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Abstract – In this paper, we are focusing on creating 

a pupil behaviour model in a lesson. In terms of game 

theory, we consider the lesson to be a conflicting 

situation, which gives us an opportunity to use the 

game theory methods to model and then analyze the 

lesson in terms of its dynamics. We consider a "profit" 

to be the satisfaction of the personal needs of the 

elements of this dynamic system, i.e. pupils and 

teachers. As an external manifestation of decision-

making, we observe the disruption of the lesson by 

pupils’ behaviour not in accord with accepted 

standards. This allows us to capture essential data, to 

which we compare the data created by the model. 
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1. Introduction 

 

The primary purpose of the Game Theory is to 

analyse conflicting situations and to find the best 

strategy to maximize the profit. As for social 

systems, most of these games have been based on the 

"Prisoner’s Dilemma" and "Hawk-Dove" principles. 

We learned about the game theory and its use in 

literature [1],[2],[3]. The "Hawk-Dove" game is 

inspired by nature and occupying the natural habitat. 

Thus, 
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players gradually occupy the cells of the playing 

area, while one occupied cell means 10 points. When 

meeting each other, they choose the "hawk" or 

"dove" strategy. The "hawk" means meeting in 

a battlefield, while the "dove" means avoiding a 

conflict. As a result, the following situations may 

occur: "hawk" vs. "hawk" = there is a fight and the 

winner takes 10 points. The one who loses takes off 5 

points; "hawk" vs. "dove" = the "hawk" gets 10 

points, the "dove" leaves without the loss of any 

points; "dove" vs. "dove" = they both get 5 points. 

With appropriate modification, we can use this game 

in class to monitor the pupils’ willingness to 

collaborate. When using the "hawk-dove" game on 

the basis of the pupils’ attitude, we are able to 

distinguish the use of the two strategies. The "hawk" 

strategy means that an individual asserts his personal 

interest at any cost while the "dove" strategy stands 

for his willingness to agree on a compromise. In real-

world situations, this means that the "hawk-pupil" 

with his excessive aggression disturbs the class. 

Similarly, the "hawk-teacher" strategy refers to the 

teacher’s intervention in the class, e.g. reprehending 

the pupils. The "dove-pupil" and "dove-teacher" 

strategies show harmony in the class room, i.e. the 

situation is peaceful from the teacher’s as well as the 

pupil’s point of view. In this way, a class dynamics 

model can be inferred. 

 

2. The current state of the issue 
 

Pupils’ behaviour is an important part of 

pedagogical psychology. Due to the extensive work 

focused on classroom management, we shall only 

pick out a few works that inspired us to build our 

model, to be described in more detail. 

The first work is [4], in which the authors 

address the strategies needed to manage the reactive 

and proactive class. Among the first information they 

provide in the work is the so-called “harmful 

behaviour at school”. It is based on an overview of 

the works that address the different levels of harmful 

behaviour at school between students and in 

student/teacher interactions or students (as a group) 

vs. the teacher. Among the most common forms of 

https://dx.doi.org/10.18421/TEM74-09
http://www.temjournal.com/


TEM Journal. Volume 7, Issue 4, Pages 758-761, ISSN 2217-8309, DOI: 10.18421/TEM74-09, November 2018. 

TEM Journal – Volume 7 / Number 4 / 2018.                                                                                                                        759 

harmful behaviour that disturb the course of the 

lesson is “talking” amongst the students. This kind of 

disruption takes away students’ attention, disturbs the 

environment and thus disturbs the whole schedule of 

the lesson. The researchers are also concerned with 

the sources of stress in the teaching profession. 

Primarily, the teaching process is directed by the 

teacher, and that is why his inner state has an impact 

on the management of the lesson. Here, they point to 

the research that outlines the main causes of stress in 

the teaching profession. The main causes include 

staff relationships, salary, social status, 

communication with students’ parents and student 

behaviour. Later, they characterize the impact of 

disruptive behaviour during the lesson by its negative 

impact on students’ future success. The conclusion of 

the theoretical background is focused on proactive 

and reactive strategies. Proactive strategies are aimed 

at generating positive feedback. Their main goal is to 

keep students behaving positively, while those with 

negative behaviour are motivated to change. On the 

other hand, reactive strategies are used as a direct 

response to inappropriate student behaviour. That is 

precisely why their aim is to increase the probability 

of correcting pupils towards positive behaviour. They 

also point to the research that is focused on the 

effectiveness of a reactive home-based strategy. They 

point to the impact of the strategy used in early 

childhood (during the first three years) on the later 

effectiveness of the strategies. The use of reactive 

strategies in early childhood causes resilience of 

students towards reactive strategies, and thus the 

reactive strategy becomes ineffective or provokes 

resistance. They also point to several research studies 

focused on proactive strategies. Proactive strategies 

increase the probability of increasing the positive 

climate in the class and help teachers in preventing 

burnout. On the other hand, several studies have 

pointed out the inappropriate use of a proactive 

strategy which has had a negative impact on the 

teaching process. In the research, they have focused 

on determining the relationship between teacher 

stress and the strategy used. The research has shown 

that proactive strategies are often misused by 

students, which is how they lose their versatility and 

efficiency. 

The second important inspirational article is [5]. 

Although it is an econometric work, a field which 

appears to be separate from classroom management, 

it is focused on risk-taking. The traditional theory of 

economic governance is based on a model of rational 

choice. The decision-making function consists of 

utility and risk components, using models of classical 

probability. Furthermore, in the context of economic 

governance, the function that represents risk aversion 

is important. This function is taken from the 

decision-making function. In addition, the authors 

highlight the importance of the inclusion of 

“usefulness” in decision-making by pointing to a few 

cases where the utility in decision making has had an 

impact comparable to probability in decision making. 

Further, they point to the effect of reflection while 

making reference to previous experience in decision 

making. Also, there are some problem tasks that 

point to this effect. They then point to the difference 

between rational and real choice. Another effect in 

decision-making that discourages us from rational 

choice is the effect of isolation. This effect speaks 

about choosing information that is in favour of one’s 

own ideas and thus distorts rational choice. Similarly, 

the authors demonstrate this effect in several games. 

Based on these phenomena, they formulate a theory 

of benefit that greatly describes real decision making 

and, therefore, the behaviour of individuals in 

making a choice. They also support the theory in 

mind by formulating a mathematical relationship that 

forms a “value function”. In the formulated success 

theory, a value function is the function of multiple 

variables and thus it uses the “load” method, which 

appropriately approximates the value function. This 

work has highlighted the principle of decision under 

risk where the behaviour of individuals is not rational 

but subjective. Nevertheless, it can be approximated 

by the “load” method so as to describe the reality in 

a sufficient manner, even with a mathematical model. 

These works have been an important inspiration 

for our research. The first work provides a qualitative 

description of class management. The second work 

describes decision-making under risk and the 

creation of a mathematical model in risk decision. 

We have proceeded in studying decision-making 

under risk in a conflict situation using approximation 

by the “load” method. Thus, we have been able to 

connect this model to the theory of games, which 

captures the dynamics of a classroom. 
 

3. Sociodemographic and psychographic 

characteristics of analyzed students 
 

As time progresses, we are seeing an increase in 

the degradation of children’s behaviour in elementary 

schools. The general consensus is that there are 

several causes and factors that affect the behaviour of 

children and youth. In particular, it is the 

environment from which the pupil comes and in 

which he spends most of his time as well as the 

company of friends and classmates. The maturation 

of pupils’ personalities is increasingly complicated 

and at risk due to the current environment and a very 

fast and dynamic social life. The set of values is 

dynamically changing, with material values 

becoming more and more important. A child’s 

personality is shaped by a whole range of social 

events, from a higher tolerance of inappropriate 
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behaviour and inferior morals to emotional 

relationships in the family. The impaired ability to 

concentrate affects the ability of future studies as in 

the research included below. These features have also 

been shown by our group of analyzed students 

assuming that the increased need for energy 

expenditure and reduced focusing ability is also 

affected by hormonal changes at this age. 

In the area of interpersonal relationships, pupils 

have performed well, with friendships outside the 

school environment (most of the analyzed pupils 

have said they have extra-curricular interests, and 

some have shown sport or musical talent). Some 

pupils show high demands on peers in terms of trust, 

the willingness to listen and understanding. These 

pupils have been more emotionally unstable and have 

often refused to meet the teacher’s requirements, 

using foul language. 

Based on classroom behaviour observed, we can 

see that the personality of the child is very much 

developing during puberty, but each child is 

different, so with regard to the educational process, 

we must take into account the personality of each 

pupil. This period is characterized by attempts to 

become independent as well as the rejection of 

authority.  Therefore, during the teaching process, 

adequate motivation of pupils for a subject and 

learning itself is necessary. 
 

4. Class Dynamics Modelling 

In this chapter, we are describing how to create a 

mathematical model. The modeling of social systems 

is problematic and therefore we have been inspired 

by literature [6],[7],[8]. We understand class 

dynamics to mean the pupils’ behaviour in response 

to the teacher’s instructions.  Our goal is to create 

a model by which we can characterize a class and to 

create a model that can simulate the class dynamics 

when changing input data. To give an example of the 

class dynamics, we recorded a 7
th
 grade elementary 

school class. Several educational phases alternated 

during this lesson. From these, we chose the "stand-

alone" phase for the dynamics model. This phase 

took place between the 4
th
 and 8

th
 minute of the 

lesson. The pupils had the task of stacking as many 

different cuboids as possible from a certain number 

of dice. This phase was appropriate because it did not 

require the teacher’s intervention if his instructions 

were followed. Consequently, we observed the class 

dynamics based on whether the pupils followed the 

teacher’s instructions (they were willing to 

cooperate, choosing the "dove" strategy), or not due 

to their misbehaviour in class (they refused to 

cooperate and chose therefore the "hawk" strategy). 

To obtain the data, we used a short-cut method of 

tracking each pupil separately and recording them at 

ten second intervals during the entire period of their 

independent work. If a pupil was following 

instructions and disturbing the lesson at the same 

time during the same observed interval, we assigned 

him a value of 0.5. Ten pupils were present in the 

classroom, but two were out of the camera. 

Therefore, only eight pupils were analysed. We thus 

created the model by determining the parameters 

affecting the class dynamics. We determined the first 

parameter to be the one which estimated the 

likelyhood of choosing the "hawk" strategy; in other 

words, the willingness to pursue one’s own interests 

at any cost. We chose time as the second parameter, 

based on the psychological principle that the ability 

to pay attention is time-dependent. As the phases of 

the lesson were a relatively short period of time, we 

chose a linear dependence. Since the simulation 

showed a conflicting situation from the game theory 

point of view, we chose the parameter of tolerance 

for the teacher. Tolerance represented the ratio of 

"hawks" in the classroom in the past lessons. On 

balance, this parameter is different for entering 

instructions and distributing aids, and it also has 

a different value for pupils working separately. If this 

value is exceeded, the teacher automatically chooses 

the "hawk" strategy. In another case, the strategy is 

chosen randomly, partially simulating spontaneous 

telling off pupils who do not follow the predefined 

instructions. Then, in Excel, using the "IF" and 

"RANDBETWEEN" functions, we are in the 

position to determine the simulation conditions. 

The "IF" function uses a logical formulation of 

the condition in the form(    ) (     ). This 

command works in the way that we create a 

condition for a cell (e.g. B2) in the following form: If 

the cell (A1 or any other we refer to) has the value  , 

the next cute   or if the cell (A1) has the value   , 
then execute  .The "RANDBETWEEN" function 

serves to generate random integer numbers within a 

specified range. Using the appropriate combination 

of "IF" and "RANDBETWEEN" functions, we can 

create simulations of random phenomena with known 

likelihood. For the "hawk" strategy, we determined 

the value 1 and for the "dove" strategy, 

wedeterminedthevalue0. We chose the random initial 

state for pupils, while choosing the "dove" strategy 

for the teacher. For each additional round (one round 

is a ten-second interval), we determined a condition 

referring primarily to the previous round: If you 

chose the "hawk" strategy in the previous round and 

the teacher also chose the "hawk" strategy, then 

choose the "dove" strategy in the next round. We 

interpret this situation as a case of a pupil who, after 

disturbing the class, has been admonished. 

Alternatively, choose a strategy based on the 

parameters   and  . Using the "RANDBETWEEN" 
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function, we generate random integer numbers 0 and 

10 +     . Consequently, the condition determined 

by this state is in the following form: If the random 

number is smaller than          , then the 

"hawk" strategy is chosen; otherwise, the "dove" 

strategy is chosen. This is how we processed the 240-

second simulation for a total of 24 rounds. We then 

created 100 simulations that we compared with real 

data. We determined the values for the parameters as 

follows:       ,        , when assigning the 

task        and during the pupils’ stand-alone 

activity       . 

Figure 1. Graphical comparison of theoretical values after 

100 simulations with real data 

 

       For the model, we created 100 sheets in which 

we dealt with the class simulation and one sheet in 

which we statistically evaluated simulations and 

compared them with real data. In the simulations, we 

used a random number generator to guarantee a 

normal distribution for the simulation. Then, a z-test 

[9] was used to compare the mean values of the 

simulations and the real data. In each round, we 

tested the mean value of the simulations with the real 

data that we took as the mean value of real situations 

that could occur. This resulted from the idea of 

intuitive behaviour, so the decision for the chosen 

strategy was also subject to coincidence. 
 

Table 1. Z-test comparing real data with simulated data 

for individual times 
 

z-test 10-80 z-test 90-160 z-test 170-240 

0 0.087589198 2.10408E-06 

5.70462E-10 0 0.999733075 

7.12976E-10 0 0.002004232 

0.521117548 0.081052522 0.007525673 

0.999999744 7.77156E-16 1 

1.94746E-10 0 1 

0 0.16523705 1 

0 1.26232E-13 0 

 

 

 
 

 

 

5. Conclusion 
 

According to the Z-test, the real model 

corresponds with the simulation to the time of 210-

230 seconds. At that time, there was an end to the 

stand-alone activity in the class, while some pupils 

were evaluating their results and others were still 

working on the assignment, which disrupted the 

course of the lesson. At the same time, the model 

showed a short time for the teacher to respond 

adequately to the pupils’ behaviour in the class. 
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