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AN APPROACH TO THE IMPLEMENTATION OF A COMPETENCY-BASED
APPROACH IN THE LEARNING MANAGEMENT SYSTEM

Andrii Kopp, Mykyta Parashchych, Herman Zviertsev, Yevhen Motalyhin, Anna Strelnikova

This paper solves the urgent problem of improving the tracking of the process of acquiring competencies by students
through the means of analyzing the learning management system data and visualizing the results of the learning process.
The object of the study is to track the process of acquiring competencies by students. The subject of the study includes
software components for the implementation of a competency-based approach in the learning management system. The
purpose of the study is to improve the tracking of the process of acquiring competencies by students by analyzing the data
of the Learning Management System (LMS) and visualizing the results of the learning process. Thus, to achieve this
goal, we analyzed the technologies for processing learning data from 1INS, analyzed the features of modeling the learning
process based on Petri nets and BPMIN (Business Process Model and Notation), determined a data structure, and
proposed an algorithm for building a model and visualizing the learning process data. The developed software components
allow processing of learning process data from LMS, building models and visualizations of learning process data, saving
the results to data warebouses, depicting the learning process model, and visualizing learning process data for further
analytical processing.
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INTRODUCTION

E-learning has become an increasingly popular
approach to learning thanks to the rapid growth of
web technologies. COVID-19 has forced countries to
introduce online or hybrid learning to catch up with
expected learning targets. However, many countries
remain ineffective in the transition to online or hybrid
education. In addition, while some countties are suc-
ceeding in improving student achievement (e.g., Italy
increased student progress with online tutoring by
4.7% compared to traditional instruction), some oth-
ers are not achieving the same results with online
learning. Recently, however, education industry
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leaders have begun to identify use cases for using pro-
cess intelligence to improve online learning platforms,
teaching methodology, and student learning habits [1].

The Internet and related web technologies offer
excellent solutions for presenting, publishing, and
sharing learning content and information. This is spe-
cial software called a Learning Management System
(LMS). Learning management systems such as Moo-
dle are a popular tool in higher education. They allow
teachers to present their courses virtually. In these vir-
tual courses, they can provide learning objects such as
lecture slides or videos, quizzes, or forums where stu-
dents can interact with each other.
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Many LMSs offer instructors descriptive statistics
to evaluate their courses. However, these statistics
usually only provide insight into individual learning
objects, such as how often a quiz was accessed. But
there is a lack of information and data on the acquisi-
tion of competencies within a particular course or a
particular topic.

The result of human development is the acquisi-
tion of skills that represent the person and are im-
portant for employment. The personal ability of a spe-
cialist to solve a certain class of professional tasks, in
other words, a set of knowledge and skills of a person
is defined as competence. Today, more and more
companies are choosing a competency-based ap-
proach and each vacancy has a specific list of compe-
tencies that must be possessed. Therefore, when
choosing a particular course and material to take, there
is a need to know which competence can be acquired
in order to plan the path and trajectory of studying the
materials.

The main goal of the study is improving the
tracking of the process of acquiring competencies by
students through the means of analyzing the learning
management system data and visualizing the results of
the learning process.

The study solves the following tasks: determining
the advantages of Educational Process Mining (EPM);
analysis of Petri nets and BPMN (Business Process
Model and Notation) process models [2]; determining
the features of using Petri nets and process models in
EPM; determining the advantages and disadvantages
of the competency-based approach in the learning
management system; analyzing the advantages of mi-
croservice architecture in LMS; developing an algo-
rithm and software components for building a model
and analyzing learning process data in the learning
management system.

METHODS AND MATERIALS

The Internet and related web technologies offer
excellent solutions for presenting, publishing, and
sharing learning content and information, as they do
in many other areas. Specialized software called a
Learning Management System is commonly used in
most institutions that provide online learning. Most
universities combine modes of learning using one of a
number of commercial or free LMS [2].

Educational Process Mining (EPM) is the prac-
tice of using tools to identify useful information in
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educational data that comes from different sources
and is stored in different formats. Today, with the
growing use of Information and Communication
Technologies (ICT) in education, online learning so-
lutions that generate large amounts of data are becom-
ing increasingly popular [1].

To conduct a study on improving the tracking of
the process of acquiring competencies by learners by
analyzing the data of the learning management system
and visualizing the results of the learning process, it is
proposed to use a sample of real anonymous data
from a real company [4].

These data are obtained from various sources
(such as the database of Human Resource department
employees, activities and tests in the Moodle LMS
within courses, course data, course evaluations, and
recommendations) [4].

Each record of the original LMS dataset [4] can
be described as follows:

Trace = tags, types, mandatory,
dif ficulty, employess, grade, time, trials,
assesment,recommend),

where tags — tags that characterize the courses, tags €
{legal, of fice, email, tableau, sharepoint, presentation,
CRM, time management, people management, product
management}; type — course type, type € {basic,ict,
soft skills, manager, agent}; mandatory — whether the
course is compulsory, mandatory € {yes, no}; dif-
ficulty — level of complexity of the course, dif-
ficulty € {basic,advanced}; employee — employee
identifier, employee € {1,2,3,...}; grade — course grade,
grade € [0,100]; time — time spent on the course,
time € {1,2,3,...}; trials — number of attempts to pass
the coutse, trials € {1,2,3, ... }; assessment — evaluation
of the course by the student, assessment € [1,5];
recommend — whether the student would recommend
the course to others, recommend € [1,5].

Let us consider the general scheme of the pro-
posed approach to solving the problem of improving
the tracking of the process of acquiring competencies
by students through the means of analyzing the learn-
ing management system data and visualizing the re-
sults of the learning process. According to this
scheme, the LMS accumulates statistical data on the
use of learning objects related to teachers and stu-
dents, as well as courses, tests (exams, etc.), lectures
(videos, presentations, etc.).
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Fig. 1. The proposed approach diagrams

An appropriate algorithm (Fig. 1) for building a
model and visualizing learning process data includes
the following steps:

1) downloading the event log in CSV (Comma
Separated Values) format from the learning manage-
ment system (LMS);

2) determining the initial data for building a learn-
ing process graph - based on course tags (tags attrib-
ute) or based on course types (type attribute);

3) building a multiset [5] of competence acquisi-
tion sequences:

F={(f, mult(f)):f € F};

where F — multiple sequences of competence acquisi-
tion; f — the sequence of competence acquisition ex-
tracted from statistical data; mult: f - N — a function
that defines for each element of the multiset (in this
case, for each sequence of competence acquisition) a
certain natural number;

4) building a learning process graph on the basis
of the obtained multiset F of competence acquisition
sequences:

PM = (T,E,G,g,L,1,5);

5) saving the constructed PM graph of the educa-
tional process to the process model repository;

6) preparation of statistical data by determining
the indicators according to the following generalized
expression:

Avg(attribute,x) (y) =
1

|Traces| Y

trace€Traces A trace.attribute=x

where Avg — average value; attribute — the name of
the attribute of the original dataset by which the aver-
age values are grouped; x — the value of the attribute
by which the average values are grouped; y — the value
of the attribute by which the average values are
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calculated; trace — record of the original data set from
the LMS; Traces — a set of records of the educational
process log, trace € Traces;

7) uploading statistical data to the learning pro-
cess data warehouse;

8) demonstration of the learning process model
in graphical form;

9) visualization of learning process data for fur-
ther analysis based on the indicators calculated in
step 0.

RESULTS

Let us examine the results of tracking the process
of acquiring competencies obtained with the help of
the developed software. Fig. 2 shows a graph of the
process of acquiring competencies built by course
tags. Fig. 3 shows a graph of the competence acquisi-
tion process by course types. To build a process graph,
we use the PlantUML service [6], since the software
allows us to obtain sequences of connecting process
steps only in text form. The constructed learning pro-
cess graphs demonstrate the sequences of studying
courses in the LMS:

1) by course tags (“legal”, “product manage-

ment”, “office”, “email”, “sharepoint”, “tableau”,
“office”, “presentations”, “crm”, “time manage-
ment”, “people management”, “product manage-
ment”
2) by coutse types (“basic”, “ict”, “soft skills”,
“manager”, “agent”).
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Fig. 2. Learning process model (built by course tags)
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Fig. 3. Learning process model (built by course types)

Learning Process
DETLLETL

Course type
Select all

69.88
(33.18%)

agent

v basic
ict
manager

v soft skills 69.94 (33.21%)

Time by Course

3.7
(32.26%)

3.88 (33.33%)

Average grade by Course type

70.75
(33.6%)

Dl

Average assessment by Course type

4.00
(34.41%)

For example, if we analyze the graph of the learn-
ing process, which is built by type of course (Fig. 2),
we can draw the following conclusions:

1) all students start their studies with basic cour-
ses;

2) after basic courses, all students take ICT cour-
ses;

3) then students study courses that allow them to
acquire soft skills;

4) after which they study managerial courses;

5) then students study courses for further career
development (agent);

0) after which, in 7 out of 8 cases, they return to
studying basic courses.

Fig. 4 below demonstrates the application devel-
oped in Microsoft Power BI for analytical processing
of educational process data.
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Fig. 4. Learning process data visualization dashboard

Based on the data downloaded from the learning
process data warehouse, the following visual indica-
tors are displayed on the dashboard:

1) switch for selecting data for analysis by course
type;

2) line graph of time spent by students on
courses;

3) pie chart showing the average grades received
by students in the courses, broken down by course
type;

4) pie chart showing the feedback (on a scale of
1-5) left by students, broken down by course type;

5) horizontal bar chart showing the average
grades received for all courses;
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0) horizontal bar chart showing the average feed-
back values (on a scale of 1-5) for all courses.

CONCLUSION

This paper solves the urgent problem of improv-
ing the tracking of the process of acquiring competen-
cies by students through the means of analyzing the
learning management system data and visualizing the
results of the learning process. The developed algo-
rithm and software components allow processing
learning process data from LMS in the form of a CSV
file, building models and visualizations of learning
process data, saving the results to data warehouses,
depicting the learning process model, and visualizing
learning process data for further analytical processing.
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ITIAXIA AO BITPOBAAJKEHHA
KOMITETEHTHICHOTO ITIAXOAY B
CHICTEMI YITPABATHHA HABUAHHAM

(1]

Ll crarTa BUpIIITye aKTyaAbHY IIPOOAEMY IIOKPAIIIEHHA Bi-
ACTEKEHHS IIPOLIECY 3A00YTTA KOMIIETCHIIH CTYACHTAMH
332 AOIIOMOIOIO 4HAAI3y AAHHX CHCTEMU VIIPABAIHHS Ha-
BYAHHAM Ta Bi3yaAi3amil pe3yApTaTiB HABYAABHOIO IIPO-
mecy. O0'eKTOM AOCAIAMKEHHS € BIACTEIKEHHS IIPOLIECY 3A0-
OyTTs KOMIIETEHIH CTyAeHTaMH. [lpeamerom AOCAL-
AKEHHS € IPOrpaMHi KOMIIOHEHTH AAfl peaaisanii komire-
TEHTHICHOTO INAXOAY B CHCTEMI YIIPaBAIHHS HaBYaHHAM.
MeToro AOCAIAKEHHSA € ITOKPAITIEHHS BIACTCKEHHS ITPO-
LIECY 3A00YTTA KOMIIETEHIIH CTYACHTAMU IIIAAXOM aHAAI3Y
AQHUX cHcTeMHt yipaBAinasg HaBdanaam (LMS) Ta Bisyaai-
3arii pesyAbTaTiB HABYAABHOIO IIPOIECY. TaKuM UHHOM,
AASl AOCATHEHHS Iiiel METH MH IIPOAHAAI3YBAAM TEXHOAOTI]
0OpOOKH HABYAABHUX AaHUX 3 LMS, BuBUmAH 0COOANBO-
CTi MOAEAFOBAHHSA HABYAABHOIO IIPOLIECY HA OCHOBI CITOK
ITerpi Ta BPMN (MoAeAb GisHec-IIpOIIeCy Ta HOTALiA), BU-
3HAYHAN CIPYKTYPY AAHHX 1 3aIIPOIOHYBAAM AATOPHTM
1TOOYAOBH MOAEAIL T2 Bi3yaAi3ariii AAHHX HABYAABHOIO IIPO-
mecy. Pospobaeni mporpaMHi KOMIIOHEHTH AO3BOAAIOTDH
00poOAATH AaHI HaBIAABHOTO mporiecy 3 LMS, Oyaysaru
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MOAEAI Ta Bi3yaAisarii AAHUX HABYAABHOTO IIPOIIECY, 30e-
piraTu pesyAbTaTH B AAHHX CKAAAAX, 300PAKATH MOAEAD
HABYAABHOTI'O IIPOIIECY Ta BI3yaAi3yBaTU AaHI HABIAABHOTO
LIPOLIECY AAA IIOAAABIIIO aHAAITHIHO! OOPOOKH.
KArouoBi cAoBa: KOMIETEHTHICHE HABYAHHS, AHAAI3 HAB-
YaABHOI'O IIPOLIECY, CUCTEMA YIIPABAIHHA HABYAHHAM, MO-
AEAFOBAHHSA TIPOIIECY, BI3yaAi3arlia AAHHX.
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