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Abstract: To keep sustainable development in a digital society, it is essential for young people to
possess certain digital skills. Levels of the digital skills of Chinese undergraduates take a certain
role in the process of educational digitalization promoted by the Chinese government, becoming
an important concern for Chinese universities and policymakers. However, few valid and reliable
instruments are available for the assessment of the digital skills of undergraduates in China. Thus,
developing, and testing the reliability and validity of a questionnaire to measure the digital skills of
Chinese undergraduates are necessary. Based on previous literature and situations in the Chinese
educational context, this study developed and validated a questionnaire to assess the digital skills
of Chinese undergraduates. Through factor analysis approaches, the internal factor structure of
the questionnaire was explored, and its reliability and validity were verified. Development and
validation of a questionnaire, in which 6 factors were extracted, were described: access to and
management of digital content, use of digital means, communication of digital content, creation
of digital content, digital empathy, and digital safety. The questionnaire was applied to the first
sample of 222 undergraduates and the second sample of 231 undergraduates selected randomly from
a university located in the east of China. An exploratory factor analysis (EFA) through SPSS 26.0
with the first sample was used to determine the internal factor structure of the whole questionnaire,
which showed the expected congruency between items and dimensions. Then a confirmatory factor
analysis (CFA) through Mplus 8.3 with the second sample was utilized to check model-data fit of
the questionnaire, which showed a good fit between them. Convergent validity and discriminant
validity of the questionnaire were also verified. The resulting questionnaire emerged as a useful tool
for carrying out nationwide studies on digital skills in higher education generally or in different
disciplines specifically in China in the future.

Keywords: digital skills; digital empathy; digital safety; Chinese undergraduates; factor analysis
approaches

1. Introduction

In the past few decades, digital technologies and social networks have been developed
rapidly all over the world. Undergraduates, often referred to as digital natives, live in a
digital society and use digital technologies for many daily activities; they are therefore
expected to possess certain crucial digital skills. However, some undergraduates may not
have the minimal required digital skills needed to use digital devices, the Internet, and
digital social networks [1-3]. Even though some of them are digitally literate, they might
not possess the digital skills needed to manage their education efficiently and effectively.
There is a substantial difference between what they do with digital technologies and
what they know about these technologies [4]. For example, they have weak awareness
of information safety and their skills in coping with changes in digital technologies are
obviously insufficient. To analyze the actual situations and the real levels of digital skills
of Chinese undergraduates, first of all, a reliable and valid measuring instrument should
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be developed. Only by such an instrument, can we measure the levels of digital skills,
identify deficits of digital skills, provide the necessary support to improve digital skills,
and evaluate the effects of training programs on digital skills.

Nowadays, those who cannot acquire necessary digital skills from the digital envi-
ronments will find themselves unable to fully participate in the surrounding economic,
social and cultural life. Being “survival skills” [5] and “vital assets” [6] in a digital society,
digital skills are not only essential abilities for the daily social life of undergraduates but
also an important social capital for their participation in educational life, since learning and
education have become more and more digitalized [7-9].

The Chinese government has put forward various policies to promote the application
of digital technologies into higher education, for example, China’s Education Modernization
2035, Education Informatization 2.0 Action Plan, Code for the Construction of Digital Campuses
in Colleges and Universities (for Trial Implementation) (2021). Being the subject of higher
education, undergraduate students play an important role in the effective application of
digital technologies into higher education. Hence, the levels of digital skills of Chinese
undergraduates need our exploration. However, research on this topic is far from sufficient
and empirical research is especially scarce [10]. An important issue for the exploration is the
measurement tools that are available to estimate the digital skills of Chinese undergraduate
students. The existing questionnaires of digital skills might not function optimally when
used to assess Chinese undergraduates, as it was not mainly developed in congruence with
the situations in a Chinese context. Although a variety of survey instruments have been
theoretically and empirically developed to assess the digital skills of young people [11,12],
most of these studies were conducted in developed countries such as USA [13], UK [14],
Spain [12], and so on. Little research employed empirical studies to construct an instrument
to measure the digital skills of undergraduates in developing countries. However, the
educational environment and the internet contexts in developing countries are different
from that in developed countries [9]. Questionnaires to measure the digital skills of people
in developing countries are necessary. Targeting undergraduate students in developing
countries such as China, this study aims to construct a reliable and valid questionnaire to
assess their digital skills empirically.

Furthermore, we searched for studies on the digital skills of Chinese undergraduates
on the largest literature retrial service platform in China (www.cnki.net) (accessed on
16 January 2020), using the combination of keywords in the title or abstract of the article:
“digital competenc*” OR “digital skills” OR “digital literacy” AND (“undergraduate*” OR
“university students” OR “higher education”). Only 21 articles were found and most of
them focused either on the theoretical framework of digital skills or the development of
digital skills. No articles were found to construct a questionnaire measuring the digital
skills of Chinese undergraduates from the empirical perspective. However, estimating
levels of digital skills of undergraduates is essential for universities and policymakers to
promote China’s educational digitalization, and is essential for undergraduates to benefit
from digitalized education and keep sustainable development in a digital society.

Digital skills are of immense importance in gaining sustainable development in
present-day society and have been the focus of attention in recent research [15,16]. Espe-
cially under the background of the current pandemic crisis all over the world, the digital
skills of undergraduate students and how they shape their digital skills in education de-
mand a deeper investigation. Many terms were used similarly as digital skills in previous
studies (e.g., IT skills, ICT skills, computer competence, digital competence, digital literacy,
etc.) [17-20], the term digital skills in this study refers to abilities to appropriately use
different digital means; to access, manage, communicate, and create necessary digital
content; to actively, sensitively, empathically, and ethically communicate with others while
navigating digital environments; to be conscious about the safety of digital content [12,21].

In terms of the assessment of digital skills, questionaries are commonly used. Although
an increasing amount of research has been conducted to investigate the measurement of
digital skills, most do not necessarily include measurement of digital safety skills and
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digital empathy skills which are becoming crucial in a digital society due to the misuse,
abuse, and unethical management of information and data [12].

Common methods used in existing research on questionnaires of digital skills are
mostly focused on exploratory factor analysis (EFA) [12]. Nevertheless, EFA is exploratory
and data-driven, which should not be used as the only means for the final determination
of a questionnaire because EFA-based factor structures may not be reproducible in other
data sets [22-24]. To verify a reliable and valid questionnaire, studies using confirmatory
factor analysis (CFA) are needed as well. CFA allows explicit statistical testing of hypothe-
ses in terms of the relationship between items, dimensions, and structure of the whole
questionnaire by using a quantitative approach [22].

Under this background, the present study is to develop a reliable and valid question-
naire to assess the digital skills of Chinese undergraduates (Hereafter, the questionnaire is
shortened as DigSki-CUS) by using the approaches of EFA with the software SPSS (version:
26.0) and CFA with the software Mplus (version: 8.3). The findings of this study will
contribute to figuring out the levels of digital skills, and to helping improve the digital
skills of Chinese undergraduate students. Hopefully, this study will accelerate vast research
on digital skills in different countries.

2. Literature Review

Digital skills have attracted extensive attention all over the world [25], since pos-
sessing necessary digital skills facilitates people benefiting from today’s digital technologies.
For undergraduate students, digital skills help them access educational content, deal with
rich information, and make use of e-learning as an educational medium effectively and
efficiently [16].

Initially, digital skills were mainly associated with the use of computers [26]. With
the passage of time and the development of digital technologies, the term digital skills
has evolved accordingly and becomes a more comprehensive term that is associated with
several skills. Ng [27] proposed a framework of digital skills from the dimensions of
“technological”, “cognitive” and “social-emotional”. In this framework, the technological
dimension is related to the skills of operating technical tools. The cognitive dimension is
associated with the ability to think critically and reflectively when searching, using, and
evaluating digital information. The social-emotional dimension is about the appropriate
use of the Internet to socialize, communicate and learn, and to protect the safety and
privacy of digital content. The American Library Association [28] defined a digitally skilled
person as someone who owns various technical and cognitive skills, including using digital
technologies, interpreting digital information, and collaborating with others in a digital
society. The European Commission [29] claimed that a digital-skilled person is someone
who uses digital information and communication technologies creatively, critically, and
safely, being able to adapt to a new set of knowledge and attitudes that are necessary for a
digital society. Vuorikari et al. [30] argued that digital skills are composed of the following
dimensions: information and data literacy; communication and collaboration; digital
content creation; safety; and problem-solving. Adorjan & Micciardelli [31] mentioned
that a digitally literate student should attain technological skills, critical thinking skills,
abilities to assess online risks, and abilities to protect their privacy and digital reputation.
Johnston [32] summarized digital skills as the ability to use digital technologies to access,
evaluate, create and communicate information in a socially responsible and ethical manner.

Although ideas considering digital skills vary in previous studies, they do share some
core constructs of digital skills: abilities to locate, access, use and create information and
data, to be safety-conscious about digital content, and to act responsibly and empathetically
via the use of digital technologies. All these core constructs of digital skills should be
considered in a measurement tool to assess the digital skills of Chinese undergraduates.

In terms of the assessment of digital skills, questionnaires are commonly used. Mengual-
Andrés et al. [33] proposed a questionnaire including 5 dimensions: technological literacy,
information access and use, communication and collaboration, digital citizenship, and
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creativity and innovation, which was designed to measure the digital skills of Spanish
college students by using the Delphi method. Peart et al. [12] developed a questionnaire
with 6 dimensions and 12 sub-dimensions to measure the digital skills of 16-35-year-old
young people in Spain and the United Kingdom. Dimensions such as information, commu-
nication and collaboration, digital content creation, digital security, critical thinking, and
socio-civic were included in the questionnaire. We can not deny that these questionnaires
were effective to measure digital skills to some extent. However, they ignored the situations
of less developed digital competence or digital inequalities in developing countries such
as China. These questionnaires did not target Chinese undergraduate students and the
validity and reliability of them to measure the digital skills of Chinese undergraduate
students were not confirmed. What’s more, the COVID-19 pandemic has exposed digital
deficits and challenges in school systems in developing countries and research in this field
needs to be boosted.

In the Chinese educational context, Liu et al. [10] theoretically constructed a model
to measure the digital skills of Chinese teachers. 8 dimensions such as digital literacy,
digital teaching literacy, digital assessment ability, and so on were included in the model.
Although Liu et al.’s [10] research was carried out in the Chinese educational context, its
focus was on teachers not on undergraduate students. And it only constructed a theoretical
model, which was not verified from the empirical aspect. Li & Hu [9] developed and
validated a digital skills scale for Chinese schoolchildren empirically from 5 dimensions:
operational skills, mobile skills, social skills, creative skills, and safety skills. However, the
starting point, patterns, and challenges of digital technology use between children and
undergraduates are quite different [9].

Besides measuring the digital skills, the aforementioned questionnaires were also
utilized to assess other related dimensions of digital skills such as creativity and innovation
skills, critical thinking skills, and socio-civic skills. These related dimensions will lengthen
the digital skills questionnaire, bringing response burden and fatigue to respondents. This
will cause a low response rate, low completion rate, and low data quality [34], which
is not beneficial to measure specific digital skills related closely to digital means and
digital content.

Based on the framework of Li & Hu [9], Mengual-Andrés et al. [33], and Peart et al. [12],
we conceptualized a framework consisting of 5 dimensions of digital skills: information
skills, communication skills, creation skills, digital safety skills, and digital empathy skills.
Information skills referred to the ability to effectively access and manage digital content
through digital means. Communication skills meant the ability to communicate with others
in digital environments. Creation skills referred to the ability to create new content by
using digital media and tools. Digital safety skills meant the ability to use the Internet and
digital technologies safely and protect one’s own privacy and wellbeing. Digital empathy
skills referred to the cognitive and emotional ability to be reflective and socially responsible,
while strategically using digital technologies [35]. Dimensions such as creativity and
innovation skills, critical thinking skills, socio-civic skills [12,33], were not considered due
to the aforementioned response burden and fatigue.

According to the conceptual framework, indicators including 38 measuring items
were used, adapted, and derived from previous studies for each of the 5 dimensions
of digital skills [12,33], with some items added according to the situations in China [9].
These 38 measuring items would be discussed in Section 4.5. Questionnaire Development
in detail.

3. Research Questions

Targeting Chinese undergraduate students, the present study aims to answer two
specific research questions:

(1) What is the internal factor structure of the questionnaire to estimate the digital skills
of Chinese undergraduates?
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(2) What are the reliability and validity of the content and construct of the questionnaire
to estimate the digital skills of Chinese undergraduates?

4. Methods
4.1. Research Design and Methods

The present study adopted a mixed-methods approach, consisting of qualitative
methods in the development of DigSki-CUS (phase 1) and quantitative methods in the
validation of DigSki-CUS (phase 2). In phase 1, the conceptual framework and item
pool of the questionnaire were initially developed from an extensive literature review.
After the questionnaire compilation, a pre-test was conducted among a small sample
of 20 undergraduates. They completed the questionnaire and assessed its applicability
and acceptance level. A focus-group interview was conducted to get feedback about the
questionnaire from the 20 participants. In phase 2, a paper-and-pencil-based questionnaire
was used to collect data of participants randomly sampled from a university located in the
east of China. After data collection, EFA with SPSS 26.0 was conducted to determine the
internal factor structure of the questionnaire, and CFA with Mplus 8.3 was performed to
verify model-data fit, convergent validity, and discriminant validity. Figure 1 showed the
2 phases and different methods.

[ Development and Validation of DigSki-CUS ]
l

[ Phase 1: Development of DigSki-CUS (Qualitative methods) ] [ Phase 2: Validation of DigSki-CUS (Quantitative methods) ]
| | | |
Development of conceptual Literature review Data collection Paper-a'nd-pe'nml
framework questionnaire
[ Development of item pool ] [ Literature review ] [ Data analysis ] EFA: SPSS 26.0
[ Pre-test &e refinement ] [ Focus-group interview J [ Data analysis ] CFA: Mplus 8.3
[ Steps ] [ Methods ] [ Steps ] Methods

Figure 1. Phases and methods of development and validation of the DigSki-CUS.

4.2. Ethical Considerations

To avoid harm to research participants resulting from research misconducts, ethical
conducts should be considered to build trust and confidence in research [36]. Each step
of this study was conducted according to the good research practice and requirements of
the Ethics Committee and Institutional Review Board. Before participating in any phase
of the study, participants received information about their involvement in developing
this questionnaire and their rights as participants. They were told that the results of
this study may be published in a peer-review journal. Participants were identified with
unique identifying numbers. Their anonymity and personal information were protected
throughout the whole process of this study.

4.3. Procedure

The procedure of this study can be briefly divided into two phases: the development
phase and the validation phase. The development phase of the questionnaire involved a



Sustainability 2022, 14, 3539

6 of 22

literature review, designing and constructing the dimensions and items of the question-
naire. In this phase, we reviewed previous research related to the measurement of digital
skills and developed a preliminary questionnaire to assess the digital skills of Chinese
undergraduates, including Information skills, communication skills, creation skills, digital
safety skills, and digital empathy skills.

The validation phase of the questionnaire included assessing the reliability and validity
of the questionnaire. Because the properties of an item or dimension can change after
being adapted or revised, we conducted factor analyses to investigate the properties of
the questionnaire. Approaches of EFA and CFA were adopted to confirm the internal
consistency, reliability, and validity of the questionnaire.

4.4. Sample

For conducting EFA and CFA, 500 participants [37] were selected at random from
undergraduates in one Chinese university where the researchers worked. Among these
500 participants, 475 students answered the designed paper-and-pencil-based DigSki-CUS
voluntarily and anonymously. Survey responses were always confidential and deidentified
from personal names and other identifying information. The percentage of participation
was 95.0%. 22 students of these 475 students did not complete 80% of the whole question-
naire and data concerning them were delated. The percentage of the valid questionnaire
was 95.4%. Thus, we got 453 cases for analysis. The 453 cases were randomly split into
two groups, one group of 222 cases for EFA and another group of 231 cases for CFA.
Demographic characteristics of the two groups of participants were shown in Figure 2.

| m EFA (N=222) 97.8 97.0
m CFA (N=231)

=
=)
S

76.1

@
S
T

65.4

24

Demographic characteristics of participants
for EFA and CFA (%)
=)
=]

40 34.6 333 359
23.9 243 25.1
20
22 3.0

0

No. of samples: 53 80 169 151 94 90 74 83 54 58 5 7 217 224

Male Female Humanities Science Engineering 16-18 18-25

Gender Major Age
Characteristics

Figure 2. Demographic characteristics of participants for EFA and CFA of the DigSki-CUS.

4.5. Questionnaire Development

The first version of the questionnaire DigSki-CUS was developed based on Li & Hu [9],
Liu et al. [10], Mengual-Andrés et al. [33], Peart et al. [12], and so on. These previous studies
mentioned some important dimensions of digital skills that are relevant to young people,
such as management and use of information and data, communication with others in a
digital world, data protection, etc.

The conceptual framework of the questionnaire DigSki-CUs was developed mainly
based on Li & Hu [9] and Peart et al. [12]. The initial conceptual framework consists of
5 dimensions of digital skills: information skills, communication skills, creation skills,
digital safety skills, and digital empathy skills.

A pool of 38 items was developed based on instruments developed in Li & Hu [9]
and Peart et al. [12]. The items identified in the chosen instruments were classified into
5 specified dimensions according to the conceptual framework of DigSki-CUS. Redundant
or irrelevant items were excluded.
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As the questionnaire was specifically developed for undergraduate students in China,
we added some measuring items which assess specific necessary digital skills required in
the Chinese educational context according to Chinese government documents, say, Code
for the Construction of Digital Campuses in Colleges and Universities (for Trial Implementation)
(2021). For example, items such as “I can complete digital content that meets the minimum
requirements of learning tasks”, “I can create and edit digital content with higher stan-
dards according to the requirements of work or study” were original items based on this

document. The 5 dimensions and 38 items of the initial version of DigSki-CUS were shown

in Table 1.

Table 1. Dimensions and measuring items of the initial version of DigSki-CUS (38 items).

Dimensions

Measuring Items *

Literature Sources

Information Skills

1 I have apps that keep me up to date with news.

2 I am able to search for and access information in digital environments.

3 I can use different tools to store and manage information. Li & Hu [9]

4 I am able to search for information that I need on the Internet. Peart et al. [12]

5 I can understand the information that I get from the Internet.

6 I consider only the most important information on the Internet.

7 I skillfully use digital software to complete learning tasks.

8 I can complete digital content that meets the minimum requirements of learning tasks. Based on Code for the
9 I can create and edit digital content with higher standards according to the requirements of work or study. Construction of Digital
10 I am able to use digital means to clearly express my views to others Campuses in Colleges and
11 I am able to use digital means to cooperate with others to complete tasks. Universities (for Trial
12 I am able to use digital means to solve problems encountered in my study. Implementation) (2021)
13 I'am able to use digital means to detect plagiarism of content that I created.

Communication skills

14
15
16
17
18

I can communicate with others in digital environments.

I know how to communicate with others through different digital means.

I know how to communicate with others in different ways (e.g., images, texts, videos ...).
I communicate my ideas to people whom I know in digital environments.

I share information and content with other people via digital tools or websites.

Li & Hu [9]
Peart et al. [12]

Creation skills

19 I know different ways to create and edit digital content (e.g., videos, photographs, texts, animations...). .
20 I am able to accurately present what I want to deliver in digital environments. Li & Hu [9]
- Y P AR & Peart et al. [12]
21 I can transform information and organize it in different formats.
Digital safety skills
22 I am careful and try to ensure that my messages do not irritate others.
23 I am careful with my personal information.
24 I am careful with the information of other people.
25 I avoid having arguments with others in digital environments Li & Hu [9]
26 I am able to identify harmful behaviors that can affect me on social networks. Peart et al. [12]
27 I avoid behaviors that are harmful on social networks. ’
28 Before doing a digital activity (e.g., upload a photo, comment ...), I think about the possible consequences.
37 When sharing digital information, I am able to protect my privacy and security.
38 I reflect on whether a digital environment is safe.
Digital empathy skills
29 Iam able to put myself in other people’s shoes in digital environments.
30 I am willing to help other people in digital environments.
31 I'am able to use digital technologies to exercise my citizenship.
32 I respect other people in digital environments. Li & Hu [9]
33 I take into account the opinion of others in digital environments. Peart et al. [12]
34 I get informed before commenting on a topic.
35 I am able to restrict my behavior based on the qualities of netizens.
36 When forwarding information, I consider whether the information source is reliable.

* Some items were selected from Li & Hu [9] and Peart et al. [12] without any change. Some items were revised to
make them easier to be understood by Chinese undergraduate students. Some items were added according to the
educational situation in China.



Sustainability 2022, 14, 3539

8 of 22

The questionnaire was a paper-and-pencil-based self-assessment and was designed at
with 7-point Likert scale, with 7 response options available for the items, ranging from 1
for completely disagree to 7 for completely agree.

4.6. Questionnaire Testing and Refinement

Before applying the version of DigSki-CUS (38 items) to a large sample and prior
to the commencement of data collection, we ran a pre-test among a small sample of
20 participants to investigate whether the items in the questionnaire were understandable,
to identify whether the items were misinterpreted, and to judge whether the questionnaire
could be completed within an acceptable timeframe of 15-20 min. Feedback was obtained
from a focus-group interview of the participants, who were asked to provide their opinions
if they could understand all the questions and were able to respond to the provided scales.
The problematic items were revised in line with the responses yielded from the interview.
After the pre-test, 2 items (item 6 and 24) that were judged confusing were deleted in
order to increase the usability, understandability, and consistency of the questionnaire. The
refined questionnaire included 36 items and could be completed in less than 20 min, which
was appropriate for use in the targeted population. Demographic information such as age,
gender, and academic major was also collected. Thus, the second version of the DigSki-CUS
(36 items) was formed.

4.7. Data Analysis

In order to determine the best factor structure, reliability, and validity of the second
version of the DigSki-CUS (36 items), both EFA and CFA were conducted. EFA can be used
to see what factors emerge from actual data, while CFA can be used to determine if the
factors hold up [26]. The sample of 453 Chinese undergraduate students was randomly
split in half. The first half of the sample of 222 students was used for EFA while the second
half of the sample of 231 students was used for CFA [38].

Firstly, EFA with the principal axis factoring method was conducted to investigate
the factor structure of the second version of the DigSki-CUS (36 items) by analyzing the
relationships between items using the first sample of 222 undergraduates. For factor extrac-
tion, a decision about the number of factors to retain was based initially on eigenvalues of
1.0 or higher. A scree plot was also examined, looking for a change in the slope of the line
connecting the eigenvalues of the factors. For factor rotation, oblimin rotation was utilized
because the factors were expected to be correlated [39]. EFA was conducted with SPSS 26.0.

Secondly, CFA was conducted with Mplus 8.3 to determine whether the factor structure
obtained in EFA could be confirmed on the second sample of 231 undergraduates. Model
goodness-of-fit (GOF) was evaluated using several indices: Chi-square (x?), Degrees-of-
freedom (df), Ratio of chi-square to degrees-of-freedom (x?/df) (good if x?/df < 2 and
below; acceptable if x?/df < 5), Root Mean Square Error of Approximation (RMSEA) (good
if RMSEA < 0.06 and below; acceptable if RESEA < 0.08), Comparative Fit Index (CFI) (good
if CFI > 0.95; acceptable if CFI > 0.90), and Tucker-Lewis index (TLI) (good if TLI > 0.95;
acceptable if TLI > 0.90) [39,40]. It should be noted that the above model fit threshold values
are simply guidelines and should not be interpreted as strict rules [41].

In addition, we calculated values of Composite Reliability (CR) and Average Variance
Extract (AVE) for factors to assess their convergent and discriminant power [42]. Conver-
gent validity tests that items that are expected to be related are, in fact, related. It might
be confirmed by values of AVE and CR. AVE is the mean variance extracted for the item
loadings of a factor. It can be calculated following the formula below.

AVE = D= L
n

)

In the formula, i refers to the number of items ranging from 1 to n. n stands for the
total number of items and L; represents the standardized factor loading of item number i.
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CR refers to the composite reliability and can be calculated according to the follow-
ing formula.

n 2
R — ( i1 L;) @)
(Elg Li)™ + (Xl e)

In this formula, i refers to the number of items ranging from 1 to n. n represents the
total number of items and Li represents the standardized factor loading of the item number
i. ¢; is the unexplained variance of item number i by the factor.

Discriminant validity tests that items of factors that should have no relationship do, in
fact, not have any relationship. Discriminant validity is verified if the square root of AVE
value of one specific factor is much larger than the correlation coefficients of this factor
with any other factors.

5. Results
5.1. Results of EFA

EFA was conducted with the first sample of 222 undergraduate students. The purpose
of the EFA was to investigate the factors underlying the items in the second version of the
DigSki-CUS (36 items). A principal axis analysis with oblimin rotation was run using SPSS
26.0. Cases with missing items had the item mean substituted. The means and standard
deviation for each of the items were available by the correspondent author’s email.

To determine if factor analysis was adequate for the sample, Keiser-Meyer-Olkin
measure of sampling adequacy (KMO) and Bartlett’s test of sphericity were confirmed.
The KMO score was 0.926 (>0.6) and Bartlett’s test measure was smaller than 0.001, which
indicated that the sample was acceptable for EFA.

An EFA with a principal axis analysis and oblimin rotation method with SPSS 26.0 was
conducted to examine the latent factor structure of the DigSki-CUS. The number of factors is
determined by the number of factors with an eigenvalue higher than 1.0 and the percentage
of variance explained by factors. At least 50% of the variance should be explained [43]. The
items belonging to a factor are decided by factor loadings. Factor loadings over 0.3 are
considered to be significant for the inclusion of the items in a factor [44,45]. The following
criteria help us to decide which items that would be excluded from a factor: items with
factor loading below 0.3 were deleted, and items with substantial loadings on more than
one factor were deleted.

The first EFA resulted in a solution of 6 factors with eigenvalues over 1.0, explaining
55.30% of the variance. However, in this solution, some items needed to be deleted. Item
36 and item 10 needed to be eliminated due to their low loadings. Item 18 had substantial
loadings on two factors. So, item 18 should also be eliminated. In this way, we got our third
version of the DigSki-CUS (33 items).

The second EFA was conducted after the deletion of items 36, 10 and 18. This analysis
resulted in a solution of 6 factors with eigenvalues over 1.0, accounting for 55.845% (>50%)
of the variance. The scree plot in Figure 3 confirmed the solution of 6 factors. In a scree
plot, it is desirable to find a sharp reduction in the size of the eigenvalues, with the rest of
the smaller eigenvalues constituting rubble. When the eigenvalues drop dramatically in
size, an additional factor would add relatively little to the information already extracted.

Factor loadings of all items in the second factor analysis were all above 0.3, and there
were no cross-loading items. To identify items that should be included in each of the
6 factors, oblimin rotation was conducted. Table 2 clearly shows the 6 factors and items in
each factor with their factor loadings.

Factor loadings of all items in the second EFA were all above 0.3 and there were no
cross-loading items with substantial loadings. To identify which items should be included
in each of the 6 factors, oblimin rotation was conducted. Table 2 showed clearly the 6 factors
and items in each factor with their factor loadings.
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Figure 3. Scree plot of the third version of the DigSki-CUS (33 items).

Table 2. EFA-based factor loadings with oblimin rotation in the third version of the DigSki-CUS

(33 items).

Items

Factor Loadings *

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

Factor 6

0.833 ***
0.713 ***
0.593 ***
0.466 ***
0.397 ***
0.383 ***
0.328 ***

0.883 ***
0.823 ***
0.724 ***
0.621 ***
0.592 ***

0.658 ***
0.643 ***
0.514 ***
0.511 ***
0.442 ***
0.441 ***

0.774 ***
0.697 ***
0.587 ***
0.587 ***
0.434 ***
0.397 ***
0.388 ***
0.313 ***

16
15
14
17

0.716 ***
0.569 ***
0.510 ***
0.502 ***

21
20
19

0.615 ***
0.562 ***
0.350 ***

“ Items with factor loadings <0.3 are omitted. *** p < 0.001.
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Factor 1 included item 29 (I am able to put myself in other people’s shoes in digital environ-
ments), item 30 (I am willing to help other people in digital environments), item 31 (I am able to
use digital technologies to exercise my citizenship), item 32 (I respect other people in digital environ-
ments), item 33 (I take into account the opinion of others in digital environments), item 34 (I get
informed before commenting on a topic), and item 35 (I am able to restrict my behavior based on
the qualities of netizens). Factor 1 was identified as “digital empathy”, measuring a person’s
cognitive and emotional ability to be reflective and socially empathic, while strategically
using digital content [12]. This factor reflected our previous theoretical conceptualization
of one dimension of digital skills: digital empathy skills.

Factor 2 encompassed item 1 (I have apps that keep me up to date with news), item 2 (I am
able to search for and access information in digital environments), item 3 (I can use different tools
to store and manage information), item 4 (I am able to search for information that I need on the
Internet), and item 5 (I can understand the information that I get from the Internet). Factor 2
is named as “access to and management of digital content”, assessing abilities to locate,
access, use and manage digital content correctly.

Factor 3 contained item 7 (I skillfully use digital software to complete learning tasks), item
8 (I can complete digital content that meets the minimum requirements of learning tasks), item 9
(I can create and edit digital content with higher standards according to the requirements of work or
study), item 11 (I am able to use digital means to cooperate with others to complete tasks), item 12
(I am able to use digital means to solve problems encountered in my study), and item 13 (I am able
to use digital means to detect plagiarism of content that I created). Factor 3 was denominated
as the “use of digital means”, measuring abilities to use different digital means to achieve
certain aims.

We found that the items in our previous dimension of information skills were grouped
into two factors: Factor 2 (access to and management of digital content) and Factor 3 (use
of digital means). Factor 2 focused on the information aspect while Factor 3 emphasized
the technology aspect. Thus, it is reasonable to regard these two factors separately.

Factor 4 included item 22 (I am careful and try to ensure that my messages do not irritate
others), item 23 (I am careful with my personal information), item 25 (I avoid having arquments
with others in digital environments), item 26 (I am able to identify harmful behaviors that can
affect me on social networks), item 27 (I avoid behaviors that are harmful on social networks), item
28 (Before doing a digital activity (e.g., upload a photo, comment . .. ), I think about the possible
consequences), item 37 (When sharing digital information, I am able to protect my privacy and
security), and item 38 (I reflect on whether a digital environment is safe). Factor 4 was identified
as “digital safety”, assessing abilities to protect personal privacy and digital content in
digital environments.

Factor 5 encompassed item 14 (I can communicate with others in digital environments),
item 15 (I know how to communicate with others through different digital means), item 16 (I know
how to communicate with others in different ways (e.g., images, texts, videos ... )), and item 17
(I communicate my ideas to people whom I know in digital environments). Factor 5 is named
“communication of digital content”, measuring the needs and abilities to communicate
digital content with others.

Factor 6 contained item 19 (I know different ways to create and edit digital content (e.g.,
videos, photographs, texts, animations . .. )), item 20 (I am able to accurately present what I want
to deliver in digital environments), and item 21 (I can transform information and organize it
in different formats). Factor 6 was denominated as “creation of digital content”, assessing
abilities to create and edit new digital content.

Factor 4 (digital safety skills), Factor 5 (communication of digital content), and Factor
6 (creation of digital content) verified our previous conceptual framework of dimensions of
digital safety skills, communication skills, and creation skills.

Through the procedure described above, we finally set up a theoretical and empirical
framework of 6 digital skills: digital empathy, access to and management of digital content,
use of digital means, digital safety, communication skills, and creation of digital content.
A total of 33 items were retained out of 38 items.
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The factor structure obtained from the third version of the DigSki-CUS is briefly
demonstrated in Figure 4. In Figure 4, the middle and outer layers showed the name of
each factor and the brief explanation of each factor, respectively.

a person’s cognitive and emotional
ability to be reflective and socially
empathic while using digital content

Figure 4. Names and explanations of each factor obtained from EFA of the third version of the
DigSki-CUS (33 items).

After obtaining the factor structure of the questionnaire, a reliability analysis was
conducted within each of the six factors to verify the internal consistency of the question-
naire. Cronbach’s o reliability coefficients were calculated through SPSS 26.0 to determine
the reliability of the internal structure of each factor. Cronbach’s « reliability coefficients
ranged from « = 0.784 to « = 0.888 (above 0.7) (Table 3), which showed that each factor
has an acceptable internal consistency score and the internal structure of each dimension
was reliable.

Table 3. Reliability scores of each factor in the third version of the DigSki-CUS (33 items).

Factors Items 2 Cronbach’s «
Use of digital means 9,7,13,11,8,12 0.854
Access to and management of digital content 4,1,2,3,5 0.874
Communication of digital content 15,14, 16,17 0.784
Creation of digital content 20,19 0.844
Digital empathy 32,33,29, 35,31, 34,30 0.888
Digital safety 26, 28, 25,27,23,37,38,22 0.866

“ Items in each factor were ordered according to their factor loadings. Items having higher factor loadings were
located in front.

Based on the results of EFA, CFA was conducted to check the validity of the third
version of the DigSki-CUS (33 items) in the following section.

5.2. Results of CFA

CFA was performed to assess how well the data of the second half sample of 231 Chinese
undergraduate students fitted the obtained factor structure of the questionnaire that was
derived from EFA. The analysis was run with the software package Mplus 8.3. To determine
model-data fit, multiple goodness-of-fit indices were examined. The following indices of
model-data fit were used to examine whether the factor structure of the questionnaire fitted
the collected data: (1) X, df, x2/df, (2) RMSEA, (3) CFI, (4) TLI Indices such as AVE and
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CR were utilized to check the convergent validity and the discriminant validity of the third
version of DigSki-CUS (33 items).

5.2.1. Model Goodness-of-Fit

We conducted CFA with Mplus 8.3 on the basis of the factor structure that had been
previously obtained from EFA. Model fit indices of each factor of the third version of
DigSki-CUS (33 items) were calculated.

The CFA results revealed model fit indices of the factor “use of digital means” (with
items 7, 8, 9, 11, 12, 13) as follows: x* = 46.636, df = 9, x*/df = 5.18, p < 0.001, RM-
SEA = 0.153, CFI = 0.930, TLI = 0.883. Although CFI = 0.930>0.9 showed a good model-data
fit, x*/df = 5.18 (>3), RMSEA = 0.153 (>0.08), TLI = 0.883 (<0.9) showed that the model
and the data did not fit well. According to the modification index provided by Mplus
8.3, Item 11 had a higher residual correlation with both item 8 (M.L. = 16.280) and item
12 (MLI. = 18.064), and it was deleted from the analysis, leaving a total of 5 items for the
factor “use of digital means”. Subsequent CFA of this revised factor (with items 7, 8, 9,
12, 13) confirmed a good model-data fit (x*> = 11.142, df = 5, x> /df = 2.228 < 3, p < 0.001,
RMSEA =0.073 < 0.08, CFI = 0.981 > 0.95, TLI = 0.962 > 0.95) (Table 4).

Table 4. Model fit indices of the fourth version of the DigSki-CUS (27 items).

Factors Items )G df X2/df RMSEA CFI TLI
Use of digital means 7,8,9,12,13 11.142 5 2.228 0.073 0.981 0.962
Access to and management of digital content 1,2,3,4,5 10.320 5 2.064 0.068 0.989 0.978
Communication of digital content 14, 15, 16 0.000 0 0.000 0.000 1.000 1.000
Creation of digital content 19,20, 21 0.000 0 0.000 0.000 1.000  1.000
Digital empathy 29, 30, 32, 33, 34 10.914 5 2.182 0.072 0.989 0.978
Digital safety 23,25,26,27,28,37  13.594 9 2.228 0.047 0.989 0.982

Note: x%: Satorra-Bentler-scaled Chi-squared, df: degrees-of-freedom, x?/df: ratio of chi-squared to degrees-of-
freedom (good if x?/df < 2 and below; acceptable if x? /df < 5), RMSEA: root-mean-square error of approximation
(good if RMSEA < 0.06 and below; acceptable if RESEA < 0.08), CFL: comparative fit index (good if CFI > 0.95;
acceptable if CFI > 0.90), TLI: Tucker—Lewis index (good if TLI > 0.95; acceptable if TLI > 0.90).

The CFA recorded model goodness-of-fit indices of the factor “access to and management
of digital content” (with items 1, 2, 3, 4, 5) as follows: x2=10.320,df = 5, x2/df =2.064 < 3,
p <0.001, RMSEA = 0.068 < 0.08, CFI = 0.989 > 0.95, TLI = 0.978 > 0.95. All the indices of
this factor confirmed an acceptable model-data fit (Table 4).

The CFA results revealed model goodness-of-fit indices of the factor “communication
of digital content” (with items 14, 15, 16, 17) as follows: x? = 7.163, df = 2, x?/df = 3.581,
p <0.001, RMSEA = 0.106, CFI = 0.976, TLI = 0.928. Although CFI = 0.976 > 0.95 and
TLI = 0.928 > 0.90 showed that the model and the data fit well, x*>/df = 3.581 (>3) and
RMSEA = 0.106 (>0.08) showed that this factor did not fit the data well. Evaluating the
factor loadings revealed that item 17 showed a lower value of 0.414 (<0.5). This observation
indicated that item 17 represented what was shared among all items to a smaller extent.
As a consequence, item 17 was deleted. The revised factor (with items 14, 15, 16) became
a just-identified model (Table 4) and exhibited a substantial fit to the data. The factor
“creation of digital content” (with items 19, 20, 21) was also a just-identified model (Table 4)
and showed a good fit to the data.

The CFA results showed model fit indices of the factor “digital empathy” (with
items 29, 30, 31, 32, 33, 34, 35) as follows: x2 = 49.836, df = 14, x2/df = 3.560, p < 0.001,
RMSEA = 0.105, CFI = 0.953, TLI = 0.929. Although CFI =0.976 > 0.95 and TLI = 0.928 > 0.90
indicated a good fit between the model and the data, x2/df = 3.560 (>3) and RMSEA = 0.105
(>0.08) showed that this factor did not fit the data so well. According to the modification
index provided by Mplus 8.3, we found that item 35 had a higher residual correlation
with item 34 (ML.I. = 15.151), and it also had a lower factor loading than item 34. Item 31
had a higher residual correlation with item 33 (M.I. = 10.107), and it had a lower factor
loading than item 33. Furthermore, careful examination of item 35 (I am able to restrict
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my behavior based on the qualities of netizens) and item 31 (I am able to use digital technologies
to exercise my citizenship) showed that these two items were concerned much more with
digital responsibility instead of digital empathy. Thus, item 35 and item 31 were removed
from this factor. Subsequent CFA of the revised factor (with items 29, 30, 32, 33, 34)
exhibited an acceptable fit to the data (x> = 10.914, df = 5, x*/df = 2.182 < 3, p < 0.001,
RMSEA = 0.072 < 0.08, CFI = 0.989 > 0.95, TLI = 0.978 > 0.95) (Table 4).

Model goodness-of-fit indices of the factor “digital safety” (with items 22, 23, 25, 26, 27,
28, 37, 38) from CFA were as follows: x% =70.720, df = 20, x2/df = 2.357, p <0.001, RMSEA
=0.105, CFI = 0.921, TLI = 0.889. Although x?/df = 2.357 < 3 and CFI = 0.921 > 0.90 showed
the model and the data fit well, RMSEA = 0.105 (>0.08) and TLI = 0.889 (<0.09) showed that
the factor did not fit the data well. According to standardized factor loadings, item 17 had
a low factor loading of 0.499, which is lower than 0.5 and should be deleted. Furthermore,
item 38 had a higher residual correlation with both item 37 (M.I. = 34.909) and item 28
(M.I. = 10.899). Item 38 was also eliminated. Then, two additional CFAs of the revised
factor (with items 23, 25, 26, 27, 28, 37) revealed that the model fit indices were excellent
(% =13.594, df = 9, x*/df = 2.228 < 3, p < 0.001, RMSEA = 0.047 < 0.05, CFI = 0.989 > 0.95,
TLI = 0.982 > 0.95) (Table 4).

In general, some items were deleted from the third version of DigSki-CUS (33 items)
according to model goodness-of-fit indices gotten from CFA. Due to low standardized
factor loadings or high cross-factor loadings, items 11, 17, 31, 35, 22, 38 were removed.
Thus, the fourth version of DigSki-CUS with 6 factors and 27 items was de-termined. The
model fit indices of this version were within acceptable levels (Table 4).

To confirm the validity of the fourth version of the DigSki-CUS (27 items), the conver-
gent validity and the discriminant validity will be checked in the following sections.

5.2.2. Convergent Validity

Convergent validity tests that items that are expected to be related are, in fact, related.
Convergent validity might be tested by examining the factor loadings of the items, values
of AVE and CR.

Firstly, standardized factor loadings of items were examined. Based on CFA, standard-
ized factor loadingswere determined for all 27 items of the fourth version of DigSki-CUS
(27 items) to decide whether the items should be removed from the questionnaire. All
standardized factor loadings for the items of the fourth version of DigSki-CUS (27 items)
all exceeded 0.5, which indicates a high convergent validity of this version of DigSki-CUS
(27 items).

Secondly, AVE values of the fourth version of DigSki-CUS (27 items) were calculated
following the formula in Section 4.7. AVE is the mean variance extracted for the item
loadings of a factor. Most AVE values for the fourth version of DigSki-CUS (27 items) were
above 0.5 (Table 5). Only two AVE values were 0.455 and 0.458, which were below 0.5 but
still were above 0.36, indicating an acceptable convergent validity (threshold of AVE is
0.36-0.5). AVE values showed that items in each factor of the fourth version of DigSki-CUS
(27 items) belonged to their respective fac-tors and indicated acceptable convergent validity
of the factors.

Table 5. Indices of convergent validity of the fourth version of the DigSki-CUS (27 items).

Factors Items AVEZ CRY
Use of digital means 7,8,9,12,13 0.458 0.808
Access to and management of digital content 1,2,3,4,5 0.553 0.859
Communication of digital content 14,15, 16 0.534 0.770
Creation of digital content 19, 20, 21 0.628 0.835
Digital empathy 29, 30, 32, 33,34 0.575 0.870
Digital safety 23,25,26,27,28,37 0.455 0.832

* AVE: Average variance extracted (acceptable if AVE > 0.5, the threshold is 0.36-0.5). ¥ CR: composite reliability
(acceptable if CR > 0.7).
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Thirdly, CR statistics of factors, which were calculated according to the formula in
Section 4.7. ranged from 0.770 to 0.870, indicating acceptable construct validity of the fourth
version of DigSki-CUS (27 items) as they were all above the threshold of 0.7 (Table 5).

Both AVE values and CR statistics provide evidence of the convergent validity of the
fourth version of the DigSki-CUS (27 items).

5.2.3. Discriminant Validity

Discriminant validity tests that items of factors that should have no relationship do, in
fact, not have any relationship [46]. Discriminant validity assumes that items of a factor
should correlate higher among themselves than they correlate with other items from other
factors that are theoretically supposed not to correlate. In the present study, we adopted
Fornell and Larcker criteria [47] to verify the discriminant validity of the fourth version
of the DigSki-CUS (27 items). Whether the square root of the AVE value of one specific
factor is much larger than the correlation coefficients of this factor with any other factors is
testified. The AVE value measures the explained variance of a factor. When comparing the
AVE value of a factor with the correlation coefficients of any pair of factors, we actually
want to see if the items of the factor explain more variance than do the items of the other
factors. In this way, we can determine whether the items of one factor distinguish them
from items of other factors. Thus, correlations between 6 factors were calculated through
Mplus 8.3. Afterward, on the diagonal, we inserted the square root of the AVE value in
order to compare it with the other correlation coefficients (Table 6).

Table 6. Indices of discriminant validity of the fourth version of the DigSki-CUS (27 items).

Factors

Use of Access to and Communication Creation of Disital Digital
AVE Digital Management of of Digital Digital Em ga th Sa%e
Means Digital Content Content Content pathy ty

Use of digital means
Access to and
management of digital
content
Communication of
digital content
Creation of digital
content
Digital empathy
Digital safety

0.458 0.677

0.553 0.452 0.744

0.534 0.503 0.721 0.731

0.628 0.618 0.542 0.630 0.792

0.575 0.640 0.466 0.528 0.463 0.758

0.455 0.554 0.560 0.648 0.627 0.588 0.675

Note: Diagonal elements in bold are the square root of AVE values. Non-diagonal elements are the correlation
coefficients between dimensions.

In Table 6, we found that the square root of the AVE value of the factor “use of digital
means” is 0.677, which is higher than the correlation coefficients of this factor with other
factors: 0.452, 0.503, 0.618, 0.640, and 0.554. This shows that the factor “use of digital means”
has sufficient discriminant validity.

The square root of the AVE value of the factor “access to and management of digital
content” is 0.744, which is higher than the correlation coefficients of this fact with other
factors: 0.452, 0.721, 0.542, 0.466, and 0.560. This shows that the factor “access to and
management of digital content” has acceptable discriminant validity.

Similarly, the square root of the AVE value of the factor “communication of digital
content” is 0.731, which is higher than the correlation coefficients of this factor with other
factors: 0.503, 0.721, 0.630, 0.528, and 0.648. This reveals that the factor “communication of
digital content” has acceptable discriminant power.

The square root of the AVE value of the factor “creation of digital content” is 0.792,
which is higher than the correlation coefficients of this factor with other factors: 0.618, 0.542,
0.630, 0.463, and 0.627. The square root of the AVE value of the factor “digital empathy” is
0.758, which is higher than the correlation coefficients of this factor with other factors: 0.640,
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0.466, 0.528, 0.463, and 0.588. The square root of the AVE value of the factor “digital safety”
is 0.675, which is higher than the correlation coefficients of this factor with other factors:
0.554, 0.560, 0.648, 0.627, and 0.588. Therefore, the factors “creation of digital content”,
“digital empathy” and “digital safety” have sufficient discriminant validity. Therefore, the
factors of the fourth version of DigSki-CUS have enough discriminant power.

Convergent validity and discriminant validity supported that the fourth version
of the DigSki-CUS (27 items) is an effective questionnaire to assess the digital skills of
Chinese undergraduate students. This version is also the final version of the questionnaire
DigSki-CUS that we developed and validated in this study. Based on this final version
of the DigSki-CUS, further studies on the digital skills of Chinese undergraduates could
be conducted.

6. Discussion

The increasing interest in digital skills has fueled an assessment for different levels
of digital skills in different populations. The success of the tools to measure digital skills
largely depends on both the reliability and the validity of the measurement. The present study
describes the properties of a questionnaire estimating digital skills in a Chinese population.

In this study, we proposed and consolidated a reliable and valid questionnaire, the
DigSki-CUS. We used a mixed-methods approach to achieve the research goal. Qualitative
methods in the first phase include a literature review to develop the conceptual framework
and items of the questionnaire based on Li & Hu [9] and Peart et al. [12], and a focus-group
interview to obtain feedback from the participants who completed the questionnaire in
a pre-test. We ensured that all proposed items reflected levels of digital skills of Chinese
undergraduates. After a pre-test among 20 undergraduates, a focus-group interview
was held to discuss the acceptance of the questionnaire and to refine the corresponding
items. Quantitative methods in the second phase were comprised of EFA and CFA. EFA
was executed to define the latent factors and the related items in each factor. CFA was
conducted to examine the consistency of the factor structure and refine the items to improve
the validity and model fit. Convergent validity and discriminant validity were also testified.

To some extent, the 6 factors reflected our previous theoretical conceptualization of
digital skills with 5 dimensions. The dimension of information skills includes the factor
“access to and management of digital content” (with items 1, 2, 3, 4, 5) which measures skills
to search for and manage digital content correctly, and the factor “use of digital means”
(including items 7, 8, 9, 12, 13) which assesses abilities to appropriately use different types
of digital means, tools, and websites. The dimension of communication skills is reflected
by the factor “communication of digital content” (encomposing items 14, 15, 16), which
estimates competence to communicate digital information with others. The dimension
of creation skills contains the factor “creation of digital content” (with items 19, 20, 21),
which assesses skills to create or edit new digital content. The dimensions of digital safety
skills and digital empathy skills are reflected by the factor “digital safety” (containing items
23, 25, 26, 27, 28, 38), which estimate awareness and abilities to protect personal digital
information, and the factor “digital empathy” (including items 29, 30, 32, 33, 34), which
measures cognitive and emotional ability to strategically use digital media reflectively and
responsibly. The result was a valid and reliable DigSki-CUS, consisting of 27 items grouped
into 6 factors, reflecting 5 dimensions of the digital skills, as shown in Table 7.

EFA and CFA were conducted to decide the factor structure and validity of the ques-
tionnaire in two different samples of Chinese undergraduate students. The EFA produced
6 factors of 27 items in the questionnaire: “use of digital means”, “communication of digital
content”, “creation of digital content”, “digital empathy”, and “dig-ital safety”. This is
similar to Peart et al.’s [12] findings. But Peart et al. [12] grouped digital empathy into the
dimension of socio-civic skills, together with social and digital engagement, democratic
attitudes. However, this study argues that digital empathy is one basic part belonging to
digital skills because it has a moderate to strong correlation with other factors of digital
skills, ranging from r = 0.463 to r = 0.640.
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Table 7. Factors and items of the final version of DigSki-CUS (27 items).
Dimensions Factors Items Fact.or
loading
1. T'have apps that keep me up to date with news. 0.823
Access to 2. I 'am able to search for and access information in digital environments. 0.724
and management 3. I can use different tools to store and manage information. 0.621
of digital content 4. I am able to search for information that I need on the Internet. 0.883
5. I can understand the information that I get from the Internet. 0.592
Information 7. I skillfully use digital software to complete learning tasks. 0.643
skills 8. I can complete digital content that meets the minimum requirements of 0.442
learning tasks. '
of digital means 9.1 can create and edit digital content with higher standards according to the 0.658
requirements of work or study.
12. I am able to use digital means to solve problems encountered in my study. 0.441
13. I am able to use digital means to detect plagiarism of content that I created. 0.514
14. I can communicate with others in digital environments. 0.510
Communication Communication 15. I know how to communicate with others through different digital means. 0.569
skills of digital content  16. I know how to communicate with others in different ways (e.g., images, texts, 0716
videos ...). )
19. I know different ways to create and edit digital content (e.g., videos, 0.350
Creation Creation photographs, texts, animations...). :
skills of digital content ~ 20. I am able to accurately present what I want to deliver in digital environments. 0.562
21. I can transform information and organize it in different formats. 0.615
23. I am careful with my personal information. 0.434
25. T avoid having arguments with others in digital environments 0.587
Diital saf 26. I am able to identify harmful behaviors that can affect me on social networks. 0.774
1g1t;§a ety Digital safety 27. I avoid behaviors that are harmful on social networks. 0.587
Skils 28. Before doing a digital activity (e.g., upload a photo, comment ...), I think 0.697
about the possible consequences. ’
37. When sharing digital information, I am able to protect my privacy and security. 0.397
29. I am able to put myself in other people’s shoes in digital environments. 0.593
Digital 30. I am willing to help other people in digital environments. 0.328
empathy Digital empathy  32. I respect other people in digital environments. 0.833
skills 33. I take into account the opinion of others in digital environments. 0.713
34. I get informed before commenting on a topic. 0.383

In our framework, digital safety skills and digital empathy skills were proposed as
two independent dimensions. As digital environments become increasingly complex and
more people misuse or abuse information, digital safety skills and digital empathy skills
are important for undergraduates, helping them realize online risks, avoid being harmed,
and attain positive outcomes of digital uses.

To confirm the reliability of the final version of DigSki-CUS (27 items), we examined
the reliability coefficients of Cronbach’s « of the whole questionnaire and each factor
again. Cronbach’s « of the whole questionnaire is 0.942, indicating the reliability of the
whole questionnaire. The reliability coefficients of Cronbach’s « of factors “access to
and management of digital content”, “use of digital means”, “communication of digital
content”, “creation of digital content”, “digital empathy”, “digital safety” are 0.874, 0.817,
0.778, 0.844, 0.861, and 0.852, showing the reliability of each factor (Table 8).

CFA revealed that several modifications were required in order to achieve a good fit
between the model of the questionnaire attained from EFA and the collected data. These
modifications included the removal of several items due to their low factor loadings or
double loadings. Direct deletion of these items during CFA might pose a threat to the
validity of the questionnaire. However, further analysis of the convergent validity and
the discriminant validity suggested that the construct validity of the questionnaire was
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maintained even though these items were removed. What’s more, the removal of these
items satisfied the economic criterion of a questionnaire.

Table 8. Reliability scores of each factor in the final version of DigSki-CUS (27 items).

Factors Items Cronbach’s «
Access to and management of digital content 4,1,2,3,5 0.874
Use of digital means 9,7,13,8,12 0.817
Communication of digital content 15,14, 16, 0.778
Creation of digital content 21, 20, 19 0.844
Digital safety 26,28, 25,27,23,37 0.852
Digital empathy 32,33, 29, 34,30 0.861

“ Items in each factor were ordered according to their factor loadings. Items having higher factor loadings were
located in front.

As a consequence, the two research questions in Section 3 were answered. The
internal factor structures of the questionnaire were as follows. The factor “access to and
management of digital content” contains items 1, 2, 3, 4, 5, which measures skills to search
for and manage digital content correctly. The factor “use of digital means” includes items 7,
8,9, 12, 13, which assesses abilities to appropriately use different types of digital means,
tools, websites. The factor “communication of digital content” encompasses items 14, 15,
16, which estimates competence to communicate digital information with others. The factor
“creation of digital content” contains items 19, 20, 21, which assess skills to create or edit
new digital content. The factor “digital safety” contains items 23, 25, 26, 27, 28, 38, which
estimates awareness and abilities to protect personal digital information. The factor “digital
empathy” includes items 29, 30, 32, 33, 34, which measures cognitive and emotional ability
to strategically use digital media reflectively and responsibly.

The reliability and validity of the questionnaire were verified from different perspec-
tives. The reliability of the whole questionnaire and each factor of the questionnaire was
confirmed (v = 0.942, x = 0.817, o« = 0.874, « = 0.778, o« = 0.844, « = 0.861, and o = 0.852)
(Table 8). The construct validity was testified from the aspects of model-data fit, convergent
validity, and discriminant validity. Indices demonstrated an acceptable model-data fit
(Table 4), convergent validity (Table 5), and discriminant validity (Table 6), implicating the
confirmation of the internal factor structure of the questionnaire. The final version of the
questionnaire DigSki-CUS (27 items) was proved to be a reliable and valid measuring tool
to assess the digital skills of Chinese undergraduate students.

A point needed to mention in this study is that the items measuring skills of use of
digital means, adapted according to Code for the Construction of Digital Campuses in Colleges
and Universities (for Trial Implementation) (2021), showed good reliability and validity. This
provides us with insightful views that questionnaires should be evaluated and conducted
in the context of its application, audience, and intended use.

7. Limitations and Future Work

The present study develops and validates a questionnaire to assess the digital skills
of Chinese undergraduate students. However, it is not without limitations. For instance,
this study selected undergraduates from only one university, and more various universities
may be taken into consideration to confirm the reliability and validity of the questionnaire
in the future.

A quantitative approach was adopted in this study to validate a questionnaire, which
is highly favorable to verify a questionnaire. However, a qualitative approach or mix-
methods approach may be needed in order to have a deeper understanding of how digital
skills are developed among Chinese undergraduate students, which may be a direction of
future research.

Future research may also explore the associations between digital skills and other
elements of education, such as the relationship between digital skills and adoption of
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blended teaching models, digital skills and the use of digital tools for learning, digital skills
and academic performance, and so on.

8. Conclusions

This study adopted a mixed-methods approach with two phases to develop and vali-
date a questionnaire to measure the digital skills of Chinese undergraduates. Combing
qualitative methods such as a focus-group interview with quantitative methods such as
EFA and CFA, this study constructed a reliable and valid questionnaire to measure the
digital skills of Chinese undergraduates theoretically and empirically.

A questionnaire DigSki-CUS, which was based on a conceptual framework with
5 dimensions (information skills, communication skills, creation skills, digital safety skills,
digital empathy skills) and 38 items, was initially developed. The research questions about
the internal factor, the reliability, and the validity of the questionnaire were answered
through analyzing data from Chinese undergraduates.

To analyze the internal factor, exploratory factor analysis (EFA) was adopted. The final
27 items were grouped into 6 factors: access to and management of digital content, use of
digital means, communication of digital content, creation of digital content, digital safety,
and digital empathy. The factor “access to and management of digital content” (5 items)
measures skills to search for and manage digital content correctly. The factor “use of digital
means” (5 items) estimates abilities to appropriately use different types of digital means.
These 2 factors reflect the dimension of information skills. The factor “communication of
digital content” (3 items) assesses abilities to communicate digital content with others. The
factor “creation of digital content” (3 items) estimates abilities to create and edit new digital
content. The factor “digital safety” (5 items) measures abilities to protect personal privacy
and digital content in a digital world. The factor “digital empathy” (6 items) measures a
person’s cognitive and emotional ability to be reflective and socially empathic in digital
environments. These 4 factors reflect dimensions of communication skills, creation skills,
digital safety skills, and digital empathy skills respectively.

To verify the reliability and validity of the questionnaire, confirmatory factor analysis
(CFA) was used. Indices of reliability, model-data fit, convergent validity, and discriminant
validity of each factor were examined.

Cronbach’s o of the factor “access to and management of digital content” is 0.874, indi-
cating the reliability of this factor. Indices of model-data fit (x2/df = 2.064, RMSEA = 0.068,
CFI = 0.989, TLI = 0.978) are within the acceptable levels, showing the fitness of the model
and data. AVE = 0.553 and CR = 0.859 are above the cutoffs, verifying the convergent
validity of the factor. The square root of the AVE value is 0.744, higher than all the other
correlation coefficients, testifying the discriminant validity of the factor.

The factor “use of digital means” has a Cronbach’s « of 0.817, showing that this factor
is reliable. Acceptable indices x2/df = 2.228, RMSEA = 0.073, CFI = 0.981, TLI = 0.962
indicate the good model-data fit. AVE = 0.458 and CR = 0.808 meet the convergent validity
thresholds. The square root of the AVE value is 0.677, higher than all the other correlation
coefficients, verifying the discriminant validity of this factor.

Cronbach’s « of the factor “communication of digital content” is 0.778, indicating
the reliability of this factor. It is a just-identified model. AVE = 0.534 and CR = 0.770 are
above the cutoffs, verifying the convergent validity. The square root of the AVE value is
0.731, higher than all the other correlation coefficients, testifying the discriminant validity
of this factor.

The factor “creation of digital content”: Cronbach’s « = 0.844 shows the reliability
of this fac-tor. It is a just-identified model. The convergent validity was verified by
AVE = 0.628 and CR = 0.835. The square root of the AVE value is 0.792, higher than all the
other correlation coefficients, verifying the discriminant validity of the factor.

Cronbach’s o of the factor “digital safety” is 0.852, showing the reliability of this factor.
Indices x2/df = 2.228, RMSEA = 0.047, CFI = 0.989, TLI = 0.982 are acceptable, indicating
the fitness of the model and data. AVE = 0.455 and CR = 0.832 meet the convergent validity
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thresholds. The square root of the AVE value is 0.675, higher than all the other correlation
coefficients, testifying the discriminant validity of the factor.

The factor “digital empathy”: Cronbach’s « = 0.861 indicates the reliability of this
factor. Acceptable indices x2/df = 2.182, RMSEA = 0.072, CFI = 0.989, TLI = 0.978 show
a good model-data fit. AVE = 0.575 and CR = 0.870 are above the cutoffs, verifying the
convergent validity. The square root of the AVE value is 0.758, higher than all the other
correlation coefficients, verifying the discriminant validity of this factor.

All indices demonstrate that the questionnaire DigSki-CUS developed in this study is
reliable and valid. T DigSki-CUS tends to be an effective tool to assess the digital skills of
undergraduates in the Chinese educational context.

Considering the complexity of the digital world, digital safety and digital empathy
were constructed as two independent dimensions in this study. Concerning the Chi-nese
educational contexts, items of the dimension of use of digital means were adapted according
to a Chinese government document, having good reliability and validity. These provide us
with insightful viewpoints that developing a questionnaire should consider not only the
requirements of times but also the context of the application of this questionnaire.
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