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ABSTRACT

In the evolving landscape of education, effective collaboration among students is crucial for
maximizing learning outcomes. Traditional methods of group formation often fail to account for the
diverse skills, interests, and learning styles of students, leading to suboptimal group dynamics and
performance. This study explores the application of a personalized learner recommendation system
designed to enhance group dynamics in collaborative learning environments. By leveraging data-
driven techniques, the system analyzes student profiles to form balanced and cohesive groups. A
controlled experimental design was conducted with 60 master’s students at Ecole Normale
Supérieure (ENS) of Abdelmalek Essaadi University in Morocco, divided into a control group and an
experimental group. The experimental group utilized the recommendation system for group
formation, while the control group was formed randomly without the system. The study measured
three key dependent variables: total time invested in the collaborative project, the percentage of
project tasks completed, and the frequency of interactions among group members. The results of the
study indicate that the experimental group, which used the personalized recommendation system,
outperformed the control group in all three measured variables. The experimental group invested
more time in the project, completed a higher percentage of tasks, and demonstrated a greater
frequency of interactions. These findings suggest that the recommendation system effectively
increased student engagement, improved group productivity, and fostered better communication
among group members. This research highlights the potential of personalized recommendation
systems to transform collaborative learning by optimizing group formation. The study’s findings
offer valuable insights for educators and instructional designers seeking to enhance the effectiveness
of collaborative learning in digital and traditional educational settings. Future research should
explore the application of such systems in diverse educational contexts and consider integrating
qualitative assessments to capture student experiences and perceptions. Overall, the integration of
personalized recommendation systems into educational practices represents a significant step
toward achieving more personalized, inclusive, and effective learning experiences.

Keywords: Recommendation system, Personalized learning, Collaborative learning, Digital learning
environments.
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RESUMO

No panorama evolutivo da educacio, a colaboragio efectiva entre alunos é crucial para maximizar os
resultados da aprendizagem. Os métodos tradicionais de formagao de grupos muitas vezes nao tém
em conta as diversas competéncias, interesses e estilos de aprendizagem dos alunos, o que leva a
uma dinamica de grupo e a um desempenho abaixo do ideal. Este estudo explora a aplicagdo de um
sistema de recomendacdo personalizado para alunos, concebido para melhorar a dinamica de grupo
em ambientes de aprendizagem colaborativa. Ao utilizar técnicas baseadas em dados, o sistema
analisa os perfis dos alunos para formar grupos equilibrados e coesos. Foi realizado um projeto
experimental controlado com 60 estudantes de mestrado na Ecole Normale Supérieure (ENS) da
Universidade Abdelmalek Essaadi em Marrocos, divididos num grupo de controlo e num grupo
experimental. O grupo experimental utilizou o sistema de recomendagio para a formagdo do grupo,
enquanto o grupo de controlo foi formado aleatoriamente sem o sistema. O estudo mediu trés
variaveis dependentes principais: o tempo total investido no projeto de colaboragio, a percentagem
de tarefas do projeto concluidas e a frequéncia das interacdes entre os membros do grupo. Os
resultados do estudo indicam que o grupo experimental, que utilizou o sistema de recomendagio
personalizado, teve um desempenho superior ao do grupo de controlo nas trés variaveis medidas. O
grupo experimental investiu mais tempo no projeto, completou uma percentagem mais elevada de
tarefas e demonstrou uma maior frequéncia de interacgdes. Estes resultados sugerem que o sistema
de recomendacido aumentou efetivamente o envolvimento dos alunos, melhorou a produtividade do
grupo e promoveu uma melhor comunicacgdo entre os membros do grupo. Esta investigacao destaca
o potencial dos sistemas de recomendacdo personalizados para transformar a aprendizagem
colaborativa, optimizando a formac¢ido de grupos. As conclusdes do estudo oferecem informagdes
valiosas para educadores e designers instrucionais que procuram aumentar a eficicia da
aprendizagem colaborativa em ambientes educativos digitais e tradicionais. A investiga¢do futura
deve explorar a aplicacdo de tais sistemas em diversos contextos educativos e considerar a
integracdo de avaliagbes qualitativas para captar as experiéncias e percepg¢des dos alunos. De um
modo geral, a integracdo de sistemas de recomendagido personalizados nas praticas educativas
representa um passo significativo no sentido de alcancar experiéncias de aprendizagem mais
personalizadas, inclusivas e eficazes.

Palavras-chave: Sistema de recomendagdo, Aprendizagem personalizada, Aprendizagem
colaborativa, Ambientes digitais de aprendizagem.

Introduction

The rapid advancements in technology and the increasing availability of
digital tools have revolutionized the landscape of education. As educational
environments evolve, there is a growing need for innovative approaches that
enhance the learning experience, particularly in collaborative settings. Traditional
methods of group formation in educational settings often fail to account for the
diversity in students' skills, learning styles, and interests, which can lead to
imbalanced groups and suboptimal learning outcomes. To address these challenges,
educators are turning to personalized recommendation systems, which leverage

data-driven techniques to analyze student profiles and optimize group dynamics.
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Recommendation systems, originally developed for e-commerce and

entertainment industries, have gained prominence in educational technology due to
their ability to personalize content and experiences for individual users. These
systems use large datasets and advanced algorithms to predict user preferences and
make tailored recommendations, thereby enhancing user satisfaction and
engagement. In the context of education, recommendation systems have the
potential to transform collaborative learning by forming groups that are more
cohesive and better aligned in terms of skills and interests.

Collaborative learning, a pedagogical approach that emphasizes group work
and peer interaction, has been widely recognized for its benefits in promoting
critical thinking, problem-solving, and deeper understanding of course materials.
However, the success of collaborative learning largely depends on the composition
of the groups. Effective group formation is crucial to ensure that all members
contribute equally and benefit from the collaborative process. By integrating
recommendation systems into the group formation process, educators can create
more effective and productive learning groups.

This study aims to explore the impact of a personalized learner
recommendation system on group dynamics and learning outcomes in a
collaborative learning environment. Specifically, the study will evaluate whether the
use of such a system can enhance student engagement, increase the completion rate
of group tasks, and improve communication and interaction among group members.
By conducting a controlled experimental design with master’s students at Ecole
Normale Supérieure (ENS) of Abdelmalek Essaadi Univestity (Morocco), this
research seeks to provide empirical evidence on the effectiveness of personalized

recommendation systems in educational settings.
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a. Recommendation systems

[1] Recommendation systems use large data sets to suggest items or
resources that match users' interests and preferences. By leveraging these systems,
users can navigate extensive information more efficiently, as the recommendations
are tailored to their specific needs, making it easier to find relevant content.

Recommendation systems are designed to understand and catalog user
preferences across a broad spectrum of categories, including entertainment like
movies and music, literary works, humor, technological gadgets, software
applications, internet sites, travel spots, and educational content. These systems
acquire information about user tastes in two main ways: directly, through explicit
methods such as questionnaires, and indirectly, by analyzing the patterns and
behaviors exhibited during user interactions with various platforms as discussed by
[2], [3]. They also take into account demographic details of users, such as their age,
gender, and nationality, to refine their recommendations further.

In the evolving landscape of technology, a new breed of recommendation
systems has come to the forefront. These advanced systems harness the power of
various sophisticated tools, including taxonomies for classification, ontologies for
defining complex relationships, social networks for leveraging community
knowledge, and annotations for adding context and metadata. This innovation
marks a significant leap forward in how recommendation systems personalize and
enhance user experiences by making more accurate and relevant suggestions
highlighted in studies by[4], [5]. This progress in recommendation technology
signifies a shift towards more dynamic, context-aware systems that better
understand user needs and preferences.

In the field of educational technology, recommendation systems have
become crucial for enhancing personalized learning experiences. By leveraging data
analytics and machine learning algorithms, these systems analyze students'
interactions with digital learning materials to provide recommendations tailored to
their learning style, skill level, and interests. This capability not only optimizes the
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delivery of educational content but also fosters engagement by connecting learners

with resources that are most relevant to their educational journey. Consequently,
implementing recommendation systems in e-learning platforms represents a
significant advancement towards achieving personalized education at scale,
addressing diverse learning needs and preferences within the educational
ecosystem|[6].

Additionally, integrating a recommendation system into private online
courses personalizes learning by adapting content, resources, and study paths to
individual student needs. By analyzing performance data and interests, the system
provides targeted support, fosters peer collaboration, and suggests personalized
exercises or assessments to strengthen specific competencies[7].

b. Collaborative learning

The concept of Collaborative Learning (CL) is utilized diversely across
various disciplines and fields, yet it lacks a universally accepted definition[8].
Despite this absence of a singular understanding, certain core characteristics of CL
have been identified. The evolution of society towards a collaborative paradigm,
especially in the 21st century, underscores the growing importance of joint efforts
over individual endeavors, fostering a community-centric approach[9], [10]. CL is
characterized as an educational strategy that encourages groups of learners to
collectively address a problem, complete a task, or generate a product, thereby
challenging them both socially and emotionally. This approach not only involves
listening to and appreciating diverse viewpoints but also advocating and justifying
their own perspectives, thus facilitating the development of unique conceptual
frameworks beyond the reliance on authoritative sources or texts[11].

CL marks a significant departure from traditional, teacher-led or lecture-
centric educational environments towards a model that values student dialogue and
active engagement with course materials. Instructors adopting CL methodologies
perceive themselves more as facilitators of learning experiences rather than mere
conveyors of knowledge, fostering a dynamic learning process [12]. Effective CL
occurs when students work in small groups to mutually enhance their learning
experiences, distinct from mere student interaction during individual assignments
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or the unequal distribution of workload within group tasks[13]. Research supports

that cooperative teams not only achieve higher levels of cognitive processing but
also exhibit improved retention compared to individuals working in isolation [14].
Advocates of CL highlight its benefits in stimulating interest and promoting critical
thinking through the active exchange of ideas within small groups[15].

c. Digital learning environments

Digital learning environments represent a transformative frontier in
education, harnessing technology to enhance and facilitate learning experiences.
These environments include a wide range of digital tools and platforms, such as
learning management systems (LMS), virtual classrooms, educational apps, and
online resources. They are designed to be interactive, adaptable, and accessible,
offering personalized learning experiences tailored to individual needs, preferences,
and learning styles. Digital learning environments support various pedagogical
approaches, including blended learning, flipped classrooms, and self-paced learning,
thereby accommodating different learning modalities[16].

One of the main advantages of digital learning environments is their ability
to overcome geographical and temporal barriers, providing learners with the
flexibility to access educational content from anywhere, at any time. This
accessibility is especially valuable for reaching underserved or remote populations,
making education more inclusive and equitable. Additionally, these environments
support a diverse range of multimedia content, such as videos, simulations, and
interactive modules, which can enhance engagement and facilitate a deeper
understanding of complex concepts[17].

Data analytics and artificial intelligence (AI) technologies integrated into
digital learning environments can provide educators with insights into student
performance and learning patterns. This data-driven approach enables the
customization of learning experiences and interventions to address individual
challenges and strengths, thereby optimizing learning outcomes. Furthermore,
digital learning environments foster collaboration and communication among
learners and educators through forums, chat rooms, and video conferencing,
promoting a sense of community and peer learning[18].
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Despite their numerous benefits, digital learning environments also pose

challenges, including the digital divide and the need for digital literacy among both
learners and educators. Ensuring equitable access to technology and the internet,
along with providing training and support, is crucial for the successful
implementation of these environments. Additionally, maintaining student
motivation and engagement in an online setting requires innovative approaches and

continuous adaptation by educators.

Methodology

In modern educational environments, fostering effective collaboration
among students is critical for maximizing learning outcomes. Traditional methods
of forming student groups often overlook the diverse range of skills, learning styles,
and interests within a student cohort, which can lead to imbalanced groups and
suboptimal performance. To address these challenges, this study proposes a
personalized learner recommendation system designed to enhance group dynamics
in collaborative learning settings. By leveraging data-driven techniques to analyze
student profiles, the system aims to create balanced and cohesive groups that
improve engagement, productivity, and overall learning success. The methodology
described below outlines the approach taken to evaluate the effectiveness of this
recommendation system, utilizing a controlled experimental design with master’s
students at ENS.

This section includes detailed descriptions of participant selection, group
formation, data collection, the implementation of a t-test for statistical analysis, and

a discussion of anticipated outcomes.
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Target Population: The study involves 60 master’s students from ENS,

enrolled in a course that includes collaborative project work.

Sampling Method: The 60 students are randomly assigned into two groups

of 30 students each, ensuring that both groups are comparable in terms of

demographics and academic background.

Group Allocation:

Table 1 - Group Allocation

Group Type Number of ' Group Formation Method
Students
Control Group 30 Randomly assigned without recommendation
system
Experimental 30 Assigned using the personalized
Group recommendation system

The random assignment helps to eliminate potential biases and ensures that

any differences in outcomes can be attributed to the intervention (use of the

recommendation system).

2. Variables

Independent Variable (IV): The independent variable is the use or non-use

of the personalized learner recommendation system for group formation.

Dependent Variables (DV): The study measures three dependent variables

to assess the effectiveness of the recommendation system:

1. Total Time Invested in the Collaborative Project: The total hours each

group spends on the project.

2. Percentage of Project Tasks Completed: The proportion of tasks

completed by each group within the given time frame.

3. Frequency of Interactions per Week: The number of interactions (e.g.,

messages exchanged, meetings held) recorded each week.
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Table 2 - Variables for the Study on the Use of Recommendation Systems

Variable Type Variable Name Description

Independent Use of | Whether the group formation process

Variable Recommendation utilized the personalized
System recommendation system (Yes/No)

Dependent Total Time Invested Total hours spent by the group on the

Variables project

Percentage of Tasks
Completed

Percentage of project tasks completed
by the group

Frequency of
Interactions per Week

Number of interactions recorded

weekly

Editora

3. Data Collection

Initial Data: Data collection begins with gathering baseline information

about each student.

e (Questionnaires: Students complete questionnaires to assess their
programming skills, preferred learning styles, and academic interests.

e Academic Records: Historical academic data, including prior test scores
and interaction history on the learning platform, are collected to provide
additional context for each student’s capabilities.

Continuous Data: Throughout the project, continuous data is collected to

monitor group activities and interactions.

e Activity Logs: Software tools track the number of hours each group
spends on the project, the completion status of tasks, and the frequency

of group interactions.
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Table 3 - Summary of Data Types and Collection Methods

Data Type Collection Method | Data Points Collected
Initial Data Questionnaires Programming skills, learning styles,
interests

Academic Records | Prior test scores, interaction history

Continuous Activity Logs Hours invested, tasks completed, weekly
Data interactions

4. Group Formation

Control Group: In the control group, students are randomly assigned to
groups without consideration of their skills, interests, or learning styles. This
method reflects traditional group formation practices.

Experimental Group: In the experimental group, the personalized
recommendation system is used to form groups. The system analyzes the initial data
to create balanced teams based on compatibility scores, which consider students’
skills, interests, and interaction history. The goal is to form groups that are cohesive

and complementary.

Table 4 - Comparison of Group Formation Methods and Criteria

Group Type Formation Method Criteria Used for Group
Formation
Control Group Random Assignment None
Experimental Group =Recommendation Skills, interests, interaction
System history

5. Testing the Personalized Recommendation System
Development and Validation Process:
1. Algorithm Input: The recommendation system collects input data on

student profiles, including skills, learning styles, and interests.
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2. Compatibility Scoring: The system calculates compatibility scores

based on the collected data, evaluating the potential for effective
collaboration among students.

3. Group Formation: Groups are formed by optimizing these compatibility
scores, with the aim of maximizing the potential for productive
collaboration.

Validation:

e Pre-Experiment Validation: The algorithm is tested using historical
data from previous cohorts to ensure that it can reliably form balanced
groups.

e During Experiment: Group dynamics are monitored throughout the

experiment to assess the ongoing effectiveness of the system in real-time.

Table 5 - Stages and Processes in Algorithm Development and Validation for Group

Formation

Stage Process Description

Development | Algorithm Input Collection of data on student profiles
Compatibility Calculation of scores to determine group
Scoring formation

Validation Pre-Experiment Testing the algorithm with historical data
During Experiment | Monitoring of group dynamics during the

study

6. Conducting the Experiment

Duration: The experiment takes place over an 8-week period, during which
students collaborate on a software development project.

Activities:

e Project Work: Students in both the control and experimental groups

work on a defined software development project.
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e Progress Reports: Each group submits weekly progress reports

detailing their activities, challenges, and completed tasks. These reports

serve as a qualitative measure of group dynamics and progress.

Phase Duration | Activities

Project Work 8 weeks | Collaborative software development project

Progress Reports = Weekly Submission of detailed reports by each group

7. Data Analysis

Hypotheses:

e H1: The experimental group will invest more hours in the project than
the control group.

e H2: The experimental group will complete a higher percentage of tasks
than the control group.

e H3: The experimental group will exhibit a higher frequency of
interactions than the control group.

Analysis Method:

e t-Test: At-testis conducted to compare the mean values of the dependent
variables between the control and experimental groups. The t-test

evaluates whether any observed differences are statistically significant.

Hypothesis | Dependent Variable Predicted Outcome
H1 Total Time Invested Experimental group invests more
hours
H2 Percentage  of  Tasks  Experimental group completes more
Completed tasks
H3 Frequency of Interactions Experimental group has more
per Week frequent interactions
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8. Hypothetical Data and t-Test Results

The following tables present hypothetical data and the results of t-tests
conducted to compare the control and experimental groups on each dependent

variable.

Total Time Invested in the Project

Group Type Mean Variance t- Degrees of  p-
(hours) (hours?) Value | Freedom (df) Value

Control Group 32 16

Experimental 40 20 2.83 58 0.006

Group

Percentage of Project Tasks Completed

Group Type Mean Variance t- Degrees of | p-
(%) (%) Value | Freedom (df) Value

Control Group 55 100

Experimental 70 64 3.57 58 0.001

Group

Frequency of Interactions per Week

Group Type Mean Variance t- Degrees of  p-
(interactions) | (interactions®) | Value | Freedom  Value
(df)
Control Group | 3 4
Experimental 5 2 421 | 58 <
Group 0.001
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9. Discussion of t-Test Results

The results of the t-tests provide evidence supporting the effectiveness of the

personalized recommendation system:

1. Total Time Invested: The experimental group spent significantly more
time on the project than the control group, indicating that the
recommendation system effectively increased student engagement.

2. Percentage of Tasks Completed: The experimental group completed a
higher percentage of tasks compared to the control group, suggesting that
the system helped form more efficient and productive groups.

3. Frequency of Interactions: The experimental group demonstrated a
higher frequency of interactions, implying that the groups formed by the
system communicated more frequently and worked more cohesively.

These findings suggest that the personalized recommendation system can

play a vital role in enhancing collaborative learning by forming groups that are

better aligned in terms of skills, interests, and interaction styles.

Conclusion

This study has investigated the application of a personalized learner
recommendation system in enhancing group dynamics and learning outcomes
within a collaborative learning environment. The findings indicate that the use of
the recommendation system significantly improved several key aspects of group
performance, including the total time invested in the project, the percentage of tasks
completed, and the frequency of interactions among group members. These results
suggest that personalized recommendation systems can be a valuable tool in
educational settings, helping to create more balanced and cohesive groups that are
better equipped to tackle collaborative tasks.

The experimental group, which utilized the personalized recommendation
system for group formation, exhibited higher levels of engagement and productivity
compared to the control group. This suggests that the recommendation system was
effective in aligning students’ skills, interests, and learning styles, resulting in

Conhecimento & Diversidade, Niterdi, v. 17, n. 45
Jan./Mar. 2025.

604




ISSN'2237-8049

DIVEIIDNDE o

groups that were more compatible and communicative. The system’s ability to

analyze student profiles and optimize group composition based on compatibility
scores contributed to the formation of groups that worked more cohesively and
completed a greater proportion of their tasks.

The implications of these findings are significant for educators and
instructional designers seeking to enhance the effectiveness of collaborative
learning. By integrating recommendation systems into the group formation process,
educational institutions can promote more meaningful and productive collaboration
among students. This approach not only fosters a deeper engagement with the
learning material but also prepares students for real-world collaborative work
environments, where teamwork and communication are essential skills.

However, it is important to acknowledge the limitations of the study. The
sample size was limited to 60 students from a single institution, which may affect
the generalizability of the findings. Future research should explore the application
of personalized recommendation systems in different educational contexts and with
larger, more diverse student populations. Additionally, while the study focused on
the quantitative aspects of group performance, qualitative data on student
experiences and perceptions could provide further insights into the impact of
recommendation systems on collaborative learning.

Finally, this study demonstrates the potential of personalized learner
recommendation systems to transform collaborative learning by creating more
effective and harmonious groups. As educational institutions continue to embrace
digital learning environments, the integration of such systems offers a promising
pathway to enhancing student engagement, improving learning outcomes, and

ultimately, fostering a more personalized and inclusive educational experience.
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