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Abstract: Developing youth’s technical and Information and Communication Technology skills is an
SDG 4 targets (4.4.), while the use of online educational material is a promoted tool to implement
SDGs-related measures. This study is a case study exploring the complex role of ICT in teaching social
sciences at a higher education institution using a blend of quantitative and qualitative research
methods. Employing Urie Bronfenbrenner’s ecological systems theory, the research investigates how
digital tools impact students' academic performance across three courses with varying levels of ICT
integration. The study evaluates students' digital skills, compares the effectiveness of ICT-based and
traditional teaching methods, and analyses how these methods influence the students'
comprehension and performance of the subject matter. The findings revealed that while certain ICT
skills and competencies enhance students’ academic performance, students value ICT tools
differently depending on both the course’s subject matter and their own digital competencies. The
research also highlights the importance of teachers' ability to blend ICT and non-ICT activities
effectively to enhance students' understanding. The study contributes to the ongoing discourse on
ICT in education, emphasising the need for a more nuanced, multi-layered approach to
understanding the intersection between technology and education, particularly in non-technical
fields like social sciences.

Keywords: ICT in education; blended education; social sciences; digital skills; digital competences;
sustainable education

1. Introduction

Information and Communication Technology (ICT), an extension of the term Information
Technology as we know it today, is a relatively new domain in the human society development
compared to our long anthropological evolution. ICT first emerged as a concept in mathematics,
connected with computing and communicating information in the 1950s. Soon after mathematics, its
use extended to private and public economic and administrative fields (etc. military, research,
diplomatic) [1-3]. Its huge potential for social and economic development made it spread quickly to
other fields, such as health, and education, though there is an innovation gap between the private
and public sectors [4,5]. Compared to a century ago, at least in developed and many developing
countries, we cannot conceive our personal, academic, and work life without the use of ICT tools [6].
Despite little initial confidence that ICT will be a part of educational facilities, and as a result of
COVID-19 accelerating effect the digitalisation process has become the focus of educational
institutions more so than before, building what Manuel Castells calls Information Society [7-9].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202503.0483.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 March 2025 d0i:10.20944/preprints202503.0483.v1

2 of 21

Current research shows that solely using ICT as tools mediating the process of reaching
educational objectives may not have the same range of results as a set of educational tools and
strategies chosen, adapted and combined for specific classes and fields by a skilled teacher, or even
using a student-centred approach, as opposed to a teacher-centred approach [10-12]. The social
component of learning is perhaps the main reason why today, with all the knowledge and technology
available to us, teaching is an entirely self-conducted activity, it is not performed fully online, using
only digital tools and content, or it is not taught in class only by using technology to mediate the
transmission of content. Lev Vygotsky founded his theory on the use of linguistic communication
between child and teacher to enhance understanding of scientific principles in an era without digital
tools [13], while Seymour Papert applies his principle to devise games with a social component that
would implicitly teach children scientific principles of an abstract nature [14,15], while other
researchers state that digital platforms in learning may not be sufficient for an increase in knowledge
acquisition, or skill development, as success in using digital platforms in teaching to enhance
students’ skills and/or knowledge may depend on the taught field [16-18].

1.1. The Benefits and Costs of Using ICT Tools in Education

The use of technology in class by students may have a distracting role for both students and
teachers [19,20]. Even for the adult population, studies show that there is little transfer between
domains for the cognitive abilities developed using digital devices, such as games or brain teasers
[21,22]. Higher education-based research findings indicate that the use of off-task digital tools
impacts the performance on low-order tasks (e.g. knowledge, comprehension) but not on high-order
tasks (e.g. essay writing), and that it affects the quality of notes-taking and overall class performance
[23,24] .

In fact, studies investigating the effects of ICT in teaching on student’s learning, or of ICT in
learning alone, state that there is a myriad of factors that corroborate their effects onto the students’
performance from a micro level (e.g. the socio-economic status of the child’s family, the child’s
intrinsic or extrinsic motivation to exo factors (teacher’s attitudes towards ICT, school’s location and
access to infrastructure and other teaching sources), and even to macro factors (the country’s or
regional policy in areas affecting education, telecommunication infrastructure or GDP, cultural and
social values) [11,12,25-32]. The benefits for the students exist if there are policies in place to motivate
schools, and to train teachers to systematically incorporate ICT in teaching [3,26,32]. For example, in
a large study that included 39 countries, Park & Weng [26] found a positive relationship between
students’” PISA results and the country’s GDP per capita, and student’s interest and perceived ICT
competence and autonomy. Similarly, authors [33] found that the country’s ICT development level,
and personal use of ICT significantly predicted the academic performance in mathematics, science
and reading of 4% and 8t grade students. However, a further study of Spanish Autonomous
Communities found that only PISA science scores improved as a result of a greater use of ICT in
education, whilst the PISA scores in mathematics and reading decreased [12]. Additionally, the UN
ICT and Sustainable Development Goals (SDGs) unit mention the access to ICT for education is a
prerequisite for child development in an inclusive and equalitarian society, which represent
testimonies for the importance ICT’s role in education has acquired globally [34]. Increasing the
proportion of youth with ICT skills to offer them a better chance at decent working and living
conditions and offering online materials to facilitate access to education to developing regions are
important SDGs 4 targets [35,36].

A literature review on the benefits of ICT in school shows that research is far from decisively
concluding that ICT in education has a positive effect on students’ performance [16,19,24,37], and
those positive effects found are mainly between the use of ICT and cognitive abilities in pre-K12
students [26].

The lack of conclusive findings may be due to the complex nature of the relationship between
the adoption of technology by non-commercial fields, such as education, regulatory policy regarding
ICT, and the digital maturity (DM) level of ICT users [31]. At the same time, technology adoption in


https://doi.org/10.20944/preprints202503.0483.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 March 2025 d0i:10.20944/preprints202503.0483.v1

3 of 21

institutions following a standardized framework is much slower than its adoption in private life, yet
these effects can be confounding [38]. Additionally, the initial research on the effects of ICT on
student’s abilities performed over almost two decades to inform regulatory policies, research and
assessment frameworks become outdated because of the fast pace at which technology takes over
more aspects of our life before it enters education. To counteract this aspect, Gibson [39], in a study
part of the UNESCO SDGs 2030 initiative, recommends the steps to be taken to align the frameworks
of data collection tools on ICT in education, to make its effects more comparable, and also more
inclusive of all the factors that may influence students’ performance, such as country and school
infrastructure and funding, teachers’ beliefs, a learner-centred approach, and mobile learning, which
are elements of the student’s micro, meso and macro systems [40].

1.2. A Multi-Layered Framework for a Sustainable ICT-Based Education

In the absence of a clear research framework for the complexity of ICT in education [39], this
study proposes that the multi-layered reality of the adoption of ICT in education and its effects on
students’ academic performance should be investigating using the ecological system theory proposed
by Urie Bronfenbrenner, applicable from human to systemic development.

His theory postulates several layers that interact and have influence on the measured
behavioural outcome {40, 41]:

e  the microsystem (items in direct proximity and interaction with the developing individual, e.g.
student’s own digital skills);

e  the mesosystem (the interactions between two or more microsystems in which the individual is
an active participant, e.g. teacher’s digital and/or pedagogical skills, the intensity of ICT use in
class, for communication with teachers, administration and peers, etc);

e  the exo-system (the system which indirectly affect the individual’s development though they are
not an active participant or determinant in its activities);

e the macrosystem (items of influence over a larger group, such as political, educational, social
systems, school’s size, educational programs, etc.);

e the chronosystem (important historical events which influence the dynamic of the setting in
which the developing person is active, and that can be normative or non-normative).

When analysing the ecology of ICT in teaching and its effect on students’ performance in this
study, several factors from Bronfenbrenner’s theory are considered within the given design, in order
to produce an accurate image of how the ICT systemic and individual factors interact to influence the
efficiency of ICT in higher education (HE). Such an approach has been used by other researchers to
investigate the digital disconnect phenomenon between home and education institutions and its
effect on children’s digital skills [41]. The presented studies are based on the premise that digital skills
are continuously developing within an ecological system framework, with an input level of
participants’ digital skills, school infrastructure, and teacher abilities that help students acquire
knowledge and develop further their digital and reasoning abilities.

In the current case study, carried out in 2023, we focused on a Czech private higher-education
institution that has bachelor and master programs only in the field of social sciences. Our aim is to
investigate whether ICT tools in education impact the academic performance of the students of social
sciences.

In the Materials and Method section we present the research objectives, instruments and
techniques used to collect the data and provide triangulation for specific assessments, the
participants, and the procedure followed in this study. The results of the statistical and content
analysis performed on the collected data are presented in the Results section and discussed further
against the reviewed literature in the Discussion section. We included a Limitation section to ensure
future research can use designs that reduce these limitations. We summarised our findings and their
contribution to research and practice in the Conclusion section.
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2. Materials and Methods

While there is a plethora of taxonomies of digital skills aligned with specific computer
applications, or clusters of digital skills defined later as digital competences, with levels of proficiency
[42-47], in the last decade international governmental institutions, such as the European Union, and
United Nations, allocated grants for the development of, and selected several platforms that outline
digital skills more consistently with the current use of ICT in education and employment [48]. For
our study we selected an ICT assessment tool (see in next paragraph) which is aligned with the
UNESCO SDGs standards, the National Educational Technology Standards [48,49] and aligned with
the ECDL criteria used to assess ICT users [50], aiming to make our results more comparable with
those of other researchers.

2.1. Research Objectives

The aim of our study is to investigate whether ICT-based pedagogical tools and methods in HE
social sciences programs impact the academic performance of the students participating in these
programs.

The study uses a combination of methods, in an overall case study using both quantitative
(structured questionnaires and experimental interventions) and qualitative (qualitative course
feedback) methods, to understand whether introducing ICT in teaching non-technical subjects (social
sciences — Economic Policies, Global Economy Studies, Political Economy of the EU) can increase the
academic performance of students in the included courses.

These subjects are taught traditionally without the aid of any application, or with a minimum
use of MS Office apps (PowerPoint presentations for the lecturer, MS Outlook and/or email and MS
Teams for teacher-student communication, MS Word and PowerPoint for seminar assignments). The
pedagogical intervention in the project consists of:

1. Using applications and sites appropriate for the course content in the delivering of the course
material and basing the seminar exercises on ICT resources’ functionalities.

2. Requiring class assignments that are based on the use of specific course-appropriate
applications, databases, and SW making use of ICT competences (creativity and innovation,
communication, technology and operations concepts and skills, critical thinking and research
planning, digital citizenship, research and information fluency) part of ISTE-based maturity model
(ISTE-MM) used in [48,49].

The research questions set for this study were:

RQ1. What is the relationship between students’ digital skills and their performance in class?

RQ2. What is the relationship between the intensity of ICT use in teaching and the students’
seminar assignment performance and exam performance?

RQ3. What teaching tools are valuable for increasing the student’s understanding, from the
students’ perspective?

2.2. Data Collection

This is a case study that uses a combination of research methods, qualitative and quantitative,
for data collection and analysis. The following methods and instruments were used for data
collection:

e  The assessment of the students” digital skills used a comprehensive Information Technology
Self-Assessment Tool developed in 2009 by Virginia Niebuhr, Donna D’ Alessandro and Marney
Gundlach (researchers at the University of Texas Medical Branch). The tool was developed as
part of the Education Technology for the Educational Scholars Program at the Academic
Paediatric Association, and its authors created it as an adaptable tool for various fields of
activities. It covers 13 areas of competencies which are aligned with the Van Deursen and Van
Dijk’s digital skills framework [45]. The original assessment tool is retrievable from
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https://www.utmb.edu/pedi_ed/ADAPT/Toolbox/Information%20Technology%20Self-
Assessment%20Tool.doc

e  The seminar assessments were assessed using the ISTE criteria [48,49], which are aligned with
the questionnaires” constructs on digital competencies.

e Exam grades from the courses’ oral examination were included as relevant indicators for the
students” performance to assimilate and evaluate course-relevant material delivered using ICT
tools and traditional methods.

e At the end of each course examination, which were performed orally for the purpose of this
research, each examined student was asked about the teaching methods, digital or traditional,
that were helpful for them to comprehend the course material, which allowed the extraction of
qualitative material from a total of 33 students, for three courses, but with a total of 56 responses
as feedback, with some students having attended two or all three courses.

¢ Individual semi-structured interviews were performed with 11 students to collect qualitative
data on the use and usefulness of ICT-tools in teaching and communication with the teachers,
school administration, and peers.

2.3. Participants

The participants in this study were 34 students of a small-size Higher Education Institution (HEI)
majoring in economics, political science, or a combination of these fields. Out of the 45 students, 29
were evaluated in Course 1, 13 in Course 2, and 17 in Course 3. Some students took more than one
course included in this study. The demographics of the participants are presented in Table 1: Student
participants, per course and gender.

Table 1. Student participants, per course and gender.

Study data N Female Male
Total registered students 45 28 17
Total Course 1 29 19 10
Total Course 2 13 7

Total Course 3 17 10

Total seminar assignments Course 1 29 19 10
Total seminar assignments Course 2 13

Total seminar assignments Course 3 14 7
Total exam feedback Course 1 28 18 10
Total exam feedback Course 2 13 6
Total exam feedback Course 3 14 7
Total semi-structured interviews 12 6
Total digital skills questionnaires 22 14 8

2.4. Procedure and Ethical Considerations

As presented in Table 2., the materials for the three classes taught by one of the paper” author
were designed to have different proportions of ICT tools used in teaching and seminar activities. The
number of taught classes was of 12 for Course 1 (Political Economy of the EU), and of 24 (12 lectures
and 12 seminars) for the other two courses (Global Economy Studies — Course 2, Economic Policies —
Course 3).

All lectures and seminars for all courses made use of ICT and non-ICT resources and activities.
All three assignments involved using digital tools, both provided in class and researched
independently, filtering, analysing, and structuring data. Furthermore, the assignment made use of
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critical thinking to identify relevant information, integrate it to answer the requirements, and be able
to provide a coherent explanation for the presented content.

Qualitative feedback on the used teaching tools and methods was sought from each examined
student after the teacher had entered the grade in the school information system (IS), to avoid
increased demand characteristics. Quantitative feedback on the digital maturity of the class (DMC)
and digital maturity of the HEI (DMHEI) were given in questions 8-9 of the semi-structured
interviews (the full qualitative study, which includes questionnaire with students, school managerial
and IT administrators, is not included in this study report).

Content analysis was performed on the qualitative material from the course feedback.

The questionnaires based on ICTE and ISTE criteria were created in Google forms and were
distributed via emails to all, and, additionally, via course MS Teams channels to students.

All questionnaires had an answering scale from 1-5, 1 being the lowest score and 5 being the
highest score for the measured construct or variable.

The quantitative data was analysed statistically using SPSS licensed software.

The study was performed following the British Psychological Society (BPsS) ethical rules of
conduct in research.

In the first class students were informed about the research and asked to complete the
questionnaires online in class, explaining their rights as participants. Participants” informed consent
was explicitly asked in the questionnaire heading and given with the questionnaire submission.

Table 2. Techniques and tools used in teaching the courses included in the stu.

Teaching techniques Course 1 Course 2 Course 3
Links to data and
ICT-based Links to data and news Links to data and news
news
ICT-based Videos Videos Videos
ICT-based Presentation Presentation Presentation
ICT-based Handouts Handouts Handouts
ICT-based Reading materials Reading materials Reading materials
ICT-based Projector Projector Projector
ICT-based MS Teams MS Teams MS Teams
ICT-based School IS School IS School IS
ICT-based Email Email Email
ICT-based Facebook Facebook Facebook
Websites of institutions,
Websites with
websites with institutional, Websites with legislative
ICT-based institutional and
economic, and legislative information
economic data
data
ICT-based EU mobile applications

Live streaming of EU
ICT-based
activity/events

Activity simulation

(debates, negotiation and
ICT-based Practical
voting), using voting

applications

Field trips — Czech National
Field trip -
Practical Field trip — exhibition Bank
exhibition
https://www.dox.cz/en/visit-us
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Practical Discussions Discussions Discussions
Conservative Lecture Lecture Lecture
3. Results

In the sample of 50 students who were officially enrolled in the three courses included in this
study, some of whom tool more than one class. Out of 45 individuals, 17 were male and 28 were
female (Table 1). Due to withdrawal, late or no submission of seminar assignment, and/or no exam
participation not all registered students were included in the measurements.

For the RQI, descriptive statistics of digital skills per the entire sample completing this
questionnaire (N=22) (Figure 1.) indicate that students’ greatest strengths in digital skills are in Word
processors (mean 4.71), Email (mean 4.3), and Presentation creators (mean 4.07). Their greatest skill
gaps are in Statistical analysis applications (mean 2.52) and Searching academic DB (mean 2.66).

Independent t-sample tests showed no significantly significant differences between female and
male students, though in the critical aspect of academic DB searches female students scores mean
was lower by one standard deviation than that of male students (2.24 vs. 3.02, SD = .76). The non-
assumed variance condition for the groups showed a statistically significant difference between
female and male students on this criterion with t(20) =-2.012, p =.029, but confidence intervals range
does not confirm this significance (95% CI [-1.58; 0.29]).

50

45

ap

35 | | | | |

Numbers  Presentation Email Intemet  File Manager SchoollS  Statistics Acadcmxc Sharing  Average DS
Documents Score

w
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Figure 1. Self-reported digital skills per application’s area of functionality.

There were no significant correlational relationships between self-reported digital skills and
course performance found for Course 2.

The figures in Table 3. show that the Word processor and Email communication proficiency
were significantly correlated with Course 1 assignments and exams, with a medium to strong positive
relationship at significance level p<0.05. Email and school IS proficiency have a medium-strong
positive and statistically significant correlational relationship with Course 3 exam score in Course 3,
at p<0.05.
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Table 3. Significant correlations between self-reported digital skills and course performance.

Correlation relationship Course 1 Course 3
Pearson ) ) 95% Confidence Intervals Pearson Sig. (2- 95% Confidence Intervals
) Sig. (2-tailed) . . : .
Correlation (2-tailed) Correlation tailed) (2-tailed)
Lower Upper Lower Upper

Word processor - Assignment score T2 .001 .349 .896
Word processor - Exam score .549** .028 .073 821
Enail - Assignment score .587* 017 129 .839
Email - Exam score .658** .006 241 .840 738** .006 248 922
School IS - Exam score .585% .046 017 .868
Sharing documents - Exam score 742%* .006 292 923

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). ***Correlation is significant at the 0.001 level (2-tailed).
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Linear regressions models were performed for all courses to investigate the predictability of the

measured digital skills of students on their academic performance, measured in assignment and exam

scores. Table 4 presents several results of linear regression modelling run on each course. Other

regression models, with different combinations of digital skills, were not found to be statistically

significant predictors for neither the assignment nor the exam score.

Table 4. Linear regression modelling results.

Course Predictors Output Details
1 Word Model predicting 77% of the course assignment Word t=4.02 and p=.002
Email score; Email t=2.45, p=.034
Presentation F(5,10) = 6.708, p=.005.
Sharing docs
School IS
1 Word Model predicting 70% of the course exam score; Word t=2.54, p=.29
Email F(5,10) = 4.854, p=.016. Email t=2.65, p=.044
Presentation
Sharing docs
School IS
1 All measured digital skills  Model not a significant predictor of the course Word t=2.75, p=.04
assignment score;
F(5,10) =2.383, p=.175.
2 All measured digital skills  Model predicting 92% of the course exam score; Presentation and
F(5,5) = 11.546, p=.009. Academic DB - negative
contributors
2 Word Model predicting 71.9% of the course exam score;
Presentation F(3,7) =5.976, p=.024.
School IS
2 Word Model predicting 87.4% of the course exam score; Presentation and
Presentation F(4,6) =10.384, p=.007. Academic DB - negative
School IS contributors
Academic DB
2 Word Model predicting 69% of the course assignment Presentation - negative
Presentation score; contributor
School IS F(3,7) = 5.186, p=.034.
3 Word Model predicting 84.9% of the course exam score; Presentation - negative
Presentation F(4,7)=9.875, p=.005. contributor
School IS t=(-3.194) and p=.015
Email
3 Word Model not a significant predictor of the course Presentation - negative
Presentation assignment score; contributor
School IS F(4,7) =3.093, p=.092. t=(-2.406), p=.047
Email

The digital skills-digital competences relationship was investigated only using correlational

analysis. Table 5. shows for Course 1 the analysis found strong significant correlations between Word

processor on one side, and Research and Information Fluency (RIF), and Critical Thinking (CT) on

the other side. Similarly, there were found medium significant correlations between Word processor,

Communication and Collaboration (CC), Digital Citizenship (DC), and Technology and Operational
Concepts (TOC).
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Correlation relationship Course 1 (N=16) Course 3 (N=12) =
7
95% Confidence 9
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*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). ***Correlation is significant at the 0.001 level (2-tailed).
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Number processor skills were found to have a medium significant correlational relationship
with TOC for Course 1, and a strong significant correlational relationship with TOC for Course 3.

Email skills were found to have a medium significant correlational relationship with Creativity
and Innovation (CI), CC, and CT for Course 1.

School IS skills were found to have a medium significant correlational relationship with CI for
Course 3, though the confidence intervals marginally disprove the significance of this relationship.

There was no significant correlation found between self-reported digital skills and assessed
digital competences for Course 2.

For RQ2 several statistical tests were performed, such as mean comparison, linear regressions,
and bivariate correlations between the ICTE-MM factors and assignment and exam scores.

The means of digital competences measured in course assignments per each measured domain
and the exam scores in each course are presented in Figure 2., and they indicate that in Course 1
students’ assignments showed levels of competences in all ICTE-MM fields higher than in the other
two assignments, indicating that the students assignment scores in Course 1 which have a wider
variety of ICT and non-ICT teaching tools are higher than scores in Course 2 where students had to
rely mostly on the data sites provided in class and invest effort to search further independently for
statistical data to produce a good assignment. Similarly, scores in Course 3 were superior to those in
Course 2, as in Course 3 independent search was needed aside from the course information, but it
required less statistical data and more policy-based information than in Course 2, which are easier to
evaluate and use at this educational level than statistical data. These differences in the competences
used for the assignments may also explain the lower means of DC) and TOC scores and the higher
mean of RIF score in Course 2, compared to the other courses.

5,0
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36_ 36 3,6 37 36 3,6 3,6
3,53,5 3,5 3,5
3,5 3,3 3,3
3,0 2,9
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15
1,0
0,5
0,0
Creativity and Communication and Reasearch and  Critical Thinking Digital Citizenship Technology Assignment score Exam score
Innovation Collaboration Information Operations and
Fluency Concepts

mCourse 1 (N=29) mCourse2(N = 13) Course 3 (N=14)

Figure 2. ICTE-MM digital competences measured in course assignments and exam scores.

Linear regressions of all ICTE-MM criteria as impacting variables on exams showed that for
Course 1 CT was a significant predictor of the exam score (t=2.5 p =.02) with F(6,22) = 12.455, p<.001,
while all digital competences criteria explain 77% of the exam score.

Linear regressions of all ICTE-MM criteria as impacting variables on exams showed that for
Course 2 DC was a significant predictor of the exam score (t =2.95 p = .03) with F(6,6) = 5.842, p=.025,
while all digital competences criteria explain 85% of the exam score.

There was no statistically significant result for linear regression tests between ICTE-MM criteria
and exam scores for Course 3.
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The digital maturity of the class (DMC) is medium to strongly negatively correlated with the
assignment score and the RIF score in Course 1 and Course 3, and CC in Course 1 (Table 6). These
correlation relations are based on a small sample (N-10) for Course 1, and with N =5 for Course 3,
which reduces the relevance of the correlations, however, the fact that systematically students rated
the author’s classes with a higher digital maturity that that of other classes or the institution as a
whole is indicative that the interventions performed in these classes being noticeable and beyond the
institution’s norms or average practices on the use of ICT tools in teaching. In the semi-structured
interviews questions 8-9 asked the interviewees to evaluate the DMHEI and DMC from a scale from
1to 5, 1 being the smallest rating. The average DMC was 4.36 (SD = .5) while the average DMHEI was
3.64 (SD =.71), indicated the included classes used more and/or more effectively ICT tools in teaching
compared to other teachers from the HEI considered by students in their evaluations.

The digital maturity of the institution rated by the interviewed students is highly correlated with
the digital maturity of the classes taught by the author, which indicates the reliance of the teaching
methods and digital tools employed in class on the institution’s digital infrastructure, resources, and
processes.

For Course 1 all the ICTE-MM criteria were medium to strongly and positively correlated with
the exam score, all but one item at a high significance level (p<.001).

For Course 2 the CC, RIF, and Critical Thinking (CT) items were medium positively correlated
with the exam score at a p<.05.

The figures for Course 3 show similar small-medium positive correlations with the exam scores
in the same areas as Course 2, in addition to Creativity and Innovation (CI) item, also at a p<.05.

We extracted additional meaning regarding the teaching exercise involving ICT-tools form the
content analysis of the qualitative data.

To address RQ3, using content analysis on the course feedback given after the oral examination,
the frequency of occurrence of the methods used in teaching was recorded. Figure 3. shows the split
between ICT and non-ICT tools used in teaching that were mentioned in the course feedback by
students.

60
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37
34
30
23 »
20
15

) .

0

Course 1 Course 2 Course 3

mTOTALICTtools = TOTAL non-ICT tools

Figure 3. Frequency of occurrence of teaching tool type in course feedback, per course.

As shown in Figure 3 and Table 7, reported in exam feedback, for Course 1 students mentioned
almost twice more non-ICT tools than ICT tools as being helpful in their learning, by large the most
memorable for students were debates, presentations, and the negotiation/voting simulation exercise
(which made use of ICT tools - voting application but it was counted as non-ICT practical method).
For Course 2 the difference between the two types was insignificant, with the most mentions counted
for site links, debates, and other non-ICT.
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For Course 3 the non-ICT tools mentioned were more than twice in number compared to the ICT
tools, with the most mentioned received by Other non-ICT group, followed by debates.

Table 7. Frequency of occurrence of ICT and non-ICT teaching tools/methods per course, reported in exam

feedback.

Course 1 (N=28, F=18, Course 2 (N=13, Course 3 (N=14,
Teaching tool type

M=10) F=7, M=6) F=7, M=7)
Presentations (by teacher/as assignments) 14 6 7
Handouts/slides 5 2 1
Links 8 2 4
Videos 1 2 1
Sites (institutions, databases, graphs) 4 10 2
Debates 17 10 14
Simulation 14
Field trips 7 2 5
Other non-ICT (class dynamic, interactivity, teacher'
skills, engagement, different perspectives, freedom to
ask and express, diversity of presenters and opinions,
developped skills) 20 10 18
Other ICT (individual research, use of digital tools) 2 1 0
TOTAL ICT tools 34 23 15
TOTAL non-ICT tools 58 22 37

4. Discussion

The interpretation of the quantitative results will be aided by the findings from the qualitative
research. To reduce the teacher bias in evaluating the seminar assignments, all assignments submitted
in the form of a presentation on a course topic were also separately assessed by a second teacher at
the same HEI, and the evaluations were introduced in SPSS to calculate the coder agreement rate
(Cohen'’s Kappa score for the 16 criteria was between .707 and .946).

Supporting existing research [26,27,51,52], the results from the self-reported digital skills
questionnaires and the students’ performance in the three courses show that self-perceived ICT
competency and ICT used in teaching are positively linked to student’s performance in certain areas
(Word processors, Email, and School IS). Additionally, the differences between the courses’ content were
reflected in the type of assignments received and the information students needed to master in the oral
exam for each of these courses. Therefore, with the same level of digital skills, as an average over the
group, they handled these requirements best in Course 1 where ICT was most used and in more activities
regardless of the fact that it consisted of fewer lectures and seminars, followed by Course 2 in which their
strengths (Word processors, Email, Presentations, School IS) weighed more in the assignment and exam,
compared to Course 3 where their gaps in skills (Statistical analysis and Academic DB search) weighted
more for the course performance. The gender difference should also be noted, as even in developed
countries female students appear to score higher on gender-stereotypical digital competences
(communication-oriented), compared to investigative areas (scientific database search). Alternatively, the
gender difference may only reflect the gender-stereotypical level of self-esteem [8].

The medium-strong positive correlations between communication-based digital skills
proficiency and assignment and/or exam scores in Course 1 and Course 3 suggests online and in-
person communication were essential for students’ understanding, as well as being able to take notes
and use them effectively later, clarify requirements with teachers and peers, and express their
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understanding, supporting the findings of prior research on the mediating role of ICT in teaching
and on the benefits of a student-approach to teaching, compared to a teacher-approach [10,11,29]. It
may also suggest that the ability to locate study materials, information about class activities, and
being able to submit one’s assignments according to requirements and on time, along with the ability
to communicate with your teachers and peers for class purposes are similarly essential for their class
performance. These findings also align with Waite [23] that the use of ICT tools in teaching helps with
the material comprehension. Students can effectively use these skills also if the institutional and class
environment allow it, as part of the systemic influence of ICT tools effect on learning (cf.
[16,26,29,33,39-41]). As reported by students in qualitative feedbacks and semi-structure interviews,
being able to pay attention to the teacher in class makes it less likely for them to get distracted by the
digital tools used to take notes during class, which they can transfer in digital form at home, an aspect
reported also by [19,24]. At the same time, effective use of digital communication in offline
communication or online streaming benefits the students by helping them clarify information with
teachers and peers quickly to absorb the material while still fresh.

The school IT infrastructure was also a contributing factor to students’ performance, as
stipulated by Graham and Cullinan [30,58], which should be taken into consideration as a critical
factor for the students’ academic performance especially in developing countries where the
infrastructure is only developing. Policy makers must take note of the positive role of infrastructure
in schools that provide opportunities for both students and teachers to access and use up-to-date and
diverse materials and applications in learning and teaching. Having Wi-Fi connection in the school
and on their devices, as well as a course online streaming platform, allow them also to search
information instantaneously, connect to classes remotely and not miss as much as they would in the
absence of those. Communication in person with the teacher was also mentioned as being refreshing
in the school, which is a result of being a small-size HEI. In larger HEI classes, teachers are reported
as “always on the move”, which hinders the effective personal teacher-student communication,
which can make the students more receptive to the information. These factors are indicative of the
positive effect of the synchronous social interaction with a teacher, and of role of exo and meso-
system factors in the student’s performance, supporting the use of Bronfenbrenner’s ecological
system theory when analysing the complex role of ICT in education (cf. [13,16,27,40,51]).

Furthermore, as previously suggested by Alshmmary and Kim [16,17], the study showed that
solely using more ICT tools does not always improve class performance, and the digitalisation of
teaching and learning is a complex environment containing from institutional policies towards ICT
adoption, teacher’s pedagogical and ICT skills, and student’'s own motivation to learn (cf.
[4,8,11,16,27,51]). This complex picture is revealed when ICT tools are used in a wider range of and
diverse activities, including practical exercises, which make use of the students’ digital skills
strengths. In these situations, we observed an increase in students’ class performance. Courses 2 and
3 had the same range of ICT-tools used in class and required in seminar assignments, yet the
differences in the type of digital skills used made the difference between the scores they received in
seminar assignments. Moreover, the ICT-tools used in class in Course 2 additional to the students’
own digital skills seem to have impacted their Digital Citizenship score making it a reliable predictor
for the exam score. In Course 1 though Critical Thinking was found to be a reliable predictor for the
exam score, indicating that perhaps the larger range of ICT and non-ICT tools used in teaching
increased the student’s ability to effectively evaluate and integrate information and perform better in
the exam. The findings, however, indicate that students cannot consistently transfer digital skills to
different domains, suggesting they do not have mature digital competences, and supporting the
studies of Simons and Souders [21,22].

Our study found that for each course different ICTE-MM competences were found for correlate
strongly and positively with the exam score, indicating that the assignments and the exams required
more from the students than memorizing facts and figures, such as critical thinking, communication
skills, and research fluency. Also, they may suggest that the more, and more diverse, ICT and non-
ICT tools were used in class, the more of those ICTE-maturity model (ICTE-MM) key areas were used
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by students in class and exam, supporting the research that showed positive effects between ICT in
teaching and student’s developed abilities (cf. [16,27,52]). Additionally, more non-ICT tools being
mentioned in Course 1 and 3 and as being useful in their overall learning with students evaluating
positively the role of class dynamic, teachers” approach to communication. We can infer from the data
from this case study, that, ICT-tools can help develop skills and increase class performance in
students, but only in corroboration with a good teacher-student communication (ICT-mediated or in-
person) and appropriate pedagogical skills.

Furthermore, the field of the HEI is important for the range of ICT tools that can be employed to
convey the subject matter to students, and, similarly, to attract teaching and non-teaching staff that
are capable to innovate the school’s activity by incorporating more ICT tools. Tegmark in The
mathematical universe hypothesis [53] proposes that the further we go towards social sciences, the more
interpretative language we use to explain the field’s subject matter, as opposed to objective
mathematical structures. Thus, the range of ICT tools used in education for natural science fields
(drill and practice programs, tutoring system, intelligent tutoring systems, simulations, hypermedia
systems) is broader than for social sciences, where teachers can generally aim at most to use ICT to
engage students in social and civic activities discussed and critically debated in-person or using ICT
for information search [54,56]. As a consequence, in social sciences, a HEI's the range of ICT tools in
teaching is reduced mostly to digitally stored interpretative content (e.g. hypermedia systems,
presentations, videos, pictures, etc), and has less available algorithm-based data/information (e.g.
interactive graphs, live maps, simulations, etc.). Thus, the HEI size and its non-technical field
constitute influential factors in formally and consistently adopting (or delaying the adoption) of ICT
in teaching, infrastructure, and school administration activities, which supports the findings of prior
research [55-57]. The pedagogical interventions in the three classes included in this study were
noticeable to students precisely because they introduced ICT in a manner and number that differed
from the HEI norms and average practices, which, due to its novelty in the field, could have
contributed to a higher engagement of the students in classes.

All these findings can be useful for teachers in developing countries that implement UN SDGs
programs in the fields of education and technology improvement. There is a parallel that can be drawn
between educational institutions or programs (such as social sciences) from developed countries with low
implementation of technology-based teaching tools and methods and newly built educational institutions
in developing countries that are slowly implementing ICT infrastructure and skills in teaching any type
of subjects. Both sides of this comparison rely on (incipient) technical skills of students and teachers, as
well as on an infrastructure that may not be accessible by all students alike and usable for each subject to
the same degree [58,59]. Thus, the role of the teacher adjusting the teaching material and methods to make
the best use of the student’s skills remains crucial to the academic performance of their students, in order
to increase their competences in a growingly more technologized world.

A more unusual finding was the negative strong correlation between the DMC and ICTE-MM
competencies in Course 1 and Course 3. While it is difficult to reliably interpret these findings not
knowing how students understand the concept of digital maturity and due to the small sample, they
may roughly suggest that students with higher than average digital skills also have higher
expectations from the institution’s and class’s DM, leading to lower ratings for the school and class
compared to their own skills; similarly, students than lower average digital skills also have lower
expectations from the institution’s and class’s DM, leading to higher ratings for the school and class
compared to their own skills. In other words, students compare the institution and class’s digital
skills with their own digital skills. These inferences are based also on the results of the DM rating for
the school, as evaluated by the managerial, administrative, academic and IT staff. The managerial,
administrative and teaching staff mirror the estimates of students in the included classes,
overestimating the DM of the HEI compared to the results based on qualitative data (interviews,
observations and assessments) collected by the researcher. However, the IT department estimated
the DM of the HEI as being at the same level as the inferred by the researcher from additional
qualitative data, which were not included in the results here. It is important to mention this aspect,
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as the digital skills and competences of the evaluator have a clear influence on the evaluation of the
DM of the HEI and classes, with these two levels of competences (the evaluator’s and the HEI/class’s)
seemingly going in opposite directions for evaluator of a non-technical expertise (e.g. the
administrative staff compared to the IT staff).

In an integrative manner using the ecological system theory, we can interpret the findings from
all these sources as the interaction between the students’” micro system and the teacher’s micro system
through their own digital skills, communication skills, and pedagogical skills (only teacher), within
the meso and macro system offered by the infrastructure and processes established at the HEI level.
These interactions give rise to the proximal processes which can nurture or hinder the student’s
learning activity and their academic performance (cf. [40,41]). Thus, evaluating in isolation the ICT
tools used in teaching cannot offer an accurate image of what factors influence students’ performance;
an integrated evaluation of ICT, non-ICT tools, and students” and teachers’ skills and competences
provides a more accurate image of the role of ICT in HEI, especially when the subject matter is
dynamic and prone to interpretation, as it is the case with specific fields of social sciences (cf.
[8,25,38,39]). It is also important to look at this topic, and not only, in a systemic manner, as we
integrate more skills and competences into our human activity to meet sustainable development
goals that were set only in the last three decades and which we will need to constantly (re)evaluate
and adapt in a reliable and realistic manner.

5. Limitations

The study’s limitations are related to the sample size, of only 45 individuals, and using self-
reports, which we attempted to overcome with the triangulation of data on students’ performance
and digital skills and included multiple measured on overlapping groups of students. In future
research we attempt to use a larger student sample, include more courses from social sciences as data
sources and compare the students’ performance with that of control groups of students in classes
taught by teachers using only conservative teaching methods.

6. Conclusions

This study demonstrates that the integration of ICT in social sciences education is a nuanced
process that significantly influences students” academic performance, but its impact is closely tied to
the context in which it is used. The research shows that while ICT tools can enhance learning, their
effectiveness depends on how well they are integrated with traditional teaching methods and how
they align with students' existing digital skills. The study confirms that the role of the teacher remains
crucial, not just in guiding the use of technology, but in maintaining a balance between digital and
non-digital teaching strategies to optimize learning outcomes.

The findings also suggest that the field of study (social sciences in this case) and the institutional
environment significantly influence the adoption and success of ICT in education. Students benefit
most when ICT tools are used in a manner that complements their learning styles and when teachers
are adept at blending these tools with traditional methods. This research underscores the importance
of developing a more integrated and flexible approach to ICT in education, one that considers the
complex interplay between technology, pedagogy, and student capabilities.

Future research should focus on expanding the sample size, including more courses, and
comparing results across different types of educational institutions. Such studies could further clarify
the relationship between ICT use and academic performance, providing more generalizable insights
that could inform educational policy and practice in a variety of contexts, and particularly for
sustainable goals.
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Abbreviations

The following abbreviations are used in this manuscript:

CcC Communication and Collaboration

CI Creativity and Innovation

CT Critical Thinking

DC Digital Citizenship

DM Digital Maturity

DMC Digital Maturity of the Class

DMHEI Digital Maturity of the HEI

ECDL European Computer Driving License

EU European Union

HE Higher Education

HEI Higher Education Institution

ICT Information and Communication Technology
ICTE Information and Communication Technology in Education
ICTE-MM  ICTE- Maturity Model

1) Information System

ISTE International Society for Technology in Education
PISA Programme for International Student Assessment
RIF Research and Information Fluency

SDGs Sustainable Development Goals

TOC Technology Operations and Concepts

UN United Nations

UNESCO United Nations Educational, Scientific and Cultural Organisation
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