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ARTICLE INFO ABSTRACT

Keywords: The spread of COVID-19 caused wide scale disruptions in the educational sector across the globe. Digital edu-
Competence cation, which involves the use of digital tools, virtual platforms and online learning, is seen as one of the viable
Learning management system alternatives to continue academic activities in such an environment. Higher education institutions have largely
Ezzlszxn switched to this new mode of learning and continue to rely on digital mode in many parts of the world, due to the

ongoing pandemic threat. However, learners’ competency to effectively engage in online courses and the impact
of their socioeconomic background on this competency has not been adequately addressed in the literature. The
present study was an attempt to explore these aspects, as they are crucial to the success of digital education. The
study was conducted with 833 undergraduate, postgraduate, and doctoral students from an agricultural uni-
versity to assess their digital competencies and factors that influence effective participation in online courses.
The Digital Competence Framework 2.0 of EU Science Hub (DIGCOMP) was adapted and used for this study. Our
findings suggest that the learners have a satisfactory level of competence in most of the aspects of digital
competence. Majority of the participants were relying on smart phones both as the device for accessing internet
as well as for their learning activities. The results of a Tukey’s difference in the mean test reveals that learners’
digital competence varies significantly by gender, economic profile, and academic level. This finding can be
attributed to the difference in their socio-economic background, which confirms digital divide among learners.
Our findings have implications for the design of digital higher education strategies and institutional management
to ensure effective learner participation, especially for higher education institutions in developing countries.

Digital divide

1. Introduction

The outbreak of the coronavirus disease 2019 (COVID-19) pandemic
affected every country in the world. To contain the transmission of the
disease ‘lockdown and staying at home’ strategies were implemented by
many countries, which resulted in the closure of schools and higher
education institutions worldwide (Pokhrel and Chhetri, 2021; Sintema,
2020). About 186 countries closed their educational institutions due to
this pandemic, and switched from learning at the institution to remote
learning using online tools and resources (UNESCO, 2020).

* Corresponding author.

Consequently, the entire academic landscape faced massive disruption
due to suspension of physically co-located classes. Nevertheless, in the
era of “Living with COVID”, many alternatives were developed to
replace the old system of knowledge transfer, which was characterized
by direct physical class room interactions. Thus, the pandemic situation
has triggered higher order reforms in teaching and learning process and
paved the way to ‘digital education’ as a strategy to defy the unprece-
dented health challenge (Pokhrel and Chhetri, 2021; Yang and Huang,
2021).

India has the world’s largest educational population of about 500
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million and the higher education sector of the country is third largest in
the world (Singh, 2021). More than 320 million learners have been
affected in India due to the lockdown strategy to combat COVID-19
(Mathivanan et al., 2021). The outbreak of the pandemic forced the
closure of various higher education institutions for an indefinite period
of time, which brought the entire academic activities of these in-
stitutions to a halt (Mishra, Gupta, and Shree, 2020). The Government of
India (Gol) proactively made some efforts to revive teaching and
learning activities by promoting knowledge delivery platforms and
digital education (Ministry of Education, Government of India, 2021). In
line with these efforts, universities in India have taken various mitiga-
tion measures, including the adoption of digital tools and learning
management systems (LMS), the delivery of online courses via video
conferencing platforms, and the development of e-learning content.
Online learning is defined as learning experiences in synchronous or
asynchronous environments using different devices with internet access,
in which students can learn and interact with instructors from any
location (Singh & Thurman, 2019). The synchronous learning environ-
ment is more structured and characterized by live lectures, real time
interactions and instant feedback in contrast to the asynchronous
learning environment which is less structured (Dhawan 2020). It can be
used interchangeably with other terms such as open learning, computer
mediated learning, web-based learning (Dhawan 2020) and digital
learning (Holzberger, Philipp, and Kunter, 2013). Essentially, it involves
deploying educational technologies to learning situations to achieve the
learner-centered individualized learning (Kaklamanou, Pearce, and
Nelson, 2012). However, the learners should have the competence to
access, evaluate and adapt resources using these technologies for
effective learning in any modified learning situation (Ferrari, 2013;
Zhao et al., 2021; Wang et al., 2021). This competence which enable a
learner to use technological tools effectively to learn, to work, and to
participate in society is identified as digital competence (Vazquez-Cano
et al., 2020). Any attempt to integrate digital tools in an educational
setting must be based knowledge of learners’ level of digital competence
(Calvani et al., 2012). Nevertheless, the usage of digital tools does not
guarantee that the learner has digital competence (Sanchez-Caballé,
Gisbert Cervera, & Esteve-Mon, 2020). Furthermore, learners’ compe-
tence may not be sufficient to achieve the learning objective in an online
learning context (Watkins, Leigh, and Triner, 2004). Hasan and Bao
(2020) contends that inadequate digital competence can lead to poor
learning experience particularly when the learning options for the
learners are limited to online mode. Hence, it became relevant to
investigate learners’ level of digital competence as an essential condi-
tion for active participation in digital learning.

Researchers are giving much attention to the prospects of digital
education in developing countries with the very beginning of the
COVID-19 pandemic (Bao, 2020; Bond, Marin, Dolch, Bedenlier, &
Zawacki-Richter, 2018; Budi et al., 2020; Sevillano-Garcia and
Vazquez-Cano, 2015). These studies largely focus on the status of online
education in terms of its effectiveness (Dhawan 2020), acceptability and
quality (Maity et al., 2020), required essentialities (Mishra et al., 2020)
and policy environment (Bhorkar, Khanapurkar, Dandare, & Kathole,
2020). However, critical investigations on the digital competence of
higher education learners, which refers to the skills and abilities to use
computers and other technologies to improve learning, productivity and
performance, are scarce (Burgos-Videla et al., 2021). The concept of
digital competence encompasses those skills and abilities that enable
learners to produce and communicate information using digital tech-
nology in an academic environment (Hatlevik and Christophersen,
2013; Kim, Hong, and Song, 2019). Digital competence is even regarded
as a key determinant for understanding and interpreting digital learning
resources and online learning services (Lopez-Meneses, Sirignano,
Vazquez-Cano, & Ramirez-Hurtado, 2020). Although there are multiple
factors that require a thorough understanding, such as the structure of
the learning activities, learning behaviors and engagement, learning
environment design, etc., we were specifically interested in examining
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the digital competence that enables students meet the challenges of
online learning (Wang et al., 2021). While there are a couple of studies
on the digital competence of students (Martzoukou et al., 2020;
Sanchez-Caballé et al., 2020), few empirical studies have been con-
ducted on the digital competence of higher education students of a
professional course.

Researchers have attempted to understand the concept of digital
competence in a variety of ways, including using a digital competence
scale (Tzafilkou, K., Perifanou, M. & Economides, 2022), digital
competence models (Amaro, Oliveira, & Veloso, 2017; Touron, Deborah
Martin, Enrique Navarro, SilviaPradas, & Victorialnigo, 2018), digital
competence building blocks (Janssen et al., 2013) and using compre-
hensive frameworks (Vukcevic et al., 2021). Some of the frameworks to
assess the digital competence include the European Computer Driving
License (Leahy and Dolan, 2010), iCritical Thinking framework of the
International ICT Literacy Panel (Verizon et al., 2002) and Digital
Competence Assessment Framework (Calvani et al., 2008). On the other
hand, studies have also attempted to assess digital competence using
qualitative (Cebi, A., & Reisoglu, 1. (2020) as well as mixed method
approaches (Burgos-Videla et al., 2021). In addition, there were at-
tempts to identify and analyze the concept of digital competence in
different ways, such as internet skills (van Deursen & van Dijk, 2011;
Hargittai, 2010), digital literacy (Eshet-Alkalai & Yoram, 2012), digital
readiness (Arthur-Nyarko & Moses, 2019), and digital skills (Reedy,
Boitshwarelo, Barnes, & Billany, 2015). In this study, an attempt was
made to empirically assess the digital competencies of university grad-
uates using the Digital Competence Assessment Framework (DIGCOMP).
Although the original framework was modified by Evangelinos and
Holley (2015), its current version proposed by the EU Science Hub in
2019, which is used for this study.

Specifically, the present study sought to address the following
questions: (1) Is it possible to assess the digital competence of online
learners? (2) Do online learners have an adequate level of digital
competence to effectively participate in online learning? (3) How does
digital competence vary among learners based on their socioeconomic
characteristics? Hence, this study aims to critically analyze the digital
competence of online learners of a professional degree programme and
their socio-economic situation that influence their effective participa-
tion in online classes beyond the issues of access and availability of
digital technologies (Afolabi, 2015).

2. Methodology
2.1. Theoretical concepts

Digital transformation, the incorporation of digital technologies into
behavior, processes and strategies, is triggering major changes in higher
education and research (Barzman et al., 2021). In essence, it denotes the
kind of changes that result from the application of digital technologies
(Agarwal, Gao, DesRoches, & Jha, 2010). The constraints triggered by
the COVID-19 pandemic have initiated such a transition by vigorously
enforcing online learning and teaching in the higher education system
(livari, Sharma, and Venta-Olkkonen, 2020; Zawacki-Richter, 2021).
Digitization of education became one of the most important features of
this change, with the massive use of information and communication
technologies (ICTs) for teaching and learning, as well as for information
delivery (Arthur-Nyarko and Kariuki, 2019). With these changes, many
critical concerns emerged that challenged learners’ ability to adapt to
these changes (Levy, 2017; Maity et al., 2020). Of these concerns,
learners’ digital competence is important because it is crucial for the
effective participation in a knowledge society (Ilomaki, Paavola &
Lakkala, 2016). Thus, this research is based on the premise that learners
should be digitally competent, to effectively participate in online
learning and use digitized learning materials (Arthur-Nyarko and Kar-
iuki, 2019).

Research on digital competence in education has proliferated in
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recent years. The concept of digital competence is multifaceted, broad,
and sensitive to sociocultural context (Ilomaki et al., 2016; Olofsson,
Fransson, and Lindberg, 2019). In this regard, the importance of tech-
nology related skills is widely discussed in the literature. A number of
studies have tried to define the concept of digital competence (Falloon,
2020; Gallardo-Echenique et al., 2015; Janssen et al., 2013). Funda-
mentally, digital competence refers to the set of skills and abilities
required to learn and navigate environments critically, creatively and
responsibly (Ilomaki et al., 2016). The underlying skills include infor-
mation retrieval, content creation, communication, problem solving,
and technical competence (Sanchez-Caballé et al., 2020). In addition,
there exists a causal relationship between students’ digital competence
and their previous experience with the digital environment in everyday
life (Martzoukou et al., 2020). Thus, the concept of digital competence
has a broader meaning than just technical know-how and extends to
critical aspects related to learners’ attitude, confidence, and active
engagement in a knowledge society (Svensson and Baelo, 2015).

2.2. Data collection

The study was conducted among graduate and postgraduate students
of Kerala Agricultural University (KAU), an autonomous, publicly fun-
ded professional educational institution under the Indian Council of
Agricultural Research (ICAR). The university was purposively selected
because it is located in the state of Kerala, one of India’s leading states in
terms of various digital infrastructure parameters, including internet
access, possession of digital devices by its citizens and their level of e-
literacy (Government of India, 2020). Due to the implementation of the
COVID-19 lockdown, the university has shifted all classes from ‘physi-
cally present’ mode to various online learning platforms and LMS since
early March of 2020. The data was collected in September 2020 (after
six months of implementing online learning) using an online survey tool
named Survey Monkey®.

The university has four campuses with 2046 higher education
learners and the questionnaire was pre-tested with 50 students from
these different colleges to check clarity of the concept and understand-
ability. The questionnaire was then finalized with the necessary modi-
fications. At the beginning of the survey, the participants were informed
about the objectives of the study in order to get as many responses as
possible. Then, the survey link was shared with the respondents through
personal emails. After one week of deployment of the questionnaire, the
survey was followed up by contacting class representatives' to maximize
participation. Within the stipulated time, a total of 984 students
responded to the survey. However, due to incomplete responses, either
because of partial completion of the survey or completely dropping the
schedule after attempting a few questions, 151 responses was omitted.
Thus, only 833 responses were considered for further analysis.

2.3. Method

The study followed a descriptive research design. Survey questions
were prepared based on previous studies and in collaboration with
subject matter experts. Questions included information about partici-
pants’ ownership of and access to digital devices for learning, level of
experience with various software applications for learning, and level of
digital competency. To assess respondents’ digital competence, the lat-
est version of DIGCOMP, the Digital Competence Framework 2.0 of EU
Science Hub (2019), was adapted and used for this study. The frame-
work emphasizes critical skills needed to use ICTs for learning, self-
development and participation in the society. The original framework
consists of five dimensions of digital competence and a total of 21

1 Class representative refers to a student who represents a batch of students,
belonging to that particular batch and facilitates various arrangements for the
smooth conduct of the classes.
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competencies that have been adapted and used for the purpose of this
study. To be precise, we omitted some of the subcomponents, such as
copyright and licensing, and programming, which falls under digital
content creation, because they were not relevant to the study partici-
pants. Furthermore, two additional questions: ‘managing data, infor-
mation and digital content’ and ‘integrating and re-elaborating digital
content’ were included as they were relevant for this study. In order to
develop relevant questions for our study, we first reviewed each
dimension of the framework and transformed each item into individual
questions.

2.3.1. Assessment of digital competence

In order to assess the participants’ digital competence, a composite
index was constructed by incorporating five competence areas, namely
information and data literacy, communication and collaboration, digital
content creation, safety and problem solving, proposed by Evangelinos and
Holley (2015). These five competence areas were renamed as the di-
mensions for this particular study. Each of these dimensions was
described by a set of indicators in the original framework. Table A1 in
the Appendix provides a description of the DIGCOMP framework that
was adapted and used in this study. In this study, each of these di-
mensions was explored by framing appropriate questions. Responses of
the participants to the questions pertaining to each of the dimensions
were collected on a five point continuum ranging from-highly compe-
tent, moderately competent, competent, less competent and incompe-
tent to represent the varying levels of digital competence. Further,
Exploratory Factor Analysis (EFA) was performed to derive an appro-
priate number of factors and to assign weight to various sub-dimensions
in SPSS 20.

2.3.2. Assignment of weights to the indicators

EFA was performed with the dataset to obtain factor loading and
eigenvalues. Kaiser normalization was performed to identify the eigen-
values greater than 1 and the same number of components was extracted
using varimax rotation method. Then, the extracted component matrix
was multiplied by the eigenvalues, taking only the absolute values. The
values obtained were summed for each indicator to obtain weight for
that particular indicator following (Ramadas et al., 2017). As all the
measures were ordinal and collected at the same level (1-5 continuum),
no normalization was performed. The indicators were multiplied with
the assigned weights to construct the indices separately for each
dimension of the DIGCOMP framework.

2.3.3. Digital competence index (DCI)

Each of the respondents was awarded a score for each dimension.
The scores obtained under each of the dimension are averaged and
summed up to get the score for that particular dimension (Equation (1)):
Digital Competence Score (DCS) = Z b + b2 + b3 + a + D—s, 1)

n n n n n
where D1 to D5 denote the five dimensions and n corresponds to number
of indicators under each dimension.

Finally, the scores of all the five competence areas were added
together to obtain a respondent’s digital competence score. However,
the scores do not represent an absolute measure of the participants’
digital competence. Rather, they are used as a benchmark for a
comparative assessment of the participants. Based on the scores, the
respondents were classified into low, medium and high categories by
following percentile values. Further, one way ANOVA and Post Hoc
(Tukey HSD) tests were performed to check differences among the
learners with regard to selected variables such as gender, academic level
and economic status, which were found worth exploring in line with
other studies (Burgos-Videla et al., 2021; Wang et al., 2021).
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3. Results

In this study, 640 female and 193 male students participated in the
survey, reflecting the predominance of female students enrolled for in
agricultural degree course in Kerala. The socio-demographic data of the
respondents show that majority of them (61.10%) belong to rural areas
followed by peri-urban (20.89%) and urban (18.01%) backgrounds. The
average age of the respondents is 21.45 years. Further, most of the
students (42.61%) belong either to the category with an average
monthly family income of less than 340 US$? or between 340 and 1020
US$ (32.49%). Almost all (99.03%) the respondents were residing with
their parents during the lockdown period.

3.1. Access to and awareness of digital technologies

Almost all students (97%) have their own smartphones and more
than one third had a laptop (Fig. 1). Overall, 36.58% had access to any
two and 7.56% had more than two digital devices for online learning.

The availability of digital devices for the respondents corresponding
to their economic status indicate that the lowest income group (<340 US
$) has digital devices such as desktop and tablet to a lesser extent
(Fig. 2). The data distribution shows that majority of the lower (63.94%)
and middle income (47.42%) categories, have a single digital device for
learning. Out of the total respondents, 94.35% stated that they are
accessing internet within the home premises. Regarding the means of
internet connectivity, an overwhelming majority (86.91%) stated that
they mainly rely on their smartphones. In terms of frequency of Internet
access, 92.7% of respondents use the Internet daily. Further, majority
(56.6%) of the respondents who access the internet daily spends at least
3 hours for browsing on various topics of interest.

3.2. Digital competence of learners

Student competence is assessed in terms of the five competence do-
mains described in the DIGCOMP framework. Fig. 3 depicts the re-
spondents’ competence levels in relation to the 21 components of digital
competence. Under the first dimension, information and data literacy
component, majority of the respondents had moderate level of compe-
tence with respect to the various components of this dimension. These
include the ability to collect relevant information from various web
sources for learning, to collect recent and genuine information, to access
various digital platforms for coursework as well as to systematically

Tablet device

Smartphone)

Digital Devices

Laptop

Desktop

20 40 60 80 100

Respondents (%)

Fig. 1. Access to various digital devices by the respondents.

2 1 US$ = 73 Indian Rupee.
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Fig. 2. Access to digital devices based on the economic status of the
respondents.

store and retrieve collected information (see Fig. 3).

More than one third of the respondents had a moderate level com-
petency for the skill to engage in digital interaction across classes, share
the study resources digitally, use the digital collaborative tools to do
class assignments, adhere to standard practices while attending online
classes and manage their digital identity under the second dimension,
communication and collaboration. Further, more than a quarter of the
respondents had high level of competence for the first four components.
However, about 30% of the learners reported low levels of competence
corresponding to the last component, which is a point of concern. The
third-dimension digital content creation comprised of three components,
namely participating in relevant social issues, the ability to develop
digital content, and modifying and adapting the digital content. While
half of the study participants had a moderate level of competence with
regard to the second component, less than one third and just more than
one third respectively for the first and third components. Besides, more
than one third had reported being less competent in the first component.

The fourth dimension addressed the safety aspect of digital compe-
tence by examining five components. More than one-third of the stu-
dents were found to be moderately competent with regard to their
ability to adapt and mix various media for study purposes, protect
personal data and privacy, protect health and wellbeing while using
digital technologies, and understand the impact of digital technologies
on environment. About one third of the respondents had competence to
check risks and threats from the cyber world. However, the fact that
almost 30 percent of the respondents showed low competence with re-
gard to the first component is a cause of concern. Finally, the fifth
dimension, problem solving had 4 components, namely the ability to
resolve technical glitches during online learning, selecting appropriate
digital tools and customizing them for course work, being creative in
using digital tools in their communication efforts and self-assessing their
digital skills. Almost one third of them each belonged to the moderately
competent and competent category with regard to the last three com-
ponents. However, more than a quarter of the respondents had less
competence with respect to first three components as indicated by the
findings. The figure shows the distribution of respondents across the
different dimensions of digital competence measurement. Overall, ma-
jority of the respondents were either moderately competent or compe-
tent with regard to the various dimensions of digital competence.

3.3. Assessing the level of digital competence of learners

The digital competence scores were calculated for all the respondents
for a comparative assessment of the digital competence among them.
Based on their overall score, they were categorized into low, medium
and high category of digital competence (Table 1).
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Fig. 3. Competence level of the respondents for various dimensions of digital competence.

Table 1
Classification of the respondents according to level of digital competence scores.

Competence level Competence score Number of respondents

Low Up to 14.19 208
Medium 14.2to 18.5 416
High 18.51 and above 209

Note: Low: Up to 25th percentile; Medium: Between 25th and 75th Percentile
High: Above 75th percentile.

In addition, respondents were categorized into different groups
based on specific variables to provide a better insight about their digital
competence. To get an overview of the change in score for digital
competence, we used Tukey’s difference in the mean test to assess the
overall change in the mean level between the overall score and the three
categories of low, medium and high competence level. Here, Tukey’s
test compares the means of all classifications with the mean of every
other mean value by pairwise comparison using studentized range sta-
tistics that corrects for multiple comparisons. To be precise, we use the
Tukey-Kramer procedure, which allows us to provide actual probabili-
ties in close agreement with the corresponding nominal probabilities in
the case of a different number of observations for each group (Smith,
1971). Table 2 summarizes the results of the Tukey’s test on the dif-
ferences between the means of the various pairs and their adjusted
p-values for the overall score and separately for the low, medium and
high level of competence.

We found that the mean overall score of digital competence for male

students is significantly higher than for female students. Classifying
respondents based on their economic status and academic level also
showed a significant difference between groups of respondents.
Thereby, we found that economic status significantly determines the
level of digital competence between the high and low income group and
the high and medium income group (p < 0.05), while we did not find a
difference between the low and medium income groups. In addition,
post graduates and doctoral students had a higher mean overall score
compared to first year graduates, while the other pairs showed no dif-
ference. In addition, we found no other significant differences between
the low, medium and high competence level.

The analysis also delved deeper into the levels of the five dimensions
of digital competence of the respondents, when they are divided into
different groups as mentioned above. Similar to the previous analysis,
we used Tukey’s test to compare the means of the five dimensions of
digital competence segregated for the categories of academic level,
economic status and gender. Fig. 4 gives a graphical representation of
the results for the 5 dimensions (Dim1 to Dim 5). We found that male
students have a significant higher level (p < 0.01) of average compe-
tencies with regard to digital content creation, safety and problem solving,
reiterating the similar trend in the case of overall scores on digital
competence (Table 2). It is important to note that there was no signifi-
cant difference between male and female participants with regard to
access to digital devices, though the study didn’t take into any account
the female specific cultural disadvantages.

When grouped by academic level, postgraduate students have the
highest mean scores with regard to various dimensions of digital
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Table 2
Classification of the respondents segregated by gender, economic level, academic level and levels of digital competence.
Pair Total Low Medium High
Dif- ference Adj. p-value Dif- ference Adj. p-value Dif- ference Adj. p-value Dif- ference Adj. p-value
Gender 2-1 0.5721 0.0140 —0.0380 0.8785 —0.1280 0.3791 0.4947 0.0051
Economic Status 2-1 0.3655 0.2069 —0.2867 0.3509 0.3267 0.0412** —0.0713 0.9199
3-1 1.1064 0.0002 —0.2721 0.6570 0.2639 0.2844 0.3596 0.1877
3-2 0.7409 0.0213** 0.0145 0.9989 —0.0628 0.9290 0.4308 0.0984*
Academic Level 2-1 0.4978 0.2337 0.1320 0.9805 0.2117 0.6103 0.1084 0.9846
3-1 0.2157 0.9689 0.1939 0.9729 0.0480 0.9994 0.3394 0.7812
4-1 0.5281 0.6763 0.3077 0.9166 0.6539 0.0888* 0.0525 0.9999
5-1 1.1528 0.0019 0.3086 0.8781 0.3074 0.5437 0.3582 0.5376
3-2 —0.2821 0.9154 0.0620 0.9997 —0.1637 0.9307 0.2310 0.9297
4-2 0.0303 1.0000 0.1757 0.9895 0.4422 0.4134 —0.0559 0.9998
5-2 0.6550 0.1946 0.1766 0.9839 0.0957 0.9881 0.2498 0.7940
4-3 0.3124 0.9611 0.1138 0.9989 0.6059 0.2446 —0.2869 0.9453
5-3 0.9371 0.1076 0.1146 0.9984 0.2594 0.8288 0.0189 1.0000
5-4 0.6247 0.6135 0.0009 1.0000 —0.3465 0.7511 0.3057 0.8953

Note: Bold values denote a significance level of p < 0.01, ** and * 0.05 and 0.1, respectively. The pairs are as follows: Gender: male = 2, female = 1; Economic status:
low =1, medium = 2 and high = 3; Academic level: I year graduates = 1, Il year graduates = 2, III year graduates = 3, IV year graduates = 4 and post graduates/PhDs
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Fig. 4. Difference in Digital Competence Scores segregated by Academic Levels, Income Groups and Gender.

competence. The result can be explained by the fact that they are more
familiar with the tools than students at the degree level. For the first
dimension of digital competence, namely information and data literacy, a
significant difference was found only between first year graduate and
postgraduate students. This holds also true for the fourth dimension,
safety, of digital competence. However, with regard to digital content

creation (Dim 3), significant difference (p < 0.01) was found between
first and second year students, first and fourth year graduate students
and first, second and third year students with postgraduate students.
Further, with regard to the second and fifth dimensions (communication
and collaboration, problem solving) no significant difference was noticed
among the various academic groups.
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Regarding the three economic levels, the first and third categories
differed significantly (p < 0.01) in information and data literacy as well as
safety. In terms of communication and collaboration, the first and second
categories as well as second and third categories varied significantly,
albeit at different levels, (p < 0.01) and (p < 0.05), respectively. Similar
results were observed for the third and fifth dimensions, digital content
creation and problem solving. Mean values for digital competencies were
the highest in the third category. Overall, the results signaled a signifi-
cant difference among various strata of respondents across all the di-
mensions, when categorized by economic status than by other variables.

4. Discussion

Although the study primarily aimed to understand learners’ digital
competence in the context of online learning, other dimensions of the
digital competence are also highlighted, such as access to digital tech-
nologies, access to internet to use the digital devices and knowledge of
the learners on key digital applications for learning. As shown in the
results, the smartphone was the most important digital device that
majority of the respondents had access to, compared to other devices
such as laptops, desktop computers, or tablets. This is consistent with the
findings of Arthur-Nyarko and Kariuki (2019). Learners increasingly
relied on smartphones for learning, since the start of COVID-19 and the
consequent shift in the classes to online mode (Biswas, Roy, & Roy,
2020). However, it is important to note that smartphones were the
default choices for the learners, as it was the only digital device to which
most learners had access. Hence, the choice of the digital device for
learning was mostly driven by access rather than availability. To
continue, most of the respondents had access to a single digital device
for learning, which is not a desirable scenario for unhindered online
learning. Access to right and adequate technologies is crucial for effec-
tive participation in technology-based learning (Arthur-Nyarko and
Kariuki 2019). Moreover, access to digital devices disaggregated by
economic status illustrated that the learners’ income level play a crucial
role in determining access to digital technologies, confirming the find-
ings of Scherer and Siddiq (2019). As indicated by the findings, internet
connectivity was not an issue of concern as 95% of the respondents
accessed the internet daily without interruption, in contrast to the
findings of Coman et al. (2020). However, learners’ over-reliance on
smartphones for internet access may lead to limitations in their partic-
ipation in online classes (Muthuprasad et al., 2021).

Students’ digital competence is very important, as they need to
attend their entire academic activities in the digital environment (Kim,
Hong, and Song 2019). Based on our findings, it is evident that in most of
the dimensions of digital competence, the respondents were found to be
moderately competent or competent which is in line with the findings of
Zhao et al. (2021). The high level of competence of a significant portion
of learners in certain components such as the ability to share learning
content online or follow standard practices in the digital learning
environment could be an indication of their ability to adapt quickly to
the new mode of learning. Overall, the findings signaled that students
are equipped to participate in online classes as they have most of the
required digital competencies, possibly due to their regular exposure to
online classes. However, there are certain components where the
competence of the students’ needs to be developed. For example,
competence related to solving technical glitches, mixing various digital
media forms and checking the cyber risks and threats were found to be
insufficient. Competence in these components stands critical in their
effective and safe participation in online classes and fulfilling the course
requirements like submission of assignments. Given the persistence of
online learning and the prospects for more blended approaches to edu-
cation in the near future, it would be helpful if students were supported
with specific training programs, e.g., orientation sessions to address
common technical issues, production of animated videos on course
content, etc. (Rpkenes and Krumsvik 2016). Studies have raised serious
concerns about the impact of online learning on learners’ physical and
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mental health (Chaturvedi, Kumar Vishwakarma & Singh, 2021; Singh
& Thurman, 2019; Lischer, Safi, and Dickson, 2021). The present study
also found various health issues faced by learners in online classes. Since
this is a barrier to effective participation in virtual classes, immediate
attention is needed in this regard. Towards this purpose, modifications
can be made to online classes by ensuring intervals between classes,
rightly balancing the frequency and duration of classes and providing
options for more flexibility in learning activities (Stern, 2004).

It is found that nearly a quarter of the respondents had low levels of
digital competence which requires urgent attention. This might result in
low engagement of the students to online classes and learning materials.
Besides, the level of digital competence was found to vary depending on
the socio-economic profile of the respondents. This finding is congruent
with the studies of Wang et al. (2021) and Hatlevik, Ottestad, and
Throndsen (2015). To gain better insight into these differences, we
looked more closely at the dimensions of digital competence. The
analysis focused on the digital competence of learners, separated by
gender, level of academic stage and economic status, in relation to the
various dimensions. Male respondents tended to have higher mean
scores in the specific dimensions of digital competence, without
factoring in the cultural disadvantages faced by the female learners. In a
similar study, Wild and Schulze Heuling (2020) reported higher scores
for male students in the dimensions “problem solving” and “safety”. In
the present study, the same results were obtained with a significant
difference in one additional dimension, “digital content creation”.
Nevertheless, the marginal difference in the mean score of the overall
measure of digital competence between the two categories suggests that
gender difference in digital competence is specific rather than general.
There are studies that support the argument that males tend to have a
greater inclination towards digital technologies to explain this trend
(Kuhlemeier and Hemker, 2007). However, this finding is not in line
with the results of Scherer and Siddiq (2019), who found higher levels of
digital literacy among females than males. Further, higher means scores
with a significant difference was observed for post graduate and doctoral
students than for graduate students, which confirms the findings of Yu
(2021). This result is significant in that the level of education can highly
predict the outcome of digital learning (Huang and Fang 2013). Finally,
the higher mean scores of various dimensions of digital competence for
the group with higher economic profile have confirmed the findings of
other studies (Ritzhaupt et al., 2013), although there exist also opposite
findings (Hohlfeld, Ritzhaupt, and Barron, 2013).

5. Conclusion

The goal of the study was to analyze the digital competence of higher
education students and the factors underpinning their varying level of
digital competence. Given the magnitude of the pandemic, online
learning is more likely to continue over an extended period of time. The
study results suggest that learners have a satisfactory level of compe-
tence in most aspects of digital competence to participate effectively in
their online classes, although there are some gaping areas. With regard
to access to learning technologies, almost all study participants had at
least one kind of digital device. Personalized devices such as smart-
phones have been the main driver of online learning as well as access to
internet, a common feature reported by most of the developing coun-
tries. This can limit the quality and effectiveness of learning given the
length of the timing of the online learning activities. Furthermore, the
study confirms the digital divide argument in terms of learner’s access to
and competence in using the technologies for learning. Although gender
differences are observed in terms of learners’ digital competence, they
tend to be specific rather than general. Besides, the economic status and
academic level of the student is also a key determinant of the learners’
digital competence, as can be seen from the results. Hence, it can be
concluded that various socioeconomic factors are significant de-
terminants of learners’ access to digital technologies and their level of
competence using these technologies. Based on the findings, specific
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training can be planned to build the skill of the learners in the areas of
lower competency with special attention to economically lagging, fe-
male learners. Further, the delivery of content can be made more
learner-friendly by scheduling more breaks between classes and keeping
lectures shorter, since a large proportion of learners use smartphone to
learn. Further studies should be conducted to understand the impact of
digital competence on learning outcomes and its differential impact on
various categories of learners.

The policy guidelines can focus on various aspects of online learning,
e.g., policies related to course syllabus, software standards, student code
of conduct, discussion policy, intellectual property rights etc. Among
these aspects, security and privacy concerns are very important and
neglected or least considered by the students surveyed. As the National
Education Policy of India reiterates the importance of implementing
hybrid learning, the above concerns should be addressed along with the
creation of digital infrastructure.

The study was conducted among students from only one agricultural
universities of India, so it may be difficult to generalize the results to
other disciplines and HEIs. Furthermore, the study emphasized and
relied only on components of DIGCOMP framework, adapting the in-
dicators depending on the specifics of the learners. This could also be
considered as one of the limitations of the study. Nevertheless, the
findings of the study can be generalized to other comparable settings
with suitable adaptation.

Appendix

Table Al
DIGCOMP Framework adapted and used for the study
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Competence Area Original Dimensions

Dimensions adapted and used for the present study

1. Information and Data Literacy
content

1.2 Evaluating data, information and digital content
1.3 Managing data, information and digital content

2. Communication and
Collaboration

2.1 Interacting through digital technologies
2.2 Sharing through digital technologies

2.3 Engaging in citizenship through digital technologies

2.4 Collaborating through digital technologies
2.5 Netiquette
2.6 Managing digital identity

3. Digital Content Creation 3.1 Developing digital content

3.2 Integrating and re-elaborating digital content

3.3 Copyright and licenses™

3.4 Programming*

4.1 Protecting devices

4.2 Protecting personal data and privacy
4.3 Protecting health and well-being

4.4 Protecting the environment

5.1 Solving technical problems

4. Safety

5. Problem Solving

5.2 Identifying needs and technological responses

5.3 Creatively using digital technologies
5.4 Identifying digital competence gaps

1.1 Browsing, searching and filtering data, information and digital

1.1 Browsing, searching and filtering data, information and digital
content

1.2 Evaluating data, information and digital content
1.3 Managing data, information and digital content

2.1 Interacting through digital technologies

2.2 Sharing through digital technologies

2.3 Engaging in citizenship through digital technologies
2.4 Collaborating through digital technologies

2.5 Netiquette

2.6 Managing digital identity

3.1 Developing digital content

3.2 Integrating and re-elaborating digital content

4.1 Protecting devices

4.2 Protecting personal data and privacy

4.3 Protecting health and well-being

4.4 Protecting the environment

5.1 Solving technical problems

5.2 Identifying needs and technological responses
5.3 Creatively using digital technologies

5.4 Identifying digital competence gaps

" Components not considered for the present study since focus was only on digital competence in online learning situation of the student respondents.
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