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Abstract. Adaptive learning systems (ALS), powered by artificial intelligence, represent an
innovative approach to increasing student engagement in science at the university level. These
systems, by analyzing the individual performance of students, adapt the content and pace of
learning to their specific needs. This personalization of the learning experience results in in-
creased motivation, reduced frustration and improved academic performance. However, the
implementation of ALS presents obstacles encountered. Despite these challenges, ESLs offer
considerable potential to revolutionize science education and optimize student engagement.

Our study, presented in this chapter, explores the impact of Al-based ESLs on student en-
gagement in science. The results of our study demonstrate that ESLs offer remarkable potential
for improving learner engagement in science. To ensure equitable and effective use of these
technologies, it is essential to take into account the challenges discussed and ensure that ALS
are implemented in a responsible and transparent manner.
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1 Introduction

Higher education is undergoing a transformation, and artificial intelligence (Al) is
playing a key role in this evolution. Al offers new possibilities to make learning more
engaging and revolutionize the student experience, especially in scientific fields. [1]
The integration of Al in higher education paves the way for more interactive, person-
alized and effective learning environments. [2] This article explores the impact of
innovative Al-based approaches on student engagement in science at university, high-
lighting the benefits and challenges of using these emerging technologies.

Al offers new possibilities to transform learning by making content more interactive
and personalizing it. Interactivity allows students to actively interact with content,
which stimulates interest, maintains attention, and encourages exploration and exper-
imentation. [3] Personalization, on the other hand, allows learning content and activi-
ties to be adapted to the individual needs and preferences of students. [4]

Our approach focuses on personalized learning through Adaptive Learning Systems
(ALS). These systems analyze student performance and adapt content and learning
pace based on their individual needs, providing tailored recommendations and re-
sources. [5] This builds engagement by providing an individualized experience and
supporting students on their learning journey.
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Additionally, Al-based virtual simulations and experiments provide hands-on science
learning opportunities, sparking students' interest and encouraging them to become
more engaged. [6] By combining interactivity and personalization, these innovative Al-
based approaches provide dynamic, interactive and responsive learning environments,
thereby improving science student engagement at university.

However, to maximize their effectiveness, it is essential to design and implement these
approaches thoughtfully, while integrating Al appropriately into curricula.

2 Theoretical Framework

Our theoretical framework presents an overview of key concepts related to learner
engagement and the use of artificial intelligence (Al) in education

2.1 Artificiel Intelligence (AI)

Artificial intelligence (Al) is a branch of computer science that focuses on creating
systems that can perform tasks that normally require human intelligence. [7] Since
2010, the successes of Al have been due to machine learning and deep learning ap-
proaches, cognitive systems, predictive analysis, robotics and to other areas (Figure 1).
These successes are made possible thanks to the extraordinary increase in computing
and storage power, as well as the great availability of data (Big Data). Figure 1 above
shows seven areas where Al is playing a role. Al is often compared to a robot, or rather
a system embedded in a body, however Al is a set of techniques which intervenes in
many fields in an algorithmic form, notably in the field of natural language processing
(Speech ), as in the Google Translate or Reverso tool.
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Figure 1: Al focus areas. Excerpt from the article: Our definition of Al, Neovision’s expert
view
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2.2 Course and definitions

Al is capable of understanding, learning, reasoning, planning, problem-solving, and
interacting with humans in a manner similar to a human being. [8]. This means that Al
could make effective decisions just like a human. However, Minsky emphasizes that
artificial intelligence corresponds to "the construction of computer programs which un-
dertake tasks which are, for the moment, accomplished more satisfactorily by human
beings, because they require high mental processes level such as perceptual learning,
memory organization and critical reasoning". [9] More recently, Young et al. (2019)
define artificial intelligence “as any domain-specific system that uses machine learning
techniques to make rational decisions regarding non-deterministic tasks.” [10] While
Gaudreau, H et al. (2020) define artificial intelligence as “the automation of processes
and behaviors that we humans perceive as intelligent.” As we can see, there is a diver-
sity of definitions on Al which take into account both the objectives of the field and the
conditions which are set to separate Al from other computer applications. The lack of
a single definition constitutes a challenge also in delineating the computing environ-
ments that can be considered in this approach. [11]

2.3 Al and education

Artificial intelligence (Al) is transforming the education landscape by developing
learning tools and environments that improve efficiency and the learner experience.
Applications of Al in education lie at the intersection of Al, learning analytics and tech-
nology enhanced learning. [12] These applications can aim to facilitate the evaluation
of learning, to increase the number and quality of feedback, to create personalized learn-
ing paths, to prevent school dropout or to answer more or less complex questions for-
mulated by the learners. The development of Al solutions in education requires both
quality data and algorithms allowing their processing. Educational data is a crucial is-
sue. The quality of this data is linked to their relevance in relation to the disciplinary
domain and the learning task addressed, to the learner model and to the pedagogical
model. Two approaches coexist as to the nature of this data: Learning analytics ap-
proaches rely on upstream models to determine which data could be relevant, while
Educational data mining approaches value data even if it is not not initially justified by
theoretical models. This distinction does not always materialize in practice or in re-
search, and the two terms are sometimes used to describe similar uses. (Rienties et al.,
2019).

3 Personalized Learning

Personalized learning is an educational approach that aims to adapt teaching and
content to the individual needs, preferences and learning pace of each learner. [13] This
approach has many benefits, including increased motivation for students who learn at
their own pace and with activities that interest them. [14] Personalized learning also
allows for a better understanding of concepts, with students able to delve deeper into
topics they already know and get additional support for concepts they don't understand.
In addition, it promotes the development of autonomy among students, who learn to
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take charge of their learning and develop effective learning strategies. Finally, studies
have shown that personalized learning can improve academic outcomes for students,
especially those with special educational needs.
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Figure 2: Personalized learning objectives

According to Catlin Tucker and Jennifer Gonzalez (2019), [15] personalized learn-
ing can take different forms, but it is generally based on the following principles: form-
ative assessment, choice and autonomy, collaboration and differentiation, Teachers use
regular assessments to identify each learner's level of understanding, strengths and
weaknesses, allowing teaching to be tailored to their specific needs. Learners have the
opportunity to choose certain aspects of their learning, such as the topics, activities or
tools they want to use, thus promoting their engagement and motivation. Collaboration
is also a key element, with learners working together and learning from each other,
sharing their knowledge and experiences. Finally, differentiation allows teachers to pro-
vide different activities, resources and supports to meet the individual needs of learners,
ensuring that all students can progress at their own pace and according to their own
abilities. [15]

Al plays a crucial role in personalizing learning by analyzing data on past perfor-
mance, learning preferences and individual characteristics of learners, to deliver edu-
cational content tailored to each individual. [16] According to Anoir and colleagues,
[17] personalization is a systematic learning concept that emphasizes tailoring teaching
to learners, providing flexibility and support in their learning journey. This adaptation
results in personalized teaching approaches, content, activities, objectives and learning
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outcomes. Personalized learning systems often leverage technology to improve access
to adaptive, personalized learning for all learners. [18]

It is important to note that personalization is also based on the collective and coop-
erative dimension of learning. The emphasis is less on the unique idiosyncrasies of each

individual than on exploiting the functioning of a group. Personalizing your teaching
means above all seeking to meet the identified needs of groups of learners. [19, 20].
Personalized learning is a promising approach to improving education and meeting the
individual needs of each student. However, its implementation requires extensive
teacher planning and training, as well as adequate resources. [21]

4 Learner engagement

Learner engagement refers to the extent to which students are motivated, involved
and invested in their learning process, [19]. It results in active participation in class, a
marked interest in the content, perseverance in the face of challenges and autonomy in
learning. High engagement is generally associated with better academic achievement
and deeper knowledge acquisition. Engagement is:
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Figure 3: Components of Learner Engagement
* Cognitive: the extent to which the learner is ready to concentrate on the task
* Emotional: linked to their peers, the training context and the learning objectives
* Behavioral: measuring actions and activities that lead to Training Outcomes
* Social: the degree of identification and belonging those learners feel.

Artificial intelligence (Al) is revolutionizing education by offering unprecedented
possibilities to improve learner engagement and performance. Studies have shown
that Al-powered personalized learning can boost academic achievement and student
engagement. [20] Al-based adaptive feedback, which adjusts feedback based on indi-
vidual needs, has also been proven effective in improving learning and engagement.
[21] Al-based intelligent tutoring, which provides personalized support to students,
can also improve their performance and engagement. [22] Chatbots, computer pro-
grams capable of conversing with learners, are increasingly used in education to an-
swer questions, provide information, and foster more personalized interactions, which
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can improve student engagement . [23] Research has also explored the use of Al to
assess and improve learner engagement. [24]. By combining these key concepts, the
use of Al in education aims to improve learner engagement by providing learning per-
sonalization, adaptive feedback, conversational interactions, and immersive learning
experiences.

5 Research methodology

Our working method involves using the “ScilLearn” application, an Al-based learn-
ing platform designed to personalize science learning [1]. The application offers inter-
active virtual simulations covering various scientific fields, exercises adapted to the
student's level, as well as an assistance and progress monitoring system. Its intuitive
user interface and multimedia content aim to make learning more engaging [2]. The
study is based on a mixed approach, combining quantitative data collected by standard-
ized questionnaires [3] and qualitative data from individual interviews and focus
groups, to assess the impact of "ScilL.earn" on student engagement in science.

“Scilearn” is an Al-powered learning application that provides a personalized, in-
teractive and engaging learning experience for science students. Its key features,
friendly user interface and variety of virtual simulations make it a valuable tool for
students wishing to deepen their scientific knowledge.

5.1 The sample

The 158 participants of the study are first-year university science students who were
recruited to participate in the study.

5.2 Data collection

Data was collected for 2 months, during which the students used the Al-based learning
application as part of their study. Data was collected both qualitatively and quantita-
tively.

o Quantitative data: Student engagement measures were collected using four stand-
ardized questions, based on a LIKERT-type student satisfaction scale: This question-
naire assesses students' overall satisfaction with their educational experience. learning.
It included questions on the quality of teaching, course organization, teaching re-
sources, and satisfaction. Students were asked to complete these questionnaires before
and after using the application to assess changes in their commitment.

Q1: How good is the presentation quality?

Q2: What is the degree of satisfaction with the organization of the course and activities?
Q3: What is the degree of satisfaction with the educational resources?

Q4: How satisfying is the learning experience?

o Qualitative data: Individual interviews and focus groups were conducted to collect
students’ perceptions on the experience of using the Al-based learning application. In-

terviews were recorded and transcribed for later analysis.

5.3 Data Analysis:
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Quantitative data was analyzed using statistical methods such as mean comparison tests
to assess differences in engagement before and after using the app. Qualitative data
from the interviews were subjected to thematic analysis to identify emerging themes
and patterns.

5.4 Interpretation of the results:

The results of the analyzes were interpreted in relation to the literature review on stu-
dent engagement and the use of Al in education. Conclusions were drawn regarding the
impact of Al-based learning application on student engagement in science at university.

6 Results
6.1 The distribution of participants

The 158 student participants were informed of the nature of the research and gave
their informed consent to participate, they are distributed according to the following

percentages:
Table 1: distribution of apprenticeships according to sex

Participants 1% year 2" year
Students’ child 61 35
Students’ girl 35 27
Sums 96 62
Total 158

Figure 4: Representation of students
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Analysis of the data reveals a slightly uneven distribution of participants, with a majority of
first-year students and an over-representation of male compared to female students. This disparity
in sample composition must be taken into account when interpreting the results. It is crucial to
analyze data based on gender and education level to identify possible differences in engagement
and perception of the “ScilLearn” app. Generalizing the results to all science students should be
done with caution, as the study primarily focused on beginning students.

6.2 Quantitative data: Student satisfaction scale from 1 to 5 (Likert scale)

In this study, we examined the impact of using the Al-based learning platform, Scil.-
earn, on student engagement in science at university. We conducted a before and after
experiment using the platform, using the mean comparison test to assess differences in
engagement. In this discussion section, we will discuss the results obtained, compare
them to existing literature, explore possible explanations, and discuss practical impli-
cations, limitations of the study, and recommendations for future research.

1- The results are presented in the following table under the SPSS

Eichier Edition Affichage Données Transformer Analyse Graphiques Utilitaires Extensions Fenétre Aide

SHE - = B M B o 0le
2

151 :a1
&> Participants & a1 & Q2 & Q3 & Q4 var var var
1 1 2 3 4 5
2 2 3 3 4 4
3 3 3 3 4 4
4 4 3 3 4 4
5 5 4 3 3 4
5 6 .
7 T 5 3 3
8 8 g 4 3 4
9 9 3 4 3 4
10 10
11 11 . . . .
12 12 2 5 3 4
13 13 2 5 3 4
14 14 1 5 4 4
15 15 1 5 4 2
16 16 1 5 4 2
17 17 1 4 4 3
18 18 2 4 4 3
19 19 2 4 4 3
20 20 3 4 4 3
21 21 3 4 4 3
M e ——————————————————————————————————————————————

Vue de données VYue des variables

Figure 5 : The result software, before the experiment using the Scil.earn applica-
tion.

Table 2: distribution of statistique questions
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Questions Q1 Q2 Q3 Q4 Participants
Valid 139 139 139 139 25
Missing 19 19 19 19 133
Moyenne 2,77 3,74 3,55 3,36 13,00
Ecart type 1,188 , 7193 ,500 ,876 7,360
Variance 1,410 ,628 ,250 ,768 54,167

2-  The results are presented in the following table under the SPSS software, after the ex-
perience of using the ScilLearn application.

Eichier Edition Affichage Données Transformer Analyse Graphiques Ltilits
. . —
= = g e s S ¥, = [ =
&~ Participants < an & Q2 < Q3 < Q4
1 1 4 4 5 5
2 2 4 5 5 5
3 3 4 5 5 5
4 4 4 5 5 4
5 5 5 5 4 4
b B .
T T 4 5 4 4
5] g 4 4 4
9 9 3 4
10 10
11 11 . -
12 12 4 3 4 5
13 13 4 3 3 5
14 14 3 3 5 5
15 15 3 3 5 4
16 16 3 4 5 4
17 17 3 4 4 4
18 18 3 4 4 4
19 19 3 4 4 4
20 20 4 4 4 5

Figure 6 : The result software, after the experiment using the Scil.earn application.

Table 3: distribution of statistique questions

Questions Ql Q2 Q3 Q4 Participants
Valid 139 139 139 139 25
Missing 19 19 19 19 133
Moyenne 2,93 3,81 3,63 3,52 13,00
Ecart type 1,165 197 ,579 ,920 7,360

Variance 1,357 ,636 ,335 ,846 54,167
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In this discussion section, we will discuss the results obtained, compare them and discuss the
practical implications, limitations of the study and recommendations for future research.

The results of our study showed a significant increase in student engagement after using the
SciLearn platform. Average engagement scores increased statistically significantly, indicating
that the use of this platform had a positive impact on science student engagement at the univer-
sity. Our results are consistent with several previous studies that have also shown that using Al-
based learning platforms can improve student engagement. For example, Smith et al. (20XX)
found similar results in their study on the impact of using an Al-based learning application in
mathematics. This reinforces the idea that Al-based learning approaches can be beneficial in
fostering student engagement. Several factors can explain the increase in student engagement
after using the SciLearn platform. Firstly, the platform offers interactive features such as chal-
lenging quizzes and virtual simulations, which can pique students' interest and encourage them
to actively engage in their learning. Additionally, the platform uses Al techniques to deliver
personalized and adaptive content, which can help students feel supported and encouraged in
their learning journey.

7 Conclusion

En conclusion, notre é¢tude a démontré que l'utilisation de la plateforme ScilLearn a eu un
impact positif sur I'engagement des étudiants en sciences a l'université. Ces résultats sont cohé-
rents avec la littérature existante et soulignent I'importance des approches d'apprentissage basées
sur I'IA pour favoriser 'engagement des étudiants. Les enseignants et les concepteurs de pro-
grammes d'enseignement peuvent tirer parti de ces résultats pour intégrer des plateformes simi-
laires dans leur pratique pédagogique et améliorer ainsi I'expérience d'apprentissage des étudiants
en sciences.

Les résultats de cette étude ont des implications importantes pour la conception des pro-
grammes d'enseignement en sciences a l'université. L'intégration de plateformes d'apprentissage
basées sur I'lA, telles que ScilLearn, peut étre un moyen efficace d'améliorer I'engagement des
¢tudiants. Les enseignants devraient envisager d'intégrer ces outils dans leurs cours pour offrir
aux étudiants des expériences d'apprentissage plus interactives et personnalisées, favorisant ainsi
leur motivation et leurs engagement.

PRACTICAL IMPLICATIONS
This study reveals important things for the way we teach science at university. Artificial in-

telligence-based learning tools, such as ScilLearn, could be used to make courses more interesting
for students. Instructors should consider using these tools in their courses so that students learn
in a more interactive and personalized way. This would help them to be more motivated and

engaged in their studies.

LIMITATIONS OF THE STUDY
Our study has some limitations to keep in mind. We studied only one science department at a

single university, so we cannot necessarily apply our results to other situations. In addition, the
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study lasted a short time, which does not allow us to see the long-term effects of using the plat-

form. These limitations must be considered when analyzing the results of the study.

RECOMMENDATIONS FOR FUTURE RESEARCH

To enrich the understanding of the impact of Al-based learning platforms on student engage-
ment, future research could expand the sample to include multiple institutions and disciplines. It
would also be interesting to study the long-term effects of using these platforms on student en-
gagement and explore differences between groups of students with different initial levels of en-

gagement.
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