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Abstract: This paper discusses the approaches to the learning process modeling. the Limitations of the 
existing learning process models in the development of educational computer games are demonstrated. The 
approach for learning process modeling as a wave process of knowledge space development managed 
process is proposed. Conceptual model used by the learning process is described. Developed model of the 
knowledge space based on a lattice is shown, that reflects the key attributes of the knowledge space as a 
systematically organized structure, calculation process of this space development is built. Presented the 
student model, which allows to compare student performance to the elements of knowledge in their logical 
coherence and the model of the student with the training course, which allows to evaluate the results of 
student actions and interpret the student progress in the course of knowledge elements development, as a 
front advancement in the wave process. A method for the integration of developed models in the game 
context is described. The use of models and method of their integration is illustrated by the example of 
teaching programming game "Cammy" development. 
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INTRODUCTION

The use of educational games in education is
becoming increasingly important trend. Computer
training game is a game with educational purpose. On 
the other hand, an educational game can be regarded as 
a teaching system in which the learning process is 
integrated into the game. High-quality educational
games retain the dignity of learning systems and, at the 
same time, have a great motivational potential. 

A key system feature of the educational game
quality is the balance of play and learning components, 
ensuring the integrity of the game perception and the 
opportunity to achieve their learning goals. Way of 
integrating learning process with the gameplay is
defined by means of interaction in the game play and 
learning activities.

To provide training in educational systems, use 
learning process formal models. However, the direct 
transfer of such models in educational games can not 
account for all aspects, related to the specific training in 
the game, so the use of these mo dels for the educational 
games development significantly limits the ability of 
developers.

Analysis of approaches to the learning process
modelling: Existing approaches to the learning process

modeling in educational systems are based on models
that describe fragments (concepts) of the domain and 
the relationships between them. For a domain
description use different types of graphs, whose nodes 
correspond to fragments of knowledge and the arcs 
represent the relations between the fragments. As
relationships are defined fragments logical coherence 
relationship, that define the possible sequences of study 
fragments in the learning process [1-3]. To represent 
the learning process, based on the structure of the 
training course, uses discrete mathematical models,
based on Petri nets [4-6], Bayes nets [7], etc. Various 
versions of discrete models define the templates of
possible training course elements sequences, i.e.
learning trajectories, specified by the developer. The 
learning process is modeled as the student movement 
along a trajectory within the set of rules, managing the 
student.

Gameplay, unlike the training process, is
characterized by a large number of parameters. The
player, by definition, much more free to choose actions 
in the game, the number of alternatives to choose from 
is greater, may present elements of chance, game
characteristics, that influence on the process
significantly more, gameplay can developing not only 
in time, but also in space. Respectively, educational 
game should, on the one hand, to ensure freedom of the
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Fig. 1: Learning process conceptual model

player's choice, on the other-to form a learning strategy
that allows achieving the training objectives. Learning 
process models, based on the trajectory approach, do 
not allow to fully implementing these requirements. 

The aim of this work is to develop a learning 
process model, taking into account the characteristics of 
the game and also a way of integrating learning models 
in the game, that would ensure the learning objectives 
achievement and, at the same time, maintain a balance 
between play and learning component. 

Development of the managed wave learning process 
model
Learning process conceptual model: The learning
process conceptual model is developed, including the 
key components description, their properties and
relationships that define the learning process semantic 
structure.

The learning process is modeled as a interaction 
managed process of the student with the training
course.

The training course is regarded as a knowledge 
space, formed by the set of knowledge fragments,
united in the whole by relationships between them,
which keep the logic of the whole. Knowledge space, 
considered as a system, has the properties of integrity 
and divis ibility. The knowledge space integrity means, 
that the knowledge can not be reduced to the sum of the 
whole knowledge fragments. The knowledge space
divisibility is the presence of subspaces , having
properties of space. 

The student interaction with the training course is 
presented as student mastering of elements of
knowledge and logical relationships between the
elements, defined by this space properties. The
mastering process is the implementation of actions,
aimed at student mastering of the knowledge space, as 
systematically organized structure. The knowledge
space mastering involves the study of all knowledge 
fragments of this space in their logical relationship. 

Mastering the space element means the fulfillment 
of learning activities, prescribed to element by course 
developer. As a result of each action, the student 
acquires the knowledge and/or develops skills. Thus, 
after each step fulfillment, the student changes his

state of the knowledge space mastering. Knowledge 
space mastering by the student is defined as a
superposition of states of the mastered knowledge
space elements values.

Student, in the process of knowledge space
mastering, performs the actions, defined by the space 
elements in their logical connection. The subsequent 
action choice of the student is determined by the totality 
of all the actions performed that provide the ability to 
perform this action. Every student's action is that, it has 
a direction, associated with the change of the mastering 
state. For all of the student's states, the subspace of 
mastered knowledge is responsible. Student commits 
such acts, which expand this subspace and, eventually, 
cover the entire space. 

Thus, the learning process is presented as the
student activities for the knowledge space mastering, as 
a systematically organized structure, leading to the
knowledge integration, gained as an action result  and to 
the complete system of knowledge synthesis among the 
student [8].

Managing the learning process-is to organize the 
activity, which, as a result of student knowledge space 
mastering, is achieved the status of mastering,
satisfying the learning objectives (Fig. 1).

Learning process simulation requires the
development of three interrelated models: student
model, learning course model and student and learning 
course interaction model.

The learning process mathematical model
Learning course model: Learning course is a set of 
related elements, each structure element matches
learning course fragment. As the course fragments may 
act blocks of theoretical material and practical
assignments, tests of various types, exercises, etc.
Relations between elements define the logical
coherence of the course that reflects its internal
structure.

In general, the training course can be described as a 
finite set with a given binary relation on it:

LC C,= ≤ (1)

where LC-learning course,
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Fig. 2: The learning course structure and the knowledge space that meets this structure

C = {a,b,c,…}-set of course elements,
≤-the binary relationship between the elements that 
reflect their logical coherence. 

Logical coherence, as a binary relation, has the 
following properties: 

• a and b  elements are logically related by relation 
a≤b, if the mastering a is, from the course
developer's point of view, required for the
mastering b, that is, a is the basis for b;

• No element can indirectly base itself, i.e. set of 
relations a≤b and b≤c and c≤a is invalid; 

• Each element of the course is the basis for all 
items , associated with it  and for the course as a 
whole, i.e. if the a≤b and b≤c, then a≤c (≤ is a 
transitive relation).

Properties of logical coherence allow us to
determine the set (1) as an ordered set and the relation ≤
as a relation of the order on him. 

To ensure the knowledge space integrity, model of 
the space should possess the consistency and
completeness properties. Connectivity model is defined 
by logical connections between the elements of the 
knowledge space from the point of view of their
content. Completeness is given for the presence of any 
two knowledge fragments of something like this, which 
brings together the knowledge to new knowledge. 

Space divisibility property is determined by the 
structural similarity of subspaces model space. 

The structure of the learning course is the basis for 
constructing this course knowledge space model. As a 
training course model we use a mathematical grid
(lattice), allows you to display the key properties of the 
knowledge space that meets the training course [9].

Set of (1) by the entered order relation is embedded 
in the least mathematical lattice KS⊃LC. On the lattice 
KS as a universal algebra, defined two idempotent 
binary operations: ⊕ and *. Lattice operations of
idempotence reflect the "idempotency" of the
knowledge mastering process: the re-development of 
the element does not result in new knowledge.

In the context of the training course a⊕b element is 
the basis for all elements, for which the elements of the 
a and b are the basis. a*b element is the development 
basis for elements of the a and b. a≤b relation is 
equivalent to a*b = a and a⊕b = b defines the
model integrity.

In the mathematical lattice KS as partially ordered 
set for each pair of elements a,b has an exact upper 
sup(a,b) = a⊕b and exact lower inf (a,b) = a*b edges
that define the complete model of the knowledge space. 
The smallest element O = inf(KS) of lattice KS defines 
the beginning of the course, the greatest element of I = 
sup (KS) is a training course as a whole. Connectivity 
and completeness properties of model determine the
integrity of the knowledge space (Fig. 2).

For a pair of a,b lattice elements, related to a≤b, set 
of elements x such, that the x∈KS: a≤x≤b, make the 
interval b

aI , which is a substructure of the lattice KS.
The existence of substructures b

aI KS⊂  in the lattice 
determines the structural similarity of the lattice and
reflects the feature of the space knowledge divisibility 
for the subspace. 

Because of the finite structure KS, for each 
interval b

aI  there is a subset of elements

1 2 k k 1a y y ... y y ... b+≤ ≤ ≤ ≤ ≤ ≤  that each interval k 1

k

y
yI +

contains only two elements-yk and yk+1, i.e. interval
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divisibility is finite. Such a set of interval elements 
determines the maximum chain b

aC , which is a
substructure of the linear interval b

aI .
The possibility of any knowledge fragment

mastering is determined by mastering of related linear 
substructures as antecedent knowledge fragments. The 
algebraic representation of the totality of previous
fragments, described as ideal. 

Each element a∈KS  defines the ideal ∆(a)  and 
filter∇(a), which is a main ideal 

( ) { }a b K S :b a b∆ = ∈ ∗ =

and the main filter

( ) { }a b KS:b a a∇ = ∈ ∗ =

The main ideal ∆(a) consists of all the elements
that should be examined in order to begin the study of
a. The main filter ∇(a) defines all of the elements that 
can be studied after learning a (Fig. 3).

In accordance with the knowledge space mastering 
logic, defined by the course developer, the learning 
course structure may generally comprise a substructure,
depicted in Fig. 4.

Existence in the learning course structure of
substructures, shown in Fig. 5 (a), represents the
possible existence in a lattice structure, corresponding 
to this, the intervals b

aI , containing a maximum chains 

of different length: b b
a i a jC C≠ , i.e., in general, the

lattice is non-modular. The property of lattice non-
modularity reflects the non-compositionality of
knowledge space, i.e. impossibility of combining linear
structures interval without loss of space structural
equivalence.

Existence in the learning course structure of
substructures, shown in Fig. 5 (b), represents the
possible existence of intervals, containing more than 
two maximal chains: ( )b

aL I 2≥ , where L-the number of 

linear interval b
aI  orders. This means that, in the general 

case, the lattice is a non-distributive. Nondistributive 
lattice can not be decomposed into a subset of
knowledge fragments. This means that knowledge
space can not be reduced to mere knowledge fragments 
integration; this appears the knowledge synergy
property.

Thus, the mathematical lattice adequately reflects 
the properties of the knowledge space, which allows 
you to present a learning course model in the form of:

KS S, ,= ⊕ ∗ (2)

where S-set of mathematical lattice elements,
⊕,*-operations on elements.

Student model: Student, in the course of knowledge
space mastering, performs actions that are mapped to 
the elements of knowledge space KS in their logical 
connection. Every action d, performed by the student, is
compared assessment of mastering Λϕ of this element
that determines its state ϕ on this element. Thus, the 
student state ϕ is a mapping of lattice elements set KS
on the set of estimates of these elements mastering: 

:KS ϕϕ ∈ Φ↔ϕ →Λ , where Φ-a set of states, KS-set
of lattice elements, min i max,..., ,..., ,ϕΛ = λ λ λ -a linearly
ordered set of action estimates. 

Every action performed by a student, changes its 
state: ( ) ( )d D d : KS, KS,ϕ ϕ∈ ↔ Φ Λ →Φ Λ . Thus, the d is 
considered as operator, acting on the state space
Φ and has the property, that no action would worsen 
measures of the corresponding element mastering:
( )( ) ( )d a aϕ ≥ ϕ .

Thus, the student model is a cortege:

Learner , D= Φ (3)

where Φ-set of student states;
D-set of student actions, defined by elements of the 

knowledge space.
The space action is structurally equivalent to the 

space of knowledge: 
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a KS !d D∀ ∈ ∃ ∈ , i.e. ( )d a= β (4)

where β-KS bijection on the set of D.
( ) ( )b KSb a b a∀ ∈ ≥ ⇒β ≥ β , i.e. action β(b) can be

performed after the action β(a).
The interaction model of the student with the

learning course
The interaction process of the student with the 

learning course is presented as a student state
dependence ϕ in the knowledge space KS from actions 
d, committed by student on the space elements  and
changing the state of this space mastering state. 

The interaction model of the student with the
training course, given by the student state evolution 
equation in discrete time:

( )i 1 i 1 id+ +ϕ = ϕ (5)

where ϕi-a state in which the student enters after the 
action di+1, determined by prior state ϕi.

By the time it was understood the ordering of
student actions.

The model defines the state of the student ϕi as a 
function of his actions di over the subspace of
knowledge KS (ϕi), extending this subspace, i.e.
KS(ϕi)⊂KS(ϕi+1).

Learning process management: Managing the
learning process is the organization of such activities, 
which achieves a state of the knowledge space
mastering, satisfying the learning objectives:

1 2 i nd d d d
obj

0 1 i... ...
↓↓ ↓↓

ϕ → ϕ → →ϕ → ϕ (6)

( ) ( ) ( ) ( )0 1 i objKS KS ... KS ... KSϕ ⊂ ϕ ⊂ ⊂ ϕ ⊂ ⊂ ϕ

where ϕi -the state of the knowledge space mastering 
KS after the i-th action;

KS(ϕi)-subspace of mastered knowledge, related to 
state ϕi;
ϕobj-state, satisfying the learning objectives. 
Action di+1 is selected from the set:

( )i 1 iD F+ = ϕ (7)

where F(ϕi)-control function, that specifies a student set 
of possible actions Di+1, depending on the result of the 
current action di (feedback). 

To assess the completeness of learning, on a set of 
states  is allocated a subset of ( ) ( )obj KS, KS,ϕ ϕΦ Λ ⊂ Φ Λ .

If ( )obj
m KS, ϕϕ ∈Φ Λ , the goal of learning is achieved.

Control function formation procedure: For each
element of the knowledge space KS is defined threshold 
condition ϕ*(a)∈Φ, specifying the required level of
mastering a and J*(a) -threshold level of knowledge, 
defining the capability of developing a. If ϕ(a)≥ϕ*(a),
then the element a is considered to be mastered. For 
each element, for which ϕ(a)<ϕ*(a), determined by the 
ability of its mastering. 

The opportunity to mastering element a depends on 
the mastering level of all elements preceding it and
determined by the main ideal ∆(a). The logic of the 
preceding elements mastering is determined by the
maximum chains of the ideal ci∈∆(a). The maximum
chain amplitude is defined as a set of values of states on 
all chain elements: ( ) ( ) ( ) ( )i 1 2 kA c { y , y ,..., y }= ϕ ϕ ϕ . The 

state of mastering of all elements of the ideal ∆(a) is 
defined as the superposition of the chains amplitudes 
maximum values.

Control function forming procedure comprises the 
following steps:
To find all maximal chains of the ideal∆(a):

{ }{ } ( )i 1 2 k 1 2 kc y ,y , . . . y : 0 y y ... y a a= ≤ ≤ ≤ ≤ ≤ ∈∆ (8)

To determine for each maximal chain (7) the value 
of the amplitude A(ci):

( ) ( )( )i iA c f y= λ (9)

where f-a method of adding λ(yi);
λ(yi)-assessment of the action, that is associated 

with the element yi, defining the state of the student 
ϕ(yi) on this element; a superposition of amplitudes 
A(ci) is defined:

( ) ( )i
i

J ,a A cϕ =∑ (10)

If J(ϕ, a)>J*, the element a is considered to be 
available for mastering; action d = β(a) belongs to the 
set of actions, that define the control function:

( ) *
fF( ) D {d D;d a ,J( ,a) J (a)}ϕ = = ∈ = β ϕ > (11)

Thus, each student's state ϕi divides the knowledge 
space KS on three disjoint regions (Fig. 5):

d l fKS KS KS KS= ∪ ∪ (12)

where ( ) ( )d dKS : a KS a a∗∈ → ϕ ≥ ϕ -mastering region;
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( ) ( )( ) ( )( ) ( )*
l lKS : a KS a a J ,a J a∗∈ → ϕ < ϕ ∧ ϕ < -non-mastered region;

( ) ( ) ( ) ( )f fKS : a KS a a J a, J a∗ ∗∈ → ϕ < ϕ ∧ ϕ ≥ -mastering form.

The front KSf is a subset, defining all elements, 
available for the mastering. The control function F
specifies a set of possible actions Df of the student, 
mapped to front elements KSf, such, that their
performance is promoting the front in the area of
undeveloped elements. The learning process is
completed, when the front collapses to a single element 
I of lattice KS, integrated all the knowledge space and
thus the state of the student satisfies mastering level
Φobj, defining achievement of learning objectives.

The control parameters of the learning process 
model

Parameter ϕ* specifies the requirements for the
minimum mastering level of each element in the
knowledge space, i.e. allow you to set a threshold 
differential assessment of each space element
mastering. Parameter J* sets the minimum accumulated 
knowledge level, that determines the space elements 
mastering possibility, i.e., J*(a) sets a threshold
cumulative assessment of the subspace knowledge
assimilation level, defined by the element a. The value 
of the parameter J*(a) is determined by the ϕ* and space 
structure aI∅  and is selected from the interval:

( ) ( )( ) ( ) ( )
( )( )

min max
min ij

max ij

J a f y J a J a

f y

∗ ∗ ∗= λ ≤ ≤

= λ

∑
∑

(13)

where f(λ)-a method of adding λi;
λmin, λmax-lower and upper bounds on the scale 
{ }min max,...,ϕΛ = λ λ ;

i = [1,n], where b
an C= -length of the i-th chain; 

i = [1,m], where ( )a
0m L I= -the number of linear orders 

of interval a
0I  (number of maximum chains, that supply 

energy to the element a).

The set of states Φobj, satisfying the learning 
objectives, determined by the specified parameter
values ϕ* and J* and is itself a model parameter.

Mechanism to evaluate the results of the learning 
process: To assess the level of knowledge in the
learning courses  LC, subregions are allocated,
corresponding to the individual sections of knowledge 
and skills set that determine the student's ability to 
apply their knowledge. Each knowledge section is
mapped to a subset Kn

i LCΩ ⊂ , affecting the acquisition 
of knowledge by this section. Each skill is matched 
subset Sk

j LCΩ ⊂ , affecting the mastering of this skill. 
To ensure the completeness and coherence of the
selected subset, sections Ω i  are being completed to 
subspaces Ω i →KSi.

Introduced the section mastering µ  measure
concept Ω i:

i
i

i
i

sup(KS)
i inf (KS)

sup(KS)
max i inf (KS)

J ( ,sup(KS)|I )
J( ,sup(KS) | I )

ϕ
µ =

ϕ
(14)

As the current state mastering ratio of the subspace 
KSi on the interval i

i

sup( KS)
inf (KS)I  to state of mastering KSi,

defined by interval

i

i

sup( KS)
inf(KS) max max max iI , : (a) , a KSϕ ϕ = λ ∀ ∈

Assessing learning results, involves multiple
assessments of mastering on sections of knowledge 
Knowledge  and skills Skills :

Kn Kn Kn
1 2 nKnowledge:{ , ,..., }µ µ µ →Λ (15)

where
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Kn Kn *
i i(KS , , )µ = µ ϕ ϕ

the knowledge level of the i-th section; 

Sk Sk Sk
1 2 nSkills:{ , ,..., }µ µ µ →Λ (16)

where
Sk Sk *
i i(KS , , )µ = µ ϕ ϕ

proficiency in the i-th skill. 
The level of knowledge development and learning 

course skills LC⊂KS in a whole: 

Kn
Kn

Kn
max

J( ,sup(KS ))
J( ,sup(KS ))

ϕµ =
ϕ

Sk
Sk

Sk
max

J( ,sup(KS ))
J( ,sup(KS ))

ϕµ =
ϕ

(17)

where KS-learning course knowledge space.
Interpretation of the learning process as a managed 

wave process 
Changing the position of the front KSf through 

time and the front propagates in space. This allows us 
to interpret the learning process as a managed wave 
process of knowledge mastering. 

Knowledge space KS treated as a discrete medium, 
to which the shock wave, carrying energy, is
propagated. State ϕ of the student's mastery in the 
knowledge space KS is interpreted as the energy of the 
wave, received from the student as a result of his 
actions for the mastering space, while the ϕ(a)-is the 
energy of element a, received from the student as a 
result of that element mastering. The amplitude A(ci) is 
a flow of energy, delivered to one element a by the 
maximum chain and determines the knowledge
accumulated by all elements of the chain. Respectively, 
the superposition of amplitudes J(ϕ,a)-is the flow of 
energy, delivered to the current a by all chains and
defining mastering of all the elements, required for the 
mastering a. When the energy flow J(ϕ,a) reaches a 
threshold value J*(a), element a becomes open for wave 
propagation and increase its power as a result of student 
actions. The totality of all these elements determines 
the wave front KSf.

Thus, the interaction of the student with the
training course ϕi+1 = di+1(ϕi) interpreted as the spread 
of knowledge wave in the space, that carries energy; 
and, if this sequence is interpreted as a time di. Process 
management is to manage the progress of the wave 
front so, that the wave covers all the knowledge space, 
which, in turn, means the achievement of learning
objectives (Fig. 6).

a ... ...

Wave front

A(ci)Energy streams

Wave

Fig. 6: Mastering knowledge process wave 

The organization of the learning process, based on 
the proposed model, allows controlling student actions,
in accordance with his level of knowledge, individual 
characteristics and gives him the freedom to choose, 
what to do for the development of the knowledge space, 
defined by its current state. Student makes his own 
decision on the choice of the appropriate actions,
required for the mastering of the knowledge space.
Thus, the learner identifies the logical connections 
between the space elements and develops knowledge 
space as systematically organized structure, which leads 
to the student's complete knowledge system synthesis.

Model of learning process integration with game
process: A method of learning process integration with 
the gameplay is developed [10, 11]. Each component of 
the learning process is compared to its equivalent
interpretation of the game context: 

• Game scenario developed as an interpretation of 
the training course;

• Student performance is considered in the context of 
game play; 

• Learning process is implemented as a player
interaction with the game scenario. 

Interpretation of the learning process model in a 
role-play educational game

Learning course as a virtual world: Key concepts of 
the training course are interpreted as a system of rules 
of living in an artificially created virtual game world. 
Each element of the learning course structure (1) is 
interpreted as an element of the game script:
a∈LC→ga∈gC, where a-element of the learning course 
structure LC, ga-element of the game scenario gC. The 
set of gC complemented by script elements, not an 
interpretation of the learning course, in a way that does
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not infringe any logical connection between the
elements of the learning course structure: α: gC→GC,
where α-a monomorphism of structures. A set of
GC is embedded in the lattice: GC⊃KS, defining the 
knowledge space of the training course (2).
Thus, the model of the game scenario is as follows:

KS GC,*,=< ⊕ > (18)

where GC-a set of the game scenario elements, *,⊕-
operations on elements.

The virtual world, as a model of the training
course, having no original in fact, proposed to call 
simulacrum model. Modeling method, which creates a 
new "virtual" object (simulacrum), for which the
original object is a model, it is suggested to call
simulacrum modelling. In order to enable the external 
representation (visualization) simulacrum-model can be 
endowed with additional properties that are not inherent 
in the object model. This is a difference of the
simulacrum modelling from simulations of real-life
objects and phenomena, in which the model is a
simplified description of the essential object.

Student as avatar: Player in the game is represented 
by his avatar-a game character, which is associated 
with the player himself. Student's state is interpreted as 
an avatar gaming experience: ϕ→experience, student's 
actions to mastering his knowledge space-like gaming 
activities: d→gameAction. During the game player
performs actions and accumulates a gaming experience, 
that reflects his achievements in the training course 
mastering: experience: GC→Achievements, where GC-
a set of game scenario elements; Achievement-set of 
assessments of player's achievements. Player model, as 
the interpretation of the student model (3) has the form: 

Avatar Experience,GameActions=< > (19)

where Avatar-the game character, which identifies itself 
a player; Experience-a set of player game states;
GameActions-a set of player's game actions.

The process of learning is an avatar life in the 
virtual world (Fig. 7): Mastering the rules of existence 
and survival in the world, self-development and
development of the other characters. Player's life model 
in the virtual world as the interpretation of the
interaction model of student with learning course (4) is:

i 1 i 1 iexperience gameAction (experience)+ += (20)

Example of using the model of the learning process 
for the educational game development

Life in a virtual game world

AvatarVirtual game world
(simulacrum of learning course)

Fig. 7: The process of learning as a avatar life in the 
virtual world

Fig. 8: "Professor Kamaev" transformation into Cammy

The developed model of the learning process is 
implemented in a role-play educational game "Cammy" 
[12]. The objects of study in the game are the object-
oriented technology of programming (OOP) and the
programming language C #. Highlighted the key
concepts of OOP, developed a virtual game world as a 
simulacrum of the object-oriented paradigm. The main 
character of the game is  "Professor Kamaev" (with 
permission of Department of CAD and SD Head of
Volgograd State Technical University, prof. Kamaev 
V.A.) whose consciousness, in a result of bad
experiences, moved to a small robot Cammy (Fig. 8).

The learning process of the game is interpreted as a 
Cammy’s life in the virtual world. The player must 
control the behaviour of Cammy that fits in this new 
world for him. During the game the player mu st first 
answer the main question-"Who am I in this world?"
and it is interpreted to terms of object-oriented design,
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Table 1: Description of the training course fragments 

Element Element content

a Write the function MoveForward header, realizing moving forward. 
b Develop an function MoveForward algorithm, realizing moving forward.
g Do you want to change the shape of Cammy? Write a method TransformToSnake to convert Cammy into snake.
c Write a function MoveForward call and try to move Cammy forward.
d Let's modify the method MoveForward so that it was possible to increase the speed of movement.
e Let's teach Cammy to jump, then he will be able to jump over the obstacle. To do this, add to class Cammy method Jump, 

implementing jump.
k Can't you dest roy enemies from a distance? Add to the Cammy class interface the method Shoot, which will allow Cammy to shoot.
f Don't you tired of running away from the enemy? You can teach Cammy to fight them off. Let's write method Beat and add it 

in the class Cammy.
m To convert the Snake to Cammy write method TransformToKammy, which allow to convert the shape Snake in the form of Cammy. 

g

b

d

Learning course

c

f

a

e

k

m

Fig. 9: A fragment of the training course of game
"Cammy" structure

using the concepts of class and object. In order to 
survive in this world, the player must learn how to 
move around, but to do that, he must develop
appropriate methods of the main character class. The 
player meets the other inhabitants of the world, often 
hostile, he has to survive and adapt to the world. To do 
this, the player must add, modify already created and 
add new methods and classes. In particular, he can 
create class methods, allowing his character to change 
the form, depending on the circumstances and,
respectively, to acquire new properties and behavior 
characteristic of each form. 

A fragment of the training course structure is
shown in Fig. 9, the fragments descriptions are listed in 
Table 1.

We distinguish two levels of play: basic level 
and a free game. At a basic level, the player is studying 
the basic principles of OOP. In free play mode the
player expands the game world and mastering the skills 
of programming. A threshold value of mastering

min(a 1)∗ϕ = λ − =  is specified. For the basic level we set 

the threshold of mastering minJ (a) J(a)∗ = , which allows 
you to move in the knowledge space in the ϕ = ϕ*. In 
free play mode 

min maxJ (a) (J(a) J(a) ) / 2∗ = +

To calculate the |A(ci)|, as a summation function 
f(λ) used additive convolution: 

( ) ( )( )i iA c y= λ∑

The level of knowledge mastering, defining the
opportunity to develop element a, calculated by the 
recursive formula: 

( ) ( ) ( )( ) ( )i i iJ ,a J ,a ,a | A cϕ = ϕ + ϕ∑ (21)

where ai-the maximal elements of the ideal ∆a|{a}.
During the game, each player builds up, in their 

own, process of knowledge space mastering, depending 
on the level of the accumulated knowledge and
preferences, determined by its current state. A fragment 
of the knowledge space mastering process in the game 
"Cammy" is shown in Fig. 9.

To assess the learning outcomes, 10 sections of 
knowledge and 9 skills were identified in the training 
course, each section of the knowledge and skills
matched set of learning course elements, affecting the 
relevant section. 

To test assignments we use regular expressions and 
unit testing with the help of,NET environment. To 
visualize the results of learning we use the technology 
map and the scale of skills, which are usually employed
in a role-playing game for the evaluation of
achievements.

This game has an open model of software: in the 
course of the game the player can view UML diagrams 
of game design, fragments, describing the class
interface and implementation of the game class
methods, other game code fragments itself. To develop 
a  program  core  of  game,  open free components were
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g a b

a+b

c d k
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KSd

KSf

KSl
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Ø

g a b

a+b

c d k

...
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g a b

a+b

c d k

...

Ø

g a b

a+b

c d k

Step 1
...

Ø

g a b

a+b

c d k

x

...

Ø

g a b

a+b

c d k

KSl
KSl

KSf

KSf

KSf

KSf
KSf

KSd KSd
KSd

KSd KSd

Step 2 Step 3

Step 6
Step 5Step 4

->Step 7

– element chosen for learning
KSd – studied (known) area
KSf – front
KSl – unknown area

Fig. 10: A fragment of the training course of game "Cammy" structure

1) Development of a method MoveForward 2 Visualization of the task on method 
MoveForward development solution

3) To move down you have to 4) Development of a form transformation 
change the shape of Cammy method TransformToSnake

Fig. 11: Continued
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5) Visualization of the task on method Transform 6) Visualization of the wrong solution
ToSnake development right solution

Fig. 11: The game "Cammy" screen forms

used: graphics core (Ogre3d), the script interpreter
(Lua), a library of regular expressions (PCRE),,NET
environment.
Screen forms of the game are shown in Fig. 10.

To assess the learning outcomes , 10 sections of 
knowledge and 9 skills were identified in the training 
course, each section of the knowledge and skills
matched set of learning course elements, affecting the 
relevant section. 

To test assignments we use regular expressions and
unit testing with the help of,NET environment. To 
visualize the results of learning we use the technology 
map and the scale of skills, which are usually 
employed in a role-playing game for the evaluation
of achievements. 

This game has an open model of software: in the 
course of the game the player can view UML diagrams 
of game design, fragments, describing the class
interface and implementation of the game class
methods, other game code fragments itself. To develop 
a program core of game, open free components were 
used: graphics core (Ogre3d), the script interpreter
(Lua), a library of regular expressions (PCRE),,NET
environment.

CONCLUSION

The developed game "Cammy" is used for CAD 
and SD department of Volgograd State Technical
University under the instruction of second year students 
for subject "Programming in high level languages." To
evaluate the applicability of the model of the learning 
process survey was conducted in a group of students.
All of the students said that the game helped them to 
understand the idea of object-oriented paradigm and the 
basic principles of object-oriented programming and 

increased their interest in learning the discipline as a 
whole. In this case, the students noted the high quality 
of the game: attractiveness of the plot and rich gaming 
experience. Thus, the developed model can be used to 
develop educational computer games, as it allows you 
to achieve the learning objectives in the gameplay. 
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