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Abstract. Motivation and social aspects as interaction among teachers and students are essential for a successful learning process in an Open 
Distance Learning environment, and the goal of this paper is to develop an interactive model to manage motivation between the participants 
of that process. The article contains the concept of developing a motivation model aimed at supporting activity and cooperation of both the 
students and the teacher. The structure of the motivation model and formal assumptions are presented. The proposed model constitutes a theo-
retical formalization of a new situation in which a teacher and the students are obligated to elaborate on a didactic material repository content 
in accordance with the competence requirements. A mathematical method based on game theory and simulation is suggested. The conditions 
for applying simulation to the model are analyzed in two simulated cases.
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The educational experience is constituted through sustained 
interaction and communication between and among learners, 
teachers, and learning objects. In ODL this process can be facil-
itated through asynchronous and synchronous communication 
and participation through students’ teamwork [6, 7].

Motivation is a key factor in learning in case of the face-to-
face educational contexts [5] as well as in online learning en-
vironments [8]. Traditionally online learners have been under-
stood as independent, self-directed and intrinsically motivated 
[6], but this is not the case. Motivation of the learner is com-
plex, multifaceted and sensitive to situational conditions [8].

The implementation of ODL assumes modification of the 
traditional organization of learning processes. The special atten-
tion is subject to a change in designing the structure and content 
of the specific educational elements. However, the opportunities 
of relations between students and the teacher seem to be crucial. 
The ODL, combined with the new possibilities and strategies 
of distance learning, provides a basis for active collaboration 
between teachers and students, between students and students, 
as well as between students and the university [9].

These new possibilities urge universities to consider the new 
status of the potential students. This means that, on the one 
hand, students must be able to achieve knowledge, skills and 
competences connected to the goals in their curriculum. On 
the other hand, the universities have to provide the students 
with an active role in the learning process, to motivate them to 
work on an independent study program under the supervision 
of a teacher [10].

1. Introduction

During the last 20 years, distance learning has changed consid-
erably, and online teaching and learning have become routine 
practices at many universities [1]. The technological develop-
ment, at the same time, has given distance education a new 
appeal to students as well as teachers. Due to the increasing 
popularity of distance education, there is a number of defini-
tions connected to the aspects of teaching and learning in online 
educational systems which need to be clarified [2].

Open Distance Learning (ODL) is often used as a synonym 
of e-learning and is nowadays considered the most viable means 
for broadening educational access. The ODL approach supports 
improving quality of online educations as well as advocating the 
peer-to-peer collaboration. ODL is giving the learners a greater 
sense of autonomy and responsibility for their own learning [3]. 
Moreover, ODL is one of the most popular method to provide 
opportunities to meet the needs of a growing and increasingly 
diverse student population [4]. ODL has a number of potential 
benefits, e.g., the possibility of overcoming the temporal and 
spatial restrictions of traditional educational settings like space, 
time, access etc. [1]. Despite all the benefits of ODL, different 
factors have been identified as crucial to the success of online 
education. Two of the main factors are motivation and the social 
aspect (interaction among students and teacher) of learning [5].
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In this paper we argue that the motivation and social as-
pects of learning, such as the interaction among teachers and 
students are essential for a successful learning process in an 
ODL environment, and our aim is to develop an interactive 
model to manage motivation related to this process. The paper 
proposes the concept of developing a motivation model aimed 
at supporting activity and cooperation of both the students and 
the teachers in the process of implementing and using ODL 
systems. The structure of the motivation model and formal as-
sumptions are presented. The proposed model constitutes the 
theoretical formalization of a new situation in which a teacher 
and students are obligated to elaborate on a didactic material 
repository in accordance with the competence requirements. It 
covers two motivation areas: the teacher’s and the student’s, 
which describe their interests in the knowledge repository de-
velopment. The interpretation of the cooperation between the 
teacher and the students is described based on game theory. 
A game situation, in which the teacher plays the role of the 
game leader and the students can play either in an organized 
sub-group or can play individually, is presented. Moreover, this 
cooperation is analyzed (time, workload) based on the proposed 
simulation approach. The possibility of assessing several vari-
ants of teacher’s work in different educational situations by 
using the simulation model and the simulation software is de-
scribed. The level of students’ motivation can be determined. 
Finally we can conclude that there is a possibility to compare 
the expected costs that the teacher will bear considering the as-
sumed repository development (working time) with the results 
achieved in the didactic process (number of students with a high 
level of competence – participating in the repository, number of 
students with an average level of competence etc.).

The presented paper is an extension of [9] and [19]. Both 
refer to the model of motivation. The current version of moti-
vation model allows for more accuracy in student-teacher co-
operation.

2. The need for active cooperation of students 
and teachers in ODL

In terms of significant reduction or absence of direct contact 
between the teacher and students, the work scope and the way 
they perform in the teaching and learning processes as well as in 
research and educational activities varies considerably. Changes 
occur due to various reasons [9]:

1. In a traditional learning situation didactic (teaching) 
material is a support for accumulating knowledge which 
is seen as necessary for a professional career, and which 
will remain relevant for a long time. This cannot be 
said for newer education dealing with new technologies 
such as computer science, management and business, 
productions areas, banking and new media technolo-
gies etc. [14].

2. In traditional teaching approach learning might look 
like “the process of intelligent production”, except when 
a student finds out that the learned knowledge lacks being 
reflected in the context, and he/she has no skills to use it. 

The teacher might be aware of the problem and can take 
it into account during direct contact with the students.

3. The main conventional tool for establishing motivation 
used by the university systems is knowledge assessment 
process (tests, exams, grades etc.).

4. The design and relevance of didactic materials have 
a secondary role in a traditional teacher’s professional 
role (research is priority one), but it is still the main en-
gine in a student’s cognitive learning processes.

Cognitive processes are characterized by high entropy. 
However, during direct contact with a student the traditional 
teacher using his/her professional competence can reduce en-
tropy as a result of certain didactic or pedagogical methods, or 
in other words, be able to manage a student’s cognitive pro-
cesses within certain limits. In this case efficiency of teaching/
learning management depends on the intensity of the contacts, 
abilities of students, as well as of the teacher’s pedagogical and 
communicative skills [12].

Różewski and Zaikin [9] find that the importance of the 
role of didactic materials in ODL is greatly increased, as in 
ODL teachers have to substitute direct contact and exchange 
of information between teacher and student. This imposes new 
requirements on didactic materials as sources of information not 
only on learning topics, but also on teaching and learning strat-
egies as well as the whole learning process as a combination 
of communication, interaction and knowledge production [15].

The big challenge for ODL teachers is to design and prepare 
the teaching materials for ODL. The needed resources can be 
listed: professional knowledge related to the subject, pedagog-
ical skills, knowledge and experience about teaching within the 
frame of ODL, time for developing and designing new material 
which will fit the ODL demands. A solution could be to actively 
involve the students in establishing knowledge as a common 
process of teaching/learning activities.

Ontology is widely used for knowledge representation and 
there are ontology description languages, and programs to 
operate them [11]. More detailed design of didactic materials 
based on ontology models of subject knowledge is described 
in [13]. Design, preparing and access to the didactic materials 
in an ODL computer environment (creating e.g. a repository) 
require specialized knowledge and time from the involved 
teachers. Therefore, the following problems appear when de-
veloping ODL: how can teachers be motivated to carry out 
additional work to establish and maintain didactic materials in 
repository up to date. A repository is defined here as a virtual 
or digital library of didactic materials, assigned for learning of 
a subject or domain area [16].

One way to minimize the problem is to encourage students 
to supplement the repository with new materials on the proposed 
teacher topic within a pre-defined ontological domain model. 
In the ODL situation the students independently could develop 
the ontology of the proposed theme and then make it com-
patible with the conceptual structure developed by a teacher. 
Performing this task requires extensive use of highly demanding 
operations such as generalization, classification, induction, de-
duction, and promotes deep mastery of the conceptual apparatus 
of the subject area. Coombs et al. [17] discuss the advantages 
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of using an ontological approach to learning and teaching. The 
main advantage of this method is recognized as the development 
of analytical skills of the students and a systematic vision of 
wide fields of knowledge objects and their applications. When 
performing this task, the students involved should be granted 
priority when requesting the teacher’s consulting. For students 
who work together with highly skilled teachers, this activity 
promotes self-esteem and motivates self-education activity.

Another way to involve students in active learning is to 
create a game situation [18], which requires a connection be-
tween different kinds of knowledge. A distinctive feature of 
the ontology developed for educational purposes is that the 
ontology graph contains fragments corresponding to different 
types of subject knowledge: theoretical (what is this?) and the 
procedural (how to do this?). Theoretical vertices describe the 
semantics of concepts and their relationships, and the proce-
dural ones – test tasks associated with the corresponding path 
in the graph. The project task, to develop the domain ontology 
with both types of vertices, can be represented as a game with 
total win and distribution points depending on student partici-
pation and performing. Overall gain considered is the number 
of vertices of both types, added to the domain ontology graph, 
which are stored in the repository. The teacher plays the role of 
the head of the game, students are combined into sub-groups 
or they can play individually. Teacher’s motivation is the pos-
sibility of an extension and updating of the repository by in-
dependent work of students. Students’ motivation is the joint 
study of the subject under supervision of a teacher – live chat, 
cognition through competition, stress reduction compared to 
traditional testing, choice possibility, etc. The game can be 
carried out remotely [19]. Final assessment depends on the task 
complexity, participation in the project, the number of ECTS 
points etc. The students will progress from a simple task to 
more complicated task due to the mechanism of motivation 
triggered by a teacher.

3. Interpretation of the motivation model  
in learning processes

In traditional teaching, based on traditional didactic materials, 
the average activity of students’ involvement in the learning 
process is weak, and the accumulation of material in a repos-
itory for subsequent use is small. However, the teacher’s time 
costs are lower. In ODL the student can be involved in learning 
process in two ways:

1. Independent development and update of the repository 
by students. Then the repository is using as a base di-
dactic material for developing knowledge in ODL. The 
costs of the teachers time will increase significantly, but 
it is justified by the possibility of obtaining results for 
further improvement and modernization of the learning 
processes.

2. Student is taught how to use the ontological approach 
for representation and development of knowledge in 
any domain area, and how to organize games as a way 
of self-learning in a given subject area. This approach 

might result in a significant increase of students’ activity. 
The time costs of the teacher are comparable to the first 
case. But in the second case the students not only acquire 
knowledge, but also competence, and the teachers in re-
turn obtain new improved didactic material to be used in 
the ontological approach and in game tools.

For evaluation and assessment the teacher can use the lin-
guistic scales to evaluate the proposed alternatives. In each 
situation the teacher can give preference to any of these alter-
natives, as each of them is connected with its various temporal 
and intellectual costs as well as other preferences. The teacher’s 
intellectual cost is related to checking and evaluation of the 
complex tasks. The more students choose the complex tasks, 
the more intellectual cost the teachers have to spend for their 
checking and evaluation.

One of the impact factors of the teachers’ choice is the eval-
uation to get the final result at the end of the learning cycle in 
the form of a specific indicators such as:

● average index of student performance;
● index of students’ activity and independence of choosing 

types of task, e.g. the traditional way of learning and 
testing, the work together with the teacher on the use of 
the ontological approach for repository development, an 
engaging in joint or individual learning projects.

● the index of repository filling by didactic materials is 
created on the principle of “actual domain ontology” plus 
the base of learning projects presented as “best practices”.

Availability of such data allows for further research, not 
only in teaching methods, but also in the field of artificial in-
telligence and the development trends of corresponding knowl-
edge domains. This in turn is a problem raised for discussion 
in numerous papers [20].

The modern system of assessment of the teacher’s profes-
sional activities requires wide participation in international sci-
entific research. In the proposed game this can play an important 
role for evidence based evaluation of the learning process.

Scoring system used for evaluation of students’ work is the 
teacher’s prerogative and it can be addressed to the student 
groups in the beginning of the learning process, but a student’s 
choice will also depend on their personal preferences:

● leadership skills,
● the possibility of increasing the total average Diploma 

score,
● possibility of participation in individual grants due to 

personal contribution to “best practices”.
The proposed approaches to learning allow for realizing 

motives and preferences of both students and teachers, so we 
can form two motivation models and examine their mutual in-
fluence.

Choice making is a cognitive process and it cannot be di-
rectly observed. This means that the relationship between a per-
son’s preferences in motives when choosing the result of his/
her actions is very difficult to define. Nevertheless, the choice 
of motive can be evaluated by registering the outcomes.

A motivation model in the described learning situation can 
be represented as a game scenario, in which the activities of 
the teacher and students will respond to their preferences in 
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choosing the above alternatives. The proposed model is based 
on the following assumptions:

● the elements of the described chain and its alternatives 
are predefined,

● choice of a job in the game is made once,
● for each task selected by a student, the degree of its com-

plexity and the corresponding number of ECTS is known,
● the content of selected task can be displayed on an on-

tology graph of the studied subject as a set of vertices 
with the theoretical and procedural knowledge, which 
constitute a certain portion of competence,

● students and teachers will have the possibility to know 
the results of the partners’ choices in the game.

4. Statement of the motivation problem 
in a particular learning situation in ODL

In the proposed game scenario each participant has the possi-
bility of free choice among the available alternatives. The main 
result of the game is to develop an ontology graph of studied 
subject by means of adding new vertices connected with the 
existing ones. These new vertices submit new theoretical knowl-
edge and/or skills acquired in task performing. The goal of the 
teacher is to attract as many students to this kind of tasks under 
the following constraints: the total number of hours assigned for 
subject in scheduling and time interval allotted for the game.

Each student defines the result of the game in the range of 
the following features: from lowest allowable assessment on the 
subject (in the traditional way of studying) to the highest result 
for active and successful participation in the project and “best 
practices”. A teacher distributes the supervision time among 
students at his/her discretion, but at the condition of minimum 
mandatory quota for each student. In this situation it may be 
assumed that a teacher is interested to spend the most of his/her 
time and intellectual resources on joint work with best students. 
They will contribute to the updating and expansion of the reposi-
tory, which provides the basis for compiling the results in studied 
subject, with an option to use grants or publications. This aspect 
motivates the teacher to advance students to more complex work 
and to spend more resources on their performance. In this case 
there is a possibility to use the results in teacher’s and students’ 
common research. Thus, the proposed scenario allows the teacher 
and each student to formulate the conditions to choose their strat-
egies in the learning process based on individual preferences.

The teacher’s objective will be to maximize possible ex-
tension of the repository through the involvement of a larger 
number of students for competitive performance of complex 
project tasks under the restrictions on total time of supervision. 
Considering students’ preferences it may be defined within two 
extreme cases:
a) the students prefer to perform the simplest tasks, minimiz-

ing their time and intellectual costs and getting the lowest 
possible scores. In fact, these students do not participate in 
the repository extension.

b) the students prefer to participate in the repository extension 
of knowledge acquired in the project task under restrictions 

to their own time and intellectual resources. Every student 
intends to use the maximum of teacher’s time of supervision 
competing for it with other students in this group.
In case a) the teacher and students with minimal effort will 

complete the learning process, but indicators, such as average 
achievement and filling of repository will be low, although 
satisfying the low boundary conditions (formal compliance 
schedule and personal quota for supervision). In case b) the 
teacher and students will spend far more effort, but a great part 
of successfully completed tasks will be included into the repos-
itory and the average achievement will be higher. At the same 
time in case b) learning will be aimed not only at understanding 
the theoretical material, but also the ability to operate them 
(i.e. mastering of didactic material at the level of competence).

Thus, the aim of the game is the maximum extension of 
repository with original results of teacher’s and students’ joint 
work under restrictions on their time resources and compliance 
with preferences of all participants of the game. Motivation 
problem is considered in particular educational situations, when 
we are dealing with special didactic material for particular par-
ticipants of the learning process. For this we will use the term 
“learning situation”, which is represented in Fig.1.

The formal model which describes the competence-oriented 
education process [15] has the following structure.

Basic components of the educational situation
a) participants of the learning process {N,S}, where

N – teacher,
S = {sj} – set of students/project team, where
j = 1, 2, j* – index of student.
The process of students’ arrival to ODL system can be 
described by

π(S) = {χ, λ}, where
x – distribution law,
λ – intensity of arrival,

Fig. 1. Process of choice and execution of project tasks by students 
(educational situations)
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b) ontology graph of the domain area GD

GD = {WD, LD}, where
WD – nodes/concepts/learning objects of the graph,
LD – graph edges (relations between concepts),

c) ontology graph of the course GC

GC = {WC, LC}, where WC µ WD, LC ¶ LD

d) set/repository of the tasks R
R = {ri

k}, where
ri

k – task ‘i’ consisting for competence portion ‘k’,  
i = 1, …, i* – index of task,
k = 1, …, k* – index of acquired competence/competence 
portion

e) parameters of tasks Π(ri
k)

Π(ri
k) = {Q(ri

k), A(ri
k)}, where

Q(ri
k) – the level of complexity of a task, which can be 

expressed in a binary scale

5 
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for task/project r ̂ ik executing
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d) teacher resources expenditures , e.g. 

consultation time for task/project executing 

,  (4) 
where  - weight coefficient of teacher expenditures 
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αN – weight coefficient of teacher expenditures.

Objective function of the teacher
a) total gain of  repository X on the interval of acquiring of the 

competence ΔGX
Σ(0, T0)
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d) teacher resources expenditures , e.g. 
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where  - weight coefficient of teacher expenditures 
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a) total gain of  repository X on the interval of 
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b) numeric characteristic of total knowledge gain in 
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, where
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c) total  expenditures of the teacher on interval of 
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, where 
-weight coefficient of the teacher’s 
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 - the number of vertices in ontology 
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objective function of  student : number of 
ECTS points, taking into account expenditures of the 
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i sr - appropriate moments to 

start and end solving task k
ir  by student js . 

Two extreme cases of the teacher and student 
motivation functions are shown in fig 5. 
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consultation time for task/project executing 

,  (4) 
where  - weight coefficient of teacher expenditures 

 
Objective  function of the teacher 
a) total gain of  repository X on the interval of 

acquiring of the competence   

= 

=  
(5) 

b) numeric characteristic of total knowledge gain in 
repository  

= 

=  

, where
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-the number of common vertices 

in ontology graphs i  
c) total  expenditures of the teacher on interval of 

acquiring of the competence  

=  
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, where 
-weight coefficient of the teacher’s 

expenditures,  
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d) objective function of the teacher : total gain 
of repository X on the interval  of 
acquiring of the competence, taking into account 
expenditures of the teacher  

= - =
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Objective function of the student  
objective function of  student : number of 
ECTS points, taking into account expenditures of the 
student  for execution of task/project   
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- , (9) 

where 

- number of ECTS points assigned by 

the teacher for the task/ project , 

 - numerical characteristic of 

gain of repository for task/project , 

 -  numerical characteristic of complexity 

of task/project , 

- weight coefficient of student’s expenditures 
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where 
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where (11) 
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i sr - appropriate moments to 
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ir  by student js . 

Two extreme cases of the teacher and student 
motivation functions are shown in fig 5. 
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b) numeric characteristic of total knowledge gain in repository 
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d) teacher resources expenditures , e.g. 

consultation time for task/project executing 

,  (4) 
where  - weight coefficient of teacher expenditures 

 
Objective  function of the teacher 
a) total gain of  repository X on the interval of 

acquiring of the competence   
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=  
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b) numeric characteristic of total knowledge gain in 
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, where
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c) total  expenditures of the teacher on interval of 

acquiring of the competence  
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, where 
-weight coefficient of the teacher’s 

expenditures,  
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d) objective function of the teacher : total gain 
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= - =
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Objective function of the student  
objective function of  student : number of 
ECTS points, taking into account expenditures of the 
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- , (9) 

where 

- number of ECTS points assigned by 

the teacher for the task/ project , 

 - numerical characteristic of 

gain of repository for task/project , 
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of task/project , 
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tasks:  

N
J

k
ij

k
i

Ss
o ZsrysrzZ

j




  ))(())(( , 
(10) 

where 

))(( j
k

i srz  - resources appointed to student js for 

solving task k
ir , 

}0,1{))(( J
k

i sry - binary function of choice 

the task k
ir  by student js , 

Z - summary resources for the subject lead by the 
teacher.  

b) calendar interval ],0[ 0T , appointed to 
students for choosing and solving tasks  

0))((min j
k

ij
sr , 0))((max Tsr j

k
ij

 , 
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motivation functions are shown in fig 5. 
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d) teacher resources expenditures , e.g. 

consultation time for task/project executing 

,  (4) 
where  - weight coefficient of teacher expenditures 

 
Objective  function of the teacher 
a) total gain of  repository X on the interval of 

acquiring of the competence   

= 

=  
(5) 

b) numeric characteristic of total knowledge gain in 
repository  
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, where
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c) total  expenditures of the teacher on interval of 
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, where 
-weight coefficient of the teacher’s 
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d) objective function of the teacher : total gain 
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acquiring of the competence, taking into account 
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= - =
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ECTS points, taking into account expenditures of the 
student  for execution of task/project   
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where 

- number of ECTS points assigned by 
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 - numerical characteristic of 
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jW C \ W(pi
k)j – the number of common vertices in ontology 

graphs GC i G(pi
k)

c) total expenditures of the teacher on interval of acquiring of 
the competence ZX

Σ
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,  (4) 
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Objective  function of the teacher 
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(5) 
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where
αN – weight coefficient of the teacher’s expenditures,
jW(pi
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Objective function of the student
objective function of student Φ(sj): number of ECTS points, 
taking into account expenditures of the student for execution 
of task/project r ̂ ik
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 (9)

where
γN(r ̂ ik) – number of ECTS points assigned by the teacher for 
the task/ project r ̂ ik,
jW C \ W(r ̂ ik)j – numerical characteristic of gain of repository 
for task/project r ̂ ik,
jW(r ̂ ik)j – numerical characteristic of complexity of task/
project r ̂ ik,
βS – weight coefficient of student’s expenditures

Constraints
a) summary resources (time-related, technical, didactic, staff) 

offered to students for solving tasks:
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where
τ(ri

k(sj)), τ ̄ (ri
k(sj)) – appropriate moments to start and end 

solving task ri
k by student sj.

Two extreme cases of the teacher and student motivation 
functions are shown in Fig. 2.
Motivation of students in both cases, is described as a linear 

function. Depending on whether it is the motivation ambitious 
or non-ambitious students, this function is respectively in-
creasing or decreasing.

Identifying the teacher motivation assumes the function of 
this motivation will be built for each group of students. Its shape 
will depend on which group of students the teacher will work 
at a given time. The curve describing the motivation function 
of the teacher in the general case takes the form of non-linear 
and convex. In the case of non-ambitious students, the teacher 
motivation function is increasing due to the need for contin-
uous motivating students solving more difficult tasks and re-
quiring more time. Otherwise, the students will be ambitious 
and strongly determined to achieve a high score, which will 
result in a decreasing function. Due to existing restrictions the 
teacher must inhibit the motivation of students. Distribution of 
this function is related to the time constraints which are con-
nected the teaching process.

The nature of the motivation function indicates that it is 
non-linear. The shape of this function results to the rules for 
summarizing the functions of teacher and student motivation. 
Both components of the objective functions depends on the 
same argument as opposed. The summarizing function of stu-
dent motivation reaches its maximum value when making the 
optimal choice task – optimal level of the task complexity.

5. Motivation model interpretation in terms  
of games theory

Some initial remarks about the motivation model interpreta-
tion in terms of games theory can be found in [19]. Following 
that publications we can assume that proposed model refers 

Fig. 2. The shape of the motivation function during the teaching process
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to the class of games with a defined number of steps and full 
information about participants’ activities. Moreover, based on 
game theory terminology the motivation model can be seen as 
incentive task, where motivation management signifies direct 
rewarding an agent (student) for his actions.

The game model which is described in [19] and can be 
solve by algorithms described in [20] and [24] has the following 
structure:
M – a set of acceptable motivation methods,
Y(σ) – a set of game solutions (strategy of agents having bal-
ance in their motivation method σ).

Management (motivation) effectiveness means obtaining 
maximum value of the objective function U(σ) on an appro-
priate set of game solutions.
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where σ is a motivation function of the centre, y is a binary 
argument of agent’s choice.

The task of optimization is about searching for an acceptable 
motivation function with maximum effectiveness:
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At the moment of the decision making (motivation function 
for the centre and student’s decision function for the agent) the 
objective functions and acceptable actions of all participants 
are known. Let us define the game scenario:

Step 1. The centre has the right of the first move, when it 
chooses a motivation function, before the agents choose activ-
ities that optimize their objective functions. The centre (teach-
er’s) objective function ΦN is the difference between expected 
income X (gain of repository) and the summary reward paid to 
the agents (sharing one’s own resources ZN

Σ)

 ΦN = X ¡ ZN
Σ. (14)

The centre’s choice of a motivation function takes place in 
condition of uncertainty and foreseeing random characteristics 
of the basic students’ knowledge and parameters of the process 
of their arrival. Therefore centre can use the principle of min-
imal guaranteed result and compensatory function of restitution 
, that means lack of centre’s income. In that case centre’s ob-
jective function has negative value and represents the minimal 
costs of centre when working with agents

 X = 0, ΦN = ¡ZN = min (15)

Therefore the center creates motivation function  in condition of  
minimal guaranteed result, ¡ZN = min, which cannot exceed 
admissible centre’s costs ¡ZN

Σ.

Step 2. Agents choose their strategies independently and do 
not exchange information or wins, this signifies that we are 
dealing with a relational dominant strategy (RDS). By objective 
function of each agent ΦS we understand the difference between 

his/ her reward obtained from the centre γN and the losses con-
nected to solving the task ws

 ΦS = γN ¡ wS (16)

If income of centre  X = 0, and reward of each  agent only 
compensates his/her estimated costs γN = wS, then the objective 
function of each agent ΦS = 0.

Step 3. On the base of result of the agents’ selection the centre 
can adjust the function of motivation to achieve its maximum 
value of the objective function. In addition the centre can verify 
restrictions on the total resources provided by agents

 ΦN = X ¡ ZN
Σ = max

 ZN
Σ ∙ Z ̂ N. 

(17)

Step 4. Agent makes the final selection of a task on the base 
of his/her preferences while maximizing its objective function

 ΦS = γN ¡ wS = max. (18)

6. Simulation model of teacher  
and student collaboration

The assumed approach to modelling the process of acquiring 
competences can be depicted as a set of three components: the 
model of defining competences, the motivation model and the 
simulation model [25]. Interrelationship between these models 
is presented in Fig. 3.

Fig. 3. Process of choice and execution of project tasks by students 
(educational situations) [28]
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Integration of the three components mentioned above allows 
for defining the scope and goal of learning, the conditions of 
cooperation between the participants of the learning process, 
and the possibilities of analysing the process and influencing the 
teacher’s existing strategy of working with the students. Thus 
the proposed approach to modelling the process of acquiring 
competences appears to be a solution in which:

● the structure of competence and the method of assessing 
the development of competence (with the use of an on-
tology graph and a repository) is defined,

● conditions of competence development are defined (with 
the use of the motivation model),

● there is a possibility to compare the expected costs that 
the teacher will bear considering the assumed repository 
development (working time) with the results achieved in 
the didactic process

The proposed formalisation of cooperation between partic-
ipants of the learning process during repository complementa-
tion indicates that quantitative analysis of this problem from 
the point of view of expected results and incurred costs is 
a difficult task. This difficulty is mainly caused by the fact 
that this process is related to behaviours and preferences of 
humans, which can change and are difficult to predict. For this 
reason simulation seems an adequate mechanism, which allows 
for obtaining information about the analysed object of study 
and is the basis for further activities related to the functioning 
of this object.

On the basis of the developed simulation model it is possible 
to study the adapted strategy of cooperation between the teacher 
and a group of students. The aim of the simulation is to assess if 
the expected repository development plan is possible to realise 
with the teacher working in a distance mode, with a specified 
distribution of student arrival, and a specified distribution of 
grading.

6.1. The procedure for the acquisition of personal compe-
tence. Within psychology there is a distinction between the 
mastery of operation and mastery of theoretical knowledge and 
acquisition of competences. Based on Woolfolk [26], we will 
try to present the process of acquiring competences based on 
a certain level of domain knowledge.

The aims of the execution procedure is an acquisition of 
competence training for students and collection of statistics, 
allowing for clarification of the individual process management 
model of teaching in the open distance learning system. The 
training needed to get the student through the mechanisms of 
the repository’s virtual lab with the set of triplets: part of the 
description fields – a typical task – a typical solution, and the 
corresponding test task which is used to describe knowledge as 
an extended ontological model.

The task of testing should be interpreted in the terms con-
tained in the proposed triplet. For proper identification of test 
task a disclosure of knowledge necessary to prepare a solution 
will be needed. The student’s solution can be compared with 
the solution typically stored in triplet. Measurement of teaching 
consists not only of collecting statistics of personal data, but 
also analysing the interpretation of test tasks. The implementa-

tion of a training session can be calculated using the following 
indicators: the percentage of correctly interpreted jobs, the 
percentage of correctly identified tasks, the percentage of cor-
rectly associated pairs of typical tasks and typical algorithms, 
the number of modules placed in the repository of knowledge, 
the number of sessions needed to perform a specific task, the 
number and complexity of the problems included in one job. 
The described indicators allow measuring teaching, based on 
skills of mastering theoretical knowledge and skills of its use 
in solving design tasks.

The procedure includes several steps, and the algorithm of 
its implementation depends on the software environment in 
which the repository will be created (Fig. 4).
Input data of the procedure:

1. Scope: subject / topic of teaching
2. The model of theoretical knowledge areas: a hierarchi-

cally ordered the basic concepts of the semantic network 
(graph).

Fig. 4. The algorithm acquisition of competencies during a structured 
training
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3. The reference model to enable the use / assumption of 
the taxonomy studied during training problems; the pre-
sentation depends on the specific areas (Sp).

4. Repository of solved tasks: typical task – a typical al-
gorithm – the number of tasks. At the start of the session 
the repository can be empty or filled, depending on the 
topic and the student’s personal learning goals.

The procedure for the acquisition of competencies during 
a structured training is done according to the following steps:
 1)  Analysis of the research problem. Determining whether 

the issue belongs to specific areas will allow to interpret 
the problem and to present it in terms of a particular 
model, and take into account existing knowledge of tax-
onomy – 

X  
(Zi, Ai), 1, … i the formulation of the input 

problem. Depending on the educational situation the 
first step can be done in two ways:
a) independent formulation of the task by the student 

based on the ontological model Gp and reference 
model of typical tasks;

b) analysis and identification of the tasks set by the 
supervisor of the project.

 2)  Analysis and systematizing of experience. A compar-
ison between the input tasks with the tasks placed in the 
repository. The result is to determine the path that must 
be used to solve the problem either the way to develop 
an algorithm.

 3)  Typing of input tasks. Preparation of the task pass-
port in the repository language (meta information in 
an XML).

 4)  The collection of the input task passport in the working 
memory of training session.

 5)  Developing of own algorithm for solving the task. The 
algorithm can be described using standard pseudocode 
or presented as a simulation task.

 6)  Execution of algorithm. The input data should be se-
lected directly from the text of the analysed problem 
or pulled during its interpretation.

 7)  Evaluation of the effectiveness of the algorithm. At 
this stage the interpretation of results is made in the 
context of the output of algorithm (in terms of solved 
problem).

 8)  Typing of the developed algorithm. Preparation of the 
solution algorithm passport in the repository (meta in-
formation in an XML document).

 9)  The collection of algorithm passport in working memory 
of training session.

 10)  Preparing the knowledge module in the form of record 
in repository. At this stage teacher has to fill in a repos-
itory form, including: track keywords of the domain 
knowledge, matching the given problem, the task pass-
port and passport algorithm.

 11)  Supplementing of existing repository. Required level of 
supplement depends on the subject, purpose and stage 
of teaching and must be given by the teacher to each 
student.

Described training is one of the traditional tools to collect 
statistics in the course of self-education students. However, the 

proposed structure for the fulfilment of the repository has sev-
eral advantages:

● corresponds with the cognitive meaning of the compe-
tency structure,

● represents a system approach to a knowledge ontological 
model,

● enhance the ability to structure theoretical knowledge and 
connect it with results of student’s own experience

A similar idea is used in simulators, the aim of which is 
to teach the use of complex equipment repair and machinery. 
The proposed method of domain area describing the structure 
and the content of repository, and allows students to master the 
complex theoretical knowledge while the teacher is absent. In 
this case, a chain “typical task-typical solution” is represented 
at the level of a mathematical reference model, which depends 
on the specific subject and purpose of education.

This procedure is a model skeleton in the course of training 
related to a specific topic. The ontological model, repository 
and the task should be completed with relevant teaching ma-
terials. An additional variant of the described approach to the 
structure and contents of the repository is associated with the 
formation of a virtual laboratory. It is designed to conduct simu-
lation experiments, when the assumption of the task simulation, 
execution and interpretation of the results of the experiment 
needs the cooperation of experts located at a distance.

6.2. Ontological graph of the subject/course consistent with 
the structure of competence. The first ontologies were built 
for the needs of engineering knowledge and they began to 
emerge in the 80s of XX century. Intensive works on ontology 
resulted in the development of its various categories. Proposed 
by Guarino [27] division includes: general ontology (a top-level 
ontology), domain ontology, task ontology, and application on-
tology. Each of them has a different level of generalization. Do-
main ontology describes domain-area knowledge characteristic, 
e. g. medicine, pharmacy, law, music. The terms used in domain 
ontology are the result of specialization of concepts defined 
in general ontology. Task ontology describes the dictionary of 
a particular task or activity, e. g. diagnosing, scheduling, spe-
cializing terms stemming from the general ontology. In contrast 
to the domain ontology, in this case for solving the problem 
concepts from various fields can be used. Application ontology 
includes the concepts that are required for the description of 
knowledge for individual applications. It specializes the con-
cepts of domain and tsk ontologies for the given application.

For example of ontological graph the subject/course “Dis-
crete mathematics”, provided for specialty “Computer Science” 
is represented in Fig. 5.

Practical part of the course/ subject includes a number of 
tasks. There are two kinds of the tasks: simple and complex 
ones. They differ in labour complexity of implementation and 
reward-number of ECTS, which student will get for correct 
execution of the task. In general the teacher can define any 
number of classes of tasks, which differ in degree of complexity.

6.3. The supporting tools for determining the level of stu-
dent’s motivation is the linguistic data base. Recognition of 
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teacher and student motivation is the basis to determine whether 
the existing restrictions on the competence acquisition process 
they can achieve required competence level and at what cost. 
Checking these constraints is done using simulation.

Basis to estimate input value of simulation model is ex-
pected activity of participants resulting from their motivation. 
Therefore, recognition of this motivation is necessary to per-
form the simulation/experiments [28].

Teacher motivation identification is the task so easy that 
he is one and could recognize his motives. More complicated 
issue is to assess students’ motivation, because there are many 
students and each of them has a different level of motivation. 
Therefore, it is proposed to use the mechanism to determine 
the motivation in the form of linguistic knowledge base. In the 
presented example it includes a set of student’s motivation pa-
rameters, which can be based on the experience of the teacher. 
A linguistic data base aimed at supporting the process of iden-
tifying students’ motivation is presented in Fig. 6.

The structure of the linguistic data base created in order 
to support the process of identifying students’ motivation is 
presented in Fig. 7.

The supporting tools which determine the level of student’s 
motivation is the linguistic knowledge base [29]. For selected 
factors influencing the motivation we developed distribution 
functions of linguistic quantifiers. Two distribution functions 
of the features are presented in Fig. 8.

Fig. 5. Ontological graph of a subject/course “Discrete Mathematics”

Fig. 6. Place of a tool to support the process of identifying students’ 
motivation

Fig. 7. Structure of linguistic data base for the purpose of identifying 
the student’s motivation [25]

Fig. 8. Two distribution functions of the features [25]
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Individual aggregation allows categorizing students within 
presented space of the motivation function. If each student de-
termines proper motivation and the student are placed in the de-
picted space, this information may be used to estimate the initial 
setup of simulation e.g. forecasting of students service time (stu-
dents use of the teacher) or forecasting the probability of outputs 
from the model for different degrees of competence development.

6.4. Example of a simulation model for a teacher working 
with group of students in the process of acquiring compe-
tence. Carrying out simulation experiments can be performed 
in a simulation package Arena. An example of an simulation 
model allows considering different values of input parameters 
and their impact on earnings. To determine the value of la-

Table 1.  
Examples of conditions for conducting simulation experiment

Simulation Experiment 1
Determination of the number of students waiting for service by 

a teacher at a certain interval of time, at a certain probability 
distribution outputs, distribution of student services and the 

estimated time of verification of tasks

Simulation Experiment 2
Determination of the total time of the teacher assigned for 

checking of tasks with a certain probability distribution of outputs, 
distribution of students service time and the forecasted time of tasks 

checking

Distribution of the arrival of 
tasks (students):

Poisson distribution Distribution of the arrival of 
tasks (students):

Poisson distribution

Distribution of time for student 
services:

Triangular: minimum – 10 min,  
most desirable – 15 min, 
maximum – 30 min

Distribution of time for student 
services:

Triangular: minimum – 10 min, 
most desirable – 15 min,  
maximum – 30 min

Number of service channels: 1 Number of service channels: 1

The time interval: 6 days The time interval: Indefinite

Time assigned for work with 
students (checking of tasks): 

3h/1days Time assigned for work with 
students (checking of tasks): 

3h/1days

Number of students: 55 students (55 complex tasks) Number of students: 55 students (55 complex tasks)

Probability of students’ going 
to one of the outputs: 

completion – 70%, a repository  
– 15% correction – 15%;

Probability of students’ going to 
one of the outputs: 

completion – 70%, a repository 
– 15% correction – 15%;

Time to correct the task (delay): 1 day Time to correct the task (delay): 1 day

Results of simulation experiment 1 Results of simulation experiment 2

Name of the counter Achieved value Name of the counter Achieved value

Teacher time spent for checking 
all the tasks 

60 Teacher time spent for checking 
all the tasks 

75

Total number of tasks addressed 
to correction

18 Total number of tasks addressed 
to correction

20

The number of tasks at the 
beginning 

55 the number of tasks at the 
beginning

55

The number of tasks at the 
repository

8 The number of tasks at the 
repository

9

Output of completed tasks 34 Output of completed tasks 46

The number of students who at a certain time do not complete the 
cycle of competence acquisition 13 

Time interval allowed completing the cycle of students’ competence 
acquisition 8 days

bour input, information about the level of student motivation 
can be used, which can be helpful in determining e. g. time 
of task execution by a student. Simulation experiments can be 
an indication for the teacher whether the expected strategy of 
working with the group of students allows for obtaining the 
assumed level of competence development. On the basis of 
the obtained results the teacher can introduce changes to the 
adopted strategy and check the new conditions in the simulation 
model. An example of such activity is presented in Table 1. For 
conducting experiments a queuing system model in Kendall’s 
notation M/G/1 was used. It was assumed that students (tasks) 
arrive according to Poisson’s distribution (inter-arrival time dis-
tribution), and are served by one server (teacher) with triangular 
service time distribution [30].
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7. Conclusions

Building a repository of students’ knowledge can be an im-
portant motivational factor for students and for teachers. Stu-
dents have the opportunity to actively work with their acquired 
knowledge and competences in a way where they can follow the 
results visually and discuss them with their peer-students and 
teachers. The motivation for the teachers can be an element of 
the learning management and a pedagogical strategy of ODL. 
The presented approach developed a new way of teaching and 
teacher’s involvement, during the process the teacher observes 
whether the students get the relevant knowledge and compe-
tence goals. The students and the teacher can follow the process 
and relate to the outcome and make the necessary adjustments 
to the desired goals. Finally it is possible for the teacher to 
balance the workload with the students’ results.

The motivation model includes both teacher’s and students’ 
interest in extension of the knowledge repository as they both 
can share and develop the repository into new functions. The 
measure of success in cooperation between the teacher and the 
students, according to the presented scenario, is the level of 
the repository content development in a given time. The pro-
posed motivation model can be solved on the basis of one of the 
known algorithms realizing a cooperative game with dominant 
strategy (RDS).

To analyse the constrains of this cooperation, the simula-
tion approach is proposed. The simulation allows to compare 
the expected costs that the teacher will bear considering the 
assumed repository development (working time) with the re-

sults achieved in the didactic process (number of students with 
a high level of competence – participating in the repository, 
number of students with an average level of competence, etc.). 
Simulated experiments can be a useful indicators for teachers’ 
to know whether their pedagogical strategy works for obtaining 
the assumed level of competence development for the students 
within certain amount of work and time.
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