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GAZE DIRECTION MONITORING MODEL IN COMPUTER SYSTEM FOR

ACADEMIC PERFORMANCE ASSESSMENT

Abstract. This paper focuses on the research and application of eye movement and gaze direction
analysis in online testing systems. The practical novelty of the proposed model of monitoring the
direction of gaze in a computer-based knowledge control system lies in the possibility of automated
remote control over a large audience of students. The practical significance lies in creating the same
conditions for computer testing for all students and increasing the correspondence of knowledge
level to the received test results. The implemented and tested system is relevant and necessary in
higher educational institutions, particularly in Ukraine, where remote education has emerged as the
safest means of acquiring knowledge. This is especially true for fields of study where practical tasks
and laboratory work do not necessitate a student's physical presence at the institution. That is why
the application of the latest information technologies is extremely important. The dynamic
authentication based on the sequence of eye movements proposed in the model allows error-free
user's eye area detection for further analysis of the test subject's behavior. The proposed
authentication method excludes the need to enter passwords or CAPTCHAs, ensures the speed of
determining the user's presence.-Further analysis of the user's direction of vision includes responding
to the information received, such as skipping a question or the need for re-authorization. Question
skipping occurs when the system decides that the user has not been looking at the screen for an
extended period (looking sideways, down, up for more than 30 seconds). Re-authentication becomes
necessary if the user exits the test or if there is a user replacement. Real-time gaze control capability
is implemented by using massive parallel processing system (NVIDIA GeForce GTX 1650 graphics
card) for calculations. The analysis of the results obtained shows that the proposed approach allows
gaze detection at different illumination ranges (from 0.3 lux to 10,000 lux), as well as to detect states
of the user's eyes that violating test rules for further system response (skipping a question or re-

authentication request).
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1. INTRODUCTION

The problem statement. For years, Ukraine has been paying a lot of attention to the
development of distance education. For schoolchildren and students from the temporarily
occupied territories, frontline territories and areas of active hostilities, e-learning is the most
effective tool for ensuring access to education. In response to the full-scale invasion of the
Russian Federation into Ukraine and the introduction of the legal regime of martial law, the
Law of Ukraine "On Education™ was amended. Specifically, Article 57-1 was added to establish
state guarantees during the period of martial law. One of such guarantees is the organization of
educational process in a remote form or in any other form that is the safest for its participants
[1]. However, the active stage of transition began on 12 March 2020, when, according to a
resolution of the Cabinet of Ministers of Ukraine, education in all educational institutions of
Ukraine was transferred to a distance format because of COVID-19 pandemic.

There are many definitions of remote education:

firstly, remote education is an individualized process of education, which takes place
mainly via indirect interaction of participants of remote educational process in a
specialized environment, which operates on the basis of modern psychological,
pedagogical and information and communication technologies [2];

secondly it is organized self-education carried out within educational institution, and
confirming the acquired qualification with the relevant document;

thirdly, and most meaningfully, in our view, it is a synthetic, integral, humanistic
form of education based on the use of a variety of traditional and new information
technologies and their technical means used to deliver educational material, its
independent studying, and organization of a dialogical exchange between teacher and
students, when learning process is not limited in space and time and does not involve
the constant, mandatory presence of students in a particular educational institution

[3].

Characteristic features of distance learning include the following: it is based on
information technology, basis of distance education is software and methodological support,
lack of unified standards for technical support and user identity verification [4], [5], [6].

In 1997, the Association of Users of the
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Figure 1. Chronology of the distance education in Ukraine development

Previously, the development of modern information technologies drove the improvement
of the education system. However, in today's context, the widespread adoption of distance
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education in most of Ukraine necessitates ongoing enhancements and modernization of
information technologies [7], [8].

The chronology of the development of remote education in Ukraine is illustrated-in Figure
1. The history of distance learning in Ukraine commenced over twenty years ago. Current
challenges faced by the Ukrainian education system require the creation of an education system
that will ensure the transition to "lifelong education”, while maintaining openness of learning
and active communication between a teacher and a student through modern information,
communication and multimedia technologies [9].

The implementation of remote education in Ukraine is regulated by a number of regulatiry
instruments, namely "The National Doctrine of Education Development", "The Concept for the
Development of Remote Education in Ukraine”, "On the National Informatization Program”,
the Laws of Ukraine "On Education” and "On Higher Education”, and the Order of the Ministry
of Education and Science of Ukraine "On Approval of the Regulation on Remote Education™,
Currently, the Department of Higher Education of the Ministry of Education and Science of
Ukraine, the Ukrainian Institute for Information Technologies in Education, and university
departments are responsible for organising and implementing remote education in Ukraine.

The forced transition to remote education, spanning over four years, has compelled
educators to adapt to new realities and address the challenges that arose at the beginning of the
pandemic. Presently, remote education should be viewed as a distinct form of education rather
than a temporary alternative to full-time education. As such, it necessitates ongoing
improvement, updates, and cyclical development of all components within the virtual
informational and educational environment. This makes the topic of this paper relevant and in
high demand.

[ Educational process }
[ Classroom education ] E-learning
1. Educational + online (synchronous education
! method);

process form . .
+ offline (asynchronous education

method).

(/ Conventional educational
2. Educational enviromment :
environment * in person seminars;
+ in person trainings;
*  in person tests;
* in person examinations :
K- in person briefings.

Online informational-educational
environment :
electronic information resources;
electronic educational resources;
informational technologies;
telecommunication technologies. /,

3. Educational Development

programs development
stages based on
ADDIE model

Implementation

4. Educational
program
implementation

Formal education system ] [ Learning Management System

Figure 2. Organization of different educational process forms

Analysis of recent research and publications. A detailed analysis of the research area
was conducted based on the following criteria: the educational environment, the stages of
educational curriculum development, and their dependence on the form of the educational
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process, as well as the ways of implementing educational programs. The analysis in Figure 2
shows that any form of education involves general stages of curriculum development, which
are, in their turn, cyclical (ADDIE step-by-step curriculum design model [10], [11]: Analysis;
Implementation; Evaluation. All steps of ADDIE model are
interconnected. Each stage generates results that form a basis for the next stage.

Implementation of the steps of curriculum development in remote education is achieved
through the use of learning management systems (LMS).In addition to setting goals and
objectives of education, selecting and sequencing teaching methods (Figure 3), another
important step is to assess learning activities, which is carried out following these

Design; Development;

principles [12]:
— planning;
—  systematicity a
—  Objectivity;

nd consistency;

— openness and transparency;
—  cost-effectiveness;

— thematic (modularity) principle;

— taking individual capabilities of students into account;
— unity of demands.
Knowledge check is the final stage of the educational process. The efficiency of
management of educational process and quality of specialist training largely depend on its

correct organisation [13].

1. Knowledge
assessment structure

2. Knowledge
assessment fypes

3. Forms of knowledge
assessment

Figure 3. Assess knowledge and skills as the final stage of any form of educational

[ Assessment of knowledge and skills in the ]

learning process

- preceding(input);

- on-going:
- intermediate;
- modular;

- final;

- residual knowledge;

Verbal knowledge
assessment:

- interview:;

- verbal test;

- verbal examination;

—

Written knowledge
assessment :

- testing;

- coursework;

- essay;

- report(scientific or
research);

process

Knowledge assessment with
technical and information
systems:

- e-learning tasks and
workshops:

- e-learning tests;

- electronic certification tests;

J/

The main requirement for the academic performance assessment system is to ensure the
quality and reliability of information to make correct and effective decisions on learning process
management. The goal can be achieved by improving the most common form of academic

validity:
— efficiency;
—  Objectivity
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— reliability;

— and psychological and ethical aspects of the academic performance assessment
system.

performance assessment in LMS is test-based control, which is the focus of the research
in this paper. Some of the existing solutions that have been implemented in the educational
process include Examus, Exam Cookies, Exam Monitor, Proctortrack, Black Board, ILIAS,
Desire2Learn, RedClass, elLearningServer, MOODLE, Assistant Il, eTest, MyTest X,
VeralTest, SunRav TestOfficePro, and others.

Reviewed knowledge testing systems differ in the following aspects:

— rights distribution — administrator and user modes existence;

— anoption to make tests in the application;

— option of uploading tests that have been prepared in advance according to a certain

template to application;

— test editing capabilities for tests that have already been created or uploaded,

— evaluation and recording of the results for all users who have passed the test;

— user access management in database by administrator;

— moving between questions or returning to the previous ones;

— time limit for the test, which can be configured;

— message sending to a specific student;

— additional opportunities to increase validity and reliability, such as: monitoring user's
clipboard; tracking active user processes; taking screenshots of the working area of
the computer screen; taking shots from a web camera; obtaining the active URL in
different browsers; obtaining a list of pressed keyboard keys; getting a list of network
connections and processes; the use of a web camera for continuous monitoring; real-
time tracking of the testing process; etc.

The given broad functionality of the existing remote computer knowledge testing systems
is not able to limit the use of third-party auxiliary materials by students, and therefore is not
able to ensure the reliability of knowledge assessment.

Gaze tracking is widely used in various fields (Table 1) [14], [15],[16] so in this paper, it
has been proposed to apply it in pedagogical activities to increase the reliability of remote
computer knowledge testing systems. The proposed solution does not course discomfort for the
tested person and does not extend the test time. This underscores the practical novelty and
significance of the proposed solution.

Table 1
Fields of use for gaze tracking methods
Field of use Accomplished tasks
Clinical and medical gaze movement analysis helps in diagnosing autism, studying perceptual and
research cognitive development, ADHD, eye diseases, and others. It is also used in
communication systems for completely paralysed people
Education, reading and gaze monitoring is a tool for objectively measure human language processing
language research
Management of in the management of complex systems, for example, in aviation, eye tracking

engineering developments | allows you to monitor the gaze, improving human-machine interaction
Marketing and consumer gaze monitoring helps to obtain cognitive data by monitoring the respondent's
research gaze. It is one of the most reliable methods in understanding how customers
view and respond to advertising messages in retail and media channels. An
example of its application is the study of web content usability

Solutions to the tasks listed in the table are usually complex and can be decomposed into
the following sub-tasks [17], [18]: determination of gaze direction; monitoring of the duration
of gaze fixation, both fast and smooth eye movements between fixations, gaze and maximum
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eye movement speed; analysing eyelid movements through observation of how wide eyes are
opened, how often a person blinks and how long their eyes remain closed; analysing eyeball
state, for example, redness, degree of pupil dilation/contraction (which is known to be an
indicator of excitement); etc. [19], [20].

The weaknesses of remote testing include:

— cheating. This phenomenon greatly reduces the objectivity of knowledge assessment,
so one of the proposed solutions can be considered blocking educational material
during testing, but this will not solve the problem, since the resources of the World
Wide Web are much wider than textbooks. That is, this problem does not yet have a
solution;

—  being tested by another person. Access to the curriculum is provided using individual
passwords. Separately, you can connect a proctoring system, when what is happening
on the monitor is monitored by an administrator or teacher using a webcam, but this
approach limits the number of students taking testing at the same time. That is, this
problem does not yet have a solution;

— falsification of results. Modern platforms use statistical protection during testing and
special algorithms that help identify fraud;

— selecting answer options at random. You can make and add active test formats: finish
a thought or write the answer on a blank line;

— transferring the correct answers to those who have not yet taken the test. This problem
can be controlled by changing the order of questions.

The research goal. The goal of this paper is to improve the reliability of students'
knowledge assessment when using remote system for academic performance assessment. This
is achieved by monitoring and evaluating the student's gaze direction, thereby ensuring the
absence of the use of additional external materials, literature, and electronic gadgets.

In order to reach this goal, the following objectives should be fulfilled:

— justification of relevance and demand for improvement of reliability of remote

system for academic performance assessment;

— analysis of existing knowledge control systems to identify their functional
capabilities and limitations;

— development of a generic computer-based knowledge testing model with enhanced
assessment reliability through monitoring the gaze direction;

— implementation of users' gaze monitoring fununction;

—  results analysis.

This paper proposes an approach to improve the reliability of knowledge assessment
through the use of web cameras for continuous monitoring and analysis of the test subject's
gaze direction, provides qualitative characteristics of the testing results of proposed approach,
and justifies the psychological and ethical comfort and legal aspects of testing with the proposed
extension.

2. THE RESULTS AND DISCUSSION

As certain forms of learning and knowledge control can either help students show valid
learning results by stimulating their academic integrity, or hinder academic integrity, especially
where the higher educational establishment and its scientific and pedagogical stuff neglect the
latest technologies of control, and since the quality control of the acquired knowledge and the
form of its implementation are important parts of the contract for the provision of educational
services in higher educational establishments, it’s vital to acknowledge that improving and
expanding the functionality of existing learning management systems is an urgent and in-
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demand task.

Our project was implemented using Python because of the wide range of standard libraries
and frameworks and large community of developers, which means that additional packages and
libraries are constantly being developed and features are being extended [21], [22]. A summary
model for gaze direction monitoring in a computer cystem for academic performance
assessment is shown in Figure 4.

Test assessment system Methods of image

l processing l

Gaze direction monitoring model in a computer-based
knowledge management system

Tmages of the fest-

faker's eve Results

Automatic authentication
module based on the Gaze direction
- sequence of human eye management module
movements

Loaded test

High-performance I
computing system

Test driver I

Figure 4. Gaze direction monitoring model in computer system for academic
performance assessment

The following libraries were used in the development:
—  Tkinter — library, that includes operations with windows, their elements, and layouts.
In a project, this library provides structure of the user interface [23];

— openCV - library for images processing, received from camera;

— dlib — library for face and its elements detection;

—  Pillow — library for converting images into a format for use with Tkinter;

—  Math — library for carrying out calculations;

—  Time — library that contains functions which are used to work with time;

— Threading — a library for working with threads. In the project, this library is needed

to simultaneously run both the interface and camera data collection.

— numpy - library for array processing [24].

The first step of the model is to determine whether a human user is available for testing
at the moment. In order to determine this, we propose to use dynamic authentication based on
a series of eye movements (Figures 5-6). To do so, the user is required to perform a series of
eye movements in accordance with the commands displayed on the screen of a computer or
mobile device, for example:

—  blink ability test;

— gaze focus ability test;

— gaze divertion abilit)'/ test.
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Figure 5. Authentication: a) reaction to the command "look to the left"; b) reaction to
the command "look to the right"

The advantage of this authentication method is the absence of need of passwords or
CAPTCHAS, the speed of user presence detection, and the error-free location of user's eye area
for further analysis of tested's behaviour.

ame Face contour .
Input frame . Eye area locating
sequence detection

l

Decision
ki . 'l g
magng Gaze focus ability test H Blink ability test }

Figure 6. Human eye movements analysis (authentication process)

After confirmation that a tested person is a human and locating the area of interest — the
eye area — management is delegated to the gaze direction monitoring module.

The formal algorithm of the application is illustrated in Figure 7.

The images are processed frame by frame in real time. Each image is converted into a
two-dimensional array, providing information about the direction of view and the user’s face.

Enter(test launch)

Gaze direction

Switching on a control

Camera

Face detection

Is face detected?

Tes

Are eyes opened
and looking
forward?

No

Time without an
open eye is more
than 60 seconds?

Eye area locating

Exit

Is the eve area
image normalized?

Figure 7. Application algorithm

The ability to detect faces and locate the eye area was tested and found to work correctly
in different illumination ranges from 0.3 lux to 10,000 lux (Figure 8).
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Figure 8. Application result at 1 lux illumination

The second step (gaze direction monitoring module) of the proposed model of gaze
direction monitoring in computer system for academic performance assessment is time-
consuming and must operate in real time, so all further eye condition processing was transferred
to a massively parallel processing system(GPU). The system’s response to the "openness” of
the eye is demonstrated by an increase and decrease of the circle above the user in Fig. 9.

Figure 9. Evaluation of eye openness

Analysis of the user's gaze direction involves a response to the information received, such
as skipping a question or re-authorisation demand. Question skipping occurs when system
decides that user is not looking at the screen for a long time (Table 2). Re-authentication is
required if the user has moved away from the screen or if the user has been replaced.

Eye conditions that are considered to be violations of behavioural norms during the test
are shown in Table 2. If one of the above states is detected by the system and lasts for more
than 30 seconds, the system automatically moves on to the next question, concluding that the
current one is not known.

Table 2
Unacceptable gaze states of the user during testing
State explanation Example
Long sideways stare (longer than 30 L
seconds)

71



DOI: 10.33407/itlt.v99i1.5503 ISSN: 2076-8184. Information Technologies and Learning Tools, 2024, Vol 99, Nel.

Long stare over the camera (longer than 30
seconds)

Long stare down (longer than 30 seconds)

For the further development of the proposed model, it is planned to rely on the Concept
of the development of artificial intelligence in Ukraine [25], that defines the implementation of
informational technologies, including artificial intelligence technologies, as an integral
component of development of social and economic, scientific and technical, defense, legal and
other activities in the spheres of statewide significance. Actually, education is also a sphere of
statewide significance. Considering this, it can be confidently emphasized that the usage of
artificial intelligence technologies contributes to a significant improvement in the quality of the
educational process, in particular for knowledge control, where the tasks of authorization and
authentication can be solved by artificial intelligence methods. Such innovations will contribute
to the fact that the student (cadet) will be more focused on the task, realizing that s/he will not
be able to resort to dishonest methods of passing control, which increases the level of reliability
of the results obtained.

Contribution to the scientific research presented in the article. To implement the
tasks, theoretical methods of scientific and pedagogical research were used (studying the
literature on the research topic; studying and summarizing the pedagogical experience of
training and evaluating the knowledge of bachelor's and master's students who study in the
distance form of education; modeling) as well as mathematical (methods and algorithms of
digital image processing — image normalization, noise deletion, area of interest detection).

Contribution of the authors to the article: the idea of writing the article, development of the
research methodology, analysis of the obtained results — O. Barkovska, development of methods
for detecting the area of interest (eyes), gaze direction and eyes state, translation in English —
Ya. Liapin, analysis of the model proposed in the article control of knowledge during distance
learning from the point of view of the educational process, as the process of providing an
educational service, literature design, manuscript correction — T. Muzyka, development of the
image pre-processing pipeline, graphic design of the article — 1. Ryndyk, selection of theoretical
material for the content of the article, analysis of available works on the topic — P. Botnar.

3. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

This paper results in the model for gaze direction monitoring in computer system for
academic performance assessment. Testing of the model provides improvement of accuracy of
students' knowledge assessment by analysing gaze direction of the examinee, which in turn ensures
the impossibility of using additional, third-party materials, literature, or electronic gadgets.

The practical novelty of the proposed model of monitoring the direction of gaze in a
computer-based knowledge control system lies in the possibility of automated remote control
over a large audience of students. The practical significance lies in creating the same conditions
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for computer testing for all students and increasing the correspondence of knowledge level to
the received test results.

The research problem is actual and in demand among universities, and in particular in
Ukraine, since classroom education is not currently possible due to the full-scale invasion of
Ukraine by Russian Federation. Extended analysis of the research area has shown that any form
of education includes common stages of educational program development, among which
assessment of students' knowledge is mandatory and essential. The contract for the provision
of educational services in higher educational establishments generally possesses a dispositive
legal nature, although it also incorporates imperative elements, such as the quality control of
study results. At the same time, we consider it to be the duty of higher educational establishment
to provide students with the proper conditions for passing current and final control, as well as
certification. In the conditions of remote learning and in accordance with the requirements of
the digitalization of education, the usage of specialized software for the assessment of
knowledge is organically gaining in demand, which do not require additional efforts from the
students but allow them to focus on the performance of control tasks.

This model consists of two modules: a module that provides automatic authentication
based on the eye movement and a module for gaze direction monitoring. The first module
involves determining whether a human user is currently ready to take the test. To do this, we
use dynamic authentication based on a series of eye movements that follow commands given
on the monitor screen. The advantage of this authentication method is the absence of need of
passwords or CAPTCHAS, the speed of user presence detection, and the error-free location of
user's eye area for further analysis of tested's behaviour. Analysis of the user's gaze direction
involves a response to the information received, such as skipping a question or re-authentication
demand. Question skipping occurs when system decides that user is not looking at the screen
for a long time (looking sideways, down, up for more than 30 seconds).

The analysis of the results demonstrates the capability to detect the gaze at various
illumination ranges (from 0.3 lux to 10,000 lux) and identify specific states of the user's eyes
(sideways stare longer than 30 seconds, upward stare lasting longer than 30 seconds, downward
stare lasting longer than 30 seconds). These states can be indicative of violations of test rules,
prompting the system to respond accordingly, such as skipping a question or initiating a re-
authentication request.

The next possible steps in the model's development include the research and
implementation of methods for accelerated high-precision user authentication using face
recognition with gaze-based password input.
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AHoranis. Poboty npucBsdeHo iHTerpaiii JOCIiKeHb Ta BUKOPUCTAHHS aHAJI3y pyxy oded Ta
HaripsIMKY 0Oorjisgay B CHUCTEMax OHHaﬁH-TCCTyBaHHﬂ 3HAaHb CTleeHTiB. HpaKTI/I'-IHa HOBU3HA
3aPOIIOHOBAHOI MOJIENli MOHITOPHMHIY HAIPSMKY MOMJISNY B KOMII'IOTEPHIM CHCTeMi KOHTDOJIIO
3HaHb MOJNATA€ B MOXJIMBOCTI aBTOMATH30BAHOTO BiJIAJICHOTO KOHTPOJIIO HAall BEJIUKOIO
ayAMTOpi€r0 CTyAeHTiB. [IpakTMuHAa 3HAYYHIICTH IOJSITA€ Yy CTBOPEHHI OJHAKOBHX YMOB
MPOXO/KEHHS KOMIT'FOTEPHOI'0 TECTYBAaHHSI JUIS BCIX CTYACHTIB Ta IiIBUILIEHHS BIAMOBIIHOCTI PiBHS
3HaHb OTPUMAHKUM pe3y/IbTaTaM TecTyBaHHs. Peasi3oBaHa Ta MPOTECTOBAaHA CUCTEMA € AKTYaJIbHOIO
Ta 3aTpeOyBaHOI0 Yy BHIIMX HAaBYAIBHHUX 3aKJa/iaX, 0COOIMBO B YKpaiHi, Jie AMCTaHIIHHA OCBiTa
nepeTBopuiach Ha HalOUIbII Oe3neyHuil crocid 3100yTTS OCBiTH, 0COONMMBO Juisi TUX cdep, ae
HEMae HEOOXIJHOCTI NPOBOJUTH MPAKTHYHI 3aHATTS, JabopaTtopHi pOOOTH, sIKi BHMararoTh
nepeOyBanusi cryaeHra B 3BO. Tomy 3acrocyBaHHs HOBITHIX 1H(OpPMAaLidHUX TEXHOJOTIH
HaBYaHHsA HaOyBa€ OCOOJHMBOrO 3HA4YeHHs. 3ampOIOHOBaHA B MOJENl MOHITOPHHTY JMHAMiYHA
ayreHTH(IKaIisl Ha OCHOBI MOCIIJIOBHOCTI PyXiB OdYeil /103BOJIsiE OE3MOMMIKOBO JETEKTYBATH
obmacte oOved KopHCTyBaua JUIsi TOJAJNBIIOrO aHali3y T[OBEIIHKH  BHUIPOOYBAHOTO.
3anponoHoBaHuii cnocid ayrenTudikaiii He nependadae BBeaeHHs mnaponiB abo CAPTCHA,
3a0e3neuye MIBUIKICTh BH3HAYEHHs MPHCYTHOCTI KopucTyBaua. [lomanblimii aHami3 HampsMKy
MOTJISITy KOpUCTYBada repeidadae pearyBaHHs Ha OTpHUMaHy iH(OpMaIlliio, a came — IMPOIyCK
MUTaHHS 200 HeOOX1HICTh MTOBTOPHOI aBTOpu3allii. [Ipormyck nmuTaHHs BUHUKAE TOI1, KOJIU CHCTEMa
BHpIIIye, 0 KOPUCTYBAY JOBIO HE AMBHUTHCS Ha eKpaH (Torisia BOIK, BHHU3, Bropy moHan 30cek).
[ToBTOpHA aBTeHTH(]IKAILiS BUMAra€ThCs y BHIAJKY, SIKIIO KOPUCTYBay BiMIHIIOB BiJ ekpaHa abo
BimOynach 3amiHa KopucTyBada. [liqTprMKa MOKIHMBOCTI KOHTPOIIO MOTJISITY B PEKUMI PEeaTbHOTO
Yacy 3MIACHIOETHCS 3aBISKHA IEPEHECEHHI0 OOYMCICHh Ha CHCTEMY 3 MacOBHM Iapalieli3MOM
(rpadiuna xapra NVIDIA GeForce GTX 1650). Anami3 oTpuMaHHX pe3yibTaTiB MOKA3ye, IO
3aIpPONOHOBAHUH MiIXi JO3BOJISIE AETEKTYBATH MOTIISA MIPU PI3HUX Jiama3oHax OCBITIEHOCTI (Bix
0,3 nx mo 10000 5k), a TaKOXX BUSBJIATH CTaHH OYeH KOPUCTyBada, MIO MOPYIIYIOTH IMpaBHia
TECTYBaHHS, U TIONANBIIOI BiANOBiAl cHCTeMH (IPOITYCK 3amUTaHHSA a00 3alHUT HA TOBTOPHY

ABTEHTU(IKAIIIIO).

KuarouoBi cioBa: nucraHmiiHe HaBYaHHS; TECTYBaHHS; HAIIHHICTH; OLIHIOBAaHHS YCIIIIHOCTI,

TIOTJISA;, TOTOBip PO HAJAaHHS OCBITHIX TOCIYT.
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