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Abstract. Several studies suggest that industrial infrastructure and education need to be adapted in line with the
4™ Industrial Revolution. In education, on the one hand, schools, training and university programs need to be
adoptive and, on the other hand, an entrepreneurial approach is needed to increase the information technologies
and innovation skills of the workforce. To sustain economic growth, emerging economies need education and
training programs to develop skills, especially digital, which are increasingly in demand in the labour market.
Digital competence is not just the ability to surf the Internet, it can be broken down into many smaller components.
It should be also noted that digital competence, can be seen also as a transversal competence, it also helps develop
other essential skills, such as communication, language skills or basic knowledge in mathematics or science. The
European Commission has developed the Digital Competences Framework for Europeans (DigComp), which is
divided into five areas: information and data literacy; communication and cooperation; digital content creation;
safety; and problem solving. The empirical part of the study includes a comparative analysis of the use of
technology in mathematics studies at the Latvia University of Life Sciences and Technologies and the Estonian
University of Life Sciences, and a student survey to assess the development of digital competencies in mathematics
studies at the university by five components identified in DigComp, as well as to identify which e-learning tools
(informative and interactive) and internet resources looking for specific information or using other mathematics
software besides MatLab or MathCad are included in the course. The analysis of students’ digital skills shows that
these are quite good. However, the biggest problems for students were solving problems, such as storing files in
the cloud, editing videos/photos, solving technical problems related to studying mathematics, and solving security
problems.
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Introduction

The rapid development and use of information and communication technologies (ICT) has led to
the Fourth Industrial Revolution, which marks a fundamental change in every industrial sector, economy
and human resource. The Fourth Industrial Revolution is mainly concerned with the use of engineering
knowledge for the use of information technology for the deployment of the Internet of Things [1].
Manufacturing enterprises are currently facing substantial challenges with regard also to Industrial
Internet, Cyber Physical Systems or Cloud-based Manufacturing, Smart Manufacturing, as well as
manufacturing processes that combine intelligent machines with humans to create high-skill value
chains [2].

The introduction of new technologies affects the labour market, as the 4" Industrial Revolution
requires specific knowledge and skills. An important role is played by the intelligent data collection and
interpretation, the correct decision making, and their timely implementation because of using the most
advanced technologies, which allows faster data collection and interpretation procedures [3].

Therefore, according to the World Economic Forum 50% of all employees will need reskilling by
2025, as adoption of technology increases. The World Economic Forum updated the top 10 skills
supporting the development of future professions for 2025, which are necessary in the conditions of the
4" Industrial Revolution [4]:

e problem-solving: analytical thinking and innovation; complex problem-solving; critical
thinking and analysis; creativity, originality and initiative; reasoning, problem-solving and
ideation;

o self-management: resilience, stress tolerance and flexibility;

e working with people: leadership and social influence;

e technology use and development: technology use, monitoring and control; technology design
and programming.

It is already identified that such problem-solving skills as analytical skills, critical thinking,
systemic thinking, problem solving skills, logical thinking, creativity and decision-making skills can be
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developed in mathematics [5; 6]. Mathematics studies also contribute to the development of digital
competences. In general, the usage of ICT in higher education, including a mathematics course, covers
three main areas: computer hardware, the operating system, and special software. Students must be able
to adapt their communication style to new technologies and be able to collaborate in a virtual
environment [7]. The use of information and communication technologies is a symbol of a new historical
time in education, characterized by an effort to meet the needs of students to be able to learn without
time and space constraints. In addition, ICT is changing thinking patterns, enriching existing educational
models and providing new training models [8].

Digital technologies in the universities of both authors of this study in mathematics studies are used
to independently learn the available informative and interactive e-materials, solve problems with
mathematics software, find the necessary information, collaborate online, etc. In both universities, the
e-learning environment is based on the course management system Moodle, which contains various
study materials that were used as a supplement to full-time studies, as well as for organizing students’
independent work, assessment of knowledge and skills, including so-called non-educational activities,
such as communication between students and teachers, recording grades and test results online, changing
schedules and uploading students’ homework, etc. [9]. Thus, to contribute to the development of digital
skills required for future professions in the context of the Fourth Industrial Revolution, the aim of this
study is to assess the development of digital competencies of of undergraduate engineering students in
mathematics studies.

Materials and methods

The methodology of this study is based on “Digital Competences Framework for Europeans”
(DigComp), offered by the European Commission, which is divided into five areas [10].

¢ Information and data literacy: to articulate information needs, to locate and retrieve digital
data, information and content. To judge the relevance of the source and its content. To store,
manage, and organise digital data, information and content.

e Communication and collaboration: to interact, communicate and collaborate through digital
technologies while being aware of cultural and generational diversity. To participate in society
through public and private digital services and participatory citizenship. To manage one’s
digital identity and reputation.

o Digital content creation: to create and edit digital content. To improve and integrate
information and content into an existing body of knowledge while understanding how copyright
and licences are to be applied. To know how to give understandable instructions for a computer
system.

o Safety: to protect devices, content, personal data and privacy in digital environments. To protect
physical and psychological health, and to be aware of digital technologies for social well-being
and social inclusion. To be aware of the environmental impact of digital technologies and their
use.

e Problem solving: to identify needs and problems, and to resolve conceptual problems and
problem situations in digital environments. To use digital tools to innovate processes and
products. To keep up-to-date with the digital evolution.

This document claims that being digitally competent means using digital technologies in a confident
and safe way for various purposes such as working, getting a job, learning, shopping online, obtaining
health information, being included and participating in society, entertainment, etc. [10].

Today, digital competences are no longer just about access to and use of information
communication technologies, they are also about ICT knowledge, skills and attitudes. It should be noted
that digital competence, it can be seen also as a transversal competence, helps develop other essential
skills, such as communication, language skills or basic knowledge in mathematics or science [11].

Based on digital competence areas identified in the EC document “Digital Competences Framework
for Europeans (DigComp)”, a questionnaire for undergraduate engineering students was created,
applying the competencies shown in Figure 1 to the specifics of the mathematics study course.
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All questions had four possible responses: 1. | can do that; 2. | can do it with the help of others; 3.
| cannot do that; 4. To do this, | often search for information on the Internet.

Empirical research includes a survey of undergraduate forestry, agricultural, civil engineering students
at the Latvia University of Life Sciences and Technologies (65 students), and undergraduate civil
engineering and technology students at the Estonian University of Life Sciences (60 students) and
identification of digital competence areas in IT technologies. The questionnaires are available at:
https://forms.gle/wAk6S6aSB7EKWELW?7 (in Latvian) and https://forms.gle/Vc2uAwBoosSB8Ur87
(in Estonian). Of both universities, most of the study year 1 and 2 students from Latvia, respectively, 46
and 16 and from Estonia 22 and 31 students responded to the survey (see Table 1).

Table 1
Number of students who responded to the survey by gender and academic year
Latvia Estonia
S;::ry Man Woman Total S;::ry Man Woman Total
1 33 13 46 1 15 22
2 11 5 16 2 26 5 31
3 2 - 2 3 5 6
4 - 1 4 -
Total 46 19 65 - 47 13 60

The self-assessment method was used in the study. According to educational research, the self-
assessment method is used to identify strengths and weaknesses and make improvements in higher
education performance [12].

Results and discussion

The first part of the questionnaire was “Abilities related to information and data literacy”. Our
analysis revealed that most students from both Latvia and Estonia are able to do all the activities (Table
2). About 1/3 of students from both countries seek help from the Internet or use the help of others related
to their studies in mathematics. Students from both countries also know how to work with files, and how
to copy and save files. However, more Estonian students have been involved in storing files in the cloud.
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Table 2
Abilities related to information and data literacy
Latvia Estonia
Ability 112|341 2|34

Search for information related to math studies 40 7 |1 |17(139| 9 | 0 |12
Find the appropriate math software on the Internet 31196 (1933|151 |11
6 1

Use thg available math software to better understand 35 | 16 9 |33 6 19
the topic
Searching the Internet for materials to better

understand mathematics topics 4319 | 3 111471610 )7
Use available math software to solve homework 34116 7 |9 (456 |09
Copy files or folders 60 4 | 1 (1|5 ||0|0)1
Save files to the computer 64| 2 | 0| 0|60 0|0 O
Save files to the cloud 5316 | 3|4 (581 |10

The second part of the questionnaire was “Abilities related to digital problem solving” where
abilities are defined according to the “Digital Competences Framework for Europeans (DigComp)” [10].
Analysis shows (Table 3) that students from both countries answered to the first four questions that they
know how to do this activity. To the last two questions, only half answered that they know how to solve
technical problems that arise during their studies of mathematics and they are creative in using digital
technologies related to studying mathematics (i.e. they can find workarounds to solve difficult
problems). To solve these two questions, both Latvian and Estonian students are either seeking the help
of others or seeking help on the Internet.

Table 3
Abilities related to digital problem solving
Latvia Estonia

Ability 1121341234
Move files between different devices 566 |1 (1|58 |1]0]|1
Install apps/software 58| 5|02 |55 |4|0]|1
Change software settings 5119|4150 |3|0]|7
Participate in online education 62| 3| 0| 0|51 |4|0]|5
Ability to solve technical problems in the math study 311221 2 (101 28 1221 0 | 9
process
S[L%z?g;nty in the use of digital technologies in math 5911717 1111 31 [161 4 | 8

The third part of the questionnaire was “Activities related to communication and collaboration”.
From the table below (Table 4), we can see that most students from both Latvia and Estonia know how
to communicate with the teacher using social networks. However, the most difficult question is for 8%
of Latvian and 12% of Estonian students to use voice/video call, that provides instant feedback, for
example during distance learning, as well as ensuring that students work together through group work
or a joint project.

The fourth part of the questionnaire was “Activities related to digital content creation”. Latvian
students use the computer package Matlab in their mathematics studies, but Estonian students use
MathCad. By analysing this activity, we can see that there are the biggest differences between Latvian
and Estonian students (Table 5). We can see that most students from Estonia know how to solve
mathematics tasks with the tools of MathCad. However, the difficult questions are to use or write
mathematical expressions in MathCad for 13% of Estonian students, they need to ask for help of others.
Many students (22%) face difficulties in editing audio/photo/video files. Based on the answers, it seems
that the use of MatLab is quite complicated for Latvian students. Only 1/3 of students do it well. Others
need to either ask for help from fellow students or seek help on the Internet. 13% of students say they
do not know how to use MatLab at all.
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Table 4
Activities related to digital content creation
Latvia Estonia
Ability 112 (3(4|1|2|3]|4
Communication with the math teacher using the study 21218 15/501 7101 3
system
Communication with the teacher using social
networks (Facebook, WhatsApp, etc.) 2012019 |16\ 478 ) 0 4
Ability to use voice/video call 2611519 (14|52 |3 |0 |5
Collaboration with course members in math studies
using social networks (Facebook, WhatsApp, etc.) 4419167434013
Onll_ne collaboration with course members in math 55061 11al58! 1101
studies
Table 5
Activities related to digital content creation
Latvia Estonia
Ability to 1123|412 ]|3]|4
Use math software MatLab/MathCad 22120 8 |15|/50| 7 | 0| 3
Write mathematical expressions in MatLab/MathCad| 20 |20 | 9 |16 |47 | 8 | 0 | 4
Sfa\ve the work created in MatLab/MathCad in %115 9 |14l521 31015
different formats
Edit audio/photo/video files 4419 | 6 | 7 (43| 4 |0 |13
Upload your own content online 5|6 |14 (58]1|0]|1

The fifth part of the questionnaire was “Abilities related to safety”. Most students (85%) from
both countries know how to protect their data, their online privacy, how to use security tools and how
to recognize people with bad intentions on the Internet (Table 6). About 5% of Latvian students and 3%
of Estonian students know little about security issues, they do not know how to solve these. Only 50%
of students know how to solve problems in cyber defence, only 10% of students said “I cannot do that”,
the rest know how to do it with the help of others or searching for information on the Internet.

Table 6
Activities related to safety
Latvia Estonia

Ability to 1 2 | 3| 4 112 ) 3] 4
Protect your personal data and privacy
on the Internet 56 | 3| 11554712 13
Use security tools 516 | 4 | 5|49 3 1|7
Identify people with bad goals on the 58| 4 | 3 1153121213
Internet
Problem-solving skills in cyber defence | 39 [ 10 | 8 | 9 [ 32 |13 | 5 | 10

Only a few students may see shortcomings in some abilities defined in the EC document “Digital

The vast majority of undergraduate engineering students are able to find information related to both

Conclusions
1. The digital skills of students are quite good.
2.
Competences Framework for Europeans (DigComp).
3.
mathematics studies and for better understanding of mathematics topics.
4.

More than half of the students (i.e. 53% of Latvians and 78% of Estonians) can find a relevant

mathematics program, which s can also be used to solve homework.
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5. Matlab software is included in the mathematics study program in Latvia, but MathCad in Estonia.
As it is known, MatLab is a more complex program and has many advantages compared to
MathCad. The survey results show that the use of MatLab is quite complicated for Latvian students
as only 1/3 of students do it well. The results show that it is difficult to write mathematical
expressions in MathCad for 13% of Estonian students, but 13% of Latvians do not know how to
use Matlab at all, which indicates that more investment is needed in learning how to use this
software.

6. The most attention should be paid to solving security problems. According to the authors of this
article, it would also be necessary to include these issues in university curriculum.

7. The empirical part of the research uses a self-assessment method. Therefore, the results are based
on the respondents’ opinion and can be used to identify problems, which needs to be addressed, as
well as areas where deeper research is needed.
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