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Abstract: Digital learning competence (DLC) can help students learn effectively in digital learning
environments. However, most of the studies in the literature focused on digital competencies
in general without paying specific attention to learning. Therefore, this paper developed a DLC
framework based on a comprehensive literature review, which consists of six dimensions, namely
technology use, cognitive processing, digital reading skill, time-management, peer management
and will management. This study then developed a scale to assess these competencies where
3473 middle school students participated in the scale validation process. Specifically, exploratory
factor analysis, confirmatory factor analysis and item discrimination were used to validate this scale.
The six dimensions accounted for 58.66% of the total variance of the scale. The overall internal
consistency coefficient was 0.94 for the scale. The results showed that the developed DLC scale is
a valid and reliable instrument for assessing middle school students’ digital learning competence.
The findings of this study can help teachers and specialists to improve the competencies of their
learners by providing a new validated scale that could be used to assess learners and identify their
DLC weakness, hence provide the needed trainings accordingly.
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1. Introduction
1.1. Digital Learning Competencies
During recent years, digital technologies have seen widespread use across global
society and adoption at all levels of education [1]. With the infusion of technology in
education, the educational system has been digitalized [2]. Learning environments have
shifted from physical to blended environments where learning can be both online and
offline. Learning contents have shifted from paper-based formats to both digital and
tangible-based formats. The learners have also shifted to be the digital generation of
learners (also known as: Digital Learner [3], Digital Natives [4–6], Net Generation [7],
Millennials [8], and Generation Z [9]). The rapid advancement in technology in recent
years have changed learning behaviors, and an increasing focus on informal learning has
become one of the several challenges faced by current educational systems [10].
Digital competence has been interpreted in various ways (e.g., digital Literacy, digital Capacity, e-Literacy, e-Skills, e-Competence, computer Literacy, and media Literacy)
in policy documents, in academic literature, and in teaching, learning and certification
practices [11]. The International Computer and Information Literacy Study (ICILS) defines
digital literacy/competence as an individual’s ability to use computers to investigate,
create and communicate in order to participate effectively at home, at school, in workplaces
and communities [12]. However, different fields have different (digital) competencies.
For instance, the competencies required in education are different than those required
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in finance or health fields. Additionally, education as a field combines knowledge about
several sub-fields, including pedagogy, educational technology, instructional design, etc.
Therefore, there is a special interest towards investigating digital competencies in learning
specifically. In line with this, several organizations, such as UNESCO and OECD [13],
have launched several calls to investigate digital learning competencies. For example,
the report, Global Framework on Digital Literacy of UNESCO, emphasized learning with
technology as the key digital literacy [14]. The National Conference of State Legislature
(NCSL) integrated “the ability to use digital tools safely and effectively for learning” into
the concept of digital competence/literacy [15]. Brolpito [16] emphasized the importance
of digital competence for online learning in a lifelong journey. Huang et al. [17] further
pointed out that the COVID-19 pandemic has further emphasized the need for students
to acquire digital learning competencies so that they can cope with this rapidly changing
world. However, the current literature has not deeply focused specifically on the digital
learning competence.
Learning competence refers to the way individuals (and organizations as groups of
individuals) are able to recognize, absorb and use knowledge [18]. It is meant to convey
that organisms are able to learn, something enables them to do so, and this something
(which is actually a multitude of things) varies across individuals [19]. It is generally
believed that learning competence comprised three elements: goal (motivation), will and
ability (knowledge and practice) [20]. This implies that the learning competence of a person
depends entirely on whether the person has a clear goal, a strong will and a wealth of
theoretical knowledge, as well as plenty of practical experience. Based on this, Digital
Learning Competence (DLC) is defined in this paper as a set of knowledge, skills and
attitudes that enable students to learn efficiently and effectively by using digital tools in
digital learning environments.
1.2. Research Gap and Objectives
Based on the background above, several research studies focused on exploring digital
competence frameworks, but those frameworks were not discussed enough from the
perspective of student’s learning. For example, Ferrari [21] described a framework for
developing and understanding digital competence in Europe, which involves five areas,
namely information, communication, content-creation, safety and problem-solving. The
self-assessment grid within this framework gave each European citizen a chance to evaluate
his/her own level of digital competence. Cartelli [22] also developed a framework of digital
competence assessment based on the following dimensions: cognitive, affective and sociorelational. While digital competence frameworks were discussed in different fields, limit
focus has been paid to the pedagogic contexts. Particularly, for those studies which focused
on the importance of digital competence in education, most of them paid much attention
to teachers’ competence to integrate digital tools into their pedagogical and administrative
work [23]. For instance, the Norwegian Centre for ICT in Education introduced professional
digital competence framework for teachers, which consisted of seven competence areas,
namely: subjects and basic skill, change and development, interaction and communication
and so on [23]. However, with the spread of COVID-19, students from all over the world
were affected with the school closure policy and face-to-face classes were shifted to online
courses. During that time, not only teachers’ digital competencies were needed to improve,
but also students’ digital learning competencies [17]. In José Sá and Serpa’s research [24],
the evaluation of educators’ facilitating learners’ digital competence were the lowest
compared with their professional competencies and digital pedagogic competencies. It is
clear to see that exploring students’ digital learning competencies is needed more than ever.
Additionally, most of the instruments developed to assess digital competencies were
tested with limited sample size. For example, in José Sá and Serpa’s research, only
127 participants completed the questionnaire, and there were 268 students participating in Cartelli’s research [22]. Therefore, to cover these two research gaps, this study
contributes to extant literature by creating a framework for DLC, based on a solid and
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scientific research method, namely comprehensive literature review. It then uses a large
sample size to develop and validate a scale based on this framework to assess students’
DLC. Specifically, this paper answers the following two research questions:
RQ1. What learning competencies are needed by students for digital learning?
RQ2. How to assess DLC of students?
The rest of the paper is structured as follows: Section 2 answers the first research
question by creating a Digital Learning Competence (DLC) framework, while Section 3
answers the second research question by developing and validating a scale that assess
the digital learning competencies (identified in RQ1.). Section 4 discusses the obtained
results. Finally, Section 5 concludes the paper with a summary of the findings, research
implications and future directions based on this research study.
2. Creation of the DLC Framework
To answer the first research question, a comprehensive review was conducted by two
authors of this paper (educators and researchers of educational technology themselves)
aiming to identify the learning competences needed in digital environments. In this context,
several search keywords were used, including “digital competency”, “digital literacy”,
“information literacy”, “online learning competencies”, “digital learning competencies”,
“e-learning competencies” and “cyberlearning competencies”. The search was conducted in
the search engine Google Scholar and in different electronic databases, including ScienceDirect, IEEE Xplore and JSTOR. Several excluding criteria were considered in this search,
namely (1) Papers which are not written in English; (2) Book chapters and white/conference
papers; and (3) Papers which do not provide a comprehensive description about the possible needed digital learning competencies. After preliminary screening, 1781 journal articles
were retained. Based on the abstract screening, 1553 redundant articles and those which
did not meet the inclusion/exclusion criteria were deleted. Finally, two researchers went
through the full text of the remaining 287 articles, and 115 articles were remained for this
study. Figure 1 presents the literature review process.
The collected DLC were then split into different categories, via a card sorting method.
This method is used to organize and improve the architecture of the information. It
is an established method for knowledge elicitation by creating different categories of
collected information, where it has been widely applied in several fields, including education, psychology, robotics, knowledge engineering, software engineering and web site
design [25–27]. To ensure the reliability of the final obtained categories, two researchers
in this study participated in the categorization process based on the definitions of DLC
reported in the reviewed studies. Based on the competency extracted from the literature
review and considering the three dimensions of goal, will and ability of DLC in digital
learning environments (presented above), a DLC framework of six competencies was
developed, as shown in Table 1. Each of these competencies is discussed below.
Technology Use: UNESCO [28] highlighted that students should use various networked devices, digital resources and electronic environments to learn, and proposed the
ICT Competency Framework for Teachers. However, Rolf, Knutsson, & Ramberg [29]
stated that the appropriate use of technology within the applied teaching practices is still
a challenge. In this context, several researchers highlighted that learners’ abilities to use
technology should be one of the concerns of teachers [30,31]. Similarly, Beetham [32]
mentioned that “No technologies should be introduced to the learning situation without
consideration of learners’ confidence and competence in their use” (p. 43). In this context,
it is seen that 63% of teachers focused specifically on the development of their learners’ ICT
skills [30]. However, students lack the required ICT skills, despite the rapid digitalization
in society and working life [33,34]. Therefore, in the DLC framework, technology use is
to assess student’s abilities to learn, work and innovate by using different technologies,
including technology selection, media understanding and evaluating, and creation and
communication by using digital media.
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Figure 1. Review Process of the literature review.
Table 1. Framework of digital learning competence.
Construct

Description

Content

Technology Use (TU)

Assess the ability to learn, work and create
by using technology

Technology selection, media understanding,
creation via digital media

Cognitive Processing (CP)

Assess student’s ability of
information processing

Having ideas, rehearsing, elaborating,
organizing, reflecting

Digital Reading Skill (RS)

Assess student’s ability of digital reading

Surveying, questioning, reading actively,
reciting, reviewing

Time Management (TM)

Assess student’s ability of using
time effectively

Setting goals, prioritizing learning tasks,
scheduling, feedback

Peer Management (PM)

Assess student’s ability of collaboration for
achieving goals

Cooperation with others, influence and guide
others, negotiating, resolving conflict

Will Management (WM)

Assess student’s self-management of
learning motivation

Learning beliefs, motivation, self-efficacy

Cognitive Processing: Eagleman [35] defined cognitive processing as the way of gathering different information and using them meaningfully in a specific situation (e.g., while
learning). Nowadays students are almost grown up with digital technology and Internet, [36] mentioned that in the era of digital learning, cognitive development processing is
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influenced by technology. Weinstein, Madan, and Sumeracki [37] further mentioned that
cognitive processing in education should be considered to increase learning efficiency, especially in this new era. Moreover, digital technology, such as mixed-reality, has been proved
to be able to amplify the role of learners’ cognitive processing [38,39], which indicates
that cognitive processing in digital environments should be taken into consideration for
evaluating digital learning competency. Therefore, in this framework, cognitive processing
is to assess student’s abilities of information processing in learning, including having ideas,
rehearsing, elaborating, organizing and reflecting.
Digital Reading Skill: Internet provides students different learning scenarios by accessing different information (e.g., text, video or audio) from different sources (websites,
blogs, social networks, etc.). In these learning scenarios, the student has to deal with huge
number of available information sources, as well as different information formats and their
reliability [40]. Salmerón, Strømsø, Kammerer, Stadtler and van den Broek further stated
that to effectively make use of these learning scenarios, digital reading skill is important,
including searching and navigation, information assessment and integration. Researchers
pointed out that readers may face reading problems when they are exposed to complex
information environments [41,42]. Therefore, in the DLC framework, digital reading skill
assesses students’ abilities of reading and covers different skills needed in digital learning,
including, surveying, questioning, reading actively, reciting and reviewing.
Time Management: in the digital learning era, several educators are now using
self-regulated strategies while teaching, where students are in control of the learning
process and are self-oriented, rather than being controlled by the teacher. Specifically, time
management is crucial in online learning environments, as the students are supposed to
be autonomous and self-directed students [43]. Therefore, in the DLC framework, time
management assesses student’s ability to use time effectively, including setting goals,
prioritizing learning tasks, scheduling and feedback.
Peer management: Peer-to-peer management refers to a group of students with a common spoken language are working together to complete different educational concepts [44].
Hegarty mentioned that digital learning is not facilitated only by teachers [45], but also by
peers. Therefore, in the DLC framework, peer management assesses student’s ability of
collaboration with peers for achieving goals, including trust with each other, influencing
and guiding others, negotiating and resolving the conflict.
Will management: Kyndt, Onghena, Smet and Dochy [46] stated that providing
learning opportunities to learners is not enough, as the willingness to consider these
opportunities is the first crucial step towards learning [47,48]. In Rubin’s pioneering
study [49], several features of a good learner were mentioned, including willingness to
guess, make mistakes, communicate and monitor one’s own. Additionally, it is expected
that learners should be more willing to take responsibility for their own learning to develop
continuously [50]. This is further seen especially in digital learning where teachers are
mostly absent and no face-to-face learning is provided (i.e., teachers cannot continuously
motivate and guide students). Therefore, in the DLC framework, willingness management
assesses student’s self-management in learning motivation, including learning beliefs,
motivation and self-efficacy.
Based on the proposed framework in Table 1, and to answer the second research
question, a 5-point Likert scale was developed and validated for the assessment of digital
learning competence, as discussed in the next section.
3. Validation of the DLC Scale
An experiment was conducted to answer the second research question and the obtained results are reported in the next subsequent sections.
3.1. Experimental Procedure
In the first stage, a 5-point Likert scale with 52 original items was developed based
on several validated instruments. For instance, the items of “technology use” dimension
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considered the VARK questionnaire [51], the European Digital Competence Framework
(EDCF) [52] and the Global Framework of Reference on Digital Literacy Skills for Indicator [14]. The items of “cognitive processing” and “will management” dimensions have
referred to the Motivated Strategies for Learning Questionnaire (MSLQ) [53] and Learning
and Study Strategies Inventory (LASSI) [54]. The items of “digital reading” considered
SQ3R methods [55]. The items of “time management” dimension referred to Adolescence
Time Management Scale (ATMS) by Huang [56]. Finally, the items of “peer management”
were compiled by the authors according to the requirements of interpersonal skills for
collaborative learning [57].
Ten experts in the field of learning technology, education and psychology then assessed
this scale by measuring the quality of each item, ranging from “not measuring” to “total
measuring”. The obtained results highlighted that only 41 items (out of 52 items) were
considered as “total measuring”. Particularly, 9 items were deleted, which were mainly
adapted from Teo’s [58] digital native assessment scale, because most experts thought
that these items could be used to evaluate the technology using preferences rather than
competence. Additionally, 2 items were further deleted because the experts viewed them
as highly correlated with other items in the dimension.
Afterwards, a large-scale pre-experiment was held with 1000 middle school students.
After the application of Exploratory Factor Analysis (EFA), two more items were deleted
(highlighted using * in Table 2) because they have cross-loadings with the factor loading
difference less than 0.15 [59] and the new obtained Digital Learning Competence Scale
(DLCS) contained only 39 items, as shown in Table 2.
Table 2. The final scale with 39 items.
Technology Use
1.

I can use the map to plan the travel routes before going to
strange place.

2.

I can use the road sign to find the destination in a strange place.

3.

I can check the instructions to operate correctly for unfamiliar
home appliances.

4.

I can use the digital tools to create multimedia works (such as
pictures, animation, video, etc.)

5.

I can catch the key points of the video or audio information

6.

I can complete the learning tasks assigned by teacher by using
various resources comprehensively, such as teaching materials,
supplementary materials, and network resources

7.

I can choose the appropriate means of communication to share my
own multimedia works with my classmates, such as through QQ,
E-mail, U-disk, etc.

Key Points

Referred
Scales/Questionnaires/Framework
VARK questionnaire

Technology selection

VARK questionnaire
VARK questionnaire

Creating

Law et al., 2018
Law et al., 2018

Understanding

Compiled by the authors

8.

I will evaluate, modify and improve my own multimedia works.

9.

I will compare the authenticity and reliability of the information
from newspaper, broadcast, network, etc.

Communicating

EDCF
Evaluating
EDCF

Cognitive processing
10.

I can find main points that need to be remembered from the
teacher’s lecture or presentation.

Having ideas

LASSI

11.

I can find important information from the class discussion.

Having ideas

LASSI

12.

I will combine teacher’s lecture, textbook and class discussion to
better understand the learning content.

Elaborating

MSLQ
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Table 2. Cont.
Technology Use

Key Points

Referred
Scales/Questionnaires/Framework

13.

I will link the new learning content with the knowledge that has
already been mastered.

Elaborating

MSLQ

14.

I will list the important points before the exam, and try the best to
remember them.

Rehearsing

MSLQ

15.

I often review the contents of the lesson after class.

Reflecting

MSLQ

16.

I will often browse the textbooks and notes, and find out the most
important content.

Organizing

MSLQ

Reviewing

SQ3R

Reading

SQ3R

Questioning

SQ3R

Digital Reading
17.

I will summarize the points and the structure of the article by
drawing pictures or tables after reading.

18.

I get used to taking notes when I read books, newspaper
and magazines.

19.

When I read the newspaper and magazine, I can transfer the title of
the article into questions, in order to guide the following reading

20.

When I learn a new article, I will read the after-class exercises
previously, and then I read the article.

Reading

SQ3R

21.

After reading the text, I will try to answer the after-class exercises.

Reciting

SQ3R

22.

I will regularly review the learning materials that I’ve seen before
after reading.

Reviewing

SQ3R

23.

When I read the article, I can find out the key words, details and
the main purpose of it.

Surveying

SQ3R

Peer Management
24.

I can put forward my opinion to my classmates in the
group learning.

25.

I can actively coordinate to reach a consensus when the dispute
appears in the group discussion.

26.

I can make clear my role and responsibilities when I am in the
group activities.

27.

I can listen to my classmates in the group learning.

28.

I can always have some ways to make my classmates talk freely in
the group learning.

29.

I will share the information collected by myself with my
classmates in the study.

Trust

Resolving conflict

Influencing and guiding

Compiled by the authors according to
the requirements of interpersonal skills
for collaborative learning

Negotiating
Influencing and guiding

Trust

Time management
Scheduling

ATMS

Feedback

ATMS

I have a plan for the learning tasks that I have to finish every week.

Setting goal

ATMS

I have both short-term and long-term plan for my own study.

Setting goal

ATMS

30.

I will set a deadline for my learning task.

31.

I will check the completeness of the task in contrast to the plan
when I finish the task.

32.
33.
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Table 2. Cont.
Technology Use

Key Points

Referred
Scales/Questionnaires/Framework

34.

I will determine the sequence of tasks based on the importance
and urgency of the task when drafting the task plan.

Prioritizing

ATMS

35.

I can finish the learning task arranged by teacher on time.

Scheduling

ATMS

Will management
36.

I think that as long as you spare no effort, I can acquire
the knowledge.

Learning beliefs

37.

I think that as long as the method is appropriate, I can acquire
the knowledge.

Learning beliefs

38.

As for me, achieving excellent scores makes me feel happiest.

Motivation

39.

I’m interested in the learning content of the school.

Motivation

40.

I believe that I can get a good result in any course *

Self-efficacy

41.

I can recognize my own advantages and disadvantages *

Self-efficacy

Compiled by the authors

* These items were deleted because they have cross-loadings.

Finally, a serial of small-scale pre-trials with high school students was conducted to
improve the accuracy, clarity and parsimony of each item, by considering the inputs of
several middle school students who read the full questionnaire. For instance, the item
“When I read the newspaper and magazine, I can transfer the title of the article into
questions” was changed to “When I read the newspaper and magazine, I can transfer the
title of the article into questions, in order to guide the following reading”.
At the end, a sample of 3473 (1560 male, 1913 female; aged 13–14) middle school
students from 38 schools were collected. Students were given 30 min to answer the
online questionnaire in computer classroom guided by teachers. The sampling strategies
include cluster and convenient sampling. Cluster sampling was used to investigate the
3700 students from 100 classes in Grade 8 from the 38 schools located separately and
equally in the 7 districts in Beijing, which take about 1/6 of all the Grade 8 students in
Beijing. Then the 3 or 4 classes from each school were selected by convenience sampling.
3.2. Data Analysis
SPSS 21.0 and AMOS 22.0 were employed to analyze the collected data. Exploratory
factor analysis (EFA) was used to determine the factor structure. To establish structural validity of the scale, confirmatory factor analysis (CFA) was applied. Sampling adequacy was
determined for the factor analysis. There are no missing values in the data. The normality of
the data was examined by inspection of skewness and kurtosis. From the results, the skewness (technology use = −0.397; cognitive processing = −0.680; digital reading = −0.180;
time management = −0.240; peer management = −0.367; will management = −0.525) and
kurtosis (technology use = 0.512; cognitive processing = 1.787; digital reading = 0.579;
time management = 0.434; peer management = 0.698; will management = 0.648) values
were within the recommended cut-offs of |3| and |10| for skewness and kurtosis, respectively [60]. These results ensure the normality of the data. Results of Kaiser-Meyer-Olkin
(KMO) (0.957) and Bartlett’s Test of Sphericity (χ2 (3473) = 69043.803, p < 0.001) further
showed that the data was appropriate for the factor analysis to proceed.
3.3. Results
3.3.1. Exploratory Factor Analysis
A principal component analysis with varimax rotation was used to explore the factor
structure of the collected data. The six factors accounted for 58.66% of the total variance,
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and the coefficient of the overall Cronbach’s alpha of the scale was 0.94. Cronbach’s alpha
for each subscale ranged from 0.736 to 0.894, as shown in Table 3. The first factor, technology
use, with the eigenvalue of 12.811, included nine items (Cronbach’s alpha = 0.870). The
second factor, cognitive processing, with the eigenvalue of 3.520, included seven items
(Cronbach’s alpha = 0.894). The third factor, reading skill, with the eigenvalue of 2.176,
included seven items (Cronbach’s alpha = 0.867). The fourth factor, peer management,
with the eigenvalue of 1.827, included six items (Cronbach’s alpha = 0.886). The fifth
factor, time management, with the eigenvalue of 1.360, included six items (Cronbach’s
alpha = 0.858). The sixth factor, will management, with the eigenvalue of 1.181, included
five items (Cronbach’s alpha = 0.736). Factors with an eigen value greater than 1 could be
considered representative [61]. The coefficient alpha values for all the constructs are above
the recommended threshold value of 0.7, as recommended by Nunnally [62].
Table 3. Factor loading and Cronbach’s alpha values for the six factors.
Item

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

Factor 6

Construct 1: Technology Use (TU)
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Construct 2 Cognitive processing
(CP)
Q10
Q11
Q12
Q13
Q14
Q15
Q16
Construct 3 Reading skill (RS)
Q17
Q18
Q19
Q20
Q21
Q22
Q23
Construct 4 Peer Management (PM)
Q24
Q25
Q26
Q27
Q28
Q29
Construct 5 Time Management (TM)
Q30
Q31
Q32
Q33
Q34
Q35
Construct 6 Will Management (WM)
Q36
Q37
Q38
Q39

0.702
0.687
0.684
0.675
0.643
0.611
0.586
0.577
0.553

Eigen value

12.811

3.520

2.176

1.827

1.360

1.181

% of variance

11.769

11.467

10.741

10.311

8.482

5.886

Cronhach’s alpha(α))

0.870

0.894

0.867

0.886

0.858

0.736

0.767
0.732
0.731
0.708
0.670
0.652
0.630
0.785
0.750
0.719
0.689
0.643
0.600
0.572
0.750
0.725
0.702
0.681
0.680
0.638
0.744
0.677
0.647
0.637
0.581
0.561
0.782
0.700
0.617
0.496
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3.3.2. Confirmatory Factor Analysis
To further explore the relations among the six constructs, and to substantiate the
structure of the scale, CFA was conducted in AMOS 22.
As shown in Table 4, CFA resulted in satisfactory indices (χ2 (682) = 6336.345, p < 0.001;
RMSEA = 0.049; CFI = 0.918; GFI = 0.901; NFI = 0.909; TLI = 0.910) indicating that the
six-factor model, obtained in EFA from SPSS 21, was of good fit. As mentioned by Joreskog
and Sorbom [63], one could ignore the absolute fit index of minimum discrepancy chisquare p value if the sample size obtained for the study is greater than 200. Hou, Wen
and Cheng [64] also mentioned that Chisq/df is easily affected by the sample size, and
therefore the Chisq/df was not reported here because of the large sample.
Table 4. Model fit measurement statistics.
Fit index

POSTOL

Recommended Value

RMSEA
CFI
GFI
NFI
TLI

0.048
0.921
0.904
0.912
0.914

≤0.08
≥0.90
≥0.90
≥0.90
≥0.90

3.3.3. Convergent and Discriminant Validity
In addition to the model fit indices, composite reliability (CR) and average variance
extracted (AVE) were also estimated to examine the validity of the scale, which can be
obtained from CFA [61]. A composite reliability of 0.70 or above and an average variance
extracted of more than 0.50 are deemed acceptable [65]. As shown in Table 5, the composite
reliability (CR) values were above the recommended threshold value in all items giving
further evidence of construct reliability. The average variance extracted (AVE) for the
measures was 0.50 and above except for the three factors of technology use, reading skill
and will management, which is higher than 0.4 but less than 0.5. According to Fornell
and Larcker [66], if AVE is less than 0.5, but composite reliability is higher than 0.6, the
convergent validity of the construct is still adequate. This confirms the convergent and
discriminant validities of the scale.
Table 5. CR and AVE of confirmatory factor analysis.
Measure

Items

Composite
Reliability (CR)

Average Variance
Extracted (AVE)

Technology use
Cognitive processing
Reading skill
Peer management
Time management
Will management

9
7
7
4
6
4

0.871
0.895
0.869
0.888
0.858
0.740

0.431
0.549
0.489
0.571
0.503
0.425

4. Discussion
The present study focused on developing and validating a scale that could be used
to evaluate the students’ digital learning competence. A framework of digital learning
competence with six dimensions was first proposed based on a comprehensive literature
review. According to the proposed framework, a new scale with 39 items to measure DLCS
was developed, and a survey was carried out with 3473 students in China for testing the
reliability and validity of the scale. EFA revealed a six-factor structure model accounting for
58.66% of the total variance, and the overall Cronbach’s alpha was 0.944. CFA supported the
six-factor model: technology use, cognitive processing, digital reading, peer management,
time management and will management. All the constructs satisfied the conditions of
reliability and discriminant validity. Statistical analyses showed that the scale (DLCS) was
a valid and reliable instrument.
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Digital learning competence is of critical importance for students to learn in digital
environments with digital devices, which is also a necessary survival capability for the
digital citizen in the Internet age [67]. Understanding the structure of digital learning
competence could contribute to the cultivation of student learning ability in a digital
world. The six identified competencies, namely technology use, cognitive processing,
digital reading, peer management, time management and will management should be
taken into consideration to promote students’ 21st century skills. In fact, the results of this
study also coincide with the four domains of “learning to learn” proposed by Caena and
Stringher [68], namely: cognitive and metacognitive domain, affective-motivational and
learning dispositions domain, proactive domain and social domain.
Cognitive processing, digital reading and technology use are the three fundamental
factors for digital learning competence. Cognitive processing emphasizes the information
processing capacity, which includes the ability to select the main knowledge points from
lectures, to link knowledge for better understanding and reflect on the learned contents [69].
Digital reading emphasizes the ability of reading digital materials, including the capability
to summarize them, pose and solve questions (e.g., published in online forums), and review
the read materials [40]. Technology use emphasizes the ability to use different kinds of
technology to live, to create, to learn and to communicate, which is closely related with
one’s information literacy [70].
Peer management, time management and will management are the three competencies
that can help to ensure that the digital learning goals could be accomplished in time.
Huang et al. [67] mentioned that if students have these high management skills, they can
easily reach their learning goal for better learning outcomes, especially when the teacher
is absent (i.e., learning outside of classrooms). In the process of digital learning, students
control and adjust their actions according to their goals, overcome difficulties and realize
the goal, which is embodied in the three aspects of will management, time management
and peer management. Peer management emphasizes students’ ability to cooperate with
others, including the ability to talk and listen, to influence others and to resolve the
conflict [57]. Time management emphasizes the ability to use time effectively, including
the ability to plan, to schedule and to evaluate [56]. Will management emphasizes the
students’ self-management ability in learning motivation, including the learning belief and
motivation [71].
5. Conclusions and Future Work
This study created a framework of digital learning competence with six dimensions,
namely technology use, cognitive processing, reading skills, peer management, time management and will management. It then developed and validated a scale that could be
used to assess these competencies. EFA revealed a six-factor structure model accounting
for 58.66% of the total variance, and the overall Cronbach’s alpha was 0.944. Statistical
analyses showed that the scale (DLCS) was a valid and reliable instrument.
This study can advance the educational technology field by providing to researchers
and practitioners a new framework of digital learning competence that can then be used
to investigate how these competencies vary from a learner to another based on several
individual differences (gender, personality, learning style, ethnicity, etc.), hence provide
personalized learning process accordingly. This study can also help teachers and specialists
to improve the competencies of their learners by providing a new validated scale that could
be used to assess learners and identify their DLC weakness. Specifically, understanding
the structure of digital learning competence could contribute to the cultivation of student’s
learning ability in digital environments. With the emerging trends of online merging offline
learning, especially during the post-COVID 19 pandemic, digital learning competence is
becoming key for learner success when learning by themselves independently.
Despite the solid ground that this study presented related to DLC, several limitations
are found that should be acknowledged. For instance, the digital native’s competencies
for learning are increasingly complex and natural to their learning process. Therefore,

Sustainability 2021, 13, 5593

12 of 14

more research is needed to have a systematic process of identifying those competences and
how they overlap with other competencies from other fields. Additionally, the included
DLC constructs were based on the conducted literature review; therefore, these constructs
depended on the included paper. To overcome this limitation, future research should focus
on conducting a Delphi Method with international experts in the field to further validate
the obtained framework and scale (i.e., the experts might suggest adding or deleting some
competencies or items).
Future research directions could focus on: (1) determine the acquisition of competencies in their entirety (learning and implementation) as a skill; and (2) other digitally
advanced cultures to predict the relationship between students’ performance and digital
learning competence. Multivariate statistical analysis methods, such as multiple regression
analysis, should be used to discover the relations of the subscales and learning achievements, and relations among the items of the questionnaire. The norm of digital learning
competence for digital natives should be built through large sample surveys.
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