pedagogical approaches that emphasize sustained focus as a
prerequisite for higher-order cognitive skills.

Finally, the tangible design of the device contributes to the development of fine mo-
tor control and hand—eye coordination. Frequent twisting, tilting, and reorienting move-
ments provide kinesthetic training rarely found in flat-screen applications. Comparable
benefits have been observed in research on Rubik’s Cube solving and speedcubing,
where rapid manipulations improve manual dexterity and coordination [17].
WOWCube extends this advantage by embedding motor practice within a wider range
of playful and adaptive digital contexts.

5.2  Comparison with Tradi'onal Puzzles and Smartphones

WOWCube vs. Rubik’s Cube.

The Rubik’s Cube remains a classic puzzle with proven cognitive benefits: perse-
verance, algorithmic reasoning, and spatial visualization [15], [18]. However, its single-
objective design and steep learning curve can discourage learners who lack guidance
or immediate reinforcement. The WOWCube, by contrast, supports a portfolio of puz-
zles and games that adapt to learner skill levels, provide interactive tutorials and hints,
and deliver progressive feedback on performance. This adaptability ensures that tasks
remain within a learner’s zone of proximal development, maintaining motivation while
avoiding frustration. Thus, WOWCube retains the cognitive rigor of the Rubik’s Cube
while introducing scalability, variety, and user-centered personalization.

WOWCube vs. Smartphones and Tablets.

Smartphones and tablets are versatile educational tools but are also burdened with
significant distraction potential. Studies indicate that even the silent presence of a
smartphone can reduce available cognitive capacity and task performance, a phenome-
non sometimes called the “brain drain” effect [8], [9]. Furthermore, short-form video
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and notification-driven environments on such devices contribute to fragmented atten-
tion and reduced executive control [6], [7].

By design, WOWCube circumvents these issues. It is a dedicated, closed ecosystem,
devoid of social media feeds, web browsers, or video streaming platforms. All available
content is curated within its ecosystem, ensuring that learners engage with cognitively
enriching activities rather than attention-fragmenting media. This focus positions
WOWCube as a middle ground: it provides the rich interactivity and visual engagement
of digital platforms without the negative externalities of general-purpose devices.

6 Extending WOWCube with Al: The “Digital Pet” Tutor
Prototype

To expand the educational potential of tangible gamification, a proof-of-concept ver-
sion of the WOW Cube®—the WOWCube Al Edition—was developed. This prototype
integrates additional hardware and software components that transform the device from
a puzzle-based gaming console into an intelligent tutoring system.

The Al Edition consists of two major hardware extensions:

1. Pet Module. This specialized cube segment replaces one of the standard
modules and is equipped with a miniature camera, microphone, and addi-
tional processing capacity. Its external display hosts an animated digital pet,
codenamed “Oki”, which functions as the learner’s virtual companion. The
Pet Module provides sensory input, enabling the device to recognize faces,
track attention, and process voice commands.

2. Docking Station Al. This upgraded charging dock contains more powerful
processors and serves as an edge-computing hub for tasks exceeding the
cube’s onboard capacity. It manages speech recognition, natural language
understanding, and cloud-based queries to large language models (LLMs).
The docking station maintains seamless wireless communication with the
cube, balancing portability with advanced computational capabilities.

Together, these components enable multimodal interaction and lay the foundation
for adaptive learning scenarios (see Figure 3). The main Al-driven functionalities in-
clude:

1. Personalization. The system identifies the learner through face or voice
recognition, greets them by name, and maintains individual progress pro-
files.

2. Voice-Guided Onboarding and Gameplay. The digital pet explains device
functions, narrates tutorials, and guides learners through cognitive exer-
cises in real time.

3. Performance Analytics with Feedback. Gameplay data is logged and ana-
lyzed, allowing the AI to highlight improvements (e.g., faster reaction
times, reduced errors) and encourage persistence through motivational
feedback.

4. Adaptive Challenges. Based on user performance, the system adjusts game
difficulty and recommends new challenges targeting weaker skill areas.
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5. Educational Q&A. Via controlled integration with cloud-based LLMs, the
Al companion can answer questions or provide contextual facts related to
ongoing tasks, extending the device’s role from puzzle console to conver-
sational tutor.

This prototype reflects a convergence of gamification, tangible computing, and in-
telligent tutoring systems (ITS). By embedding adaptive Al into a playful environment,
the WOWCube Al Edition moves beyond static puzzle-solving toward personalized
cognitive training. Currently, the system remains in beta development, with a structured
user study planned to measure its effectiveness in sustaining engagement, improving
cognitive outcomes, and supporting learning transfer.

LLM+
Agents
BLE5.4 IPv.x/Sockets Al Backend
owEbel-—--——----------1 Dock
<=\oice=> Data
Jpegs=> Metadala
<=Data=> STT/FR/Buffering TS

Fig. 3. WOWCube® Al Edition concept: Pet Module (camera/microphone, digital
pet) + Docking Station for voice/vision and cloud LLM support.

7 Discussion and conclusion

The WOWCube® platform lies at the intersection of game-based learning, tangible
computing, and adaptive Al tutoring, representing a novel direction for educational
technology. Its benefits can be grouped into several domains:

1. Engagement. Hands-on, game-like interaction sustains learner motivation
and curiosity, particularly for tasks that may otherwise feel abstract or re-
petitive [1], [2].

2. Personalization. The Al-augmented edition introduces individualized pro-
gress tracking and adaptive challenges, aligning with current research on
intelligent tutoring systems [3], [4].

3. Safe Learning Environment. By restricting content to curated educational
and puzzle games, the WOWCube avoids the distractions and potential
harms associated with social media or short-form video platforms [5], [6].

4. Collaborative Potential. The tangible, visible nature of the device facilitates
co-located learning, enabling small groups to share problem-solving expe-
riences.

5. Curriculum Integration. Through its SDK and authoring tools, the platform
has potential to support domain-specific content creation by educators, ex-
panding applications from general cognitive training to targeted curricular
topics [7].

At the same time, several limitations and challenges must be acknowledged. The
cube’s physical manipulation may present accessibility barriers for learners with motor
impairments. Hardware durability and cost could constrain large-scale classroom
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deployment. Most importantly, the conceptual and design advantages outlined in this
paper require empirical validation. Future studies should examine not only short-term
engagement but also measurable gains in cognitive abilities (e.g., spatial reasoning, at-
tention, problem-solving transfer) and learning outcomes across age groups.

The future research roadmap involves three priorities:

1. Usability of Authoring Tools. Simplifying content creation for non-pro-
grammer educators, possibly via visual programming or Al-assisted author-
ing.

2. Accessibility. Developing alternative input modes (e.g., voice-based inter-
actions via the Al module) for learners with physical limitations.

3. Longitudinal Studies. Conducting controlled trials to evaluate long-term
educational impact, including comparative studies with tablets, Rubik’s
Cubes, and other mixed-reality tools.

In conclusion, WOWCube® exemplifies how combining physical interaction with
digital game-based learning can create an effective, focused, and engaging educational
platform. It occupies a unique position: as engaging as a video game but without dis-
tracting feeds, and as cognitively enriching as a puzzle but without static limitations.
The Al-augmented prototype suggests a future where conversational tutoring agents are
integrated into tangible, play-based environments, providing adaptive and personalized
support.

Finally, the work presented here aligns directly with the core tracks of the eLearning
2025 Conference:

1. Virtual Learning Environments (VLEs): WOWCube provides a sandboxed
ecosystem for interactive education.

2. Authoring Tools: Its SDK enables the development of customized scenar-
ios and learning modules.

3. Gamification and Interactive Learning: The device applies puzzle mechan-
ics and feedback loops to foster engagement and persistence.

4. Augmented Reality in Learning: As a mixed-reality TUI, WOWCube
bridges physical and digital experiences.

By situating WOWCube at this intersection, we argue for its potential as a next-
generation educational technology that channels human curiosity, leverages embodied
interaction, and integrates adaptive Al to promote meaningful and sustainable learning.
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Abstract. Arising challenges in digital media literacy regarding recognizing
and handling misinformation demand the development of innovative
educational tools. Educational escape rooms (EERs) are already established as
engaging learning solutions for related topics, but their design often lacks
meaningful involvement of end-users. In this paper, a participatory design (PD)
approach for the development of media literacy EER video games is presented.
As a part of the ENDGAME project, an international multi-stage workshop was
conducted with 41 diverse participants from Finland, Serbia, and Spain,
utilizing collaborative design methods including breakout sessions,
brainstorming activities, and stakeholder feedback collection. The results
illustrate different views and preferences on visual style, narrative themes, skill
mapping, puzzle mechanics, and accessibility topics. Our findings contribute to
the understanding of PD value in the creation process of immersive, adaptable,
and engaging educational ERs.

Keywords: Participatory Design, Educational Escape Rooms, Video Games,
Media Literacy, Co-Design.

Introduction

The continuous and widespread problem of misinformation and digital manipulations
in media, worsened by social media algorithms and generative artificial intelligence
(Al), has created an urgent need for innovative media literacy education, especially
among young people, who represent particularly vulnerable groups. According to
recent studies [1-3], while younger generations are adept at accessing various media
sources, they often lack critical thinking skills to evaluate the credibility of the source,
notice manipulation tactics, or recognize Al-generated/manipulated content, which
may lead to filter bubbles and echo chambers that reinforce biases [4,5]. Many
educators and media literacy specialists have turned to designing more interactive
learning opportunities, often in the form of games, to reach this vulnerable group of
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people who also happen to be the heaviest users of social media. Games are
particularly attractive to young audiences, making them a fitting choice for media
literacy education.

Educational escape rooms (EERs) have shown promise as engaging game-based
learning environments that combine problem-solving, collaboration, and time-
pressured decision-making. However, limitations of traditional top-down EERs
design approaches, such as behaviorist approaches, short durations often leave
teenagers and young adults out of focus [6]. To overcome these challenges and
potentially tailor more immersive experiences, the ENDGAME project adopts a
participatory design (PD) approach, involving end-users: youth, educators, and media
professionals, as co-creators to ensure the ERs are engaging, culturally relevant,
accessible, and pedagogically effective across diverse contexts [7].

The main objective of the ENDGAME project is to empower European young
citizens and individuals to be critical thinkers, responsible digital citizens, and active
participants in a globalized society. To engage our target audience in the acquisition
of media literacy skills, we aim to develop technology-enhanced educational ERs that
immerse participants in interactive scenarios that mirror real-life situations in
information consumption. At the heart of the project is the development of three
modular educational ERs, each focusing on a specific set of media literacy
competencies. These include: identifying disinformation and altered media, detecting
Al-generated content, understanding the risks of personal data exposure on social
platforms, and recognizing the rights and responsibilities that come with digital media
engagement.

In recognition of the diverse media landscapes and issues across European
countries, the project adopts a participatory approach in the selection of topics that
will be covered in the educational ERs. To reflect regional priorities in the content of
the educational ERs, participatory workshops are organized within Work package 2
(WP2) for the selection of these pressing matters in each of the three participating
countries —Finland, Serbia, and Spain— representative of diverse regions of Europe
with different political and cultural landscapes. The output of these workshops is then
used to design the media-related content present in the ERs, which will be customized
and contextualized for each region.

PD workshop is also organized within Work Package 3 (WP3) following a
participatory approach to develop the narrative, format, and theme (storyline and
gameplay) of the educational ERs in a way that is appealing to our target group,
ensuring that a diversity of perspectives is taken into account to maximize youth
engagement and that the ER games are intrinsically motivating beyond a learning
activity. The emphasis on inclusivity and the participatory approach ensured that the
project resonates with individuals from various cultural backgrounds, promoting a
diverse and pluralistic media environment. The developed ERs will be completely
modular and customizable, which allows them to be easily adapted to new contexts
beyond the scope of the project through the development of content specific to other
regions.
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2 Theoretical Background

2.1 Educational Escape Rooms (EERs)

EERs carefully combine game-based learning and immersive storytelling experience,
focusing on accomplishing a specific goal in a limited amount of time [8]. EERs
enhance learner motivation, develop modern-day skills, and improve knowledge
acquisition through playful, interactive experiences, as research indicates [9-12].
Frameworks like EscapED [13] have emerged to guide the creation of EERs in higher
education settings, while design thinking principles have been applied to create
learner-centered frameworks for EER development. EERs require careful matching of
actual game goals and introduced educational objectives in order to provide a
seamless user experience, which represents a very unique and specific challenge, not
present in the recreational escape room design process.

Even though EERs are still considered a novel educational tool, many researchers
have investigated this topic. Early research by [14] and [15] explored EER teaching
potential and design considerations. Later studies focused on implementation and
curriculum integration, though theoretical foundations remain limited [16], while [17]
concluded EERs are generally effective across different education levels. Domain-
specific reviews in STEM [18], medical education [19], nursing [20], as well as media
literacy specifically [21] show positive outcomes as their research finds that ERs are
enjoyable, contribute to knowledge gain, and increase motivation.

2.2 Participatory Design in Educational Game Development

PD originates from Scandinavian workplace democracy movements [22, 23] and it
evolved over time into a comprehensive methodology for involving end-users in
design processes. Further research [24] expanded PD toward collaborative creation,
generative toolkits, and infrastructuring. PD has been applied in educational contexts
to co-design digital tools, games, and curricula through involvement of end-users in
iterative cycles of brainstorming, prototyping, and evaluation, ensuring designs align
with users' needs and contexts [25]. So far, PD has had limited influence in serious
game development, despite its popularity in interaction design, which opens up
opportunities for methodological innovation.

Analyzed experimental results [26] suggest that user involvement in game design
may contribute to effectiveness by creating a better fit with user preferences, making
it a particularly suitable method for teaching students and children. However,
systematic reviews reveal diverse and inconsistent participatory methods in
educational game design, with unclear outcomes regarding optimal approaches and a
lack of details on how the process is being evaluated. For example, PD methods
analyzed in [26] showed significant variation. These ranged from involving students
in pre- and post-tests of game interfaces to determine usability effectiveness, to
poster-making activities using materials and questionnaires as multisensory design
techniques. Other approaches included daily camp activities for creating and testing
hands-on games as learning tools, and workshops focused on concept development,
personas, and storyboards.
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2.3  Media Literacy Education Through Games

Ever-growing challenges of information verification, determining source credibility,
and noticing digital manipulation have gradually turned media literacy education
toward game-based approaches to increase engagement among the most vulnerable
groups. Research [5] suggests that, for developing misinformation identification
skills, games proved to be more effective than conventional, often static content, in
both online and offline delivery modes. The time-sensitive nature of escape rooms
particularly suits media literacy education by simulating the fast-paced information
environment young people navigate through daily [21]. This creates opportunities for
experiential learning about detecting different forms of misinformation under
pressure.

The Dutch Media Literacy Competency Model [27] identifies 8 key skills:
operating devices and software, exploring applications, finding information (including
detecting misinformation), creating with media, connecting through media, discussing
media, understanding media (recognizing biases and business models), and reflecting
on media usage. The framework also covers topics of health, education, employment,
and identity. Ongoing media literacy training initiatives are often fragmented and
short-term [21,28], with calls for more evidence-based, scalable approaches asserting
gamification.

3 Methods

The participatory design process in WP3 aimed to ensure that the educational ERs
being  developed in  the scope of the ENDGAME  project
(https://endgameproject.github.io) are engaging, contextually grounded, inclusive, and
reflective of regional disinformation challenges. Building on the findings from WP2
(Identification and creation of contextualized media literacy scenarios), the co-design
process focused on translating country-specific disinformation narratives into
compelling and pedagogically relevant scenarios tailored for game-based learning
environments. The goal of the participatory workshop, where participants contributed
to shaping both the narrative structure and puzzle mechanics of the ERs, was to co-
create learning experiences that go beyond instructional objectives, immersive
storylines, visually dynamic environments, and meaningful challenges that resonate
with the everyday media experiences of young people.

A core principle of this approach was the meaningful inclusion of diverse
perspectives, particularly those often underrepresented in digital design and media
education. Rather than treating participants as end-users, the process positioned them
as co-creators. The workshops were thus grounded in the belief that participatory
design is not a peripheral consultation tool, but a creative and empowering
methodology through which learners directly influence the form, tone, and function of
the educational media they engage with.
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3.1  Participants and Recruitment

An international PD webinar was held with stakeholders from all three partner
countries to collaboratively shape the high-level narrative arc, structure, and
educational strategy of the ERs. To ensure representational diversity in ER design,
each national team invited participants from various age groups, gender identities,
socio-economic backgrounds, and digital media familiarity levels. Stakeholders
included: secondary and university students, schoolteachers and digital literacy
educators, media literacy trainers and youth workers, civic society representatives and
media professionals, individuals from underrepresented groups. Out of 58 people
registered for the workshop, 41 participated, ensuring diversity in gender, ethnicity,
ability, and region.

3.2  Workshop structure and tools

Conducted as a 100-minute online event via the Zoom platform, the workshop
combined presentations, interactive quizzes, breakout room discussions, and digital
collaborative tools (AhaSlides and Google Forms) structured as presented in Table 1.

Table 1. Participatory design workshop structure.

Sessions Duration Description
Project overview, ER example ("The Hoax
Factory") demonstrating puzzle-skill links
"Real-Fake News" quiz (5 timed questions),
Presentation of Insights from 10 min Insights from WP2 ( Recurring themes
WP2 across regions, How insights will potentially
inform escape room narratives)
"Truth and a Lie" game for rapport. Word
25 min clouds on game visuals, themes and
settings.
Puzzle and skill mapping example,
Puzzle and Skill Mapping 20 min Discussions regarding puzzle types,
(Breakout rooms) challenged skills and techniques for
avoiding revealing solutions.

Welcome and Introduction 10 min

Brainstorming Narrative
Ideas (Breakout rooms)

Inclusion and Accessibility

Discussion 10 min Addressing stereotypes and accessibility

Wrap-Up and Next Steps 20 min Survey capturing additional ideas

“Welcome and Introduction” session started with a brief introduction of facilitators
and explanation of the workshop purpose, as well as a brief overview of the following
session activities, followed by a brief overview of the ENDGAME project and the
goals of the ERs. After a short mention of project partners, the Educational ERs
concept was explained and demonstrated using an example of a digital educational
ER [29], which had the purpose of visually describing the presented concept.

“Presentation of Insights from WP2” began with the first ice breaker — a simple 5-
question “real-fake” quiz based on different news articles and social media posts.
Participants were asked to guess if the post in question was true or false, and the
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results were presented to participants after each question. Each question had a time
limit to simulate a potential ER challenge.

The purpose of the quiz was to set the base for the rest of the workshop and
provide participants with hands-on experience. The quiz was implemented and
conducted through the AhaSlides platform. After a short discussion about the quiz
results and participants’ impressions, a concise summary and highlight of recurring
themes of disinformation narratives gathered through national workshops in Finland,
Serbia, and Spain was presented to the participants, along with a few examples of
how these insights will potentially inform ER narratives.

Each breakout room facilitator started “Brainstorming Narrative Ideas” session
with a simple “truth and a lie” game (Fig. 1) as a form of another more personal ice
breaker, where participants could volunteer, share their name and role, and present
two simple statements where only one statement is true, and other participants must
guess which one. The facilitator presented the first pair of personal statements to start
the game, after which other participants continued the game. The session utilized
AhaSlides’s Word Cloud feature (Fig. 2) for two key brainstorming activities:
narrative choice selection and real-life setting preferences. After each word cloud
generation session, facilitators introduced previously developed team concepts to
gather participant opinions and feedback.

iEND EL e waer i e

Welcome & Introduction
s 'Truth and a Lie’
Share your name and role.

Present two simple statements about you, one true one false
Vote (in Zoom comments) which one was true. =

1. lworked at a comic book store, [E][E
2. lwas a part of a hip hop duo. %

Cadunded by Y =I% n -
-lhnEumpw:Un\ion ii a - m|-ma.u FaklBaar® % :

==

Fig. 1. Presented “Truth and a Lie” game rules as a part of the “Brainstorming Narrative Ideas”
session.

The goal of the “Puzzle and Skill Mapping” breakout session was to link media
literacy skills (e.g., identifying manipulated images, evaluating sources) to potential
puzzle types. Facilitators presented one valid puzzle with mapped skills for easier
understanding and guided groups to suggest specific puzzle ideas tied to the narrative.
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Which theme would you choose for an escape room

.
narrative?
getting account back gpaceship
bots creating fake news “ .

P i = social media hacker

i social media storm

S disinformation crisis

g historical archive

< time travel mystery

3 2

= =

] =

i S
= 1y [ & & Gowp 821 &5« &

Fig. 2. Narrative choice - Word cloud.

“Inclusion and Accessibility” session raised some important questions regarding
how to keep content free of stereotypes, how to improve accessibility of the ER, will
the game include experiences relevant to marginalized communities, etc.

In the “Wrap-Up and Next Steps” session, participants were asked to fill out the
Google Forms form (25 out of 41 participants completed the survey), and the
workshop was concluded by outlining the following steps that should be performed,
such as development of room prototypes, piloting and testing, and follow-up
invitation for those interested in contributing to storyboarding or testing.

3.3  Data collection and analysis

Data was collected through a multi-method approach to capture comprehensive
participant feedback throughout the workshop. Real-time polling was conducted using
AhaSlides to gather immediate responses during interactive activities. Facilitators
documented discussions and outcomes from breakout room sessions, while word
cloud generation captured brainstorming outputs on game visuals, themes, and
settings. Post-workshop structured questionnaires were administered via Google
Forms to collect participant feedback on workshop components and their experiences.
Additionally, qualitative data was gathered through open discussions, allowing
participants to provide unstructured insights and suggestions. This data collection
strategy ensured comprehensive documentation of participant input across different
phases of the workshop.

Analysis combined quantitative preference data with thematic analysis of
qualitative discussions, identifying patterns.

4 Results

The findings from breakout sessions showed strong alignment with wrap-up survey
results, confirming the consistency of participant preferences across different
collection methods. Importantly, the interactive nature of breakout discussions
allowed gathering more subtle details and contextual explanations that represent
additional value beyond the quantitative survey data.
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4.1 Visual and Thematic Preferences

Participants demonstrated clear preferences for illustrative art styles (Fig. 3), with
47.1% votes favoring this approach compared to pixel art (38.2%) or real-life
photography (14.7%). This preference was consistent across all breakout rooms and
was reinforced by participant concerns about Al-generated art, with explicit requests
for human-created visual content.

Analysis of thematic preferences revealed three primary areas of interest (Fig. 4).
Political misinformation and election interference emerged as the most preferred
theme, accounting for 32% of responses. Health and science misinformation followed
closely at 24% of responses, while Al-generated content represented 20% of
participant preferences. Participants emphasized the timeliness and global relevance
of these themes, particularly noting their impact on emotions, politics, and public

trust.

]_D Copy chart
Choose one or more styles you would like to see:

25 responses

Pixelan 13 (52%)
Tystrative art 16 (54%)
Real-life photogragphy 5 (20%)
[ 5 10 15 0

Fig. 3. Visual style selection responses in Google Forms (Multiple choice was allowed).

|_|:| Copy chart
Choose one primary theme from the recurring disinformation challenges:

25 respenses

@ Deepfakes and manipulated media

@ Poltical musinformation/election
intirference

@ Health and science misinformation

@ Al-generated content

@ Climate misinformation

@ Time travel

Fig. 4. Theme selection responses in Google Forms.
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4.2  Setting and Character Preferences

Real-world settings demonstrated clear hierarchical preferences among participants
(Fig. 5). Newsroom or media organization settings ranked highest at 24.4%, followed
by social media company headquarters at 19.5%. Government offices received 12.2%
preference, while university or classroom environments attracted 9.8% of participant
interest.

Character role preferences (Fig. 6) showed a tie between journalists/reporters and
students/researchers, each receiving 26.7% of responses. Fact-checkers garnered
12.1% preference, while ordinary citizens received 10.3% of participant support.
These preferences reflect participants' desire for relatable, investigative scenarios
rather than abstract or fantastical contexts.

LD Copy chart
Choose a real-life setting for your escape room:

25 responges

NewsroomiMedia organization|
SBooal media company headgu. ..
University/classreom|
Government office

Influencer's studio)

Public transportation

City + Puhlic tranzpor|

Diystopian Society|

Abandoned hospitall

smartphone or electronical dewce|
Chaern Faby

The whole school

10 {40%)
8 (32%)

4 (16%)

5 (20%)

4 (16%)

4 (16%)

Fig. 5. Setting and Environment selection responses in Google Forms (Multiple choice was
allowed).

LD Copy chart
Who can players be in your scenario?

25 responses

Journalistsirepaners 16 (54%)
Students/researchers 16 (G4%)
Social media managers,
Faci.checkers
Government officials

Ordinary ciizens B (24%)

acat —1 [4%)

Could be alen student's, parent 1 (4%)

Fig. 6. Character roles selection responses in Google form (Multiple choice was allowed).
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4.3  Game Objectives and Puzzle Design

Central game objectives revealed participants' focus on actionable misinformation
encounter (Fig. 7). Finding the source of disinformation emerged as the primary
objective preference at 30.4%, followed closely by stopping viral fake news from
spreading at 26.1%. Protecting individuals victimized by disinformation was 15.2%
and restoring trust in legitimate media gathered 13% of participant selections.

Puzzle type preferences (Fig. 8) emphasized several key elements. Participants
favored visual analysis, source verification, pattern recognition activities, and cross-
referencing tasks, and collaborative problem-solving approaches. Additional
preferences included progressive difficulty with multiple solution paths and
integration with narrative elements rather than standalone challenges.

|_D Copy chart

What is the | goal players must achieve?

25 responses

Slop wwal fake news friom spre.. 12 (48%)

Find the source of disinfarmation 14 (56%)
Restore trust m legiimale media G (24%)
Prevent election interference
Frotect someone vichmzed by T (28%)
Fixing the time line

Spread news (fake or not) that
te wncover the hidden Wulh beh..

Find the truth and make it clear..

Fig. 7. Game objective selection responses in Google form (Multiple choice was allowed).

LD Copy chart
Puzzle Type:

25 responses

Visual analysis
Source verification 12 (48%)
Data interpretation

Logical reasoning
Pattern recognition

Ethical decision-making

Honestly anything 1 (4%)

Nonograms 1 (4%)

Fig. 8. Puzzle type selection responses in Google form (Multiple choice was allowed).
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4.4  Accessibility and Inclusion Insights

Participants provided comprehensive recommendations for inclusive design
implementation. Visual accessibility suggestions included high contrast themes for
low-vision users and text alternatives for visual and audio content. Technical
accessibility considerations encompassed multiple information channels (visual,
textual, audio), simple language avoiding jargon, and accommodation for slower
internet connections and older devices. Cultural inclusivity recommendations
emphasized diverse character representation while avoiding stereotypical portrayals.

5 Discussion

Workshop results confirm the value of PD in effective involvement of end-users in
pre-planning grounded, immersive, and accessible educational ER experiences. While
maintaining participant attention and engagement during the process, valuable data
has been gathered through a combination of real-time polling, brainstorming, and
structured feedback questionnaires. Data will be used in the creation of 3 different ER
games, and implementation and evaluation of these games will help to further confirm
the effectiveness of PD in the development process.

Participant feedback, gathered through surveys and open discussions, emphasized
several recurring themes. The PD process was perceived as fun, collaborative, and
informative. Many participants, including youth, reported learning new perspectives
on disinformation throughout the session. A strong preference emerged for realistic
scenarios that felt grounded in everyday digital experiences and avoided abstract or
moralizing tones. Neutral missions framed around investigation, teamwork, or digital
problem-solving were preferred over those suggesting the pursuit of “truth.”

Visual inclusion and accessibility were consistently mentioned, including
suggestions on color contrast, text readability, gender balance in character design, and
overall interface clarity. Both individual and group gameplay modes were seen as
valuable for maximizing accessibility and engagement.

The online workshop format proved to be very effective for the inclusion of
participants from different states, but revealed limitations such as limited time for
deeper discussion of complex topics, trouble building rapport in a virtual
environment, and the challenge of managing different views on a subject within a
given time. Next to that, all participants were self-selected and may not ideally
represent a broader population that may interact with the created video games.

6 Conclusion

This paper demonstrates the potential and feasibility of incorporating PD approaches
as an important building block of educational ER video games. Structured online
collaboration with 41 stakeholders across three countries allowed identifying end-user
preferences for narrative themes, visual styles, and puzzle mechanics that balance
engagement with educational objectives.

The study contributes to both methodological insights about conducting
international PD workshops and real findings about stakeholder preferences for media
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literacy education games. The created guidelines provide a valuable starting point for
similar project workshops while also highlighting the importance of user-oriented
design and co-creation in educational technology development. Combined with the
findings from our recent literature review about EERs for media literacy [21], the
results of the PD workshops will serve as the departure point for designing the escape
rooms of the ENDGAME project.

As misinformation continues to challenge democratic discourse and social
cohesion, educational tools must be improved and adapted with and for the young
people they aim to serve. PD offers a path toward more relevant, engaging, and
effective educational games that respect learner agency while advancing critical
learning objectives.
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Abstract. In contemporary society, the ability to understand and interpret data
has become a fundamental skill. Regardless of STEM or non-STEM fields, all
individuals is expected the minimum level of stochastic literacy. This study ex-
amined Non-STEM students’ base-rate reasoning, their attitudes toward statis-
tics, and the potential of artificial intelligence (Al) to support the analysis of
students’ explanations. There participated 105 students, from the University of
Novi Sad (non-STEM: Law, Economics) during regular classes. They solved a
base-rate task, provided written explanations, and completed a attitude ques-
tionnaire. Responses were coded into six categories reflecting correctness and
explanation type. Overall, 41% of students answered the task correctly, with no
significant differences by faculty or gender. However, almost half of the partic-
ipants chose the same wrong option. Students of the Faculty of Economics were
more likely to provide explanations (70%) compared to law students (25%).
When considering only responses with explanations, a significant gender differ-
ence was found, with male students more likely to provide correct probability-
based reasoning, while female students more often relied on equiprobability ex-
planations. Attitude measures showed generally positive orientations although
self-efficacy was weaker. Al-based (ChatGPT) coding of explanations gives re-
sults comparable to human classification and shows its potential for identifying
misconceptions, albeit with certain limitations. Findings emphasize the need to
strengthen probabilistic reasoning and statistical self-efficacy among Non-
STEM students, while also pointing to AI’s potential as a research and peda-
gogical tool.

Keywords: probabilistic reasoning, base-rate reasoning, attitudes toward statis-
tics, non-STEM students, Al-assisted coding of explanations

1 Introduction

In contemporary society, possessing a basic level of stochastic literacy, encompassing
knowledge of probability and statistics, is essential not only for professional purposes
but also for personal decision-making (Kapler et al, 2021; 16]. The ability to correctly
interpret and evaluate data is increasingly important across diverse fields, extending
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beyond traditionally STEM-oriented professions. Even for students in non-STEM
disciplines, foundational competencies in probability and statistics are crucial for
informed reasoning and critical evaluation of information [16, 19].

The present study examined the extent to which non-STEM students are able to
solve a task that can be regarded as a measure of basic stochastic literacy at the ele-
mentary level. In addition to selecting an answer, students were asked to provide writ-
ten explanations in order to gain deeper insight into their reasoning processes. This
task is also widely recognized as a diagnostic measure of the base rate neglect mis-
conception (also referred to as base rate bias or insensitivity to prior probabilities)
occurs when a base set or some other important information is neglected. Instead of
considering the base rates, conclusions are typically drawn from the descriptive de-
tails presented in a task, even though such information is insufficient for making an
accurate judgment. A common misconception is that if the description of a case ap-
pears to fit one category more closely, then the likelihood of belonging to that catego-
ry must be higher (Kapler et al., 2021; 14, 15]. When a description does not clearly
correspond to any category, individuals are often prone to the equiprobability bias, the
belief that all possible outcomes are equally likely. In these cases, the base rate is
again ignored, leading to erroneous probabilistic reasoning [10].

Beyond assessing students’ susceptibility to base rate neglect, the study also ex-
plored their attitudes toward statistics, including the perceived importance of statis-
tics, self-assessed knowledge, trust in data and media, and motivation to improve their
statistical competence. Finally, in the third part of the study, we investigated the po-
tential of artificial intelligence (ChatGPT) to support the analysis of students’ expla-
nations and to evaluate its possible role as a tool for identifying and addressing mis-
conceptions related to probabilistic reasoning. Based on these considerations, the
present study addresses three research questions concerning students’ base-rate rea-
soning, their attitudes toward statistics, and the potential role of Al in analyzing stu-
dents’ explanations.

1.1  Research Questions

RQ1. To what extent do non-STEM students correctly solve a probability task, and
how prevalent are base-rate neglect and the equiprobability bias in their written ex-
planations?

RQ2. What levels and patterns characterize students’ attitudes toward statistics
across the four subscales: Value/Utility, Self-efficacy, Skepticism, and Motivation
to Learn?

RQ3. Can an Al-based tool (ChatGPT) reliably code students’ explanations against
the human coding scheme?

All analyses were conducted with group comparisons by faculty (Law vs. Econom-
ics) and gender. Because non-STEM programs are heterogeneous, meaningful differ-
ences may exist within this population; in our study, Law and Students of Economy
follow substantially different curricula, so faculty-based contrasts were explicitly
examined.
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2 Literature Review

Decision-making in both daily practices and broader social and political contexts
often relies on data analysis, highlighting the importance of data interpretation for
fostering informed and active citizenship [5, 17, 20]. In many domains such as for
example public health and climate change, misinterpretations of data can lead to se-
vere and far-reaching consequences [8, 23]. Across many professional fields, the
competence to accurately analyze and interpret data is regarded as essential, and pro-
fessional associations, governmental bodies, and scholarly work alike stress the im-
portance of cultivating these competencies [1, 7]. In this regard, familiarity with the
fundamental concepts of probability and statistics is necessary for citizens, regardless
of their professional background to participate actively in society and make sound
decisions.

Although critical data literacy is fostered at all stages of education, higher educa-
tion students, as future leaders and decision-makers, are expected to develop stronger
knowledge and greater confidence in applying these skills. Previous research has
explored misconceptions related both to probability and to statistics. Some of the
results of studies conducted in fields such as banking, investment, auditing, manage-
ment, insurance, and healthcare suggest that even highly educated adults often face
difficulties when interpreting information and making judgments under uncertainty
[3,4, 11, 15].

Research by Khazanov and Prado [18] indicated that nearly four out of five univer-
sity students enrolled in disciplines such as accounting, business, liberal arts, and
mental health exhibited difficulties with probabilistic reasoning, particularly showing
susceptibility to the equiprobability bias. Similarly, Hirsch and O’Donnell [12] re-
ported that approximately three-quarters of students, predominantly from psychology
but also across other fields, struggled with probability misconceptions. In such cases,
individuals often resort to intuitive strategies or heuristics, which, while common,
frequently lead to systematic errors in reasoning [13].

In the Serbian context, base rate neglect has been examined among STEM stu-
dents, specifically engineering students, where around 35% were found to be prone to
this type of misconception [17]. The study by Kaplar et al. [17] offers a useful point
of reference for the present work because it employed the same base-rate task under
equivalent testing conditions and procedures, allowing direct comparability of find-
ings. Research on Serbian Non-STEM students to date has focused primarily on their
interpretation of visually presented data, most notably the accurate reading of the
arithmetic mean and standard deviation (Luzanin et al., 2022). In a cross-cultural
design comparing Serbian STEM and Non-STEM students with STEM and Non-
STEM students from Kent State University (USA), Luzanin et al. (2022) reported that
Serbian Non-STEM students performed worse in interpreting the arithmetic mean
than both Serbian STEM students and their STEM and Non-STEM peers from the
U.S. Taken together, these studies motivated an examination of how Non-STEM stu-
dents tackle probability-based tasks that index elements of stochastic literacy.
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The overarching aim of such investigations is to identify potential weaknesses in
general education and to highlight curricular areas where targeted improvement is
warranted. This is particularly important given that previous research has shown that,
even when students achieve high performance on probability tests, they often lack a
deeper understanding of fundamental concepts, especially when making judgments
about uncertain events in real-life contexts [9, 24]. At the same time, numerous stud-
ies highlight that carefully designed courses in probability and statistics can play an
essential role in addressing these difficulties [6, 10, 11, 21]. These studies recommend
emphasizing students’ prior experiences, incorporating experimental and frequency-
based approaches, and fostering intuitive understanding of probability concepts. Such
strategies have been shown to reduce the likelihood of misconceptions and underscore
the importance of instructional methods in shaping statistical reasoning.

Students’ explanations provide valuable insights into their reasoning, yet analyzing
large volumes of written responses is time-consuming, which is why artificial intelli-
gence is increasingly being considered as a supportive tool in this process. Previous
studies show that large language models can make a significant contribution to data
analysis, but their role remains primarily supportive. McClure et al. [22] emphasize
that the accuracy of Al coding is often comparable to, and in some cases higher than,
human performance in deductive tasks, especially when the instructions are clearly
defined. However, researchers’ experiences also highlight certain limitations: Yan et
al. [26] point out that Al can accelerate analysis, but its lack of reliability and deeper
contextual understanding requires human validation. Williams [25] further warn about
ethical and methodological challenges, such as hallucinations and the absence of theo-
retical grounding in interpretation. The common conclusion across these studies is
that Al can enhance the speed and scope of data processing, but the human researcher
remains essential to ensure accuracy and meaningful analysis.

3 Methodology

3.1 Sample

The sample consisted of undergraduate students from the University of Novi Sad
(Table 1). Data were collected during regular class sessions. All students from the
Faculty of Economics reported having passed at least one exam in probability and
statistics at the time of testing. Participation in the study was voluntary, and all partic-
ipants were informed about the aims of the research and provided their consent prior
to participation.

Table 1. Sample distribution by gender and faculty

Faculty Female Male Total
Faculty of Economics — Subotica 28 9 37
Law Faculty — Novi Sad 39 29 68
Total 67 38 105
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3.2 Procedure

The study was conducted using a structured test consisting of several components.
First, students provided demographic information. They were then asked to solve a
probability task designed to assess base rate neglect and elements of statistical reason-
ing. In order to gain deeper insight into students’ reasoning processes, participants
were instructed to provide written explanations for their answers. The test further
included a questionnaire on students’ attitudes toward statistics, measured through
Likert-scale items. Finally, students’ open-ended responses were analyzed using
an Al-based tool to explore the extent to which artificial intelligence can support the
identification and understanding of misconceptions related to base rate neglect.

Statistical literacy through base rate neglect

As part of the study, participating non-STEM students were presented with a proba-
bility task (Fig. 1) that required them to reason about base rates in order to reach the
correct solution. This task can be considered a component of statistical literacy, as it
involves applying basic probabilistic reasoning to everyday contexts. At the same
time, it is commonly used in the literature on cognitive biases as a diagnostic measure
of the base rate neglect misconception, which occurs when individuals give insuffi-
cient weight to prior probabilities in favor of more salient but less relevant infor-
mation.

In a company, 70% of employees have a degree in information
technology engineering, and 30% of employees have a law
degree. One employee is randomly selected from this company.
This employee is Milan, a young successful employee at the
company. He is very ambitious and promising. He enjoys
swimming and regularly exercises.

What are the chances that Milan is

an information technology engineer? '~'_

a) 70%
b) 30%
¢) 50%

Fig. 1. Example of a probability problem illustrating base rate neglect and elements of statisti-
cal literacy (Figure generated with an Al-based tool)

In the present study, the task was administered before the attitude questionnaire, al-
lowing us to examine both the correctness of students’ responses and the types of
justifications they provided. Focusing on a non-STEM student population provided an
opportunity to explore statistical reasoning and misconceptions in a group with typi-
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cally less formal training in mathematics and statistics, but whose professional com-
petence increasingly requires data-informed decision-making.

Coding of Students’ Explanations

Students’ responses to the base rate task were categorized using a coding scheme
that distinguished between accuracy of the answer and the presence and type of ex-
planation. The first digit indicates whether the answer itself was correct (1) or incor-
rect (0). The second digit specifies the type of explanation:

e 0 - no explanation provided, regardless of correctness of the answer.

e 1- explanation consistent with a key misconception (equiprobability bias:
reasoning that two outcomes must be equally likely simply because they are
two).

e 2 - alternative explanation that is incorrect or not based on probabilis-
tic/statistical principles.

e 1 (with correct answer) — explanation based on probability/statistical prin-
ciples.

e 2 (with correct answer) — explanation accompanying a correct response but
not grounded in probability/statistical reasoning.

Accordingly, the six possible categories were:

00 — Incorrect answer without explanation.

01 — Incorrect answer with equiprobability bias explanation.

02 — Incorrect answer with alternative incorrect explanation.

10 — Correct answer without explanation.

11 — Correct answer with probability/statistics-based explanation.

12 — Correct answer with explanation not based on probability/statistics.

This scheme allowed us to differentiate between accuracy, presence of reasoning,
and the type of reasoning students employed, thereby providing deeper insight into
the nature of misconceptions such as base rate neglect and equiprobability bias.

Attitudes toward statistics

Attitudes were assessed with 9 items on a 5-point Likert scale (1 = strongly disagree,
5 = strongly agree). Guided by content and reliability screening, we formed four sub-
scales and computed scale scores as the mean of available items (minimum half of
items present). Item 2 was reverse-coded (6 — response) so that higher scores reflect
greater skepticism. Higher scores indicate more of the construct. The items used in
this questionnaire were previously validated and applied in two studies [16, 19]. The
subscales shown in Table 2 were tested.
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Table 2. Attitude toward statistics subscales with items and reliability coefficients

Subscale Items (abbrev.) Cronbach’s o

STATS _IMPORTANCE — “It is important to possess
basic knowledge of statistics, regardless of profession.”
CRITICAL_EVALUATION — “The statistical
knowledge I possess helps me critically evaluate re-

X?Il}l)e/Utlhty search findings.” 0.72
PROFESSION_IMPORTANCE — “Statistics is essen-
tial for the profession I have chosen.”
PERSONAL_ USAGE — “I use my knowledge of sta-
tistics to better interpret data.”
STATS_EDUCATION — “During my education, |
Self-efficacy studied enough statistics.” 0.71
(SE) KNOWLEDGE_SATISFACTION — “My knowledge '
of statistics is satisfactory.”
Skepticism MEDIA_TRUST_R — “I trust research reported in the
(SK) media.” (reverse-coded) 0.46
MISUSE — “Statistics are often misused.”
Motivation IMPROVE_STATS — “I would like to improve my
to Learn knowledge of statistics.

Note: MEDIA is reverse-coded (Item 2; 6 — response).
AlI-Supported analysis of student reasoning in base rate tasks

In the third part of the study, we focused on students’ written explanations accom-
panying their answers to the base rate neglect task. These justifications were subjected
to qualitative coding in order to categorize types of reasoning. The coding scheme
distinguished between correct probability-based reasoning and several types of mis-
conceptions (e.g., equiprobability bias, alternative incorrect explanations, or responses
without justification).

To complement the manual categorization, students’ responses were also processed
using an Al-based tool, with the aim of examining whether artificial intelligence can
reliably identify reasoning patterns and misconceptions. This dual approach allowed
for both human-coded and Al-supported perspectives, providing a richer understand-
ing of students’ reasoning processes and exploring the potential of Al to support edu-
cational research in addressing misconceptions such as base rate neglect.

4 Results and discussion

4.1  Statistical literacy through base rate neglect

Distribution of responses to the base rate task by faculty is shown in Figure 2.
Overall, 41% of students provided the correct solution to the base rate task, with 43%
of students of the Faculty of Economics and 40% of law students responding accu-
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rately (Table 3). Across both faculties, approximately half of the students (around
50%) selected the 50% response option. This pattern suggests that nearly every sec-
ond student was inclined toward the equiprobability bias, a misconception reflecting
the belief that when two outcomes are possible, they must be equally likely [10].

100%

Faculty
N Faculty of Economics
0 Faculty of Law
80%

60%
SL4% 50004

43.2%

40% 7%

Percentage (%)

10.3%

5.4%
0%

a (70%) b (30%) ¢ (50%)
Response options

Fig. 2. Distribution of responses to the base rate task by faculty

A chi-square test revealed no statistically significant differences in accuracy be-
tween the two faculties, y*>= 0.12, p = 0.724. Likewise, gender differences were not
significant, ¥* = 0.15, p = .698. These findings are comparable to the results reported
by Kaplar et al. [17], where approximately 65% of engineering students correctly
solved the same problem. Taken together, the results suggest that while misconcep-
tions are present among both STEM and non-STEM students, they tend to be some-
what more pronounced among non-STEM students.

Table 3. Correct and incorrect responses by faculty and gender with chi-square results

Category Group Correct Incorrect Total e P
Faculty Economics 16 21 37
12 724
Law 27 41 68 0 07
Gender Female 26 41 67
Male 17 21 38 0-15 0.698

It might have been expected that students of the Faculty of Economics would per-
form better on this type of task, given that all of them had completed at least one
course in probability and statistics. However, this was not the case. This finding
aligns with previous research suggesting that misconceptions may persist regardless
of formal education or the number of completed courses [9, 24]. The presence of such
misconceptions is often rooted in incorrect intuitive reasoning rather than a simple
lack of knowledge. Consequently, addressing these issues requires targeted instruc-
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tional strategies and carefully designed practice integrated throughout the educational

process [6, 10, 11, 21].

4.2  Analysis of students’ explanations

Providing explanations in problem-solving tasks can serve as an indicator of how
deeply students engage with the task and the extent of their genuine involvement.
Prior research [16] has shown that students who offer explanations tend to achieve
higher test scores. Providing explanations also was discussed by Attali et al. [2] who
argue that the ability to articulate reasoning reflects a willingness to thoughtfully en-
gage with the task, whereas a correct response alone may sometimes result from mere
guessing. In the current study only about 40% of non-STEM students provided an
explanation for their response to the base rate task (Table 4), which is lower compared
to STEM students in earlier studies, where approximately 56% offered justifications
(Kapler et al., 2021).

In the present study, the largest proportion of students (40%) fell into category 00,
which represents incorrect answers without any explanation (Table 4). Of the total
sample, 21% were able to select the correct response and provide a correct justifica-
tion, whereas in a comparable study with STEM students this proportion was higher,
at 32% [16]. Approximately 20% of participants were classified in category 01, where
the explanations clearly reflected base rate neglect and the associated equiprobability
bias. Illustrative responses from this category included:

“The chances are 50% because the worker could be either an IT engineer or a
lawyer.”

“There are two options, so the probability must be 50-50%.”

““Since the worker was chosen randomly, the chance is equal for both professions.”

According to previous literature, such explanations provide strong evidence for the
presence of base rate neglect, specifically the equiprobability bias [10]. One possible
reason for the persistence of this misconception may even be prior education, since
many introductory courses in probability and statistics often rely on examples with
equally likely outcomes, such as coin tosses or dice rolls [6, 10, 11, 21]. Taken to-
gether, these findings suggest that nearly half of the participants in our study may
potentially hold the equiprobability bias, with approximately 20% providing explana-
tions that explicitly confirm this misconception.

Table 4. Distribution of student’ answers and explanations by faculty and by gender (cells
show n and %; includes 00 & 10 and aggregates).

With
Without  explana- N
Type Group 00 01 02 10 11 12 explanation tion (total)
(00+10) (01+02+
11+12)
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Faculty

Gender

Economics

Law

Female

Male

(21.6%)

(48.5%)

(31.3%)

(52.6%)

12
(32.4%)

7
(10.3%)

18
(26.9%)

(2.6%)

1

(2.7%)

1

(1.5%)

2

(3.0%)

0

(0.0%)

3 12 1 11
(8.1%) (324%) (2.7%)  (29.7%)
18 9 0 51
(26.5%)  (13.2%) (0.0%)  (75.0%)
12 13 1 33
(17.9%) (19.4%) (1.5%)  (49.3%)
9 8 0 29
(23.7%) (1.1%) (0.0%)  (76.3%)

26
(70.3%)

17
(25.0%)

34
(50.7%)

9
(23.7%)

37

68

67

38

Note. Percentages are row-wise within each group over all responses. ‘Without explanation’ =
00+10; ‘With explanation” = 01+02+11+12.

Additionally, students from the Faculty of Law were more often classified in cate-
gories 00 and 10 (answers without explanation), while students of the Faculty of Eco-
nomics more frequently provided justifications. A chi-square test confirmed a signifi-
cant faculty difference (3> = 20.31, p < .001) about 70% of students of economics
gave an explanation, compared to only one quarter of law students. This shaped the
category distribution, with students of economics equally divided between 11 (correct
with explanation) and 01 (incorrect with equiprobability bias) at 32.4% each, whereas
law students most often fell into 00 (incorrect without explanation) (Fig. 3).

504

404

Percentage (%)
g

201

26.5%

32.4%

Faculty
[ Faculty of Law

0,
48.5% Faculty of Economics

32.4%

_

21.6%

7

13.2%
10.3%
8.1%
Z 2.7% 1.5% 2.7%
10 11 12 00 01 02

Code

Fig. 3. Distribution of students’ explanations across response categories by faculty
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Gender differences were also significant, > = 7.34, p = .0068, where roughly half
of female students provided an explanation, compared to less than one quarter of
males (Figure 4). When only responses with explanations were considered, a signifi-
cant gender difference emerged (Figure 5). Female students were more frequently
classified in category 01 (incorrect answer with equiprobability bias explanation),
whereas male students were more often placed in category 11 (correct answer with
correct explanation). Male students more frequently provided correct answers with
explanations, and this difference was confirmed as statistically significant (3> = 4.43,
p = .035) when responses with explanations were considered.

60 Gender
52.6% 1 Female

0 7 Male
~ 40
&
ko 31.3%
a3
£ 304 26.9%
Z 23.7%
A 21.1%

o,
201 17.9% 19.4%
104
1.5% 2.6% 3.0%
0 f
10 11 12 00 01 02
Code

Fig. 4. Distribution of students’ explanations across response categories by gender

88.9% Gender
[ Female

804 Male
= 60
< 52.9%
g
=
g
Sap{ 3%

204

11.1%
5.9%
2.9% %
1]
1 12 01 02
Code

Fig. 5. Distribution of students’ explanations across response categories by gender (exclud-
ing categories 00 and 10).
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These findings indicate that, although no statistically significant differences
emerged in the overall choice of options (a, b, or c), a closer analysis of students’
explanations reveals meaningful distinctions. Students of economics were more in-
clined to provide justifications for their answers and, compared to their peers from the
Faculty of Law, significantly more often selected the correct option accompanied by a
valid explanation (code 11). In terms of gender, female students more frequently pro-
vided explanations overall, but male students were more likely to give correct proba-
bility-based explanations.

Sections 4.1 and 4.2 together provide the answer to RQ1: about 40% of non-STEM
students solved the base-rate task correctly, while nearly half showed the equiproba-
bility bias, with faculty and gender differing mainly in how students explained their
answers.

4.3 Attitudes toward statistics

Table 5 presents the descriptive statistics for all items across the four subscales of
attitudes toward statistics. Overall, the mean values suggest moderately positive atti-
tudes, with the highest means observed for items reflecting the value and utility of
statistics, as well as students’ motivation to improve their knowledge and concerns
about statistical misuse. Items related to self-efficacy yielded somewhat lower means,
indicating that many students do not fully perceive their current knowledge as satis-
factory.

Table 5. Descriptive overview of students’ responses to attitude items toward statistics

Sabscale Item (abbr.) N Mean SD Mode Mean (bar)
Vahue/Utility
STATS IMPORTANCE 105 394 0,88 4 | 394
CRITICAL_EVALUATION 105 326 097 3 B | 3,26
PROFESSION IMPORTANCE 105 3,1 1,13 ) | 3,1
PERSONAL_USAGE 105 3,18 1 sHET ] 3,18
Self-efficacy
STATISTIC_EDUCATION 105 294 1,28 2 2,94
KNOWLEDGE_SATISFACTION 105 3,02 0,99 3 3,02
Skepticism
MEDIA 105 248 0,89 sHE ] 2,48
MISUSAGE 105 3,62 091 4l | 3,62
Motivation
MOTIVATION 105 36 1,14 sHEEET 0] 3.6

When compared to STEM students, no substantial difference was observed for val-
ue and utility of statistics (Mean = 3.99; Mode = 4), where responses were nearly
identical [16]. Regarding students’ motivation to improve their statistical knowledge,
non-STEM students expressed somewhat lower interest than their STEM peers (Mean
= 3.99; Mode = 5), although they still demonstrated a moderate willingness to en-
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hance their skills. Finally, with respect to the belief that statistics are often misused,
both STEM (Mean = 3.92; Mode = 5) and non-STEM students expressed similarly
high levels of agreement, suggesting a shared perception that misuse of statistics is
widespread.

When considering the mode values, additional nuances emerge. For several items
(e.g., Importance of statistics and Misusage of statistics), the mode was 4, indicating
that the most frequent response leaned toward agreement, even when the overall mean
was somewhat lower. By contrast, items such as Statistical education had a mode of 2,
showing that the most common response clustered around disagreement.

Interestingly, when comparing STEM and non-STEM students, only minor differ-
ences were observed for items related to  Statistical education
(STEM_Education Mean = 2.12; Education Mode = 1) and Media trust
(STEM_Media Mean = 2.36; Media Mode = 3) [16]. Taken together, these findings
indicate that both groups similarly rate their statistical knowledge as insufficient and
report limited exposure to statistics during their education. At the same time, both
STEM and non-STEM students demonstrated low trust in research reported by the
media, suggesting awareness of potential misuse of statistics, while still recognizing
the broader importance of statistical knowledge.

Table 6. Comparison of Law and Economics Students’ Attitudes Toward Statistics

Ttem Subscale Mean- Faculty Mean- Fac'ulty of U p-
of Low Economic value
- 2,66 3,92
PROFESSION IMPORTANCE Value/Utility 487 <0.001
STATISTIC_EDUCATION Self-efficacy 2,54 3,68 614 <0.001
KNOWLEDGE SATISFACTIO 285 332
N Self-efficacy ’ ’ 901,5 0,0127
.. 2,29 2,81
MEDIA Skepticism 886 0,0077
MISUSAGE Skepticism 379 3,3 1595,5 0,0167
IMPR Motivation 3,46 3,86 974.5 0,0491

Mann—Whitney U tests were conducted for nine items to examine potential differ-
ences between students of the Faculty of Law in Novi Sad and the Faculty of Eco-
nomics in Subotica. As shown in Table 6, statistically significant differences emerged
for six of these items. Students of the Faculty of Economics reported higher scores
on Profession Importance, Statistic Education, Knowledge Satisfaction, Media trust,
and Motivation to improve, whereas students of the Faculty of Law expressed strong-
er agreement with the statement that statistics is often misused. For the remaining
three items, no significant differences were observed.
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When comparing responses by gender, Mann—Whitney U tests revealed no statisti-
cally significant differences across any of the items. In summary, the findings suggest
that students from the Faculty of Economics generally demonstrate more positive
attitudes toward the wvalue, personal relevance, and acquisition of statistical
knowledge, whereas law students are more inclined to perceive statistics as frequently
misused. Importantly, no gender-based differences were detected, indicating that
these attitudes are more strongly shaped by academic context than by gender.

Findings for RQ2 show that students’ attitudes toward statistics vary across the
four subscales, with value and utility rated relatively high, while skepticism and low
self-efficacy remain notable concerns.

4.4 Al in Analyzing Student Reasoning

To examine the consistency between human and Al coding, Cohen’s kappa was cal-
culated, yielding a value of x = 0.85. This value indicates a high level of agreement,
while the percentage agreement was 88.6%. The findings suggest a stable correspond-
ence between the two coding approaches, although some discrepancies remain that
require further analysis and consideration.

Two systematic patterns of disagreement emerged. In nine cases, the researcher
coded the responses as 01 — equiprobability bias, while the Al coded them as 02 —
alternative incorrect explanation. These were answers implying equal likelihood, such
as “it either is or isn’t” or “everyone has an equal chance.” In three cases, the re-
searcher coded the responses as 11 — probability/statistics-based explanation, while
the Al coded them as 12 — correct but non-statistical explanation. These were verbal
justifications such as “since there are more engineers, the chance is higher,” which
represent statistical reasoning but were not recognized as such by the Al unless ac-
companied by explicit numerical references. Importantly, there were no disagree-
ments in categories without explanations (00 and 10), where coding fully aligned.

Based on these findings, revised prompts were introduced. The new version (Al
coding v2) was designed to recognize verbal probabilistic explanations as 11 and to
capture equiprobability bias even when not explicitly expressed as “50%.” This
broader interpretation, however, reduced agreement with the researcher’s coding to
about 40 percent (63 disagreements out of 105). The reason was again systematic: the
Al more often classified ambiguous responses as equiprobability (01 instead of 02)
and treated qualitative references to base rates as statistical (11 instead of 12). There
were also no errors in answers without explanations (00 and 10), where the coding
was consistent.

Overall, the comparison shows that the initial version of Al coding produced high
alignment with human coders, with disagreements limited to clear patterns. The re-
vised version broadened the recognition rules, but at the cost of significantly reducing
agreement. These findings suggest that Al can be reliable in identifying straightfor-
ward cases, but that adjustments in how verbal reasoning is interpreted can substan-
tially alter the results. Finding the right balance between inclusiveness and precision
remains a key methodological challenge.
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Results for RQ3 indicate that ChatGPT can code clear cases consistently with hu-
man raters, but agreement declines when explanations are more complex, suggesting
Al has supportive but not substitutive potential.

5 Conclusion

This study gives a better understanding of how non-STEM students think about statis-
tics. It looked at how well they can solve a basic probability problem, how they feel
about statistics, and how artificial intelligence (AI) can help analyze their thinking.
The results showed that less than half of the students solved the base-rate problem
correctly, and many made a common mistake called the equiprobability bias — the
belief that all outcomes are equally likely, even when they are not.

When responses were considered collectively, no differences emerged across facul-
ties in the choice of answers. However, a closer examination revealed important con-
trasts. Students of the Faculty of Economics were more likely to provide written ex-
planations, whereas students of the Faculty of Law more often submitted answers
without elaboration. Female students were statistically more likely to provide expla-
nations than their male peers. Among responses with explanations, further gender
differences were evident: male students more frequently employed correct probabil-
ity-based reasoning, while female students more often relied on equiprobability rea-
soning.

In general, students expressed positive attitudes toward statistics, particularly re-
garding its value and usefulness. However, many reported low confidence in their
own knowledge and indicated that they had not studied statistics sufficiently during
their prior education. On the other hand, they showed moderate to high motivation to
improve their statistical knowledge. Students were also aware of the frequent misuse
of data and, to a considerable extent, expressed a lack of trust in research findings
reported in the media. These findings point to an opportunity for developing educa-
tional strategies that can enhance statistical knowledge among non-STEM students.

Finally, this study found that Al tools like ChatGPT can help in identifying mis-
conceptions such as base rate neglect, but their accuracy depends on how clearly stu-
dents express their reasoning and how well the prompts are written. Human oversight
is still necessary to ensure reliable interpretation. These findings suggest that Al can
support, but not replace, human coders in detecting reasoning errors.

The study is limited by the limited sample size and the descriptive methodology,
which restrict the generalizability of the findings. Future research should include larg-
er and more diverse groups of students and apply deeper statistical or mixed-method
analyses to strengthen conclusions.
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Abstract. The integration of Building Information Modelling (BIM) with Ex-
tended Reality (XR) technologies has shown strong potential to advance project
planning and visualisation in the construction sector. In the aftermath of COVID-
19, the shift to remote and hybrid work has accelerated the need for collaborative
tools that extend beyond traditional communication platforms. While digital
practices are emerging, the potential role of the Metaverse in supporting remote
construction project management remains underexplored. This paper looks at the
feasibility of managing construction projects and facilitating stakeholder collab-
oration within a Metaverse environment through the integration of BIM and XR.
A case study using a university building demonstrates how immersive environ-
ments can enhance spatial understanding, communication, and cross-disciplinary
coordination. The findings highlight improved stakeholder engagement, reduced
reliance on physical travel, and alignment with sustainability objectives such as
net-zero emissions. Challenges were also identified which includes device per-
formance, user comfort, and varying levels of VR proficiency. The study pro-
vides evidence that BIM-XR integration in the Metaverse offers a promising
pathway for digital transformation in construction project management, while
pointing to areas for further refinement and research.

Keywords: Building Information Modelling (BIM); Extended Reality (XR);
Metaverse; Virtual Reality (VR); Construction Project Management; Remote
Collaboration

1 Introduction

Globally, the construction industry employs approximately 7% of the working-age pop-
ulation, making it one of the largest sectors of the world economy [1]. Despite its scale,
the industry has traditionally relied on incremental innovation, with approaches such as
off-site construction and 3D printing still at an exploratory stage. At present, off-site
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construction represents only around 2% of the global market [2]. Conventional on-site
construction, whereby structures are assembled sequentially at their permanent loca-
tion, continues to dominate industry practice. Furthermore, compared with other major
sectors, construction remains among the least digitised [3].

The COVID-19 pandemic was an accelerator for the adoption of digital technologies
and remote work practices, which led to the successful transition of many office-based
roles within the construction industry to remote and hybrid arrangements. The post-
pandemic period has also normalised flexible working practices, enabling employees
to organise their schedules around non-traditional hours and alternative locations. This
shift has fostered greater managerial trust in employees’ ability to deliver tasks without
direct physical supervision [4]. However, research indicates that remote work can un-
dermine collaboration, with reliance on emails and videoconferencing often replacing
real-time, in-person interactions. This substitution has been shown to hamper commu-
nication and, in turn, project coordination. Consequently, there is a growing demand
for more effective modes of remote collaboration.

At this critical juncture in the sector’s digital transformation, immersive technolo-
gies present a significant opportunity to enhance collaboration and efficiency. The
Metaverse, when combined with BIM and XR, provides a platform where geograph-
ically dispersed teams can interact with models, simulate construction environments,
and engage in real-time coordination. Against this backdrop, this paper investigates the
integration of BIM and XR within a Metaverse environment to support remote project
management and stakeholder collaboration. The study proposes a Remote Collabora-
tion Framework and evaluates its application through a case study of the Teesside Uni-
versity’s Student Life Building, assessing both the benefits and limitations of immer-
sive collaboration for the construction industry.

2 Background

2.1 Remote Project Communication and Management

Effective communication is widely recognised as one of the most critical competencies
required by project managers [5]. In the context of remote project delivery, this require-
ment becomes even more pronounced, as project managers must demonstrate not only
advanced interpersonal skills but also the ability to adaptively and competently use a
variety of digital communication platforms [6]. Furthermore, managing remote or “vir-
tual” teams requires sensitivity to the communication preferences and working styles
of dispersed team members. When managing multinational teams, project managers
must also remain highly perceptive of cultural differences and familiar with the pre-
ferred communication channels across different contexts [7].

The implementation of video conferencing and other synchronous communication
methods requires project managers to handle time zone variations and scheduling
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requirements [8]. The most commonly used email method for communication proves
to be less effective at building trust and clarity between team members [9]. Project
managers need to create well-organised written communication that delivers precise
information to overcome these communication barriers. Active listening serves as a
critical factor for achieving correct information exchange and team member relation-
ship development [10]. Team members should use one-to-one communication to re-
solve personal issues and create trust while enhancing team unity. Research demon-
strates that proper communication methods create high-performing project teams.

In international projects, the complexity of stakeholder management is increased by
the differences in nationality, culture, and professional norms. Project managers must
first develop cultural awareness and demonstrate empathy, cultural competence, and
expertise to lead diverse teams effectively [11,12]. Failing to develop these skills will
lead to cultural gaps, resulting in conflicts and misunderstandings, ultimately reducing
project performance. Gap analysis has been suggested as a practical tool for evaluating
the difference in culture and to identify the possible sources of tension that may arise
among stakeholders [13]. Establishment of shared team culture is an essential factor as
it provides a framework for acknowledging and respecting the diverse perspectives in
the workplace. Engaging with the local and regional partners is also another strategy
that can be used for understating the cultural gap and addressing the risks in collabora-
tion [14].

Negotiation skills have an essential role in closing the cultural divides, resolving
conflicts and promoting trust within multicultural project environments [15]. Effective
project managers must integrate insights from economic and sociological factors of
culture, as business and project management practices vary from place to place. This
will help to develop more adaptive and inclusive approaches to communication and
stakeholder management, leading to enhanced project outcomes in international and
remote contexts.

2.2  Building Information Modelling (BIM)

Building Information Modelling (BIM) is a collaborative digital process for generating,
storing, and managing multidisciplinary information across the entire life cycle of a
construction project [16]. It involves developing a coordinated digital representation of
the built asset, typically comprising information-rich 3D models linked with structured
data such as product specifications, execution details, and handover information. BIM
maturity is defined through a series of levels, from Level 0 to Level 3 and beyond [17].

Level 0 represents no collaboration and relies solely on 2D CAD drafting for pro-
duction information, distributed via paper or electronic prints [18]. Level 1 introduces
limited 3D CAD for concept work alongside 2D drafting for statutory and production
purposes. Standards are governed by BS 1192:2007, and information is shared elec-
tronically through a common data environment (CDE), often managed by the contrac-
tor. Level 2 requires collaborative working with project-specific information exchange,
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coordinated across systems and participants. Interoperability is ensured through open
formats such as IFC (Industry Foundation Class) and COBie (Construction Operations
Building Information Exchange). This approach has been mandated by the UK govern-
ment as the minimum requirement for public-sector projects [19]. Level 3 is character-
ised as a fully integrated approach in which all project data are embedded within com-
mon information models. Unlike the federated approach of Level 2, Level 3 emphasises
the use of internationally recognised data standards to structure information consist-
ently across disciplines. Crucially, this integration is conceived from a lifecycle per-
spective, ensuring that information flows seamlessly from design and construction
through to operation and maintenance. Such an approach reflects the ambition to deliver
a unified and standardised digital environment for the construction sector [20].

BIM Level 3 centres on cloud-based, extended collaboration [21]. Even prior to the
COVID-19 pandemic, project teams were typically distributed across multiple organi-
sations, including architects, engineers, contractors, and specialist subcontractors [22].
Cloud-based BIM offers significant benefits in such contexts by enabling access to
complex models via a web browser without requiring high-specification hardware.
Models are processed into standardised formats that can be merged from various file
types (e.g., Revit RVT, IFC, Bentley DGN, BCF) using platforms such as 3D Repo,
creating a single source of truth for all stakeholders [23]. This approach reduces reliance
on locally installed software, simplifies IT requirements, and ensures that all users ac-
cess the most up-to-date model version with revision histories preserved.

Cloud-based BIM has demonstrated significant improvements in collaboration and
project management. It provides the ability for stakeholders to access models at any
time and work collaboratively in real time by annotating concerns directly within and
addressing them either in real time or asynchronously. This will help minimise delays
that are often found during email correspondence and promote greater transparency
among stakeholders [24]. Project coordinators can continuously monitor design pro-
gress, rapidly identify errors such as misaligned elements, and ensure corrections are
made before construction commences. Cloud-based BIM provides a scalable and effi-
cient digital framework that enhances collaboration across the Architecture, Engineer-
ing, and Construction (AEC) industry by improving accessibility, interoperability, and
real-time communication.

2.3  Extended Reality (XR)

Extended Reality (XR) refers to a broad spectrum of immersive technologies which
bring together the physical and digital environments. This includes Virtual Reality
(VR), Augmented Reality (AR), and Mixed Reality (MR). XR has become a transform-
ative tool for visualising designs by offering an immersive and interactive experience
that enhances the design, planning and stakeholder communication process [25]. XR
supports the design review, assessment of alternatives, early identification of potential
issues and informed decision-making for stakeholders in the AEC sector by allowing
them to explore the digital models before construction [26].
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XR enables the simulation of buildings and designs at scale and within their context.
The immersive walkthrough feature allows everyone involved to visualise the spatial
relationships and better understand the proportions and aesthetics in a realistic manner,
giving them a better understanding of the design intent. The immersive visualisation
experience provides more accurate feedback with a collaborative approach and helps
reduce the risk of costly design revision later. XR also allows multiple users to be in
the same virtual model in real time, wherever they are physically. Such shared environ-
ments encourage clearer communication, collective problem-solving, and joint deci-
sion-making [27]. For clients and end-users, XR provides a tangible way of engaging
with proposed designs, which has been shown to improve satisfaction and alignment
with project outcomes.

XR also has significant potential within Metaverse (an interconnected virtual envi-
ronments that combine different digital worlds and augmented experiences) beyond the
individual building projects. Urban-scale planning is supported within this XR frame-
work by featuring modelling and exploration of entire cities. It also allows users to
interact with architecture/buildings in innovative ways, with the integration of virtual
buildings and infrastructure into a shared digital environment.

XR represents a paradigm shift in building model visualisation by providing immer-
sive, interactive, and collaborative experiences. Its ability to improve design compre-
hension, support effective communication, and enhance decision-making establishes
XR as a critical enabler of digital transformation in the AEC sector. As XR technologies
continue to mature and become more widely accessible, their integration with the
Metaverse is expected to influence the future of architectural practice, urban planning,
and stakeholder engagement [28].

3 Remote Collaboration Framework

3.1 Framework Architecture

The Remote Collaboration Framework paves the path for stakeholders like project man-
agers, architects, engineers, and contractors to collaborate in real time virtually, regard-
less of wherever they are physically in the world by connecting them to a shared digital
workspace through Extend Reality (XR) technologies including Augmented Reality
(AR), Virtual Reality (VR), and Mixed Reality (MR).

The digital workspaces are accessed using XR devices like a VR headset. This al-
lows stakeholders to participate in design reviews and manage projects without being
physically present on site. This reduces non-essential travel, supports flexible collabo-
ration, and increases efficiency. At the core of the framework is a Federated BIM Model
that integrates architectural, structural, and mechanical, electrical, and plumbing (MEP)
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components. The model minimises miscommunication and errors by ensuring that all
participants work with the same source of information.

Physical Environment I Digital Environment
User Interaction
{[ voice | | Geswre | [ Movement | [ Gaze ]J
™ E)I;t:aﬂl::;d ™ [ Digital Workspace |
Federated BIM Model
[[Archilectural] | structural | | MEP | | civisinfra ﬂ

Fig. 1. Collaboration Framework Architecture

The framework (Figure 1) supports multiple user interaction methods, including voice,
gesture, movement, and gaze tracking. These provide a collaborative experience which
feels more natural compared to other techniques like emails and online meetings. Stake-
holders can also conduct a walkthrough of the BIM models and suggest any design
changes with annotations. The virtual site inspections also replicate the dynamics of an
in-person meeting.

The digital workspace is not just a visualisation tool but a fully interactive environ-
ment where users can manipulate models, identify and resolve design conflicts, and
maintain coordination across disciplines. Project managers can monitor progress while
architects and engineers refine designs collaboratively, and contractors can avoid de-
lays associated with outdated information with the real-time engagement supported by
shared access to up-to-date data. Communication clarity and efficient workflow can be
achieved with the integration of BIM with Metaverse, offering a practical means of
managing construction projects remotely.

3.2 Metaverse Collaborative Platform

The case study was done using Horizon Workroom, which is a VR collaboration plat-
form developed by Meta that provides an immersive workspace environment. The plat-
form can be accessed through VR headsets such as the Oculus Quest 2. The platform
also has customised avatars for users to represent themselves in the VR world. Users
can then use the avatars to interact with virtual environments and collaborate with oth-
ers in real-time.

The platform comes packed with a wide range of communication and collaboration
tools. The spatial audio feature gives realism to the voice conversation between users.
There is also a screen-sharing feature that allows users to showcase their work for dis-
cussion and feedback. The virtual whiteboard supports brainstorming and visual col-
laboration. Files can also be imported directly into the workspace. Options are available
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to integrate other productivity tools like the Oculus Browser and Zoom to streamline
collaboration between users further. Hence, the platform provides web access for the
users without having to leave the virtual world. Non-verbal communication is supported
by using hand signs, body language and expressive gestures which provides a stronger
sense of presence and interaction among the team members.

3.3 Compatible Devices

For visualising BIM models, the case study utilised desktop and laptop computers with
sufficient processing power, alongside VR headsets such as the Oculus Quest 2. AR
devices, including Microsoft HoloLens, were used to overlay BIM models within real-
world settings, enabling users to experience designs in context. Mobile devices with
VR headsets were also employed to access the Metaverse model from multiple loca-
tions. However, the quality of visualisation depends on factors such as model size, com-
plexity, internet speed, and system hardware capacity.

4 Case Study

4.1 Project BIM Model

The Student Life Building at Teesside University's Middlesbrough Campus (opened in
2020) was designed to support a wide range of learning styles and attendance patterns.
This was achieved through a technologically enabled environment. The building offers
flexible spaces for collaborative learning alongside an information zone, consulting
rooms, and a café. This study used a replicated BIM model of this building. The build-
ing has a complex spatial organisation and integration of multipurpose spaces which
made it a suitable candidate for this study for evaluating the use of BIM in XR envi-

ronments.
et | i #%_JL_
| I e T

(c) (d)
Fig. 2. (a) A photo of the Student Life Building; (b) The developed BIM model (Exterior);
(c) Interior photo of the Student Life Building Atrium; (d) The developed BIM Model (Interior)

314



Architecturally, the building features a glass fagade with dichroic glass fins (Figure 2a
and 2c¢) and interconnected interior volumes shaped by timber-clad pods containing 26
consultation and study rooms. These pods are arranged between double-height vol-
umes, with waiting areas doubling as quiet study spaces. The spatial configuration bal-
ances openness and connectivity with enclosed areas for individual or group study.

As the original BIM model of the building was not available, a replica was developed
in Autodesk Revit using available architectural references, dimensional data, and pho-
tographic material (Figure 2b and 2d). The model was then imported into Unreal Engine
and processed to generate realistic rendering and textures. Structural elements and ma-
teriel properties like the reflective characteristics of the dichroic glass fins and the nat-
ural finish of the timber-clad pods were incorporated to mirror the real-world building
closely. The spatial layout, including circulation routes and study areas, was modelled
to ensure fidelity to the original design. Even though the replica does not fully substitute
the original BIM model, its accuracy was validated against available architectural doc-
umentation to provide a reliable digital representation. For exploring the flexibility an-
other 3D model of a cricket stadium for the case study. In addition to the Student Life
Building, a 3D model of a cricket stadium was also used to further test the applicability
of BIM in XR environments.

The BIM model had to be optimised with reduced triangle sizes in tools such as
Blender for integration with XR platforms to be accessed through standalone VR and
AR devices. In 3D graphics, triangulation is used to construct all digital models, and
reducing their number makes the BIM model lighter and more efficient for real-time
rendering on standalone VR and AR devices. This allowed stakeholders to conduct im-
mersive walkthroughs, assess spatial relationships, and test alternative design configu-
rations remotely. The model provided valuable insights into spatial dynamics and stake-
holder engagement by enabling exploration of the building at scale within the collabo-
rative virtual workspace. Importantly, it demonstrated the potential of combining BIM
with XR technologies in the Metaverse to support remote project collaboration, enhance
communication, and inform decision-making in construction and architectural practice.

4.2 Metaverse Collaboration

Meta Horizon Workrooms is a VR platform designed to support immersive teamwork,
which was used to implement the collaborative environment for this case study. Differ-
ent devices like VR headsets, laptops and tablet computers were used by stakeholders
such as Project Manager, BIM Coordinator, Architect and Engineer to connect to the
shared virtual workspace. This framework, where users can get connected using differ-
ent kinds of devices, provides accessibility and flexibility for users to engage with the
model according to their role and available technology.

Figure 3 shows the overview of stakeholder interaction within the Metaverse work-
space used for this case study. The BIM Coordinator and Project Manager accessed the
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federated BIM model in immersive 3D via VR headsets, providing them with spatial
analysis and in-context discussion. The Architect, working on a laptop, contributed de-
sign insights and integrated updates through the desktop interface. The Engineer, ac-
cessing the environment via a tablet, was able to participate in mobile reviews and pro-
vide feedback during live sessions.

VR Headset Laptop Tablat

h L] F L] F

¥

Project Manager BIM Coordinator Engineer 1 Engineer 2

v v v v

- . -
Virtual Reality Workrooms | BIM Model

|
v v v v

Model Analysis | | Discussion | |Progress Check | Presentation

€>

Fig. 3. Case study collaboration approach

Different collaborative activities, such as model analysis, progress reviews, design co-
ordination, and presentations in the immersive world, were done using Horizon Work-
rooms. These were supported by the platform's core features like spatial audio, avatar,
screen sharing and the virtual whiteboard. The combination of all these features resulted
in a realistic, immersive and interactive experience that closely replicated the dynamics
of an in-person meeting without the physical or geographical constraints.

Participants can annotate models to provide reviews in the virtual workspace. They
can also use intuitive gestural input along with verbal feedback and engage in detailed
coordination sessions. Being able to communicate with each other in the virtual world
using intuitive inputs has improved communication efficiency and helped in reducing
delays associated with asynchronous exchanges. This also limited the need for physical
travel to an extent, demonstrating clear benefits of the framework for both sustainability
and productivity. The results highlight the potential of Metaverse-based collaboration
to support digital transformation in the construction industry.

4.3 Results

The case study demonstrated the practical benefits and limitations of integrating BIM
models with XR technologies in a Metaverse-based collaborative platform. A federated
BIM model of the Student Life Building was successfully uploaded into Meta Horizon
Workrooms, enabling participants to interact with the design in real time. Stakeholders
joined the environment through different devices, including Meta Quest 2 headsets,
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desktop computers, and tablets. This setup created a mixed participation scenario where
some users experienced full immersion through VR headsets, while others engaged
through standard screen-based interfaces.

Participants reported enhanced spatial awareness and design comprehension when
reviewing the BIM model in virtual reality compared with traditional 2D plans or desk-
top-based 3D models. Being able to visualise the model at true scale in the immersive
environment during the walkthrough helps improve clarity and detect misaligned ele-
ments intuitively. The ability to combine real-time voice and gesture input, along with
the avatar-based presence of the user, provided a sense of natural communication. This
helped to improve the effectiveness of coordination meetings.

Figures 4(a) and 4(b) show the initial interaction with the uploaded BIM model. Par-
ticipants accessed the virtual workspace, viewed the building design in 3D, and began
collaborative discussions. The shared environment replicated the dynamics of a physi-
cal meeting room, while overcoming geographical constraints by connecting partici-
pants across different locations.

Fig. 4. Stakeholders accessing the uploaded BIM model within Horizon Workrooms. (a) Ini-
tial view of the default building model in the shared virtual workspace. (b) Multi-device partici-
pation, showing interaction between VR headset users and desktop participants.

Figures 5(a) and 5(b) highlight the use of the platform for design coordination. In Figure
5(a), a building design is displayed on the shared screen, while participants discuss its
features and raise coordination issues. In Figure 5(b), an avatar representing one of the
team members explains the design directly within the environment, suggesting modifi-
cations and highlighting areas of concern. This interaction demonstrated how avatar
presence, combined with spatial audio, can make virtual design reviews more engaging
and productive.
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Fig. 5. Collaborative design coordination in the Metaverse environment. (a) Shared screen
display of the BIM model during discussion. (b) Avatar-based explanation of design features
with real-time feedback and modification proposals.

Figures 6(a) and 6(b) illustrate deeper collaboration and issue management. Figure 6(a)
shows suggestions for plan modifications overlaid directly on the model, providing
clarity on how changes would be implemented and which sections were affected. Figure
6(b) captures a broader group discussion in which participants debated multiple design
items, combining both VR-immersed users and screen-based participants. These ses-
sions confirmed that hybrid participation is feasible, although headset users reported
greater immersion and focus compared with those joining via desktop.

Fig. 6. Model modification and interdisciplinary discussion. (a) Overlay of suggested design
changes within the shared BIM model. (b) Group interaction and debate on multiple design
items across VR and desktop interfaces.
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Participants highlighted increased engagement and inclusivity during collaborative ses-
sions. The avatar-based presence helped maintain meeting etiquette, while shared
model viewing supported more focused discussions. However, several challenges were
noted. Performance varied across devices, with some latency occurring during the ren-
dering of complex geometries and lower-bandwidth connections. Extended VR ses-
sions also caused discomfort for some users, including dizziness and loss of balance.
Additionally, varying levels of familiarity with VR controls created a learning curve,
indicating the need for onboarding and training.

Even though several limitations were found, the integration of BIM and XR within
Horizon Workrooms was positively received. Early stage planning, stakeholder en-
gagement and interdisciplinary coordination were improved with XR as demonstrated
by the hands-on sessions. The framework shows strong potential for improving produc-
tivity and sustainability in construction project delivery, as evidenced by the reduced
reliance on physical travel and real-time design evaluation with virtual collaboration.

5 Discussions

This study investigated the integration of Building Information Modelling (BIM) and
Extended Reality (XR) within a Metaverse environment, with a focus on remote project
management, stakeholder collaboration, and immersive visualisation. The study's find-
ings highlight the potential and limitations of adopting XR technology in construction
project workflows. There was an accelerated shift towards the digital distributed work-
ing models that stressed the need for collaborative tools which go beyond the traditional
tools like email, online meeting and file sharing when COVID-19 hit the world. The
results from this case study put forward the Metaverse-based collaboration platform as
a viable solution for addressing such needs. By enabling stakeholders to interact with
federated BIM models at scale, supported by real-time communication features such as
spatial audio, avatars, and virtual whiteboards, the framework enhanced spatial aware-
ness, strengthened engagement, and improved the efficiency of design coordination.

The use of avatars contributed positively to participant presence and meeting eti-
quette. While avatar realism in terms of facial expression remains limited, gestures and
spatial positioning offered sufficient cues to replicate aspects of non-verbal communi-
cation. This indicates that even with current technological constraints, avatar-based col-
laboration can approximate the dynamics of physical meetings. Future advances in pho-
torealistic avatars and facial tracking could further improve inclusivity and authenticity
in virtual collaboration. Communication quality was generally strong, particularly due
to the use of spatial audio, which made conversations more natural and intuitive. How-
ever, participants noted that multilingual collaboration remains a challenge. The poten-
tial integration of real-time translation or subtitles represents an important area for fur-
ther research, as it could increase accessibility for multinational teams and reduce lan-
guage barriers in global projects.
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With respect to model interaction, the integration of BIM into the XR environment
enhanced design comprehension and facilitated intuitive problem-solving. Participants
reported a higher ability to detect conflicts such as clearance issues and misalignments,
compared with reviewing 2D drawings or desktop-based 3D models. This validates the
growing body of research that positions XR-enhanced BIM as a powerful tool for col-
laborative design review. Nevertheless, limitations in visual fidelity were observed.
Certain material textures and reflective surfaces were not rendered with full accuracy
(e.g. transparency), which reduced realism and could impact decision-making in design
contexts where material finish is critical. Improvements in rendering algorithms and
device performance are therefore necessary to achieve fully immersive visual quality.
Device performance varied, with latency observed in complex models or under lower
bandwidth conditions. Technical and ergonomic challenges were also noted. Some us-
ers experienced discomfort during prolonged VR sessions, highlighting the importance
of ergonomic headset design and user adaptation periods. Additionally, differences in
VR proficiency across participants affected collaborative efficiency, reinforcing the
need for onboarding and training sessions.

The findings from the study confirm that XR-enabled collaboration has transforma-
tive potential for construction project management. It is also observed that there is a
greater impact in early-stage planning and multi-stakeholder engagement. While tech-
nical limitations remain, the study provides evidence that immersive environments can
improve communication, reduce travel, and contribute to broader sustainability objec-
tives by supporting remote collaboration.

6 Conclusion

This paper presented a Remote Collaboration Framework that integrates Building In-
formation Modelling (BIM) and Extended Reality (XR) technologies within a
Metaverse environment. Through a case study using the Student Life Building and the
Meta Horizon Workrooms platform, the study demonstrated how immersive environ-
ments can enhance spatial awareness, strengthen communication, and support cross-
disciplinary collaboration in construction projects. The research results showed that
XR-based Metaverse systems replicate the dynamics of face-to-face meetings while
limiting physical travel needs, which supports environmental sustainability and digital
transformation initiatives. The study revealed multiple challenges such as device per-
formance issues, rendering quality problems, user comfort during long VR sessions and
differences in user technical abilities. These challenges highlight the importance of
onboarding, training, and continued refinement of XR platforms to ensure effective
adoption.

The case study demonstrated BIM-XR integration through Metaverse technology
which shows great potential for future remote project management systems. The frame-
work serves as an essential tool to increase productivity while helping construction pro-
jects meet sustainability goals through better team communication and coordination.
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Future research needs to focus on developing virtual environment realism and making
XR technology accessible to all users. The complete realisation of virtual environments
for efficient project delivery requires additional research into intelligent collaboration
tools.
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1 Introduction

Education in the field of robotics faces a number of challenges in the era of digital
transformation. On the one hand, there is a lack of qualified labor in the production,
logistics and automation sectors, while on the other hand, the demand for employees
with knowledge in robotics, automation and mechatronics is constantly increasing.
Despite the growing global skills gap in robotics and manufacturing, it is clear that
traditional education methods are failing to develop the necessary practical and digital
skills.

New trends in industry show that robotics is one of the most in-demand skills today.
Research conducted by Deloitte and the Manufacturing Institute in 2021 predicts that
by 2030, 2.1 million manufacturing jobs will remain unfilled in the United States [1].
The World Economic Forum predicts a shortage of over 7 million skilled workers in
manufacturing by 2030. At the same time, only 30% of the workers on the production
line have the necessary skills in accordance with the new digitization trends, and the
demand for robotics is the most pronounced [1].

It can be concluded that the growing gap between what the industry requires and the
skills in the field of technology possessed by experts requires a change in educational
learning models. In this context, technologies of virtual reality (VR), augmented reality
(XR) in integration with artificial intelligence (AI) provide new opportunities for
learning through interaction and simulations in realistic but controlled conditions.
Immersive learning enables students to face complex industrial scenarios (e.g. control
of a production line or robotic packaging) in realistic conditions. In this way, cognitive
assimilation of knowledge is improved and operational risks are reduced.

The combination of VR, XR, and Al can significantly transform education,
providing scalable, efficient, and ethically sound learning models to advance education
in the domains of robotics and industrial automation, potentially closing the existing
gap between academic learning and industry demands.

This paper is organized as follows: In Section 1, we provide an introduction that
outlines the current state of robotics and the challenges of integrating XR and Al
technologies, with a particular emphasis on the shortage of industrial skills; Section 2
reviews relevant research and presents the proposed framework; Section 3 elaborates
on the integration of XR solutions; Section 4 discusses the methodology for validation
and implementation in academic courses; Section 5 highlights the expected results in
terms of enhancing student skills, fostering interactive learning, and reducing
operational risks; finally, the conclusion summarizes the contributions and outlines
future development perspectives.

2 Related work

It is undeniable that new technological trends have imposed new requirements in the
organization and management of teaching and learning. Contemporary technological
achievements and the application of Al tools emphasize the need to identify and analyze
issues related to their implementation in the education sector.
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The influence of Al in education has increased significantly and the academic sphere
is becoming more efficient and personalized, but also global, contextually intensive and
asynchronous [2]. A number of authors point out that the competitiveness of higher
education institutions is conditioned by increasing the efficiency of learning methods,
i.e. the application of Al tools in education [[3], [4], [5]]. Kee & Zhang [6] and Neroni
et al. [7] state that the implementation of IVR can increase student motivation and
engagement, while simultaneously reporting difficulties in student concentration due to
technology and the social environment [8]. Sung et al. [9] confirm the improvement of
students' attitude and greater enjoyment of learning compared to classic video
materials, while Pande et al. [10] point out that IVR promotes long-term knowledge
retention and greater interest compared to video content, although perceived learning
benefits diminish over time. On the other hand, Al-Azawei et al. [11] concluded that no
significant differences were found in performance or ease of use compared to
interactive e-testing in learning management systems (e.g. Moodle).

There is a possibility of the appearance of positive and negative emotions during the
application of IVR, where the intensity of emotions depends on the design of the IVR
environment and the students' self-confidence [12]. Positive effects of IVR learning can
occur in the field of mechanical and electrical engineering [13], in learning foreign
languages compared to mobile applications [14] and for improving oral presentation
skills during public presentations [15].

Perez & Keles [16] propose a model for the future development of education based
on VR technology, which by encouraging deeper connections between cognitive
processes and physical activities improves student learning outcomes. A new
framework for Virtual Laboratory Environments (VLEs), focuses on learning through
bodily experience, offering students the opportunity to physically interact with virtual
samples and machines from the fields of mechanical and materials engineering.
Compared to traditional (non-corporeal VR methods), research results have shown
significant improvements in students' understanding and retention of knowledge, along
with better test scores. The authors conclude that immersive VR environments can
significantly enhance the learning experience for engineering students through hands-
on and interactive experiences.

Stracke et al. [17] with a systematic analysis of scientific works on the application
of immersive virtual reality in higher education, conclude on the one hand that a large
number of studies highlight the positive impact of IVR on the degree of student
engagement, encouraging interactive and research activities, supporting specific
learning processes, increasing the enjoyment of learning and complete immersion in
IVR environments. However, the authors also state that the implementation of IVR does
not automatically lead to an improvement in the learning process, as numerous studies
show no significant differences in educational outcomes between IVR and traditional
learning methods, and recommend a careful analysis of the specific conditions of IVR
application (physical side effects, the need to accept technology and individual
differences among students), as well as its meaningful integration into the curriculum.

Creating highly engaging and personalized learning environments by integrating
immersive technology and Al has the potential to transform traditional education
systems. Bekteshi [18] states in his work that the application of immersive technologies
(VR, AR, Mixed Reality - MR) and Al can significantly improve educational outcomes
by: facilitating conceptual understanding through experiential and interactive learning,
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increasing the rate of knowledge retention through engaging, gamified and immersive
educational scenarios, by providing safe and controlled simulations. Immersive
technologies increase student interest by making teaching interactive and visually
striking, while Al personalizes environments by adapting content and pace to individual
student needs while providing real-time feedback [18]. The integration of immersive
technologies (experiential context necessary for deeper learning) and Al (enhances
interactivity and adaptability of VR/AR environments) represents a powerful
combination for improving education [18].

Compared to previous research, this paper proposes a comprehensive and scalable
framework that integrates VR, XR, and Al technologies with the aim of advancing
education in the field of robotics. Unlike existing approaches, the proposed framework
provides practice-oriented, transferable, and ethically grounded training aligned with
contemporary educational standards.

3 Proposed framework

The proposed framework for immersive learning in higher education consists of the
integration of Al and VR and is based on the previously developed XR4Human-SERVE
5.0 approach [19]. This project demonstrated the feasibility of neuroergonomics — the
interaction of humans and other parts of the system and the work environment itself —
with an XR-enabled assembly workstation, which was validated in the context of an
SME with multimodal interfaces and cognitive assessment integrated into a single XR
headset. XR4Human-SERVE 5.0, Horizon Europe established a comprehensive and
integrated immersive learning environment that leveraged the synergistic potential of
VR, XR and AI to enhance robotics education. Our current framework aims to
overcome the shortcomings of traditional robotics curricula, which are effective in
providing theoretical knowledge and limited laboratory practice. Practical teaching in
higher education institutions, in most cases, cannot provide students with a certain
amount of practical engagement, often due to the unavailability and affordability of
certain expensive equipment. For these reasons, and the very requirements of the
industries and their realities, a new framework is needed to implement practical training
for students. Our framework relies on constructivist learning theories, which refer to
the field of active learning and the discovery of cause-and-effect relationships that are
part of the study, as well as contextualized interaction in the acquisition of knowledge
and the development of skills [20].

The basis of our framework consists of three interdependent modules that address
critical issues in current robotics education:

e Immersive simulation environments;
e Adaptive learning systems powered by Al;
e Assessment and feedback mechanisms.

Immersive simulation environments, as the first module, consist of high-quality XR

simulations that replicate complex industrial scenarios such as robotic assembly lines,
warehouse logistics operations, and automated inspection in quality control. Unlike
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traditional university labs, specially created virtual environments offer scalability and
repeatability. Students can experiment with and operate simulated robotic machines
(most often replicas of robotic industrial arms) without the risk of equipment damage
or safety hazards. Such an approach is consistent with previous research showing that
immersive robotics-focused learning games and VR platforms, such as Robotics
Academy and IL-PRO, successfully provide safe, repeatable, and industrially relevant
training environments [21]. The design of the simulation is based on the fundamental
principles of cognition, which state that learning is most effective when cognition is
based on sensorimotor and hands-on experiences. Our research is also consistent with
studies showing that active physical engagement improves conceptual understanding,
as students who physically interacted with objects while actively participating in tasks
outperformed those who merely observed [22]. Thus, by engaging students in
physically and cognitively rich contexts, the first module of our framework
demonstrates that learning through practice is more effective than traditional learning.
Furthermore, the proposed framework for immersive learning bridges the gap between
abstract robotics concepts on the one hand and applied industrial practice on the other.

Our second module uses adaptive Al systems to enable personalization of the
educational model and adaptability to a large group of students. Machine learning
algorithms analyze patterns obtained in interactions with students. The module's
algorithms track success and achievements in solving performance tasks such as:
response time, error rate and navigation strategies and, based on the results,
dynamically adjust the difficulty of tasks, introduce task difficulty scaling mechanisms
or offer targeted micro-interventions. Thanks to the system's adaptability and constant
feedback, students receive a differentiated educational experience aligned with their
prior knowledge, learning pace and cognitive preferences. In addition to personalization
- adjusting the difficulty level to each student individually, we expect Al to function as
an intelligent mentor, a guide, offering contextual advice, guiding reflective thinking
and simulating collaborative problem solving through natural language dialogue,
especially in robotics education, as shown by Kal et al. [23]. ARtonomous is an example
of a successfully implemented project that integrates adaptive Al in robotics education.
ARtonomous allows high school students to train virtual robots using reinforcement
learning within an adaptive simulation environment - students dynamically engage with
changing task difficulty based on real-time performance [24].

328



Assessment and feedback mechanisms, as the third module, provide comprehensive,
continuous and formative assessment of results. Assessment mechanisms integrate
multimodal assessment strategies that capture behavioral data, interaction logs, and task
results for each student. Dashboards visualize student progress in real time, and the
results are available to both students and instructors. The capabilities of an automated
feedback mechanism can foster self-regulated learning, i.e., the student has the ability
to manage and continuously regulate his or her own learning process. Yang et al. [25]
found that frequent testing combined with feedback significantly enhances long-term
memory in students. Immersive technologies emphasize the importance of multimodal
feedback such as visual feedback, tactile feedback, and adjustable sensory channels, as
well as the importance of personalizing educational materials to support inclusive
education and meet the diverse needs of students [26]. The third framework aims to
digitize existing robotics curricula, and to transform pedagogical practice using
immersive, adaptive, and ethically grounded educational experiences.

4 Proposed development and integration of XR platform

The development of the XR platform represents a practical implementation of the
proposed framework Immersive Learning in Higher Education: Integrating Al and VR.
The development itself requires a balance between technical reliability, pedagogical
goals, and user-centered approach and design. This platform will be the backbone of
immersive robotics education because it supports both individual and team learning
approaches, as suggested in the literature [27].

To develop the XR platform, we require:

e Hardware devices;
e  Software architecture;
e Integration of artificial intelligence.

Hardware devices are: VR headsets that provide a sense of immersion in the VR
space thanks to high-resolution displays; haptic gloves and feedback devices that allow
tactile interaction with objects in the virtual environment; and motion tracking systems,
which are often integrated with other devices, VR headsets, vests, and gloves. There
are also more advanced systems that can further enrich our stay in the VR world, such
as integration with exoskeletons or wearable sensors that can capture additional
feedback. Studies highlight the key role of VR/AR integrated with haptics in enabling
multisensory, embodied learning for STEM contexts [28], while recent work in
engineering education highlights the frameworks of haptic interaction for interactive
learning [29].
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A software platform built on engines such as Unity and Unreal Engine that have
model design capabilities, advanced physics simulation capabilities, and real-time
rendering capabilities. The modular design allows developers to recombine existing
parts of the system, without disrupting the overall system, and create new scenarios for
robotics training. The cloud, which stores data, provides the ability for multiple users
to access the platform simultaneously and enables teamwork on common tasks. The
integration of artificial intelligence and learning models that allow for dynamic
adjustment of task complexity based on student performance in real time enhances the
platform’s functionality. We have reinforcement learning (which involves training
machine learning models using computer programs) supporting the generation of
personalized scenarios. New scenarios allow students to encounter new variations of
problems that improve the transfer of knowledge to real-world robotics practice.
Natural language processing (NLP), which combines computational linguistics,
predictive artificial intelligence, and deep learning models to process human language,
and the modules function as a virtual assistant with whom we can talk, guide us through
the training process, and provide us with answers to the questions we ask. By
successfully integrating artificial intelligence and the software platform, we ensure the
compatibility of task difficulty and a personalized approach to students.

The design of the platform should follow the principles of human-computer
interaction (HCI) focused on the ease of use of the proposed frameworks for immersive
learning. The platform should have intuitive interfaces that are easy to understand,
visual cues that have universal meaning, and progressive scaling of tasks. The platform
should have the ability to adjust visual elements, such as text size, accessible audio
descriptions, i.e. tutorials for solving tasks, and be compatible with assistive devices.
The platform itself must meet ethical principles and foster inclusiveness among diverse
student populations [[27], [30]].

The platform design uses recognized standards such as SCORM, xAPI, and LTI for
compatibility with Learning Management System (LMS) systems, and facilitates
integration into existing curricula and allows for tracking student achievement across
platforms and institutions. Interoperability is supported by recent initiatives in XR-
based robotics education that emphasize the importance of interoperability and
collaborative learning in industrial contexts [31].

The development of the XR platform also follows a design-based research (DBR)
methodology. The iterative approach is a circular model for developing a platform that
involves iterative cycles of prototyping, testing, and refinement, through several
iterations: in the first phase, a prototype is tested, then feedback is used to improve that
prototype — this process is used until we are satisfied with the functionality of the
platform itself. Early prototypes are tested with a small group of students and educators,
then the design is modified and pedagogical fit and technical robustness are taken into
account. Later iterations, nearing the completion of the platform, involve larger-scale
testing with more diverse cohorts to improve scalability and reliability. DBR is
established as a methodology for developing technologically advanced learning
environments, especially for balancing theory with iterative design in authentic
contexts [32]. The XR immersive learning platform aims to be a high-quality, simple
and pedagogically effective network that connects theoretical robotics education with
current industrial needs [28].
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5 Validation and deployment of platform at academic courses

Validation and implementation of the platform represent a phase of transition from the
conceptual framework of platform development, presented in the previous chapters, to
practical application in the educational process in higher education. This phase requires
rigorous empirical, systematic, testing, systematic integration into curricula and
programs, and long-term sustainability planning [33].

Validation begins with pilot projects conducted in selected robotics courses at the
Metropolitan University of Belgrade, such as operations research, machine learning,
artificial intelligence, and virtual/augmented reality (VR/AR) in video games. These
pilot projects will represent mixed-method research designs, combining quantitative
and qualitative approaches to obtain a holistic picture of the effectiveness of the
platform. Experimental settings will include control and experimental groups: the
control group engages in conventional, traditional, teaching, while the experimental
group uses the XR platform.

The experimental approach will allow for comparative analysis of outcomes such as
skill acquisition, conceptual understanding, and motivation [33]. Quantitative data
collected and processed by the platform includes the time it took the student to complete
the tasks, the number of errors they made, and the retention time for each individual
task. Thanks to the data obtained, we will have objective evidence of the development
of skills and the percentage of students' task-solving efficiency. In addition to
quantitative data, qualitative data will address students' perceptions of engagement
during practical work on tasks, the degree of motivation, and the ease, i.e. difficulty, of
using the platform. Quantitative and qualitative data will provide triangulated evidence
of the educational impact of the platform, as shown in the literature [34].

Feedback collected during the platform development cycle from the initial pilot
project enables further, iterative, refinement of the technical and pedagogical aspects
of the platform. For example, if learners have difficulty navigating complex interfaces
and report a problem, then usability adjustments will be made, i.e. interface redesign.
Similarly, performance data can reveal where Al-driven personalization requires
modification of task difficulty. Iterative feedback was intended to ensure that the
platform evolved in response to real-world use and the needs of different industries
[28]. Implementation requires extensive engagement of academic staff who should be
trained in the technical functioning of the XR platform and its pedagogical integration.
Organized workshops and professional development sessions should be designed to
adapt specific teaching subjects to immersive learning. For example, educators will be
guided on combining XR activities with theoretical lectures, assignments and lab
exercises, as outlined in the supporting literature [27].
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The implementation should take into account ethical principles and legal issues, i.e.
the security of the data entered by the student should be ensured. Data governance
policies are established to govern the collection, storage and analysis of student data,
ensuring compliance with data protection regulations such as the GDPR [35]. Students
should follow informed consent protocols that are implemented to guarantee
transparency and their autonomy. Accessibility standards are built into the
implementation to ensure the inclusiveness of all students - that no student is
disadvantaged due to disability or resource constraints. The goal of the implementation
is to create a sustainable model for immersive learning in the workplace, which includes
establishing maintenance protocols, providing ongoing technical support, and updating
technical maintenance. Feedback loops allow for continuous data collection from
instructors and students to drive iterative improvements to the platform. The platform
is intended as a tool for robotics education, but also as a scalable model that can be
adapted to other technical disciplines, such as mechanical engineering, mechatronics,
or even healthcare training [28]. The XR platform is intended to become an integral and
sustainable part of academic programs through rigorous validation and careful
implementation of all components. The long-term contribution of the learning platform
in higher education is reflected in the possibilities of a new form of immersive, adaptive
and ethically responsible education that prepares students for the complexities of the
Fifth Industrial Revolution.

6 Expected results

Significant industrial, operational and pedagogical outcomes are expected to be
generated by implementing the suggested framework for combining Al and XR, which
directly addresses the observed skills gap in industrial automation and robotics.
Students are primarily expected to significantly improve their robotic systems
operation, programming and troubleshooting skills. By providing a variety of
contextual experiences that are usually unavailable in physical labs due to resource
limitations, the realistic simulations in this mastery learning environment enable
repeated and intentional implementation of complex activities, which has been proven
to significantly improve the development of performance and diagnostic skills [36]. Al-
driven personalization further enhances this by offering adaptable challenge levels and
tailored feedback, thereby targeting each learner's unique speed of skill development
and encouraging higher cognitive engagement and self-regulated learning [[37], [38]].

This framework leverages scalable XR technologies in order to provide affordable
access to industrial simulations of sophisticated robotic factories that would otherwise
be too expensive or logistically challenging to establish in a classroom [39]. By making
high-end practical training a crucial part of robotics education, this experience allows
students from various institutional backgrounds to achieve a shared standard of
practical competency, thereby helping to close the worldwide industrial skills gap.
Long-term sustainability and continuous upkeeping with constantly developing
technologies and industry standards are ensured by the platform's design for modular
content expansion and reuse.
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Moreover, it is expected that the framework's ability to simulate a realistic industrial
setting will enhance systemic thinking ability and strong situational awareness of
graduates entering the workforce. Industrial environments' physical characteristics and
dynamic operating challenges, such as production bottlenecks, system malfunctions
and time limitations, are intended to be replicated by the highly precise simulations.
Since learners must combine past knowledge, strategic reasoning and sensory data in
order to solve problems, which are crucial indicators of proficient skills in complex
situations, this exposure is expected to enhance decision-making and cognitive load
management under pressure [[40], [41]]. Students are additionally trained in dispersed
cognition and team coordination as crucial industry skills by the multi-user
collaborative functionality [42]. A highly engaging learning environment that increases
student enjoyment and motivation, leading to better learning outcomes, is created by
integrating multimodal interaction through visual, auditory and tactile feedback [[9],
[17]].

Lastly, the most significant outcome is the substantial reduction of operational risk.
The framework acts as a vital risk-free testing ground where catastrophic failures and
safety protocols can be experienced without real-world repercussions by enabling
students to make mistakes and experience failure situations in a virtual setting. This
firsthand experience of failure states and safety procedures is essential for creating a
deeply rooted safety culture and procedural memory, thereby lowering the likelihood
of accidents and expensive mistakes in actual industrial operations [43]. The Al
system's objective performance data collection makes it possible to precisely identify
deficient skills before they manifest in dangerous situations, ensuring that graduates
join the workforce skilled, as well as risk-aware and safety-conscious [44]. By giving
learners ongoing feedback and ensuring that their practical skills are firmly established
before being applied in the real-world industrial setting, the Al-powered assessment
module contributes to developing a future workforce that is more competent and safety-
conscious.

7 Conclusion

This paper proposed a framework that combines VR, XR and Al in order to advance
robotics education. With this approach and use of immersive simulations, students can
practice in realistic and safe environments. In this way they can build various technical
skills, and prepare for the demands of modern industry. The framework also helps in
reducing the global skills gap because students have access to training that is practical,
low-cost, and closer to real-world scenarios. The proposed learning process uses
adaptive Al and constant interactions with students so that learning becomes more
flexible, personalized, and engaging. Overall, this approach creates a strong foundation
for connecting academic education with industrial needs.
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In the future, the proposed framework should be tested in real academic courses to
measure the impact on student skills and motivation. Also, there is a need for feedback
from learners that gained knowledge with use of immersive simulations and used it in
real industry environments. It will also be important to explore in more detail ethical
and legal aspects, such as data privacy and accessibility for all learners. Further
development of the proposed approach can include new robotics scenarios and
integration with other fields like healthcare or mechanical engineering. By continuing
this research, the framework can grow into a widely used tool for practical and safe
training in many areas of education.
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1 Developmental Benefits and Learning Outcomes of Digital
Game-based Learning

Digital game-based learning (DBL) has positive effects on young children’s develop-
ment in several areas. A systematic review of educational video games by Alotaibi [1]
concluded that early childhood game-based learning has moderate to large positive ef-
fects on cognitive, social, and emotional outcomes, and on children’s motivation and
engagement.

Educational videogames can:

» Strengthen children’s cognitive skills — reasoning and problem-solving abilities;

» Games often exercise memory, attention, and logic. For example, digital play can
foster early language skills, mathematical reasoning, and spatial cognition in preschool-
ers.

 Improve critical thinking, creativity, and problem-solving when children engage in
well-designed learning games.

One literature review noted that DGBL has “has the potential to create new forms of
childhood learning” [2].

In some games, we have digital guides that help the child in the process of playing
and encourage team play. By solving joint tasks in games, children develop social in-
telligence — connecting with peers, respecting the rules of turn-taking and resolving
conflict during the game [3]. It is also desirable that certain elements of the game, in
addition to developing social intelligence, be designed to develop emotional intelli-
gence in children. For example, interactive stories (similar to classic children's fairy
tales) can foster skills in managing emotions, expressing themselves and understanding
each other. Papoutsi et al., evaluated the serious game “The Park of Emotions” and
experimentally validates as an effective intervention tool, highlighting the importance
of implementing digital games aimed at improving emotional intelligence and emo-
tional skills throughout childhood and preadolescence [4]. Engaging, playful context of
games often keeps children motivated and persistently involved, which may further
support emotional regulation. Researchers have observed that children can be more en-
gaged and stay on-task longer during digital play than in some traditional activities [5].

Digital games can contribute to both motor skills and physical activity if the devel-
opment of the games was properly designed. Many preschool games require tapping,
dragging, or drawing on touchscreens, which can help refine fine motor control and
hand—eye coordination—children with frequent tablet use in early toddlerhood showed
significantly better performance on fine motor assessments than non-users [6]. Some
evidence suggests that interactive tablet play can improve these skills, though findings
are mixed and dependent on usage patterns. Notably, active video games encourage
physical movement. One study found that exergaming, that refers to active video games
that are also a form of exercise, encourage physical movement in preschool-aged chil-
dren [7]. Video games or applications for mobile phones that are based on movement
(dancing, exploring nature, or applications that help with exercise) require children to
actively, physically, participate in the tasks.

Educational games are designed to, in addition to physical engagement, also
strengthen early skills such as writing and numeracy. For example, game-based literacy
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applications have successfully supported the development of reading skills in preschool
children, in accordance with the cultural and other requirements of the specific target
environment [8]. Math-oriented games can teach counting, shapes, and basic problem-
solving in an engaging format [9]. Research indicates that well-designed games can
improve young children’s knowledge in areas like vocabulary, letter recognition, and
basic math, often by embedding learning objectives within play tasks [10]. Some stud-
ies have specifically targeted creativity—for instance, a digital game called Thinking
Paradise was developed to train preschoolers’ creative thinking, yielding improvements
across fluency, originality, elaboration, anti-block, and title scores in the Torrance Test
[11]. Game-based learning must be aligned with the pace of children's development as
well as with the curriculum and program for preschool children. An interactive ap-
proach to teaching, unlike the traditional one, can contribute to greater success in mas-
tering the material and greater engagement of children. Video games can make learning
fun and interactive, because the process itself is seen as a form of entertainment.

The design of video games in early childhood must be of high quality and have a
clear context. The emphasis should be on purposefulness, that they be appropriate to
the child's developmental level and that they be used according to the instructions of
the educator. Educators have a role in selecting appropriate educational content, en-
couraging teamwork, but also in being aware of the needs of each individual child and,
based on those needs, scaling the difficulty of the game. With these supports in place,
the consensus of recent literature is that digital play can be a valuable tool to promote
children’s learning and development in the early years [[12], [1]].

2 Psychological Frameworks: Piaget and Vygotsky

Classic child development theories provide a useful lens for understanding why play —
including digital play — is so critical in the preschool years. Both Jean Piaget and Lev
Vygotsky viewed play as a fundamental, “building block™ activity through which chil-
dren construct knowledge. As Piaget emphasized, intelligence is an adaptation that de-
velops through organization and assimilation of experiences, with play acting as a key
mechanism for symbolic capacity and cognitive growth [13]. Similar to Piaget, Vygot-
sky argued that play allows children to act “beyond their average age” by engaging in
activities that expand their abilities with social support (with the help of educators).[14]
The process of play (with physical toys or video games) allows young children to ex-
periment, as they have complete freedom to interpret the world in their own way. This
process of cognitive maturation is essential for later skills such as reading, writing, or
arithmetic.

Piaget’s theory deals with the progression of children through different stages of
cognitive development — for example, preschoolers (aged around 2—6 years) are in the
preoperational stage, which is characterized by intuitive thinking and symbolic play
[13]. At this stage, children learn best through concrete, sensory experiences and active
exploration. Piaget explained that intelligence builds upon sensorimotor activity and
gradually develops into operations that allow for logical thinking [13]. Digital video
games, in order to be in line with Piaget’s principles, should have visually appealing
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content and the possibility of direct manipulation of the game content that would suit
the child’s developmental level. For example, the game can use basic and strong colors,
clear and stylized drawings, and the game interface itself should be intuitive, i.e. clear
enough for the child to use. All of these elements should attract the attention of young
children. Piaget also defined assimilation and accommodation as two key processes by
which children learn: they assimilate, adopt, new experiences into existing frameworks
and adapt to their own frameworks when new experiences challenge previous structures
[13]. Educational video games can support both assimilation and accommodation by
allowing children to repeat actions, experiment, and receive feedback. As Piaget states
- children are "little scientists" who learn through trial and error because the interactive
and exploratory nature of educational video games enables them to do so.

Vygotsky adds that social interaction is also important for cognitive progress. He
introduced the concept of the Zone of Proximal Development (ZPD) — the range of
tasks a child cannot do alone but can accomplish with guidance from a more skilled
partner [14]. Play creates an ideal context for such guided participation. In his view,
during play “a child always behaves beyond his average age,” stretching to new skills
with the help of others. This idea of scaffolding is central: when a caregiver or teacher
plays alongside the child, asks questions, or gives hints, digital play becomes a scaf-
folded activity that pushes the child’s learning forward. Van der Veer [15] explains that
Vygotsky saw language and thought as merging in early childhood, where children first
repeat instructions aloud before internalizing them as inner speech. This process trans-
forms play into a powerful context for problem solving and self-regulation.

There is evidence that well-designed educational software can facilitate this adult-
child interaction. For instance, literacy games such as Alphablocks show, a British pre-
school television series featuring animated letter-characters in Alphaland, that when
adults guide children during gameplay, it creates a “meeting of minds” where both
builds meaning together. This directly reflects Vygotsky’s idea that learning is socially
co-constructed [15]. Role-playing games — whether in a physical or digital environment
— allow children to practice following rules, taking on roles, and abstract thinking,
which Vygotsky linked to the development of higher mental [14] functions.

Piaget suggests that educational games should be concrete, but also intuitive and
exploratory to suit the developmental level of preschool children, while Vygotsky em-
phasizes social interaction and the role of language in learning. When designing edu-
cational video games, both views should be taken into account: they should be interac-
tive and encourage independence in the child, but also require teamwork and adult par-
ticipation. This blend maximizes learning within the child’s developmental stage and
translates foundational child development principles into practical digital learning de-
sign.

3 Cultural and Language Localization of Video Game

When designing video games for use in early childhood education, the cultural and
linguistic context of children's play should be taken into account. Research has shown
that young children learn best in their native language and within the family setting.
UNESCO notes that “evidence tells us that learning first in one’s mother tongue leads
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to better outcomes in the future — for individuals, cultures, and nations” [16]. In practi-
cal terms, this means an educational game for Serbian preschoolers will be most effec-
tive if its language is Serbian and it reflects Serbian cultural context. Using the child’s
mother tongue not only improves comprehension and learning of content, but also af-
firms the child’s identity and comfort, making the learning experience more natural
([17], [18]].

For young children, who have not yet developed basic language skills, games should
provide narration, accompanying audio instructions, and text in their native language.
For example, if a game was first developed for an English-speaking area, it is easiest to
simply translate the words into Serbian. However, effective localization goes further -
it can include using common Serbian nursery rhymes, local names, or voices with fa-
miliar accents to make the game seem like the source. The goal is to have the child
engage with the content without language being a barrier. This is supported by guide-
lines in early education that initial literacy and learning activities be conducted in the
child’s first language whenever possible [8]. For example, a game that teaches letters
would be designed around the Serbian alphabet — in Cyrillic and Latin script for chil-
dren from the Serbian-speaking area. It should also include specific characters D, C, S,
etc., and how they would be pronounced by a Serbian teacher or parent.

Stories, characters, and overall visuals are often the most important elements of chil-
dren’s play. These elements should be aligned with the child’s cultural background as
they can significantly increase their engagement. The story, themes, and characters that
appear in the games should be inspired by literary works by recognized local authors
or from historical sources and folk tales. For example, a game for children from the
Serbian-speaking area may include: local animals (such as hedgehogs or bears that are
common in Serbian children’s stories), traditional motifs or folkloric characters, or sce-
narios such as the setting of a “Slavic fairy tale” that Serbian children may recognize
from books and cartoons [[19], [20]]. The use of local cultural sources can make the
game more interesting for the child, as they recognize parts of the world around them.

At the same time, designers should be mindful of cultural neutrality vs. specificity.
A study by Nikolopoulou [8] on early childhood software localization pointed out that
some features of software are easier to localize than others. Software with a “dominance
of pictures, animation and sound, [and] culture-independent content” and with neutral
interfaces and storylines can be more readily adapted to different countries. In other
words, using universally appealing imagery (like basic shapes, happy cartoon animals)
and avoiding highly culture-specific references can ease localization to multiple lan-
guages. However, to truly connect with a target culture, certain customizations are ben-
eficial — such as including a few locally loved songs or cultural references that make
the experience unique for that audience. It’s a balance: core educational content might
remain the same globally (e.g. counting apples), but the style and context can be
tweaked to fit local expectations and curricular needs. For example, if a game teaches
about foods, a Western version might use apples and pizza, whereas a localized Serbian
version might include plums and pita bread to reflect foods children recognize [[17],
[18]].

Localization in educational games for early childhood is not just translation — it’s
cultural adaptation. Ensuring the game speaks the child’s language (literally and
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figuratively) can improve both learning outcomes and enjoyment. As a child’s right,
early education in the mother tongue is recommended, and this extends to digital learn-
ing tools. Game developers and educators should thus collaborate to create or adapt
games that align with local languages and cultures [[21], [10]].

4 ,Play and Learn“

The educational video game "Play and Learn" (in Serbian “Igraj i u¢i”’) was developed
at the Metropolitan University, center in Ni§, within the Laboratory for Video Games
during the year 2025 and is continuously being developed. The game is designed as a
modular platform, which will be developed in the coming years and will represent a
long-term and creative project of the laboratory. The development team consisted of
associate professor dr. Petar Peji¢, assistant Milos Nikoli¢ and a group of fourth-year
students from the Faculty of Information Technologies (study program: Video Game
Development) and the Faculty of Digital Arts (study program: Graphic Design). The
collaboration between students from two different faculties is reflected in the integra-
tion of the technical, software, side of the project with original visual and audio design.
Joint work, which is part of the students' professional practice, contributed to the suc-
cessful realization of the video game "Play and Learn".

The video game was developed in the Unity game engine and is optimized for An-
droid mobile devices, making it easily accessible to preschoolers. The entire visual
identity (see Fig. 1) was originally created by students of the Faculty of Digital Arts.
The narration and music in the game have also been adapted to provide an authentic
and culturally localized experience in the Serbian language. The game has a two-di-
mensional visual style that is suitable for children, with colorful and rounded shapes
and interactive elements that are suitable for children aged 2 to 6 years (see Fig. 2).
Game design emphasizes simplicity, recognition and positive emotional engagement.
“Play and Learn” is organized as a modular island system. Each island represents a
different thematic unit (e.g. pirates, winter) and contains 6 to 12 minigames. This struc-
ture provides a variety of experiences while maintaining a clear pedagogical framework
and lends itself to future content expansion.

Fig. 1. Visual identity of video game “Play and Learn”.
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Fig. 2. Two-dimensional visual style that is suitable for children of video game “Play and
Learn”.

Children interact primarily through the mechanisms of dragging, arranging and se-
lecting objects. These mechanics support the development of fine motor skills and log-
ical thinking. Currently, there are three basic types of mini-games: assembling shapes
(children drag and join geometric figures into correct patterns, see Fig. 3); shape match-
ing and color matching (children group objects based on color associations); and order
of sizes (children arrange objects according to relative size which encourages pattern
recognition). All these tasks are intuitive, not non-verbal, and are aligned with the de-
velopmental levels of preschool children.

Fig. 3. Drag and join geometric figures into correct patterns suitable.

Unlike most preschool games that focus on mastering language and numeracy, “Play
and Learn” emphasizes: development of motor skills (fine hand-eye coordination
through mechanisms of dragging and arranging elements); pattern recognition (shape,
size, color); and cognitive flexibility and problem solving (choosing correct schedules).

The game is based on the theories presented by Piaget and Vygotsky. According to
Piaget's theory, children aged 2 to 6 learn best through concrete tasks, sensory and sym-
bolic play. Game also supports (as already described in the paper) the process of assim-
ilation and accommodation where the child learns by repeating actions, experimenting
with solutions and having the availability of immediate feedback. From a Vygotsky
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point of view, the design also supports the Zone of Proximal Development — children
can perform tasks independently, but also adults can guide them through their mastery.

The game is currently free to download and available for families and educators.
Pilot testing with preschool children is planned, which will provide empirical feedback
on the effectiveness of the game and on future improvements. The game is conceived
as a laboratory platform that future generations of students will build on, with new is-
lands and mini-games, as well as new visual identities for those parts of the game. The
upcoming expansion will include additional themes, new mechanics and potential lo-
calization into other languages if the game proves successful in Serbia.

5 Conclusion

"Play and Learn", Video Games and Digital Play in Early Childhood Education is an
analysis of video game-based learning and its localization. The paper highlights the
potential of video games as a tool for education, and their fun and interactive approach
to imparting knowledge and skills. Video games, viewed as multimodal products, re-
quire careful translation and localization to ensure accessibility and engagement of chil-
dren. The prevalence of mobile phones and tablets makes digital learning based on
video games accessible to a wider group of users. Thanks to well-designed mechanics,
these games can improve children's motivation, stimulate their creativity, and develop
problem-solving and collaboration skills. Of course, content control by parents or edu-
cators is always needed, because due to their design, problems such as overuse must be
taken into account.

Cultural and linguistic localization, in our case into the Serbian language, appear as
a key factor in improving the educational value of preschool games. This requires the
integration of local languages in which the video game will be used, the adoption of
local narrative and cultural elements in the game design.

The video game "Play and Learn" is designed for educational purposes in early child-
hood. It combines well-thought-out pedagogical design, child-friendly interfaces and
cultural and linguistic localization of the Serbian-speaking area. Collaboration between
experts (educators, psychologists, linguists and game designers) allows for the creation
of engaging, developmentally appropriate and culturally relevant digital learning envi-
ronments.
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Abstract. The phenomenon of increasing algorithmic comfort can be described
as a process in which apparent security turns into a serpent embrace-like pressure,
with increasing automation producing a tension between comfort and suffoca-
tion, as well as a dynamic of resistance, adaptation, and release. In the age when
education is shaped according to code, the rule prevailed: ““no more endless hours
creating something.” Efficiency has become the new holy grail, but it is increas-
ingly being forgotten that this convenience comes at a price — the loss of creative
effort and human authenticity.

Within the Education 4.0 paradigm, contemporary education strives to de-
velop the skills of the future — creativity, critical thinking, and digital literacy —
while at the same time increasingly relying on large language models (LLMs)
like ChatGPT. However, we cannot help but wonder if this approach, while open-
ing up possibilities for new forms of learning, actually leads to a superficial au-
tomation of the process that ignores the key component of learning — the emo-
tional dimension. The emotional mimicry that large language models achieve
through imitating empathy and using apparently empathic phrases actually re-
mains on the surface, as confirmed by research showing that students who use
LLM tools record less cognitive effort, as well as a lower quality of reasoning —
which indicates emotional shallowness and thought passivation.

The findings of a survey conducted on a sample of 60 students show that
young users simultaneously recognize and support the practical benefits of Al
tutors, yet express concerns about cognitive addiction and illusory empathy. This
study examines the consequences of LLM tutor-based educational practices on
thought identity, emotional depth, and confidence development. The findings,
including the results of the survey, indicate that interaction with algorithmic tools
reduces creative and semantic brain activity, encouraging superficial automatism
and digital dementia, i.e., a decline in memory, concentration, and critical rea-
soning. In response, the paper proposes digital emotional literacy as a key peda-
gogical strategy and safeguard against the manipulation of empathy, the addictive
reliance on tutors, and the substitution of emotional reality for algorithmic com-
fort.
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1 Introduction

In the context of the growth of emotional mimicry and reliance on algorithmic tutors,
the emergence of digital dementia is particularly worrying - a phenomenon of reduced
memory, focus and critical reasoning due to the increasingly frequent delegation of
thought processes to technology. We came to this phenomenon through the daily use
of artificial intelligence and undermining its penetration into all segments of not only
business, but also education. In this way, we created a symbiotic, increasingly
unbreakable bond with smart tutors.

Due to the rapid penetration of generative Al systems into education, digital natives
stand out among the most affected groups [1] - generations born after 1980, who grew
up in the environment of the Internet and digital technologies. Although they are fluid
in the use of technology, according to Prensky [1], their excessive reliance on digital
tools can lead to lower emotional literacy, as it favors quick, superficial interactions
instead of deep interpersonal connections, which limits the development of empathy
and emotional depth. Those with less emotional and digital literacy in the group of
digital migrants are the most vulnerable and always at greater risk [2].

The risk is reflected in the unpreparedness to face the challenges that artificial
intelligence brings, and due to the lack of developed skills, they often find themselves
in a foggy ability to distinguish simulated empathy from the real one. The explanation
is simple: lacking these skills, they are less resistant to errors and illusions of
understanding and less able to distinguish the simulated empathy of such algorithms
from real empathy [2].

Various authors have warned that phenomena such as simulated empathy in Al carry
the risk of emotional manipulation of the user. Although an advanced chatbot may ap-
pear empathetic, it has no real feelings behind the words which Kurian [2] describes as
empathy gap, i.e. lack of emotional empathy, and even the opposite of empathy, due to
the misleading effect on the user. Studies have documented cases of humans perceiving
Al companions as friends or partners [3], which raises the ethical question of reciprocity
- the relationship is always one-sided and inauthentic [4].

This can lead to a reduction in human interaction or an impairment in the under-
standing of real emotions [3]. Accordingly, in the next phase of Al development, the
key question is how (and whether) machines can go beyond mere imitation and achieve
some form of true emotional intelligence instead of programmed emotional perfor-
mance [2]. If this is not possible, the imperative of transparency is imposed - the user
must know how to communicate with the algorithm in order to avoid unethical manip-
ulation of emotions [4].

The combination of that emotional insensitivity and digital credulity (trusting the
algorithm) makes young people especially vulnerable. In short, "empathy among algo-
rithms" is currently a one-way street: algorithms imitate empathy, and people (espe-
cially children) project it onto them. However, that illusion can cost a young person's
development dearly if it is not addressed through education and protective measures.

Further in the paper, we consider the occurrence of emotional mimicry in Al tutors
and its implications.
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2 Literature Review

People inherently have tendency towards emotional mimicry by spontaneously
imitating the expressions of feelings of others. For example, if the interlocutor seems
sad or worried, we often adopt a similar facial expression or tone of voice ourselves.
This unconscious imitation functions as a social "glue": by harmonizing emotions,
communication participants confirm that they share a similar state, which strengthens
empathy and trust [5]. Interestingly, research shows that people show similar reactions
when their interlocutor is a machine. The theory "computers as social actors" [6]
showed that users unconsciously apply social norms when interacting with computers.
Despite knowing that a computer has no feelings, we respond to a kind voice or message
with politeness and compassion, almost as if we were communicating with a person.
This phenomenon - anthropomorphizing, i.e. attributing human characteristics to non-
human entities - explains why a digital assistant that responds with "I understand, I'm
here to help" can provide some comfort to the user. Children and teenagers especially
easily perceive digital characters (chat-bots, voice assistants) as quasi-friends - they
address them in a personalized way, trust them and expect understanding from them,
often not making a clear distinction between simulation and real empathy [7]. The
human brain responds to such "social signals"—a warm tone of voice or caring words—
similarly whether they come from a human or an algorithm, as long as the signals are
believable [6].

The phenomenon known as the "Google effect" or the so-called digital amnesia, in-
dicates that the availability of information only a click away from us changes the way
we remember it. When we know they are readily available, we are less likely to remem-
ber them permanently [8]. In an educational context, Al tutors further relieve students
by taking on routine cognitive load, which can allow focus on more complex tasks [9].
However, research points out that with excessive reliance on such systems, cognitive
dependence occurs, followed by a decrease in independent analytical and critical think-
ing [10].

German neurologist Manfred Spitzer [11] warned that such patterns lead to the phe-
nomenon of digital dementia, a condition in which the excessive use of digital devices
leads to impaired memory, poor focus and learning disorders, similar to the symptoms
of dementia in old age. Recent research confirms that early and chronic exposure to
screens can negatively affect the structure and function of the brain, increasing the risk
of cognitive and emotional disorders in young people [12]. In other words, the brain
accustomed to constant and fast digital stimuli becomes lazy in memory and focus,
which further illuminates the risk of cognitive passivation and loss of autonomy in the
era of Al tools.

Can Al "outdo" human empathy? Children as the most vulnerable digital natives
who grow up in the center of the empathic gap - must learn where the alive ends and
the algorithmic begins. Research shows that they often perceive chatbots as "quasi-
friends" and trust them with their feelings, even though algorithms have neither a moral
compass nor real empathy [2]. Dangerous examples from practice, such as Alexa or
Snapchat Al, show that such trust can be risky [13]. The youngest members of society
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are especially susceptible to these challenges. Their developing brains can be influ-
enced by the increasing amount of time spent on digital devices. Increasing digital de-
mentia - exposure to a large amount of information and distractions - has a negative
impact on our ability to focus, think deeply and remember [14]. Paradoxically, some-
times Al responses are rated more empathetic than human responses [15, 16], which
illuminates how easily we mix simulation and reality.

3 Methodology and results

The research was conducted through an anonymous online survey (Google Forms) [17].
in September 2025. The sample consisted of 60 students of various study programs
aged 20-25. All respondents had previous experience with Al tools, most often
ChatGPT. The questionnaire combined closed and open questions where the quantita-
tive data was analyzed descriptively, while the open answers were processed by the-
matic analysis.

Key findings

e Frequency of Al use - 47% of students use Al almost daily, 30% occasion-
ally, 17% rarely, and only 7% never use it.

e Experiencing AI empathy - More than half (55%) rate AI messages as me-
chanical and without impact, while 35% admit that they still like them and
find them [potentially motivating.

e Comparison with lecturers - 57% of students stated that at least sometimes
the Al seemed more pleasant or understandable to them than the lecturer; only
27% say they have never felt it.

e Trustin Al statements of understanding - Half (47%) partly believe phrases
like "I understand that it is difficult for you", but a third do not believe them
at all, while only a small number perceive them as sincere.

o Digital emotional literacy - 67% of students think that education about emo-
tional literacy should be introduced in the digital environment, while 22% re-
main undecided, and 8% think that it is not necessary. In the open answers, it
was suggested that this topic should be included at least in a few lessons and
that the lecturers should first develop these competencies themselves.

4 Discussion
The results show that students recognize the paradox of Al tutoring: on the one hand,

they perceive Al as more approachable and patient than some lecturers, and on the other
hand, they clearly distinguish programmed kindness from real human empathy. This
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double awareness points to the existence of an intuitive digital emotional literacy - the
ability to enjoy the benefits of Al, without fully trusting its "empathy".These findings
can also be viewed through the concept of a digital 'filter bubble' [14], where algorithms
shape our experience of reality so that it increasingly resembles what we already think
and feel. This narrows the space for dealing with different perspectives, which further
complicates the development of empathy and critical thinking.

Secondly, students are aware that Al reduces cognitive effort, but also the risk of
passivation: it is easier to ask than to think. Such self-reflection is valuable - it shows
that young people are aware of the "trade-off" effect of modern technology: they gain
efficiency, but lose some of the exercise. These results strongly match the concept of
cognitive unloading [18], and the theses of Spitzer [11], about the decline of motivation
for deeper thinking.

Interestingly, even those skeptical of Al "empathy" see value in learning about it;
their caution is precisely the argument that such literacy should be widely developed.
Such attitudes are practically a call to action for the educational system. While digital
literacy has traditionally been associated with technical skills, students clearly signal
that education must also include the social-emotional dimension of digital intelligence.

In addition to quantitative findings, students' open-ended responses provide valuable
insights into their attitudes and feelings. They supplement the figures with personal
experiences, dilemmas and suggestions, revealing how young people perceive the pres-
ence of Al in learning — not only as a tool, but also as a phenomenon that changes their
habits, expectations and way of thinking.

Qualitative insights from respondents

“Al-generated emotion makes the interaction more interesting, but | mainly use it
for practical purposes.”

“Al is effective on its own in many areas. | believe it supports both creative and
empathic work.”

“I believe that we rely too heavily on Al and that it may negatively affect certain
professions.”

“It can be addressed in one or several classes, but it should not take too much time
away from core courses.”

“We should learn how to use Al—for example, as a tool for information gathering—
but its analyses should not be taken for granted, and critical thinking should never be
abandoned.”

““Lecturers need to be trained in emotional simulation and interface psychology in
order to prepare students for digital reality.”

“Illusion is a sufficiently accurate, yet incomplete term. Its meaning depends on nu-
merous factors, which is why even this concept may feel like an illusion today.”
Graphical representation of results
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How often do you use ChatGPT or similar Al tools for learning?
60 responses

@ Never
@ Rarely (1-2 times per month)

@ Occasionally (2-3 times
per week)

@ Frequently, almost daily

30%

Fig. 1. Frequency of Al tutor use among students (N = 60). The majority report daily or oc-

casional use, while only 7% have never used Al.

Has it ever happened to you that Al seems “friendlier” or
“easier to understand” than some people in an educational
context (e.g., professors, teaching assistants)?

60 responses

® Yes
® No

@ | cannot assess

Fig. 2. Perceptions of Al empathy compared to lecturers. More than half of the students state
that Al has sometimes appeared more pleasant or understanding.
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In your opinion, should education also include the development of
emotional literacy in the digital environment (understanding the illusion
of empathy, emotional automation, etc.)?

b0 responses

@ Yes
® Noe
Mot sura
@ Oiher (wrile in)

Fig. 3. Attitudes toward introducing digital emotional literacy. Approximately two-thirds of stu-
dents support this initiative.

5 Conclusion

Our mini-research in the form of a survey showed that students have already recognized
both the strengths and weaknesses of artificial intelligence in learning. Al helps them
progress through the syllabus more quickly, but it often encourages shortcuts and re-
duced effort. Paradoxically, many perceive the “empathy” of chatbots as more pleasant
than human empathy, even though they are aware that it is only an algorithmic illusion.

This double awareness, simultaneous trust and doubt, opens up an important space
for education to assume a new responsibility: developing digital emotional literacy and
introducing training on how to use Al without losing one’s own thinking and emotional
capacities. Continued research and practice in this area are essential. Empathy, creativ-
ity, and authenticity must remain at the core of education, as these are priceless human
skills that no algorithm will ever be able to fully replicate.

If neglected, there is a risk that younger generations will become hostages of “digital
dementia”—accustomed to the numbing comfort of quick answers, but increasingly
weakened in memory, attention, and critical thinking. The algorithmic “filter bubble”
further deprives us of emotional expression and contributes to a weakening of empathy.
If students grow up in such a closed environment, we risk raising a generation that will
find it increasingly difficult to engage in independent thinking.

Therefore, it is crucial that the educational system does not turn into a uniform army
of Al pioneers, but instead into a space of free choice and critical inquiry. Not all ease
is beneficial: sometimes it is precisely the difficulty of the path that shapes our authen-
ticity. If we forget this, we risk becoming mere pieces on the board of technological
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progress pawns moved by someone else’s rules, rather than active players with our own
value and meaning.

Disclosure of Interests. The author has no competing interests to declare that are relevant to the

content of this article.
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Abstract. This paper examines current trends in social entrepreneurship educa-
tion (SEE) as delivered through Massive Open Online Course (MOOC) platforms
in North America. The analysis identifies dominant themes in course content as
well as the teaching methods employed. The most frequently addressed topics
include impact measurement, innovation processes, resource acquisition, scaling,
and sustainability. All of the courses analyzed incorporate video lectures and as-
signed readings, with all but one integrating detailed case studies. Guest lectures
and structured discussion prompts emerge as the next most frequently employed
teaching methods. A comparative assessment with face-to-face SEE courses
highlights the need for the development of instructor-led online formats that in-
corporate more complex assignments subject to expert evaluation. By presenting
the range of pedagogical tools used across MOOCs to address similar themes,
this study provides valuable insights for educators seeking to update or redesign
both face-to-face and online SEE curricula.

Keywords: Social Entrepreneurship, Social Entrepreneurship Education, Mas-
sive Open Online Courses, Teaching Methods, MOOCs

1 Introduction

Social entrepreneurship integrates entrepreneurial processes with the pursuit of a social
mission. It encompasses enterprises whose primary objective is the sustainable
reduction of exclusion, marginalization, or the suffering of specific social groups [1].
The European Union distinguishes between two types of social enterprises [2]: those
that provide social services or goods to vulnerable populations, and those that foster
social and professional integration through the employment of disadvantaged
individuals. In essence, such enterprises incorporate into market activities individuals
who might otherwise remain excluded from production and/or consumption due to
reduced productivity, prejudice, low purchasing power, or related constraints [3].

In response to the growing prominence of social enterprises, universities have
increasingly developed courses designed to cultivate the competencies necessary for
launching and successfully managing social ventures. The subsequent chapter provides
a concise literature review on social entrepreneurship education (SEE), with particular
emphasis on teaching methods and the competencies such education seeks to foster.
Drawing on this review, the authors formulated the research questions guiding the
study. The third section outlines the methodological framework, followed by data
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analysis in the fourth section, while the fifth section presents the discussion and
conclusions.

2 Theoretical background

The first formal course on social entrepreneurship was introduced by Gregory Dees
at Harvard University in the mid-1990s. Soon thereafter, other leading U.S. universities
incorporated social entrepreneurship into their curricula, further legitimizing the field
within higher education [4], [S]. The concept quickly diffused to Europe, where
universities in the United Kingdom, France, Belgium, and Italy were among the early
adopters [4], [5]. Empirical research has shown that students exposed to social
entrepreneurship education (SEE) perceive social entrepreneurship as both more
desirable and more feasible than their counterparts who lack such exposure [6].

Peri¢ and Deli¢ [7] argued that the integration of social entrepreneurship education
represents an integral dimension of universities’ broader social responsibility. Croatian
higher education institutions responded gradually by embedding the topic into existing
entrepreneurship courses [8]. A notable milestone was the introduction of the elective
course Social Entrepreneurship and Social Innovation at VERN Polytechnic in 2012
[9]. At present, only one mandatory SEE course exists in Croatia: it is offered within
the undergraduate program Economics of Entrepreneurship at the Faculty of
Organization and Informatics, University of Zagreb [10], [11]. Comparative research
between Croatia and the United States indicates that Croatian SEE offerings remain
less focused on innovation and scaling social enterprises, while also providing fewer
opportunities for experiential projects with service-learning components [12].
Furthermore, significant scope for improvement persists in developing student
competencies in sales and financial management.

Technological advancements have simultaneously reshaped the higher education
sector by enabling the widespread delivery of courses online, independent of students’
geographic location. Massive Open Online Courses (MOOCs) experienced particularly
rapid expansion between 2017 and 2021, more than doubling in size during this period,
although growth has since decelerated. The online learning platform market is projected
to generate USD 60.25 billion in revenue by 2025, with an expected annual growth rate
of 5.81% from 2025 to 2029 [13]. MOOCs platforms themselves may be
conceptualized as social enterprises, as they create social value by mitigating
inequalities in access to educational resources through free or low-cost online offerings
available globally [14].

Paunescu and Vidovi¢ [15] examined the availability of SEE within MOOCs
platforms. Coursera emerged as the most significant provider, with content developed
by 11 universities. The University of Pennsylvania was the most active contributor,
followed by the University of Illinois at Urbana-Champaign, ESSEC Business School,
Copenhagen Business School, and the University of Colorado Boulder. Beyond
supporting the creation of new social enterprises, MOOCs-based SEE contributes to the
cultivation of sustainability-oriented and socially entrepreneurial mindsets among
learners across the public, private, and civil society sectors [16].
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The competencies required to successfully establish and manage a social venture, as
articulated by practitioners, include problem-solving, effective team building, financial
management, leadership and capacity development, stakeholder communication,
interpersonal skills, marketing and sales, strategic management, outcome measurement,
and the ability to foster collaborative relationships [17]. Brock and Steiner [4] identified
recurrent thematic areas in SEE curricula, including social problems and needs,
innovation, scaling social enterprises, resource mobilization, opportunity recognition,
sustainable business outcomes, and outcome measurement. To investigate whether
MOOCs-based SEE continues to emphasize these themes more than a decade later, the
following research question is posed:

RQ1: What topics dominate social entrepreneurship education on MOOCs
platforms?

Prior research has highlighted that students are more effective in developing social
ventures when intrinsically motivated, particularly through emotional attachment to a
social entrepreneurial idea [18], [19]. Consequently, SEE pedagogies should aim to
strengthen compassionate love, considered the most distinctive trait of individuals
motivated to engage in social entrepreneurship [20]. Brock and Steiner [4] also
documented a wide range of teaching methods in SEE, including lectures, venture
analysis, discussions, case studies, practical projects, service learning, consulting,
business plan development, as well as less common approaches such as guest lectures,
volunteering, internships, and direct involvement in social entrepreneurial ventures. To
determine the extent to which these methods are employed in MOOCs-based SEE, the
following research question is formulated:

RQ2: Which teaching methods are most commonly employed in social
entrepreneurship education on MOOCs platforms?

3 Methodology

This study employs a desk research approach to collect qualitative data on the
availability of social entrepreneurship education through MOOCs platforms. The initial
step in identifying courses whose curricula predominantly address social
entrepreneurship involved determining which MOOCs platforms to include in the
analysis. While numerous online articles compile lists of available platforms, this study
drew upon The Massive List of MOOC Platforms Around the World in 2025 [21], as it
represents the most recent and comprehensive source, categorizing platforms by global
region. Subsequently, all North American MOOCs platforms listed in Table 1 were
systematically searched using the keywords *“social entrepreneurship”, “social
entrepreneur”, and “‘social enterprise”. The resulting data were manually organized in
an Excel spreadsheet to facilitate the identification of patterns in course content and
teaching methods. The analysis, therefore, relies on the accuracy and completeness of
the information publicly available on the MOOCs platforms.
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Table 1. MOOC:s platforms.

Region MOOCs platform/Country
North America Coursera/the United States
edX/the United States

Udacity/the United States

Canvas Network/the United States
Kadenze/the Unites States

Complexity Explorer/the United States

MéxicoX / Mexico - nula

Europe FutureLearn/the United Kingdom
France Université Numérique (FUN) / France
EduOpen / Italy
Federica Web Learning / Italy

European Multiple MOOC Aggregator
(EMMA) / Europe
OpenHPI / Germany

MOOC.fi/ Finland
Prometheus / Ukraine - 2

Open Education (openedu.ru) / Russia

Asia (excluding

China) SWAYAM / India

NPTEL / India
IMOOC / Japan

gacco / Japan
OpenLearning / Japan
K-MOOC / Korea
ThaiMOOC / Thailand

Edraak (Arabic) / Jordan
Campus-I1/ Israel
UTas / Australia

China XuetangX / China
Chinese University MOOC / China
Zhihuishu / China
Xue Yin Online / China
Open Education (openedu.tw) / Taiwan
eWant — education you want / Taiwan

A massive list of all Chinese language
MOOC platforms
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https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#FUN
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#EduOpen
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#Federica-Web-Learning
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#EMMA
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#EMMA
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#OpenHPI
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#MOOC.fi
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#Prometheus
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#openedu.ru
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#SWAYAM
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#NPTEL
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#JMOOC
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#gacco
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#OpenLearning
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#K-MOOC
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#ThaiMOOC
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#Edraak
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#Campus-Il
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#utas
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#XuetangX
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#Chinese-University-MOOC
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#Zhihuishu
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#Xue-Yin-Online
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#openedu.tw
https://www.classcentral.com/report/mooc-platforms/?utm_source=chatgpt.com#eWant

4 Results

Of the seven North American MOOCs platforms reviewed, only two—Coursera and
edX—offer courses in social entrepreneurship. Each platform currently provides six
SEE courses.

On Coursera, two of the identified courses are designed as stand-alone offerings.
Three additional courses may also be taken individually, although they form part of a
broader specialization entitled Social Entrepreneurship, which delivers a more
comprehensive curriculum in the field. The final course, Social Entrepreneurship, is
embedded within the wider specialization Business Strategies for a Better World, which
extends beyond social entrepreneurship to include other business-related topics.

The six courses available on edX are all structured as stand-alone offerings. Notably,
two of these are archived, meaning that while students can still access the teaching
materials, they are unable to obtain certification. An overview of the identified courses
is presented in Table 2.

Table 2. SEE courses on MOOCs platforms.

Platform Course title University

Coursera Creating Change through Social Entrepreneurship  Yale University, USA
University of Penn-
sylvania, USA
Copenhagen Business
School, Denmark
Social Business Model and Planning for Social Copenhagen Business
Innovation School, Denmark
Copenhagen Business
School, Denmark
Social Impact Strategy: Tools for Entrepreneurs University of Penn-

Coursera Social Entrepreneurship

Coursera Identifying Social Entrepreneurship Opportunities
Coursera
Coursera Unleashing the Impact of your Social Enterprise

Coursera

and Innovators sylvania, USA
edX Social Entrepreneurship and Systems Change Egr/;/ard University,
T . . Curtin University,
edX Disciplined Approach to Social Entrepreneurship Australia

Social Entrepreneur-
ship Akademie, Ger-
many

Social Entrepreneur-
edX Enabling Entrepreneurs to Shape a Better World ~ ship Akademie, Ger-
many

Catdlica Lisbon
School of Business
and Economics, Por-
tugal

Massachusetts Insti-
tute of Technology,
USA

Social Entrepreneurship — von der Idee zur Um-

edX
setzung

edX Social Franchising

Business and Impact Planning for Social Enter-

edX .
prises
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https://www.coursera.org/learn/social-impact-growth?specialization=social-entrepreneurship-cbs

Figure 1 illustrates the distribution of SEE courses by university. Among the
institutions represented on the analyzed MOOC:s platforms, four are based in the United
States, three in the European Union, and one in Australia.

With respect to language, all but one of the courses are delivered in English; the
exception is a course offered in German. The extent of accessibility for non-English
speakers varies considerably, ranging from a course with no alternative language
options to three courses that provide translation into as many as 24 languages.

B usa
Harvard University | HENEREEEN B European Union
Australia
Massachusetts Institute of Technology | NEEE
University of Pennsylvania [ NEGNGNGIGINGNGNG__—
Yale University [ INNNNINENEGENN
Catdlica Lisbon School of Business and... | IINRNRNINGEG
Copenhagen Business School [ IIIENEGEGEGEGEGEEE—
Social Entrepreneurship Akademie [IIIINENEGEGEGEEEEN
Curtin University
0 0.5 1 1.5 2 2.5 3 3.5

Fig. 1. Number of SEE courses on MOOC:s platforms by university.

On the edX platform, enrollment data were available for only one course, which
recorded 5,297 students. By contrast, the Coursera courses achieved substantially
higher enrollment figures, ranging from 8,823 to 55,493 students. Enrollment numbers
are, however, strongly influenced by the time of course creation and therefore cannot
be regarded as a direct indicator of course quality.

Nevertheless, two courses stand out in terms of participation. The course Social
Impact Strategy: Tools for Entrepreneurs and Innovators, offered by the University of
Pennsylvania (USA), has enrolled 55,493 students to date, representing the highest
figure observed. The second most popular course, Identifying Social Entrepreneurship
Opportunities, developed by Copenhagen Business School (Denmark), has attracted
32,978 students to date.
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Creating Change through Social
Entrepreneurship

Social Entrepreneurship

Identifying Social Entrepreneurship
Opportunities
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Social Innovation
Unleashing the Impact of your Social
Enterprise
Social Impact Strategy: Tools for
Entrepreneurs and Innovators

Enabling Entrepreneurs to Shape a Better
World
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Fig. 2. Total number of enrolled students (data available for seven courses).

With the exception of one course that specifies prior experience as a prerequisite, all of
the analyzed offerings are designed at the beginner level. In terms of workload, the
courses vary considerably, ranging from three to forty hours of study time, thereby
providing options suitable for learners with different preferences. All currently
available certificate-granting courses operate on a flexible schedule. Only one course
was instructor-paced, though it is now archived and no longer actively facilitated.

The dominant thematic areas within SEE courses on MOOCs platforms are
presented in Figure 1. The most frequently addressed topics include outcome
measurement, innovation processes, resource acquisition, scaling, and sustainability. A
variety of approaches to outcome measurement are introduced, such as Social Return
on Investment (SROI), balanced scorecards, use-case diagrams, theory of change,
performance criteria frameworks, and the IOOI (input—output—outcome—impact)
model. Innovation is most commonly addressed through user-driven design,
emphasizing an understanding of beneficiaries. To cultivate empathy, several courses
employ tools such as empathy maps, mind maps, and stakeholder maps, while others
explore prototyping, problem trees, and pivoting strategies.

Resource acquisition is primarily examined in three dimensions: (1) funding
opportunities for social enterprises, including impact investing and crowdfunding; (2)
stakeholder collaboration; and (3) human resource strategies, particularly the
recruitment of individuals aligned with the organization’s mission and the formation of
effective teams. One course, for example, draws upon Belbin’s team role framework.

Scaling is conceptualized as both organizational growth and partnership
development, while sustainability is framed through the construction of durable
business models. Under this theme, courses introduce tools such as the business model
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spectrum, revenue and distribution models specific to social enterprises, competitive
analysis, positioning assessments, the logic model, the value proposition canvas, and
the business model canvas. One course further expands this toolkit with process
mapping, stakeholder mapping, root cause analysis, and system boundary definition.

Approximately half of the courses also address opportunity evaluation,
communication strategies, business plan development, and the legal structures of social
enterprises. Opportunity evaluation typically involves data collection and problem
analysis, incorporating demographic, regional, and infrastructural factors. Some
courses distinguish between impact opportunities and market opportunities.
Communication-related content includes pitching, storytelling, communication
planning, and the formulation of impact opportunity statements.

A number of additional topics appear more sporadically across the curricula. For
instance, several courses provide a broad overview of current social needs, highlight
the role of failure in entrepreneurial learning, or address market analysis in greater
depth. Others emphasize management techniques, student self-assessment of strengths
and weaknesses, or knowledge of the broader social entrepreneurship ecosystem. One
course specifically focuses on intellectual property.

Overall, the courses offered on Coursera and edX are largely aligned in their
coverage of key topics. Minor differences emerge, however, with edX courses tending
to place stronger emphasis on sustainability, while Coursera courses devote
comparatively greater attention to the development of business plans.

6
5
4
3
2
0
X o Q Qo Qo S )
S &\00 & .\\Q% N S S N &
< 3 3 &» P S 2 &
N s < s & > S & &
> S & <2 N > B\ o
& &g &£ & & s
& & S D & < o
Q) N\ (JO &
<& N &
o & o
& Q
S R
o) )

B Coursera MedX

Fig. 1. Topics covered in SEE courses on MOOCs platforms.
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Figure 2 presents a comparison of the topics addressed in SEE courses developed in
the United States and the European Union. Courses originating in the U.S. place
comparatively greater emphasis on outcome measurement and sustainability.
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Fig. 2. Topics covered in SEE courses developed in the USA and the European Union (the
course developed in Australia is not included here).

Figure 3 summarizes the teaching methods employed across the analyzed SEE courses.
All courses incorporate video lectures and assigned readings, while all but one make
extensive use of detailed case studies. Guest lectures represent the next most frequently
adopted instructional method, followed by discussion prompts, which were identified
in seven courses. However, the effectiveness of these prompts appears limited, as they
typically elicit individual student statements without fostering substantive peer-to-peer
interaction.

To assess students’ knowledge and competencies, seven courses employ quizzes,
and an equal number utilize practical assignments, three of which are evaluated through
peer review. Overall, the pedagogical approaches do not differ substantially between
the two platforms. A minor distinction can nevertheless be observed: edX courses make
more frequent use of quizzes compared to those hosted on Coursera.
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Fig. 3. Teaching methods used in SEE courses on MOOC:s platforms.

Figure 4 presents a comparison of teaching methods employed in SEE courses de-
veloped in the United States and the European Union. Courses originating in the Euro-
pean Union make comparatively greater use of guest lectures than those developed in
the United States.
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Fig. 4. Teaching methods used in SEE courses developed in the USA and the European Union
(the course developed in Australia is not included here).
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5 Conclusion

Individuals interested in social entrepreneurship may benefit considerably from
introductory-level courses available on Coursera and edX. A primary limitation,
however, concerns the accessibility of these courses in multiple languages, which varies
substantially across providers. In terms of content, MOOCs-based SEE generally
addresses the same thematic areas as traditional face-to-face university courses.
Nevertheless, their shorter duration restricts opportunities for more in-depth
engagement with contemporary social problems and needs.

Self-paced online education offers the advantage of continuous accessibility, yet it
remains limited compared to instructor-led formats due to its reliance on less interactive
teaching methods. In particular, the absence of human instructors precludes the use of
pedagogical approaches such as service learning, volunteering, and internships within
social enterprises. As a result, the analyzed MOOCs provide condensed, highly focused
content delivered within a relatively short timeframe. While low cost and flexible
scheduling represent clear advantages, interactive learning opportunities are
underutilized because they require greater instructor involvement and consequently
increase course expenses. Some courses attempt to address this gap through peer
evaluation, though its effectiveness remains debatable.

As previously noted, discussion prompts rarely result in meaningful interaction, as
students tend to share individual opinions without responding to their peers. Two
potential improvements are proposed. First, online discussion forums could be
organized by economic sectors and target groups, allowing students with similar
interests—such as supporting homeless populations—to connect with peers who have
completed the course, review their reflections, learn from them and potentially initiate
collaborations. Second, courses could incorporate a service-learning component
whereby students volunteer within their chosen sector of interest and subsequently
share their reflections with peers. Such measures would not significantly increase
instructor workload, while enhancing experiential and collaborative learning. By
contrast, embedding group projects may be less feasible, given the self-paced nature of
MOOC:s and the heterogeneous levels of student motivation.

Although nearly all analyzed courses are positioned at the beginner level, there is a
clear absence of instructor-led formats capable of providing tailored guidance to teams
developing social ventures. While such courses would inevitably be more resource-
intensive, they would better facilitate the acquisition and application of entrepreneurial
skills rather than focusing solely on theoretical knowledge.

Among the less frequently addressed topics, the role of failure warrants particular
attention. It is argued that every entrepreneurship curriculum should explicitly address
entrepreneurial failure, as it constitutes an inherent and often recurring element of
entrepreneurial practice.

Finally, the analyzed courses on North American MOOCs platforms employ
different practical tools to address similar topics in social entrepreneurship. Future
research should extend this analysis by comparing SEE on platforms belonging to
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diverse geographical regions to identify similarities, differences, and potential best
practices.
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