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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
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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]
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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
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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
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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
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Learnic Unit L1 raie Unit L2 Unit 13
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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
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(Learning topics) of topics

Learning objects
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Name of learning unit(LO)

Type od learning object (LO) . Video ti
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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)
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 —
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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
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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)
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L3 70 70l 70|70 |70 (70 L3 70 3.5 3.5
Note:
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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.
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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.

24



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§).
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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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Fig. 19. Specification of the database of exam questions and tasks.

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.
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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
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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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Fig. 25. Procedure for automatic generation of prompts for generating tests and tasks
for pre-exam assignments, as well as test questions and tasks for exams.

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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