
A Simulator’s Specifications for Studying Students’ 
Engagement in a Classroom 

Latha Subramainan1, Moamin A Mahmoud1, Mohd Sharifuddin Ahmad1, 

 Mohd Zaliman Mohd Yusoff2 

1 College of Computer Science and Information Technology,  
Universiti Tenaga Nasional, Kajang, Selangor, Malaysia.  

2 Business Development Unit, TNB Integrated Learning Solution Sdn Bhd.  

latha0522@gmail.com,{moamin, sharif}@uniten.edu.my, 
zaliman.yusoff@tnb.com.my 

Abstract. In this paper, we highlight the issues of poor students’ engagement in 
classrooms and identify the attributes for the environmental settings of a 
proposed simulator to study the problem of students’ poor engagement from the 
students’ emotional demotion using agent-based social simulation concepts. The 
environmental settings of the simulation is classified into environmental factors 
and emotional factors. The environmental factors consist of a number of 
students, class session, class duration, type of subject, and year of study, while 
the emotional factors include the negative emotional states of student (e.g. 
anger, anxiety or boredom) and the emotional states of lecturers. In this 
simulation, a lecturer, who might have ideas on new strategies based on their 
experience, is able to insert a new strategy using a proposed Strategy 
Specification Settings Interface. 

Keywords: Students’ Engagement; Emotional Engagement; Agent-Based 
Emotions; Agent-Based Social Simulator 

1 Introduction 

Researchers focus on students’ engagement in classrooms as a key to address 
issues such as low academic performance, high dropout rates, boredom and 
disaffection [1]. The students’ engagement concept is significantly useful in 
predicting students’ academic performance [2]. Researchers use numerous indicators 
to measure engagement that includes self-report, attendance rates, teacher ratings, 
interviews, observations, cross-cultural data and assessments grades [3, 22, 23]. 
However, the affective disposition of lecturers and students has not been 
comprehensively studied to understand its effects on students’ engagement in 
classrooms. 

In this paper, we aim to identify the symptoms of students’ negative emotional 
states and a possible strategy to improve the students’ engagement in a classroom 
based on the negative emotional states of anger, anxiety and boredom. Previous 
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researchers aim to improve students’ engagement randomly and not limited to cater 
any specific emotions. We also believe lecturers in a class are always able to 
dynamically change their teaching styles or strategies based on emotional feedback 
portrayed by students [7]. 

This paper is an extension to our work in studying and enhancing students’ 
engagement strategies using an agent-based emotion model [8, 21]. In our earlier 
research, we presented a conceptual agent-based emotion model animated by an 
agent-based social simulation [Ref]. We use an agent platform for animating a 
classroom environment in running multiple settings and obtaining results that are 
more accurate. The rudimentary theory of this study is based on four main elements; 
the selected strategy to control engagement, the engagement level of students, the 
emotional state of a lecturer and the emotional states of students in a classroom. 
Hence, in this paper we highlight factors influencing lecturers’ emotions and students’ 
negative emotional states that impact on the students’ engagement in a classroom. We 
also discuss the potential factors influencing strategies to improve student 
engagement. 

2 Related Works 

Students’ engagement serves as a protective factor against students dropout and 
involvement in perilous activities [9]. But students’ emotional engagement has 
received little attention due to its lack of conceptual clarity [4, 9]. According to Kort 
et al. [10], “students who are anxious, angry, or depressed don’t learn; people who are 
caught in these states do not take in information efficiently or deal with it well”. 
Therefore, the importance of emotion in classroom teaching cannot and should not be 
taken lightly. Pekrun et al. [11], identify a variety of emotions experienced by 
lecturers and students, including joy, enthusiasm, hope, relief, pride, gratitude, 
admiration, sadness, anger, anxiety, hopelessness, shame and guilt, disappointment, 
boredom, envy, disrespect, and surprise. 

A lecturer could monitor a student’s engagement level in a classroom via indirect 
indicators, for instance, the intensity of participation in classroom discussions, 
attendance, commitment to a given task, time spent on assessments, intensity of 
concentration during ongoing lessons and the motivation or interest shown on a 
particular course materials [20]. A recent study has shown that various factors could 
invoke lecturers’ emotions depending on the context which the lecturer encounters, 
for instance, specific class, subject domain, and specific lesson [12]. However, 
lecturers usually report that students’ behaviors, discipline and their interpersonal 
relations to their students as significant sources of their emotions. Studies suggest that 
enjoyment is the most prominent positive emotion and anger is the most frequently 
experienced negative emotion, lecturers experience while teaching [12]. Lecturers’ 
emotions subsequently influence their instructional behaviors during lessons which 
could then impact on student academic outcomes and behaviors. Lack of engagement 
also indicates lecturers’ emotions [11]. A recent research reports that lecturers’ anger 
is triggered particularly if the “students’ misbehaved or did not engage in the learning 
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process” [13]. Hagenauer et al. [13], argue that students’ misbehavior in the classroom 
represents a threat to their instructional or management goals which is strongly related 
to negative emotions. Students’ misbehavior, motivation and participation levels have 
been shown to be an important cause for negative emotional experiences in lecturers 
and one of the main sources for lecturers exhaustion and stress levels [14, 15]. Studies 
have indicated emotions are always involved in the learning process. Normally, 
students feel proud or pride about scoring good grades in assessments, anxious or 
frustrated when they are not able to understand the course materials, and may get 
angry with a lecturer who is uncaring and being unfair to them. They might also feel 
bored learning a topic which disinterest them. Anger and boredom are reported as 
occurring fairly frequently in a classroom [11]. In addition, boredom is reflected 
during lessons, anxiety and anger are usually experienced as fear of failure  or anger 
at failure [16]. Both lecturers and students experience a total of six emotions in the 
classroom. They share a few common emotions such as enjoyment, pride, anger, 
anxiety and boredom in the classroom. However, in our study, we focus on negative 
emotions of students, which are anger, anxiety and boredom. These emotions 
selection is based on two reasons: (a) it occurs frequently in a classroom [10] and (b) 
it is based on the control-value theory of achievement [14]. Only negative emotions 
can trigger a lecturer to change their teaching strategy to improve students’ emotional 
state which then subsequently improve student engagement in a classroom. If positive 
emotion such as enjoyment occurs among the student and keeps the student engaged 
throughout the lesson, then the lecturer can maintain the strategy. 

An agent-based social simulation (ABSS) is a method to model systems that 
comprise of individual, autonomous, cooperating agents [12]. This method can be 
used to model human behaviors and their effects to others. This method has enjoyed 
widespread use in emergency evacuations, car pooling and disaster response.  One 
way of characterizing the research area of Agent-Based Social Simulation (ABSS) is 
that it constitutes the intersection of three scientific fields, namely, agent-based 
computing, the social sciences, and computer simulation. ABSS is an ideal approach 
to simulate systems that comprise of autonomous and interacting agents. Generally, 
ABSS is used to examine a phenomenon and solve problems that are challenging for 
humans to study and provide solutions. It can be used in a variety of areas (e.g., 
computer games) to represent human societies. Moreover, artificial and natural 
occurrences can be represented in the simulation. The reason for doing computer 
simulations is usually to gain a deeper understanding of the phenomenon. Research 
have proven that ABSS is a powerful tool for modelling and  understanding 
phenomena in various areas such as economics and trading, health care, urban 
planning and social events. However, according to recent research, even though 
autonomous agents have been popular for decades, they are still in the early phases of 
implementations [3]. 
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3 A Proposed Agent-Based Emotion Framework 

Intelligent software agents have been widely used in distributed artificial 
intelligence and due to their autonomous, self-interested, rational abilities [24, 25, 26, 
27], and social abilities [28, 29, 30]. The preliminary framework of this proposal is 
based on four main elements in a classroom; the selected strategy to control 
engagement, the engagement level of students, the emotional state of a lecturer and 
the emotional states of  students. The process starts by  selecting  a  strategy   and 
applying it to the students, which influences the students’ emotional state. By 

analyzing three variables, students’ misbehaviors, motivation and participation, the 
engagement level of students can be measured. The result of engagement 
measurement positively or negatively influences the lecturer’s emotion. If negatively, 
the lecturer change to another strategy that would trigger the students’ emotion and 
eventually improve engagement. The lecturer again measures the engagement level 
and decide whether to apply another strategy or maintain the existing one. Figure 1 
below illustrates the framework. 

 
Fig.1. The Proposed Framework [8] 

 
As shown in Figure 1, the Lecturer Agent (AL) selects (1) a strategy from the list 

of strategies stored in the tool. The AL then applies (2) the strategy during classroom 
session which eventually influences (3) Students’ Agents (ASTs) emotional state. By 
utilizing (4) the factors misbehaviour, motivation and participation, the AL measures 
(5) the engagement level. The level of engagement influences (6) the AL emotional 
state either positively or negatively (7). Negative emotion triggers (8) the AL to 
select a new strategy which subsequently influences the ASTs emotional states that 
would improve their engagement in the classroom. The Lecturer maintains (8) the 
strategy if positive emotion occurred. The process continues until the ASTs displays 
positive factors of behavior, motivation and participation. In this paper, we identify 
the factors that influence students’ engagement where AL is able to propose the most 
appropriate strategy to improve students’ negative emotional state and subsequently 
improve students’ engagement in a classroom. 

A Simulator’s Specifications for Studying Students’ Engagement in a Classroom 209



4 Student Emotional Engagement Evaluation 

Changes in the emotional state of a student influences the engagement level which 
then subsequently effect the emotional states of lecturer. For example, whenever 
students get bored during the lesson, they would start playing games, talking to each 
other, and cease to pay attention to the lesson, resulting in a drop in their engagement 
to class lesson. Consequently, we found that students’ emotional engagement could 
be inferred via observing the factors of misbehavior, motivation and participation.  

Table 1 shows students’ engagement evaluation with possible indications of each 
engagement factor. 

Table 1. Student Emotional Engagement Evaluation 
Student 

Engagement 
Factors 

 
Indications 

Possible 
Emotional states 

of Students 

Engagement 
Level 

Possibl
e 

Emotional 
Misbehavior 

[12] 
 Striking out 
 Verbally or physically 

aggressive 
 Spoken in a raised 

voice 
 Acting in abusive 

manner 

Anger Low Anger 

 Playing video games 
 Get away from class 

Boredo
m 

Low Anxiety 

Motivation 
[15] 

 Non-attentiveness 
 Daydreaming 
 Talking out of turn 

Boredo
m 

Low Anxiety 

Participatio
n [32] 

 Avoidance or refusal to 
participate 

 Inability to initiate 
conversations 
Avoiding eye contact

Anxiet
y 

Low Boredom 

 
In a qualitative study, teachers revealed that their emotions are influenced by 

various aspects include students’ misbehavior and poor relationships with them [12].  
Besides, highly motivated students are related to teachers’ enjoyment and vice versa 
[15]. Teachers also prefer to work with students who achieve their success through 
effort and participation [32]. Apparently, low engagement level negatively influences 
the emotional state of a lecturer. Therefore, the lecturer needs to initiate a strategy to 
improve students’ engagement in a classroom. A good strategy is important for a 
teaching process. According to the literature, common components that forms a 
strategy are students’ interest, teaching materials, time and resources management, 
teachers’ planning skills, teacher enthusiasm and classroom environment (e.g. 
number of students, time of day, duration of class, age and ability of the students) 
[16, 17, 18]. 
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In our study, we emphasize on the class environment factors, such as the number 
of students (30 or 60 or 90). Size of a classroom affects the motivation of students to 
engage verbally in classroom [33].  For instance, if a full classroom of 60 students, 
then the students in the back would not be able to listen the lesson properly. 
Consequently, it cause boredom among the students and they would start misbehave 
and pay no attention to lesson. Other strategies would be suitable for small number 
of students. Some factors includes class session (e.g. morning, afternoon/evening), 
class duration (1 hour, 2 hours or more).  

Type of subject (e.g. theoretical or conceptual) also influence a strategy. A study 
revealed, student participation in conceptual class is high when a teacher divide 
students into three to five in a group and delegating the work [34]. In [35], study has 
revealed that quality of effort increases as the year of study increases. Therefore, 
year of study (first year or third year) plays a role in influencing a strategy. 
Furthermore, emotional factors such as negative emotional states of students (e.g. 
anger, anxiety or boredom) also occur based on the effectiveness of a strategy.  
According to [36], students seeing that a teacher’s teaching strategy mostly as the 
main source of their boredom. Only small number of students admit the reasons for 
their misbehavior. To sum up, we develop the simulator based on environment and 
emotional factors. 

5 The Simulation Functions 

The proposed simulator could be utilized by researchers and educationists to 
investigate the problem of students’ engagement. A lecturer needs to key-in 
information of a class Environment Settings. The required information are Subject 
Name, No. of Students, Class Session, Class Duration,   Type of Subject, Year of 
Study and finally estimate the percentage of misbehavior, motivation and participation 
levels of students based on their last class session experience which eventually predict 
the students’ emotional states . Next, the lecturer can select any initial strategy and 
test it for multiple times to observe the performance of students’ engagement level. 

A lecturer, who might have ideas on new strategies based on their  teaching 
experience, is able to insert a new strategy using the Strategy Specification Settings 
Interface and use the Likert scale to appropriately assign the likeability of the strategy. 
To run the simulator, a lecturer/researcher/educationist needs to insert information of 
a particular class environment and the percentage of misbehavior, motivation and 
participation level based on observations on students’ behavior from previous 
sessions, and select an initial strategy. Having run the simulator, the software agents 
captures the environment setting data and play scenario to test the effectiveness of the 
selected strategy. The successful rate of the strategy will be shown in percentages. For 
example, Positive Peer Review strategy effectiveness might be 40% suit for particular 
environment settings. The agent is also able to recommend other strategies that would 
netter suit the given environment setting. 
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6 Conclusion and Future Work 

In this paper, we present the development of our work-in-progress about 
constructing a virtual classroom environment to study and enhance students’ 
engagement strategies using an agent-based emotion model. We explore the 
environmental settings of students’ emotional demotion for a proposed simulator 
investigating the problem of the students’ poor engagement. We first presented an 
agent-based emotion framework to compute students’ emotions towards their lecturer 
and to recommend the best possible strategy based on the negative emotions of 
students. 

The environmental settings of the simulation is classified into the environmental 
and emotional factors based on the scope of this research. Environmental factors such 
as the number of students, class session, class duration, type of subject, year of study, 
and emotional factors such as negative emotional states of student (e.g. Anger, 
Anxiety or Boredom).In the future work, we shall create a virtual environment 
simulating a classroom dynamics based on the settings. Experts from the field of 
computer science and social studies will validate the simulation. 
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