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Abstract— This research presents a multiagent system in 
aid to the optimized formation of collaborative learning 
groups. His theoretical-experimental research, of an 
interdisciplinary nature, seeks to understand how 
combinations of profiles of self-reported students are 
more adequate in promoting group learning. The 
methodology includes three experiments carried out in 
MOODLE, from which the instances of the designed 
system are validated. The findings in the experiments are 
promising towards high-performance group compositions 
for collaborative learning contexts. 
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I.  INTRODUCTION  

[22]; [17]; [12] consider that when work is done 
collaboratively, individual skills can be complemented by the 
knowledge and experience of other group members. In 
addition, interaction between people enables group members 
to identify inconsistencies and flaws in their thinking when 
encountering other points of view and understandings. 

[10] emphasize that one way of supporting collaboration 
is to be concerned with group formation, which is considered 
crucial to triggering productive interactions between peers. 
For these authors, grouping carelessly can, for example, be 
the trigger for undesirable situations, such as the isolation of 
some students within a group. For this reason, it is essential 
to consider a group formation strategy to promote productive 
interactions and to ensure that such a strategy can be used to 
support collaboration. 

[19] positive psychological variables such as subjective 
well-being, optimism, self-esteem, hope, self-efficacy, 
happiness and resilience. [20]; [18]; [8] emphasize that 
positive psychological variables are used to measure 
individual levels of human beings, their personal and 
academic potential. 

Based on this contextualization, this work focuses its 
investigation of how to optimize group formations to 
enhance collaborative learning considering the positive 
characteristics of the individual. To support such an 

approach, a system based on multi-agent technology is 
designed, developed an validated.   

II. POSITIVE VARIABLES 

[6] present evidence of the implications of the positive 
variables hope, self-esteem, and self-efficacy in the 
individual's educational performance. [14]; [11]; [21]; [8]; 
[5] define hope as cognitions aimed at achieving a goal, 
composed of routes and agency. [4] emphasize that self-
esteem represents an evaluative aspect of self-concept and 
consists of a set of thoughts referring to itself. It is, therefore, 
a positive (self-approving) or negative (depreciation) 
orientation to turn to self, and in this conception it is the 
personal representation of the general and common feelings 
of self-worth. [1] emphasizes that self-efficacy is the belief 
in the ability to gather cognitive, motivational and behavioral 
resources necessary to perform a task that is at the heart of 
the concept of self-efficacy (not reality itself). 

II.I  AUTORRELATIING SCALES 

Table I shows the levels of self-reported profiles of the 
individual as a function of the percentile ranges considering 
their positive psychological variables. This classification 
was validated by the Measurement Laboratory of the 
Institute of Psychology1, Federal University of Rio Grande 
do Sul (UFRGS). 

TABLE I.  SELF REPORT PROFILES VS. PERCENTILES 

Percentile ranger Levels of self-reports of the 
individual 

� 30% low (B) 

� 30% e � 40% Médium low (MB) 

� 40% e � 60% Médium high (M) 

� 60% e � 70% Médium high (MA) 

� 70% high (A) 

 

III. THE SYSTEM ARCHITECTURE  

The system consists of three components: Agents, 

Databases and Display Interfaces. The Agents were 

developed in the Java language, in conjunction with the 

                                                           
1 http://www.ufrgs.br/psico-laboratorio/ 



Jason language, which is a subset of the Javascript object 

notation [7], used for computational data interchange. The 

Database (DB) were developed with the DBMS MariaDB 

[3], using the SQL language [15]. The Visualization 

Interface is subdivided into two levels, the front-end, which 

was developed with HTML + CSS + Javascript [14], the 

beck-end, which was developed with the PHP language [2]. 

Figure 1 illustrates the system architecture and then its 

components are described. 

 

         
Figure 1. General system architecture. 

 
Student Agent Groups (GAAln): represents groups of students in 

the Virtual Learning Environment (VLE), performing their 

learning activities in a collaborative perspective. Agent Professor 
(AProf): responsible for the formation of the initial grouping of 

students, for the planning and organization of the contents of 

teaching and learning of the discipline and management of 

students. AMPAR agent: aims to measure student self-report 

profiles [16]. Agent AMFAR: responsible for the task of 

calculating Student Collaboration Potential (PCA). By definition, 

the PCA (fitness) is expressed by a mathematical function called 
fitness function defined according [16]. AACG agent: responsible 

for calculating the Group's Collaboration Potential (PCGj). By 

definition, for the jth group, the PCG is calculated according to 
[16]. Databases: These are the Student Self-Profiles Profile 

Database (BDPAA), Student Self-Study Fitness Database 

(BDFAA), Group Collaboration Performance Database (DBDCG), 

and VLE Logs (LVLE ). View Interfaces: display the data stored 
in BDPAA, BDFAA, BDDCG and LVLE in the form of table and 

graph reports. This component supports the display of other 

information through web forms, such as the TCLE and the self-

report questionnaire, when requested by AProf agents and 

AMPAR. Data Mining Component (DMC): The DMC used is 

Association Rule (AR). For [9], RA are algorithms that aim to find 

relationships between data that occur with a certain frequency and 

that can be used to identify patterns of collaborative behavior. 

 

IV. VALIDATION OF THE SYSTEM 

Three experiments were carried out to validate the designed 

system. As methodological steps, we have: a) Sample definition: 

The sample was composed of 36 students, from the course of 

Computer Engineering / UEMA, Discipline Mathematics; b) 

Measurement of self-report profiles: Using the AMPAR, the self-

report profiles that were stored in the BDPAA were calculated for 

the agents AProf and AMFAR; c) Preparation of the virtual room: 

The virtual room was created in MOODLE. In the room, the 

learning activities became available. The support tools were chat, 

forum and email; d) Formation of groups: For the compositions of 

the groups, the criteria were defined: i) random formation and ii) 

formation by the system (from the training desired by the teacher). 

For training i), the student groups were formed by lottery; e) 
Learning activities: It was defined that the groups should produce a 

text of the discipline, covering contents of formal logic. The final 

text of the groups should contain: (i) introduction, (ii) 
development, (iii) conclusions) and (iv) references. f) Learning 

assessment: Variables such as PCGj, PMOA (Maximum Score 

Obtained in the Activity) were established to serve as indicators of 

group collaboration. 

V.  RESULTS 

The results obtained from the experiments carried out are 

organized and presented through Tables III to VI. 

TABLE II. GROUP PERFORMANCE – EXPER. 1 (RANDOM FORMATION) 

Groups esp aes aef PCGj PMOA 
3 3,3 4,8 3,8 6,9 7,5 

1 3,6 3,2 3,0 5,7 7,0 

5 3,4 3,0 2,8 5,3 3,5 

6 2,3 3,5 3,0 5,1 6,5 

2 2,3 3,5 2,8 5,0 2,0 

4 2,3 2,3 1,8 3,6 4,5 

TABLE III. GROUP PERFORMANCE – EXPER. 2 (FORMATION THROUGH THE 

SYSTEM) 

Groups esp aes aef PCGj PMOA 
C 3,75 4,50 5,00 7,70 9,50 

A 5,00 3,75 4,25 7,56 9,00 

B 2,00 5,00 3,75 6,56 8,00 

F 3,00 4,00 2,00 5,39 8,50 

H 2,00 3,50 3,00 5,02 10,00 

I 3,00 3,00 2,50 4,92 9,00 

D 1,75 2,75 2,50 4,11 6,00 

E 2,50 1,25 2,00 3,44 9,50 

G  2,00 2,25 1,00 3,17 9,00 

TABLE IV. GROUP PERFORMANCE – EXPER. 3 (RANDOM FORMATION) 

 

Groups 
Author Profiles 

of the groups 

 

PCGj 
 

PMOA 

esp aes aef 
A2 2,50 4,30 2,50 5,566866264 9,0 

B2 2,80 3,80 3,50 5,876223277 8,0 

C2 4,30 2,30 3,00 5,725382083 7,0 

D2 1,70 3,00 2,30 4,144876355 7,0 

E2 2,50 5,00 3,50 6,595452979 7,0 

F2 3,30 3,50 2,00 5,209606511 9,5 

G2 2,60 5,00 4,20 7,028513356 10,0 

H2 2,60 3,20 2,80 4,983974318 9,5 

I2 3,00 3,00 3,30 5,37494186 7,0 

TABLE V. GROUP PERFORMANCE – EXPER. 3 (FORMATION THROUGH THE 

SYSTEM) 

Groups 

Author Profiles
of the groups PCGj PMOA 

esp aes aef 
Green 4,25 4,75 5,00 8,100925873 8,0 

Orange 3,75 4,25 4,00 6,937218463 8,0 

Brown 3,00 4,75 3,75 6,754628043 10,0 



Purple 2,80 4,00 3,40 5,949789912 7,0 

Red 3,20 4,20 2,60 5,885575588 10,0 

Blue 2,00 3,50 3,75 5,505678886 8,0 

Grey 1,40 2,60 1,80 3,458323293 7,0 

Yellow 1,60 1,80 1,00 2,607680962 7,0 

 

VI.  ANALYZES AND DISCUSSIONS 

From Table II, it has been that Group 3 had the highest average 

of self-reports, as the average of each self-report was of medium to 
high average. Group 3 also obtained the best results in the PCGi 
and PMOA performance variables. Another important finding of 

this group is that the overall mean of the self-reported self-esteem 

was high average. This fact corroborates with the assertions of 
[18]; [22]; emphasizing self-esteem as the most critical variable 

that affects the successful participation of an individual with others 

in a project. Another characteristic of experiment 1 is that Group 4 
was the one that obtained the lowest results in the PCGj and 

PMOA performance variables, since it should also be noted that the 

self-report profiles of this group were very low for the three self-

reports. One can attribute this behavior based on the studies of [18] 

that considers individuals with low self-reports, mainly self-

esteem, to develop mechanisms that probably distort the 

communication of their thoughts and feelings and hinder group 

integration. These behaviors were observed in the other 

experiments, that is, Experiments 2 and 3, as shown in Tables III to 

V. 
From the group formations by the system, from Experiment 3, 

some considerations are important to mention: i) the Green Group 

was formed with 4 students who had the three profiles of high to 
medium high self-reports. The Yellow Group was formed with 5 

students who had the profiles of low to medium low self-reports. 

The Red Group was formed with 4 students who had the profiles of 

low to medium high self-reports. Finally, the Orange Group was 
formed with 4 students who had the profiles of medium to high 

self-reports. These trainings by the system are important to be 

considered in the analysis of results, because they allow us to 
observe how well the group performances are when we want to 

make personalized formations based on the profiles of self-reports 

of the students. 

VII . CONCLUSIONS AND FUTURE WORK 

The results of the experiments were satisfactory in relation to 

the improvement of group performance when considering the 

variable PCGj, measured from the profiles of self-reported hope, 
self-esteem and self-efficacy of students. The best group 

performances were achieved through formations by the system. 

As future works, the implementations of the other structural 
components of the system, such as the AMFAR and AACG agents, 

are required. as well as the DMC. Further experiments are planned 

in larger samples of students, in order to consolidate the 

functionalities of the multi-agent system in aiding the optimized 

formation of groups for collaborative learning.   
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