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ABSTRACT

In the study the authors show how visualization and analysis of education data could be used in simulation
and adjustment of education program curriculum for future evaluation of the formation levels the graduates
competences as specified by educational standard. The authors suggest the scenario that demonstrate the
possibility of automatic evaluation of graduate competences formation. This study is a viable teaching tool
that can be used to simulation of the pedagogical activity scenario in order to eliminate all kinds of gaps in the
training of the graduates and the evaluation of their professional competencies. The approach proposed in the
study can be used to build a more result-oriented educational program by its redesigning to eliminate identified
gaps in the consideration of important learning outcomes (the formation level of graduates’ professional
competencies) and evaluate the educational program using an updated visual model of evaluation activity.
The relevance of this work is also based on its contribution to expanding the capabilities of multidimensional
analysis and visualization of the results in relation to solving professional educational tasks.

Keywords: Visualization of data analysis, Big Data in education, information visualization and data analysis,
graduate pro-fessional competencies, qualification units, qualification model of specialist,
competence based content of the educational program.

INTRODUCTION

Information technology education (IT) is an area that constantly needs to be evaluated and transformed in
order to align with the quickest turnaround rate in various market areas. The main factor that fundamentally
changes the training method is a technology (Ukuev, 2018). Examples of various types of technologies
used in education are mobile devices, systems for teleconferences, remote access systems, learning platforms
and others with which students, lecturers, and the administration of the education institution interact.
These technologies are used to influence and improve teaching and training, and also show techniques for
using modern technology under real-world conditions. Interaction with these technologies generates large
amounts of data, which can be divided into the following groups (Utyomov and Gorev, 2018):

. personal data;

. data on the interaction of students with electronic learning systems (electronic textbooks, online courses);
*  data on the effectiveness of teaching materials;

. administrative (total-system) data;

*  predicted data.
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Nevertheless, educational systems are not fully prepared to handle with these data, and use these systems
in order to continuously improve the quality and evaluate the level of formation graduates’ competences.
Particularly, education in IT training for students constantly needs to consider the high volume of changing
knowledge and actual data in learning activity in order to meet the needs of qualified I'T specialists that are
capable of solving professional tasks.

All data are stored in various structured and unstructured formats. Some data are available, while other often
require more effort to its processing. Moreover, the data sources are often fragmented and not available to
those who need them. Even when data are available, decision makers often do not know about it and do
not have the tools or necessary skills to use the data (Cech et al, 2018; Custer et al, 2018). At the same
time if both teacher’s knowledge and available data are used, students can get better results in the process of
education (Blazar, Kraft, 2017).

Two analytical methods (educational data mining and training analytics) that can upgrade training systems
and success level of educator/educational institution are used to improve the quality of educational services
and various key performance indicators (Adejo and Connolly, 2017; Linan and Pérez, 2015). In cases where
data mining tends to focus on developing new tools for discovering patterns in data, training analytics
focuses on applying tools and techniques at larger scales (Oyerinde et al, 2015).

Big data in higher education could allow developing an understanding of “student achievement and training
approaches” and having positive influence on key areas such as actual student achievement in accordance
with the curriculum (Vaitsis et al, 2016). Big data and analytics in higher education have recently been seen
as holding great potential to promote actions concerning ‘administrative decision-making and organizational
resource allocation’, early identification of at-risk students and interventions to prevent them from failing,
the development of more effective instructional techniques, and transforming the traditional view of the
curriculum into a network of relations, using educational data collected regularly from learning management
systems, social networks, learning activities, and the curriculum itself (Masino and Nifio-Zarazta, 2016;
Braganza et al, 2017). The curriculum, its content and the learning outcomes are part of the educational
data on the basis of which analytics can be used to study quality and higher education improvement and
the level of graduates competence evaluation (Agasisti and Bowers, 2017; Kumar and Vivekanandan, 2018;
Kulasegaram and Rangachari, 2018).

The emergence of big data requires new prospects for data management and analytics, including advanced
methods and tools for data visualization to support learning processes. The developing research area in the
field of visual analytics has the benefit of combining data analysis and data manipulation, representation of
information and knowledges for the understanding and recognition of visual patterns.

The purpose of the study is to show effectiveness of the software tools of the visualization of educational data
analysis for adjustment of education program that is aimed at competencies’ creation of students.

JUSTIFICATION AND PROBLEM STATEMENT OF THE RESEARCH

Large amounts of educational data are captured and generated on a daily basis from different sources and
in different formats in the higher educational ecosystem (Vaitsis et al, 2016; Murumba and Micheni,
2017). Educational data vary from data obtained from the use and interaction of students with Learning
Management Systems (LMS) and platforms, to learning events and course information, including the
curriculum, learning materials, exam results and other types of data related to administrative, educational
and qualitative processes and procedures. In addition, continuously updated technologies and approaches in
I'T, which should be reflected in educational activities, develop a lot of data, and its nature is not static and is
like a snapshot (Davari et al, 2019) of a long-term volatile network at the time of its aquisition.

In modern conditions, the development of information technologies requires graduate to comply with a high
level of professional readiness. The advent of professional standards gives to the employer the opportunity to fix
the requirements for graduates’ knowledge and skills that define the specialist (Rehman, 2014). Requirements
exist for theoretical knowledges and for practical skills of applicants. On the other hand, educational institutions
develop required competencies for students through the Federal State Educational Standard, curriculums, and
education plans. The result of joint activity of potential employers in the educational process is a specialist, an
active person who is able to define and achieve the aim of one’s professional activity.
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Table 1 presents the average results of expert assessments obtained from 100 respondents that assessed the level of the
impact of modern areas of information technology development on a 10-point scale, where 1 is a little impact and
10 is the strong impact. An expert assessment of the potential impact of the I'T development on the formation of
educational programs in the field of information technology was calculated on the basis of these indicators (Figure 1).

Table 1. Experts assessment results of modern IT influence on IT educational programs and students’

competencies
IT research fields IT degree  Competencies Knowledge Efficiencies Skills
Artificial intelligence di 35 0,35 1,2 0,6 1,8
Bioinformatics d2 2,45 0,65 1,05 0,3 0,4
Computational science d3 1,65 0,85 0,15 0,2 04
Computer science d4 2,45 0,445 09 0,3 0,4
Database engineering d>5 35 03 1,35 0,8 1,6
Graphics dé 2,8 0,7 0,15 0,8 1,6
Human-computer interaction d7 1,35 0,8 0,15 0,2 0,2
Information science ds8 2,75 0,6 0,15 038 1,8
Knowledge engineering d9 3,25 0,35 1,2 0,8 1,8
Multimedia design d1o 2,45 0,65 1,35 0,6 1,6
Network engineering di11 2,75 0,45 1,5 0,3 0,4
Performance analysis di12 2,45 0,55 1,5 0,6 0,8
Software architecture di13 1,4 0,85 0,15 0,2 0,4
Software engineering di14 1,35 0,445 0,9 0,3 0,4
System administration di15 1,55 0,3 1,35 0,8 1,6
System security and privacy  d16 3,15 0,7 0,15 0,8 1,6
Web service design d17 2,45 0,8 0,15 0,2 0,2
Robotics and robot software  d18 3,5 0,6 0,15 038 1,8
ARand VR d19 2,8 0,35 1,2 038 1,8
Cloud technologies d20 1,35 0,65 1,35 0,6 1,6
Smart cities d21 2,75 0,45 1,5 0,3 0,4
Data science d22 3,25 0,55 1,5 0,6 0,8
Internet of things d23 2,45 0,85 1,35 0,7 1,2
Big data d24 2,75 0,35 1,8 0,5 1,4
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Figure 1. Influence cluster of modern IT on IT educational programs and students competencies
formation

Figure 2. shows the dependence diagram of IT specialization, professional competencies and modern lines
of IT research.
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Figure 2. Dependence diagram of IT specialization, competencies and IT sphere

Tables 2-3 show key measures presented in Figure 2.
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Table 2. IT specialization

IT specialization

Software programmer P1
Software architect P2
Test leader P3
Database manager P4
Software product manager P5
Information Resources Specialist P6
Information Technology Manager P7
IT system technician P8
Technology leader P9
Product owner P10
Systems analyst P11
Information technology systems administrator P12
System programmer P13
Software/Web developer P14
Systems integration specialist P15

Table 3. Description of results of education for I'T educational programs

Professional competencies

The ability to collect, process, and interpret data of modern scientific studies necessary to form conclusions

on the scientific studies
The ability to understand, upgrade and use of modern mathematical tool

The ability to develop and use of algorithmic and programming solutions in the area of system and
applied software

The ability to apply modern information technology in designing, implementing, assessing and analyzing
of the software efficiency for solving problems in different subject areas

The ability to use basic techniques and design automation facilities, implementation, investigation and
quality assessment when creating a competitive software product and software systems, and methods
and tools of automating associated with the maintenance, administration and modernization of software
products and software systems

The ability to use the knowledge of computers trend with traditional (non-traditional) software
design; modern system software; operating systems, operating and network shells, service programs;
development trends of functions and design of problem-oriented software systems and complexes in
professional activities

The ability to use the conceptual settings of the functional, logical, object-oriented and visual
programming areas, methods, techniques and development tools of programs within these areas

The ability to use modern development methods and implementation of specific algorithms of
mathematical models based on software languages and application software package of modeling

The ability to make a survey of organizations, identify information needs of users, formulate requirements
for the information system

The ability to develop and adapt application software
The ability to design IP by type of software

The ability to compose a technical and economic feasibility study for design decisions and terms of
reference for the design of an information system

The ability to test IP software components

The ability to maintain a database and support information application for solving applied problems

LO1

LO2

LO3

LO4

LO5

LO6

LO7

LO8

LO9

LO10
LOT1

LO12

LO14

LO14
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Significant estimates can be drawn on the basis of the presented visualization, for example, which ability
is most affected by the educational program (specialty of IT training) and/or by the field of professional
research (main trends in IT). You can also demonstrate the clusters of the educational program used to solve
professional problems in the field of modern IT areas, and more.

Thus, large educational data is simulated by information visualization and data analysis (VA) methods and

presented in visual interfaces with which human visual perception interacts to influence the process of
analytical thinking (Khan and Khan, 2011; Cashman et al, 2018; Keim et al , 2008; Choi et al, 2019).

VA has the potential to support the process of manipulating and using big data by creating a whole picture of
the data, uncovering the basic complex information to the greatest extent possible in order to have a positive
impact on analytical thinking and decision making.

The most characteristic of the information visualization tasks and analysis of educational data are the

following (Gorlushkina et al, 2015):

*  monitoring and evaluation of the professional competencies formation;

. curriculum and course development;

*  analysis and forecasting of students competitive ability in the labor market;
e diagnosis of the educational program quality level;

*  assessment of the education quality for its compliance with standards.

The general objective of the study is to research new ways of analyzing and presenting the curriculum data
of the educational program and the results of its development, aimed at assessing the level of graduates’
professional competencies formation, using methods of visualization of data analysis (VA).

Specific objectives are: (1) signification of the various aspects affected to how the training is conducted by
understanding the collected educational data from the educational program to determine and correctly
apply the methods for analyzing and identifying important aspects in them; usage of VA for further
analysis and visualization of the identified aspects and determining the value of VA methods applied to
the curriculum data of the educational program; (2) construction of a mathematical model of graduate
professional competencies evaluation to develop a visual evaluation method of the level of graduates’
professional competencies formation for the implementation of the prototype automation software tools for
the visualization process of information and analysis of educational data.

APPROACHES TO THE RESEARCH PROBLEM
Analysis of the Educational Program Curriculum Data and Its Visualization

An analysis of educational data was made to create a scientific basis and determine the scope of visualization
within the curriculum (course) of the educational program. The analysis includes various learning activities
(teaching methods), assessment methods (written and other types of exams), learning outcomes (LO1 —

LO14) and the main results (knowledges (Z), efliciencies (U) and skills (V)).

Figure 3 illustrates how the learning outcomes (LO) and training methods (TM) of one course were simulated
to visually represent a hidden network and relationship between them.
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Figure 3. The relationship of the learning outcomes and teaching methods within the framework of the
curriculum

Visualization of training methods (TM) (indicated in green) shows the use of each TM in the course.
It is shown in what proportion a particular training method is involved in the I'T graduate professional
competencies formation for each TM. The diagram shows that the TM includes lectures, practical and
laboratory work (PW and W), self-directed learning (SL), as well as project (PA) and scientific (SA) activities.
It can be said that the main contribution to the formation of the estimated results is made by practical
and laboratory works, as well as self-directed learning. Project activity is an important part of pedagogical
methods oriented to consolidate the material received from the learning process; it occupies 15%.

Thus, it is possible to review the structure, interconnection and correlation of learning methods with regard
to the results, as well as to determine the share of participation of each training methods in their formation.

Figure 4 presents the modeling of the learning outcomes of one educational program course. The percentages
in green circles represent the share of various types of final control according to the results of the educational
program learning. It can be seen that the main type of the results examination is testing; an integral part of
the final control for testing practical skills is the existence of term papers (TP) or course projects (CP), as well
as the provision of reports on the laboratory (W) and/or practical work (PW).

Testing results allow to assess the level of new knowledge and skills, and the fulfilment of course projects
and practical works are the results of practical training. The final test is carried out in the form of computer
testing and includes three main modules: the first module (M1) represents the theoretical aspect aimed at
knowledge checks; the second module (M2) is the practical part that checks the level of theoretical material
learning and the formation of skills; the third module (M3) is a control unit and is aimed at skills checks.
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Figure 4. Final control and learning outcomes

This approach can be used to make a more exam-oriented educational program by redesigning it to eliminate
identified gaps in the consideration of important LOs and evaluate the educational program using an updated
visual model of evaluation activity.

Figure 5 shows the visualization of the entire educational program. Training methods are shown in green,
LOs are shown in blue, and the main results aimed at determining the conformity of the chosen direction
in the field of information technology and the educational program are shown in yellow. Split lines show
how teaching methods influence on the formation of professional competencies (LO). The main results of
the mastering the educational program are formed in the areas of IT research (di). The diagram shows the
results of mastering the Applied Informatics curriculum, two study groups with an average of 20 people
participated in the testing. The diagram (Figure 5) shows that the results of mastering the educational
program and the level of students’ competencies make part of the specialists in modern areas of information
technology presented in Table 1. The success rate is shown in percentage, the extent of the generated results
in IT areas (di) correspond to that or other I'T professional qualifications (Pi).
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Figure 5. Structural alignment and educational program gap analysis

The realized visualization summarizes all the information from Figures 3 and 4, providing further more
information about the educational program, so the entire educational program could be viewed as a whole
and from different points of view.

In considering the model (Figure 5), it is possible to analyze educational data in different ways. One can
see the relationship between the most specific and appreciated LOs, showing that the educational program
aimed at knowledge, efficiencies and skills to determine the degree of their participation in the learning
outcomes formation, as well as in identifying unformed learning outcomes and its gaps. The possibility that
the structural alignment in the educational program can be tested as a synthesis of possible identified gaps
and the use of learning events and LO in one place, presenting the educational program in the form of a
structured system. The level of students’ success in any of the learning outcomes can be associated not only
with the importance of this learning outcome, but also with the degree to which it is taken into account in
teaching methods. In this case, any gaps in the taught but unappreciated learning outcomes can be quickly

identified.

Thus, at the stage of curriculum development, one can use mapping tools to identify actual gaps: determining
teaching goals that cannotbe solved correctly in the teaching or learning process; developing recommendations
for determining new and motivating learning events to obtain the required learning outcomes.
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In addition, with the help of analytics tools, one can further analyse a group of students and predict their
needs such as performance, various conceptions of learning, technologies and group behavior. Several
algorithms and prediction models that can develop the characteristics of a students’ group and determine
the degree of their professional competencies formation process data of this type. Visualization tools can
be used to give alternative suggestions for developing proper types of activities for a particular group, as
well as illustrate the effects of each option. In addition, visualization can clearly demonstrate the results of
the knowledge formation, efficiencies and skills of students generated by training under the educational
program, as well as show their level of competencies formation.

Analysis of Educational Data in The Construction of A Mathematical Model of Student
Professional Competence Evaluation

The main information providers for the formation of graduates’ competencies requirements are employers,
employees and analysis of the workers functional responsibilities in the area specialist is training. Information
fusion allows to form the requirements that the labor market applies to the competencies of graduates.

The problem of quantitative evaluation of the level of competencies and other students” qualification profile
arises when developing an educational program for IT specialist with employers (Fomina et al, 2019;
Leontyev et al, 2016; Zavadsky et al, 2019). This is the relevance of the task of improving the mathematical
tool for measuring and evaluating qualification characteristics, building models that allow doing the analysis
of dynamics in student awareness level depending on the adoption of certain managerial solutions.

The formation of qualification units QuS can be realized in the process of learning the teaching units
(modules), separate discipline or group of disciplines. At the same time, some competency-based qualification
units, that fill the PC competence, are formed. In the process of learning the discipline Di, students get the
knowledge Z, , efficiencies U, and skills (proficiency) V. The complex of knowledge, efficiencies and skills
formed during the study of the discipline influences on the final indicator of competence in the form of one
or more competence-based units.

Mathematical problem statement is defined as follows: each element of the Qui set is assigned a numerical
score that reflects the level of the qualification unit, then the generalized qualification model of a specialist
can be described as follows:

Qui={qu', qi?, ..., qu’}

Where

Qu is the description of the qualification unit;
i is its number in the set;

S is the total number in the set.

Figure 6 shows the scheme for filling competence with qualification units in the process of studying the
disciplines of the educational program.

The result of the evaluation is a qualification model of a specialist, which includes:
skill profile, as a set of qualification units;
set of numerical scores describing the level of employers requirements.

The qualification model of a specialist determines the set of professional competencies PC = {Pcll}, (i = T:8),

, which the student should get while learning. Each professional competence pclil = {218, ylil, ylil} - consists
of ordered sets of “knowledge”

2zl = (Z{E], -",ZT[II]), “efficiencies” , “proficiencies” plil = (ug], ...,uT[:.IL]),

vl = (Ulm, vo g Urm), that indicate the structure of the studied disciplines D = (Dj), (= ﬁ) .

263



The qualification model of a specialist can be represented as a space of sets:
{PC,Z,U,V,D, T}

Where

PC s a set of professional competencies;

Z is a set of “knowledge” elements;

U'is a set of “efficiencies “ elements;

Vis a set of “ proficiencies “ elements;

D is a set of disciplines identified by the educational program;

T'is the set of time response characteristic of the evaluation process.

/'\/q“
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Figure 6. Competence Formation Scheme

An ordered set of all educational disciplines determines its competence based content. The proposed
model (Figure 7) makes it possible to present the structure of the process of professional competencies and
discipline formation in the education system through the interconnection of their components: “knowledge
— efficiencies — proficiencies” (Gitman, 2014).
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The specialist qualification model

Competence based content of the educational program

Figure 7. Competence based content of the educational program for the implementation of the specialist
qualification model

An analysis of existing approaches to professional competencies evaluation made it possible to identify
a generalized multicomponent mathematical of an estimation of professional competence (Borzykh et
al, 2015), its result is determined by general grades for the student’s academic achievements, personality
evaluation and professional motivation for learning that is fully compliant with the requirements of the
Federal State Educational Standard of Higher Education:

ﬁ}f] =f (HEEJWEEJ W;J) ,(i =T1:5,T = const)
Where

P{'.'.P] is general assessment of the 7 professional competence in the T period;

AAE.E] is general assessment of academic achievements for the 7 professional competence in the T period;
PQE] is general assessment of personality evaluation for the 7 professional competence in the T period;

PM" is a general assessment of professional motivation for the 7 professional competence in the T period.

Thus, the task of the level of formation of student professional competencies evaluation is reduced to a phased
presentation of the results of educational and other activities.

In the educational system, in the conditions of a competence based approach, the results of students’ academic
achievements should be presented in the form of formed competencies (general, professional, etc.) (Haddouchane et al,
2017; Mufoz and Araya, 2017), that determine the qualification model of a specialist, should be decomposed into the
components ‘know — be able — own”. Likewise, the results of disciplines development as well as competencies should
be presented in the form of formed knowledge, efficiencies, proficiencies (Table 4).
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Table 4. The result of the discipline development

Coefficient of

Discipline Components Grades Allied disciplines the components
significance
Ll D2,D7,DIl ol
I
knowledge
21 D4, D8, D19 ol
4 D3,D5, D8, D21 [t
N1 1
bj efficiencies
4 D4,Dl11, D16, D21 1]
ip b
s D4,DI8 i

proficiencies/skills

pll D11, D15, D24

Iy

i

Since the formed professional competencies are a system of knowledge, efficiencies and skills to apply them in practice
in professional activities (Kadralinova, 2015; Leontyev et al, 2016), and “knowledge — efficiencies — proficiencies”
are defined by some set of disciplines, in order to measure competences, it is necessary to determine the quantitative
evaluation of knowledge, efficiencies, proficiences, taking into account the interconnections of disciplines (Figure 7).

Evaluation of student learning activities is a convolution of private evaluations of the i professional competence, that
are studied and measured in different disciplines, they form the measured i professional competence:

- T

Al =ZE§[.{;=H,E= 13),
=
T @ T b T ¢
§ — L i] — i] |
A =SS Y el 3 st
J=1k=1 J=1lk=1 J=1k=1
L L
[ q(z)l! M _ g (), (M _ g(v)
dy =—— ., " = W =T

L L T F

Where
(AAE’];‘ (is assessment of the collection of components of “knowledge — efhiciencies — proficiencies” by j
discipline participating in the formation of the i professional competence;

alf, g, yl¥ is significance coefficients of the “knowledge — efficiencies — proficiencies” components of the
j discipline participating in the formation of the i professional competence;

0 il Gl . D« . .

Z Wy, Uy s assessment of the appropriate “knowledge — efficiencies — proficiencies” components of the
j discipline participating in the formation of the i professional competence;

9@y, qw)y, @)y is the number of disciplines involved in the formation of appropriate “knowledge —
efficiencies — proficiencies” components of i professional competence;
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T is the number of all disciplines of certain educational programs;

S is the number of all professional competencies in one exact course;

a, b, c are the number of evaluation components of the j discipline;

X is the number of disciplines that form the i professional competence.

Thus, evaluation of professional competencies is defined as the result of academic achievements and is a
convolution of private evaluations (“knowledge”, “efficiencies”, “proficiencies”) in reference to all educational
disciplines that form considered competencies.

Software Implementation of Mathematical Model of Evaluation of Graduate Professional
Competences Formation

There are both separate powerful analytical applications integrated with database managementand LMS systems
and tools that work directly in the Microsoft Office environment to solve the problem of evaluation of the levels
of formation of professional competences. Programs are able to provide users with time-sensitive information
that is necessary for effective decision-making on the choice of further directions for the development of an
educational establishment development. The question remains relevant for educators to choose from existing
data analysis tools and their adaptation for data processing for widespread implementation in the process of
learning monitoring and managing the tools that will be available and easy to study and use.

An implemented prototype of software tools in the programming language R was proposed in this study to
solve the problem of evaluation of the levels of formation of professional competences in the qualification
model of a specialist. The choice of the prototype is due to the following reasons (Kabakov):

e Itisa free, functional, open source programming language;

* R programming environment is cross-platform and the applications created in it can be used
without modification in the operating systems Windows, Unix, Linux;

*  the R language was developed with the focus on effective statistical processing of data bulk;

*  the R language includes several powerful graphics systems and is currently one of the best

multidimensional data visualization environments.

The lattice package was used to implement the required functions of displaying information in software tools
for graphics output. The lattice package is a powerful and elegant high-level data visualization system with
a focus on multidimensional data and aimed at developing Trellis graphics for R language to meet typical
graphic needs with minimum setting,.

The developed software tool provides an opportunity to analyze the formation level of competencies both
taking together study groups within the field of study and the corresponding curriculum and within the
specified group and the particular student. An expert assessment of students’ professional competence
formation was used to process large data samples and visualize the results of calculations

Figure 8 presents diagram that shows that all data processing work is performed automatically in a software script.

To average E—
o realize data)
oints by oo
Ko, be able frame based an Data frame
the student group_students
= own elements ‘o craats graphs nds woiot - o create
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=1 with be able, own av Jrage fot ths
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Excel file with
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Figure 8. The procedure of program script on competence formation analysis
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The implementation of software tools was based on an algorithm that includes the following steps:

(1) Preparation and loading of source data.

(2) Computation of the average grade of tested students on the elements <know», «be_able», «own»

(3) Analysis of drilling results and their visualization.

Formation of The Initial Sample for The Analysis of Educational Data

The file, that was generated in the Excel, was used as the source data. This file contains the information
about the test results of 10 study groups with 11 courses of the current curriculum of students studying in
IT faculties. During testing, students received final grades on a scale from 1-5 for each course ranked by three

elements: «know», «be_able», «own».

In this study students are made anonymous for the most objective assessment. Figure 9 shows the first and
the last five lines of the Source Data.xlsx file content.

| A B C ]
1 |discipline ~ part * | competence | ¥ group
2 |I5-1 0.4 PK-4 Gr.01
3 |Is-1 0.4 PK-4 Gr.01
4 (151 0.4 PK-4 Gr.01
5 |I5-1 0.4 PK-4 Gr.01
& |IS-1 0.4 PK-4 Gr.01
2755 Modern database technology and in PK-3 Gr.10
2756 Modern database technology and in PK-3 Gr.10
2757 Modern database technology and in PK-3 Gr.10
2758 Modern database technology and in PK-3 Gr.10
2?59_Mudern database technology and in PK-3 Gr.10

E

H

* | student > |know|~ be_able |* own|* num |~

Student_001
Student_002
Student_003
Student_004
Student_005

Student_193
Student_194
Student_195
Student_196
Student_197

4

TR -

& L L L

4

[PV R -

& o w o

Figure 9. Part of Source data.xlsx file (the first and the last five lines)
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Data frame with the source data intended to data processing is updated at the beginning of the script in the
global environment R. The df_competence data frame includes the name of the discipline, the name of the
competence, the number of the student group, the symbolic name of the student, the values for the elements
“know”, “be able”, “own”, the serial number of the student, as well as the average for all of the elements.
Figure 10 shows the first and the last five lines of the df_competence data frame.

“ discipline competence group
1 15-1 Pk Grol
2 15-1 PE4 Grol
3 15-1 P-4 Grol
4 15-1 PE-4 Grol
5 151 PE-4 Gr.0l

2754 Modern database technalogy and inform PE-3
2755 Modern database technalogy and inform... PR3
2756 Modern databace technalogy and inform._.  PK-3
I757 Modern dotabase technalogy and inform PK-3
2758 Modern database technology and inform._.  PE:3

Figure 10. Part of df_competence data frame (the first and the last five lines)

student
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Student 002
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Thus, a file was generated, that contains the results of students testing for their subsequent processing.
Trough the software tools work, this file was transformed into a one that can work through the programming
language R.

Data Processing with The Use of Software Tools

The calculation of the students grade point average within the formed competencies for the elements “know”,
“be able”, “own” is performed in the following commands (Listing 1).

Listing 1
# Computation of the average on the elements «know», «be_able», «cown» in each group
students.cnt <- length(unique(df_competencel,’student”]))
num <- df_competence[1:students.cnt,”num”]
students <- aggregate(cbind(know, be_able, own, mean) ~ group + student,
data = df_competence, mean)
group <- students$group[students$student==student]
group.students <- students[students$group==group,]
rownames(group.students) <- 1:nrow(group.students)

The calculation results (Listing 1) are represented in graphs that allows to evaluate visually students’
competencies formation.

A data frame df_student is created to receive the information about the student through the software script
(Listing 2). Graphics rendition of the scripting result is shown in Figure 11.

Listing 2

# Data analysis of competencies formation of the student

df.student <- df_competence[df_competence$student == student,c(1:3, 5:9)]
group <- as.character(df.student$group[1])

num <- df.student$num|1]

caption <- paste(group,”: “, num, “. “, student, sep = “”)

cat(“\n”, caption, “\n”, sep="")

cat(“ \n”)

df.student <- df.student[,c(“discipline”, “competence”, “know”, “be_able

» o«

, “own”, “mean”)]
print(df.student)

cat(“\nKnow:”)

cat(“\n------- ”)

print(table(df.student$discipline, df.student$know))

cat(“\nbe_able:”)

print(table(df.student$discipline, df.student$be_able))

cat(“\nown:”)

print(table(df.student$discipline, df.student$own))
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* discipline competence know be_able own mean
187 15-1 PE-4 3 4 5 4.000
3834 15-2 PE-4 3 4 3667
581 POIS-1 PK-G 3 3 4 3.333
778 POIS-2 PE-B 5 4 4 4 333
975 Computer graphics OPK-3 d 1 5 4 667

1172 Computer graphics PE-2 4 3 3 3333
1369 Application programming QP-4 4 5 4 4 333
1566 Application programming PE-8 3 4 3 3.333
1763 Web programming PE-T 4 5 4 4.333
1960 Web programming PE-B 4 4 5 4 333
2157 0QOP-1 PK-6 5 4 4 4 333
2354 00P-2 PE:6 3 4 4 3.667
2551 Design werkshop PE-B 4 4 5 4 _333
2748 Modern database technology and Informatio...  Pk-3 3 3 4 3.333

Figure 11. The contents of the df_student data frame

The presented chunks of code show the process of the educational data processing for further analysis
through the programming language R.

The visualization of the results of educational data analysis with the use of software tools

The results of knowledge, efficiencies and skills formation of students within professional competencies for 10
test groups are shown in Figure 12. The graphs depict the level of students professional competencies formation.
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Figure 12. The average result of knowledge (a), efliciencies (b) and skills (c) formation for 10 test groups
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So, for example, it can be seen that the average level of all students knowledge in group 01 is mostly within
4 points, i.e., competencies formation on the element of “knowledge” is at one level in this group. In groups
04 and 07 the average level of knowledge formation varies from 2 to 5 points, which shows different level of
theoretical material learning within the group.

In the following graph (Figure 13): the average for the average results of the elements “know”, “be able”,

Average result group students

0 5 1015 20 25
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Student number listed

Figure 13. Average points for all competence elements of 10 test groups

Overall, the graphs allow to identify the weakest and the most powerful groups of students in professional competencies
mastering. Thus, it can be determined that the most “strong” group after analyzing academic performance charts is 10th
of the 10 tested groups. The main students contingent of the selected group has an grade point average of 4 or 5 for all
“know”, “be able”, “own” elements, which show a high level of professional competencies formation and the disciplines
mastering at a sufficiently high level. A similar conclusion can be on the 02th group.

At the same time, it is clear that the level of competence formation in 01th group is stably average. Average points for
“know”, “be able”, “own” elements within the group is 4 points. The results of other groups range from 3 to 5 points,
in some cases 2 points were fixed.

One can determine the level of particular student competencies formation by analyzing all tested groups
and receive the display of information about the average points for “know”, “be able”, “own” elements in
all disciplines of the current curriculum involved in the professional competencies formation (Figure 14).
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= peintitablefdf, student Sdiscipline, df.studentSknaw)) » primt(table(df. student $dizcipline, of  studert {bo_able))

T45 1475
Application programeing 114 Application programming oLl
Computer graphics 029 Computer graphics 191
Design workshop a14d Design workshop o1d
15-1 100 15-1 oL
15-2 0190 15-2 1940
modern database technology and inforsation analysis 1 04 Modern database techmology and information amalysis 1 0 0
ooe-1 001 Gap-1 =
Gor-2 100 wP-7 149
POTS-1 100 PIIS=1 1Lo0
POTE-2 401 paTE-3 oL0
wWeb pragraming azao welr programming e11
(@ (b)
= print{table{df.studentEdizcipline, dFf_ studentiown))

145

application programming 110

computer graphics 101

Dasign workshop 001
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rodern database rechnology and information analysis ¢ 1L ©

oop-1 010
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web programming ¢11

(©

Figure 14. The average points of knowledge (a), efficiencies (b) and proficiencies (c) in all disciplines for
Student_187

Figure 15 presents the average grade points of the student in all disciplines involved in the professional
competencies formation.
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Figure 15. The average grade points of knowledge (a), efficiencies (b) and proficiencies (c) in all disciplines
for Student_187
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The presented graphs show the results of the student. It can be seen that in all disciplines of the curriculum
there are mainly 5 points, in addition, there are no results below 4 points. These results demonstrate high
grades of student Student_187 and show the the curriculum disciplines mastering mainly from 90 to 100%,
which shows sufficiently high level of professional competence formation. The graphs visualize the results of
the entire learning process and allow to conclude about the level of the student professional training based
on a competence based approach.

Therefore, it is possible to analyze final grades of any student of the given sample. To process a new selection,
one should enable at the beginning of the program script prepared for processing .csv file or a MySQL
database.

The proposed script can be used for processing large amounts of educational data, and the powerful graphing
capabilities of the lattice package allow to visualize the calculations results. Presentation of analysis results in
the form of diagrams and graphs makes it possible to analyze the received information in visual mode, for
example, to identify students status in the academic ranking within the group.

Developed application of academic performance evaluation can be used in the educational process to analyze
students professional competence formation. It will allow to make timely adjustments to the organization of
the educational process, plan the learning process in a specific discipline.

CONCLUSION

This study shows the influence of the results of the analysis and visualization of educational data on the
process of the curriculum improvement and their reflection on the specialist qualification model formation
organized on the basis of the competence based approach to graduate training in accordance with the
educational standards requirements. The proposed approach can be used to develop more result-oriented
educational program by redesigning it with consequent elimination of identified gaps in the consideration
of important learning outcomes and educational program evaluation using an updated visual model of
evaluation activity.

Different types of models providing the opportunity to observe and analyze the entire educational program
from different points of view and in general were constructed with the usage of the visualization methods of
educational data (Figures 1-5): to define the relationship between the most focused and evaluated learning
outcomes by showing the educational program trend to knowledge, efficiencies and skills to determine the
degree of their participation in the learning outcomes formation; to identify unformed learning outcomes
and gaps. The proposed visual script model of the curriculum data analysis shows the ability to define
presence or absence of lacks and contradictions in the existing curriculum for executive decision-making
aimed at amendment and learning outcomes formation in accordance with educational standards.

Visualization of the need to redesign the IT specialist educational training program identified the demand
for a quantification of the level of students’ competencies used in the basis of the mathematical formulation
of task of the specialist’s qualification model organization, the model includes a set of qualification units and
results of professional competencies formation evaluaton through the interconnection of their components:
“knowledge — efficiencies — proficiencies”.

A prototype of software tools in the programming language R is presented. The prototype allows to
demonstrate the dynamics of curriculum disciplines mastering and the educational results of a student
and a group on the basis of the mathematical formulation of task of the specialist’s qualification model
organization. This allows to see the results of the educational program mastering by students, to draw a
conclusion about the level of graduates’ professional competencies formation and to evaluate the efficiency
of the program. The developed application for the students’ professional competence formation based on the
ranking of components assessments: “knowledge — efficiencies — proficiencies” helps to identify soft spots in
the educational program for future improvement of the educational process organization and its planning.

The proposed script for the visualization automation and analysis of educational data will provide a better
approach to the educational programs formation in the field of training of highly qualified specialists with
the requierd rate of professional competences.
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Thus, the visualization of educational data analysis is focused on the identification of gaps and inconsistencies
in data, giving the opportunity to verify the conformity of learning activity with educational standards.
The visualization of educational data analysis allows to easy acquire the structure of the data; to determine
the reasons for their use and the importance of the obtained results. The visualization of educational data
analysis helps to manage the divergences and structural defects, that were identified as a result of gap analysis,
presence of constructive alignment in the data.

The results of the study can be used to model the script of teaching activities in order to eliminate all kinds of
gaps in the preparation of graduates and their professional competencies evaluation. The proposed approach
can be used to build more result-oriented educational program by redesigning it to eliminate identified
gaps in the consideration of important learning outcomes (the level of graduates’ professional competencies
formation) and evaluate the educational program using an updated visual model of evaluation activity.
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