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Abstract 

The study aimes to develop and validate Digital Literacy Scale (DLS) based on Chen’s 

(2015) theoretical framework which includes nine dimensions: communication, collaboration, 

critical thinking, creativity, citizenship, character, curation, copyright, and connectedness. A 

question pool consisting of 62 items based on the nine dimensions of digital literacy was 

generated on a 5-point Likert-type scale. Content validity of the question pool was sought from 

experts in terms of clarity of items, language understanding, and relevance. SPSS and AMOS 

were used for statistical analysis. Using a sample of 349 university students, Exploratory Factor 

Analysis was employed for reliability analysis, construct validation, and factor structure of the 

scale. EFA confirms the nine dimensions; however, some items were deleted during this process. 

Finally, Confirmatory Factor Analysis was employed to check the reliability and validity of the 

factor structure by using a second sample (n=442). CFA showed that all the values were within 

the acceptable range (Kaiser-Meyer-Olkin 0.886, the total variance explained 62.87%, Cronbach 

Alpha 0.894, and the goodness of fit 0.924). Thus a standardized DLS consisting of 36 items and 

9 factors (communication, copyright, critical thinking, character, citizenship, curation, 

connectedness, creativity, and collaboration) was finalized. DLS is a psychometrically sound, 

reliable, and valid measurement tool that can be used to measure digital literacy.  

Keywords: Digital literacy, online education, information and communication technology (ICT), 

9 C’s of digital literacy, university students 

 

1. Introduction 

Advances in information and communication technologies (ICTs) over the last two 

decades have connected people across the globe through the internet, digital mediums, and 

online platforms (Spires et al, 2019). To communicate effectively and thrive in this digital world, 

one not only needs to have knowledge about these tools and platforms; but also the ability and 

skills to use them purposefully. ICT and digital technologies have also transformed the ways of 

communications and learning for teachers and students alike. Teachers and students are using 

these tools in innovative and creative ways for improved learning outcomes (Literat & Glaveanu, 
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2018). Even students of distance education have acknowledged that the use of online and digital 

technology can significantly improve their learning process (Noreen & Malik, 2020).  

Nowadays, students are using different digital technologies for a diverse range of 

activities i.e. sending and reading emails, reading e-books and online content, participating in 

online academic discussions, and accessing and using learning management systems (Kim & 

Choi, 2018). Nordin et al. (2016) reported a study conducted in 2012 in the United States of 

America about higher education students to analyze their digital dependence (N=500). It reported 

that 91% of the students used email as one of the main means of communication with their 

professors, 74% used digital content, 70% used tablets to take notes in classrooms, and 73% of 

the sampled students in the survey said that they could not study without digital technologies 

(Course smart, 2011). Similarly, Amin and Mirza (2020) found that students and teachers in 

online education were more proficient in advance searching and using diverse e-tools for 

collaboration and data processing. The frequent use and exposure to the digital world are also 

shaping the students' attitudes, mindset, and experiences (Henderson et al., 2015). Gruszczynska, 

et al.  (2013) also highlighted the importance of technological transformations and their impact 

on academic, cultural, social, and economic life. These changes are also greatly influencing the 

teaching-learning process, academic discourse, and research culture across educational institutes.  

In the beginning, the term computer literacy was used which meant one’s ability to use 

computers effectively for the given purpose (Sweaney et al., 2001). This is perhaps due to the 

limited awareness and access of the internet and digital medium to the common public. With the 

expansion of the internet and other online and digital platforms, the term digital literacy has 

started to replace it in recent times. Digital literacy includes one’s ability to use e-resources, 

digital media, and online platforms in an open and flexible environment. With the passage of 

time, its parameters have been expanded and social capital has also been added to it. As a result, 

digital literacy is no longer limited to the ability to use computers, digital platforms, and online 

media effectively; but also in a socially and culturally responsible way (Adeoye & Adeoye, 

2017; Chan et al., 2017).  

 

1.1. Rationale of the Study 

Previous studies pointed out that although students are becoming technologically more 

skilled, still not all of them enter higher education institutions with the same level of digital and 

technological competencies (Inskip, 2014). Some may have the required level of knowledge and 

skills, while others may not be equipped with these skills which are now considered essential for 

students to cope in the multicultural and complex environment. To investigate this properly, one 

needs a standardized scale to measure the digital literacy of students. Although some scales have 

already been developed to measure digital literacy based on some other frameworks, the 

framework presented by Chen (2015) appears to be one of the most comprehensive ones for 

digital literacy. The dimensions in it (called 9 C’s) not only focus on digital abilities and 

competencies, but also its social and cultural aspects. Although this framework was originally 

developed for American K-12 students, its dimensions are also required and applicable not only 

for students at other levels, but also to the general public. As a result, it was decided to develop 

and validate a digital literacy scale based on 9 C’s.  
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1.2. Objective of the Study 

The objective of the study is to develop and validate a standardized scale to measure 

digital literacy skills based on the 9 C’s. 

 

2. Review of the Related Literature 

 The literature review was divided into three main parts: evolution of the term and concept 

of digital literacy, theoretical frameworks of digital literacy construct, and 9 C's of digital 

literacy. 

2.1. Digital Literacy: Historical Development of the Term and the Concept 

Literacy (reading and writing) has always been one of the most important skills for 

human beings. With the advent of computers and their involvement in everyday life, computer 

literacy (the ability to use computers effectively for the given task) also gained prominence. 

Later, as the internet, ICT, online platforms, and digital media became common; the term 

computer literacy was widely replaced with digital literacy.  

Cam and Kiyici (2017) said that in the context of the 21st century, the term literacy had a 

different understanding. They further added that “digital literacy is the skill acquisition process” 

which became more relevant and productive in the current digital world (p. 30). It has been 

broadly linked with software literacy, information literacy, visual literacy, and computer literacy. 

There have been various definitions and parameters of digital literacy with substantial 

similarities and overlapping (Gillen & Barton, 2009).  Sometimes, the use of different 

terminologies and factors also causes confusion (Abbas et al. 2019). 

Most of the earlier definitions of digital literacy focused on functional skills or the ability 

to use, communicate and create using digital tools and platforms. Glister (1997) defined digital 

literacy as “ability to understand and use information in multiple formats from a wide range of 

sources when it is presented via computers (p.1). American Library Association (2012) defined 

digital literacy as “the ability to use information and communication technologies to find, 

evaluate, create, and communicate information, requiring both cognitive and technical skills”. 

Greene et al. (2014) said that one must be able to search, manage, scrutinize and integrate digital 

information in order to be considered digitally literate. Some researchers said that digital literacy 

equips individuals with the necessary skills to read text from screens and interpret the meaning 

of digital words, symbols, and graphical expressions (Kress, 2003; Gee, 2003). Despite covering 

a wide area of skills and competencies about digital and online tools, none of them talk about 

social, moral, or ethical aspects of digital literacy.  

Later versions of digital literacy, started to incorporate social and ethical aspects into it. 

Chan et al.  (2017) defined digital literacy as an umbrella framework to develop knowledge, 

skills, and ethics in the digital world. Adeoye and Adeoye (2017) further elaborated it by saying 

that digital literacy was much more than having access to the digital world and being able to use 

it. It was about collaborating, staying safe, communicating effectively, and being responsible 

towards others while interacting online.  

Digital literacy is as much about social, cultural understanding, and awareness to use 

digital tools and platforms in a  responsible way. It is about knowing and understanding when, 

where, and how to use digital technologies appropriately. Due to the availability and easy access 

to these digital mediums, and the fact that the person behind those devices and platforms is 
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invisible; the ethical and social aspects of digital literacy become even more important. Spires et 

al. (2019) stated that although digital technologies were extensively used in the recent decade, 

and considered one of the essential competencies of 21st-century skills; there was a growing 

concern amongst academia towards its safe and socially responsible use.  

Digital literacy is a highly important concept in the online world as it not only demands 

the proficient use of technology, but also its ethical and responsible use which ultimately leads 

towards becoming a responsible citizen. Children and young people are more active users of new 

technologies, hence at greater risk of negativity and misdirection in the online world (Burnett & 

Merchant, 2011). As a result, the role of researchers and educationists becomes more important 

to preach and promote digital literacy with its techno-social usage (Gruszczynska, Merchant, & 

Pountney, 2013). 

2.2. Theoretical Frameworks of Digital Literacy Construct 

A systematic review of the literature reveals that there have been multiple frameworks for 

digital literacy. Despite some similarities, all of them have their distinctive features, strengths, 

and limitations. Some of them focus on the technical competencies such as computer and 

technical literacy only (Martin, 2006) while others also talk about social and cultural aspects 

(Ng, 2012; Chen, 2015).  

 Sifting through the literature, the researchers found seven different frameworks for digital 

literacy that have been presented over the years (Table i). Martin (2006) presented a framework 

for digital literacy with three levels. All of them focused on its knowledge, use, and creation of 

new knowledge with it. None of them focused on social, ethical, moral, or citizenship aspects. 

 

Table i: Digital Literacy Frameworks* 

Author(s) Factors Model Focus 

Eshet-Alkalai, 

2004 

 

Five  

factors 

 

Photo-visual literacy 

reproduction literacy 

information literacy 

branching literacy 

socio-emotional 

literacy 

 

i) the art of reading visual representations 

ii) the art of creative recycling of existing materials 

iii) hypermedia and non-linear thinking 

iv) the art of skepticism 

v) socio-emotional literacy 

Martin, 2006 Three levels  digital competence 

digital usage 

digital transformation 

 

i) know-how 

ii) applications of digital competence 

iii) creation of new knowledge 

 

Bawden, 2008 Four 

Component 

 

- 

i) underpinnings 

ii) background knowledge 

iii) central competencies 

iv) attitudes and perspectives 
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Ng, 2012 Three 

dimension 

factors  

technical, cognitive, 

and social‐emotional 

i) focuses on using IT proficiently 

ii) skills needed to search, evaluate, 

and synthesize digital information critically, and at the 

same time, to be conscious of any ethical, moral, and 

legal issues.  

iii) skills needed to socialize online in a proper manner. 

 

Spires, Paul, 

& Kerkhoff, 

2019 

(Adapted 

from Spires & 

Bartlett, 2012) 

 

Three 

categories 

Intellectual processes 

of digital literacy 

i) locating and consuming digital content  

ii) creating digital content  

iii) communicating in digital content.  

 

Gruszczynska, 

Merchant, & 

Pountney, 

2013 

Two 

perspectives 

Functional skills and 

competencies, context 

and practices 

i) access, skills, and practices. They show the 

functional skills and competencies to use networks, 

devices, software, and content.  

ii) context for these skills and practices. This includes 

learning environment, personal aspects, and contextual 

factors which are reflected in lifestyles and social 

networks. 

 

Inskip, 

2014 

Context-

dependent 

digital literacy 

model with 7 elements  

 

media literacy, information literacy, digital scholarship, 

learning skills, communications and 

collaboration, career and identity management, and 

ICT literacy 

 

Chen, 2015 Nine 

dimensions 

9 C’s of digital literacy communication, collaboration, critical thinking, 

creativity, citizenship, character, curation, copyright, 

and connectedness 

* Table prepared by the authors based on the previous studies 

  

The framework proposed by Eshet-Alkalai (2004) had five factors. Although, it also 

included socio-emotional literacy; it was dominated by the ability to think, use, communicate 

and create. In 2012, Ng presented another framework with three dimensions. It also included the 

socio-emotional aspect as one of the three dimensions.  Bawden (2008)'s framework had four 

components. Although attitudes and perspectives were one of those dimensions, it was still 

dominated by the understanding, background knowledge, and ability to use digital tools 

effectively.  Spires et al. (2019) presented a framework that had been adapted from Spires and 

Bartlett (2012). It divided digital literacy into three categories: searching and using, creating, and 

communicating using digital tools and contents (Figure i). This framework focuses on functional 

skills of digital literacy only. 
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Figure i: Intellectual processes of Digital Literacy 

 
Intellectual processes of Digital Literacy Spires, Paul and Kerkhoff, 2019  

 

 Frameworks originally developed and presented after 2012 started to pay more attention 

to social, psychological, moral, and ethical aspects of digital literacy. Based on JISC (2010) 

framework; Gruszczynska, Merchant and Pountney (2013) described the anatomy of digital 

literacy from two different, but related perspectives. The first one is about access, skills, and 

practices. These skills show the functional skills and competencies to use networks, devices, 

software, and content. The second perspective refers to the context for these skills and practices. 

This includes the learning environment, personal aspects, and contextual factors. It is reflected in 

lifestyles and social networks. Inskip (2014) presented a context-dependent framework that also 

focused on collaboration and identity management. 

 In 2015, Chen presented another framework for digital literacy with 9 C’s 

(communication, collaboration, critical thinking, creativity, citizenship, character, curation, 

copyright, and connectedness). This framework appears to be the most comprehensive to date 

with a focus on almost all of the skills that may be required to not only use digital tools and 

platforms effectively, but also in a responsible and socially beneficial way. As a result, this study 

decided to develop and validate a digital literacy scale based on 9C’s.        

                                             

2.3. 9 C’s of Digital Literacy  

Despite many similarities and overlapping, most of these frameworks have their own 

distinctive strengths and limitations. Computer, digital and technical competencies are 

emphasized in all of them; but when it comes to social, psychological, moral, ethical values and 

citizenship, most emphasize some elements or the other, thus leaving some gap. In 2015, Chen 

presented a framework for digital literacy based on 9 C’s. This framework consists of almost all 

the important components of the previous frameworks, along with other additional dimensions. 

Those 9 C’s for digital literacy are communication, collaboration, critical thinking, creativity, 

citizenship, character, curation, copyright, and connectedness. Gaining these competencies may 

not only help a person to use the online and digital platforms effectively, but also to become a 

responsible and socially beneficial citizen in the virtual world.  

 

Locating and Consuming 
Digital Content 

Creating Digital Content Communicating Digital 
Content 
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Figure ii: 9 C’s of Digital Literacy by Chen (2015) (Adapted) 

 

 

 

 

 

 

 

  

   

 

 

 *Dimensions (9 C’s) are the same, but details are modified slightly 

 

3. Methodology 

3.1. Theoretical Foundation, Method and Tool 

The process of scale development and validation started by developing a question pool 

based on Chen (2015) 9 C’s. Though observational studies have proven to be more useful for 

offering a practical view of the digital skills for scale development, their cost and time are indeed 

a powerful limitation (van Deursen et al., 2012). On the other hand, with self-reported 

questionnaires, one can present a large number of questions about a wide range of factors to a 

large sample in a short time. Scoring is also simple, fast, and cost-effective. It is important to 

note that there is no agreement regarding the use of self-reporting measures. Some of the 

previous studies have shown that self-ratings tend to be overly positive (Kuhlemeier & Hemker, 

2007).  

The researchers extensively searched for the meanings and terms of each of the nine 

dimensions multiple times. For the nine dimensions of digital literacy (9 C’s), 62 items were 

originally developed which were measured on a 5-point Likert-type scale (1 strongly disagree to 

5 strongly agree) to develop the Digital Literacy Scale (DLS). 

3.2. Sample of the Study  

The sample consisted of university students belonging to five different universities in 

Pakistan. The reason behind selecting university students was that they are amongst those 

demographic groups who use computers, the internet, and digital media most frequently. Their 

age ranged from 18 to 32 years. The analyses were conducted on two different randomly selected 

samples with volunteer participation. There have been studies such as Bryman and Cramer 

(2001), Hair et al. (2006), Croasmun (2011), and Comrey and Lee (2013) investigating the 

optimal sample size for scale development. In this study, guidelines suggested by Bryman and 

Cramer's (2001) have been followed. According to them, the sample should be at least five times 

more than the items.  The researchers tried to gather a sample size larger than the minimum 

required size. 

Communication 

online reading, writing, 

speaking and listening 

skills 

 

Collaboration 

how to work with everyone 

online, not just with their 

friends. 

Critical Thinking 

to solve problems, analyze 

deeply, and question 

frequently through digital 

media. 

Connectedness 

to become active participants 

and contribute to the global 

community by helping the 

people online. 

 

Creativity 

to become online content 

creators, not just 

consumers of knowledge. 

Citizenship  

to use technology 

responsibly and legally. 

Character  

to be active advocates of 

online ethical practices even if 

not legally required. 

Copyright  

Understanding and 

following online and 

digital copyright laws. 

Curation 

to understand digital 

research skills and how to 

analyze the credibility of 

web content.   
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The first set of data consisted of the first sample (n=349) which was used to test validity 

and reliability by employing exploratory factor analysis. The second sample (n=442) was 

employed to retest and verify the factor structure.  

 

4. Data Findings and Analysis (Scale Development) 

Having established the framework, the researchers followed three stages to develop the 

scale. Hinkin (1998) suggests that the theoretical basis or the description should provide 

sufficient information for the initial collection and development of items for scale development. 

Based on that, 62 items were developed initially. Following three steps were taken for scale 

development, refinement, and validation. 

4.1. Step 1: Item Generation, Purification and Content Validation 

The expressions based on the 9 C’s of Digital Literacy by Chen (2015) were deeply 

studied, analysed, and converted into items. At the first stage, researchers prepared an initial pool 

of 62 items after understanding each dimension of digital literacy. Followed by generating the 

statements and content validity. The researchers made use of the technique suggested by Hinkin 

and Tracey (1999) and Worthington and Whittaker (2006) for this purpose. The scale was sent to 

five experts in the education and scale development domain. Those experts belonged to three 

different universities, and two different countries. They had 6 to 16 years of experience in 

research. 

The items were reviewed to remove those which were confusing, overlapping, or 

incorrect. This study retained only items that four experts evaluated as “clearly representative” 

and the fifth expert as “somewhat representative”. This process eliminated 6 items, resulting in a 

scale with 56 items. Through this step; the content, language, and structure of the scale were 

validated. 

4.2. Step 2: Reliability Assessment and Construct Validation (EFA and CFA) 

To explore the factor structure and correlation behaviour of DLS; data were collected 

from 349 university students. Most of them (36.7%) were 21-24 years old. 33.7% were male and 

others were female. The majority of the participants (69.3%) said that they learned computer and 

digital literacy skills by themselves. 20.3% of them stated that they would spend five to ten hours 

a week on the internet. 

First of all, digital literacy scale items were examined by using exploratory factor 

analysis (EFA). Bryman and Cramer (2001) and Hair et al. (2006) recommend minimum criteria 

for observations acceptable for EFA as five times the number of items in the scale. The item to 

response ratio for the current EFA was more than six times the number of items in the scale 

(349/56≈6.2). Therefore, the sample was adequate for carrying out EFA.  

Bartlett’s test of Sphericity and, Kaiser-Meyer-Olkin (KMO) test for sample adequacy 

were applied in SPSS (Lau & Yuen, 2914) to see the factorability of the data. According to the 

literature, a value above 0.5 indicates the sample size adequacy (Kaiser, 1974; Sharma, 1996). 

The KMO measure of sampling adequacy yielded a value of 0.886, indicating good sampling 

adequacy. The test of Sphericity was significant (χ2 (595) = 5054.693, p < .001), showing that 

the sample was appropriate for structure detection. The results are presented in Table ii. 
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Table ii. Results of KMO and Bartlett’s Tests 

KMO and Bartlett’s Tests 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .886 

Bartlett's Test of Sphericity Approx. Chi-Square 5054.693 

df 595 

Sig. .000 

 

Kaiser (1974) recommends that the Eigen values below 1.0 are indicative of possibly 

unstable factors. By applying the Kaiser criteria, 62.87% of the total variance was explained by 

nine factors, and the factors theoretically corresponded to the digital literacy construct. Table iii 

presents the total variance explained and the number of the factors. 
 

Table iii: Total Variance Explained 

Total Variance Explained 

Component 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

1 8.853 25.295 25.295 8.853 25.295 25.295 5.057 14.448 14.448 

2 3.726 10.646 35.941 3.726 10.646 35.941 2.803 8.009 22.457 

3 1.770 5.057 40.998 1.770 5.057 40.998 2.695 7.699 30.156 

4 1.629 4.656 45.653 1.629 4.656 45.653 2.519 7.197 37.352 

5 1.529 4.367 50.021 1.529 4.367 50.021 2.366 6.760 44.112 

6 1.300 3.714 53.735 1.300 3.714 53.735 2.071 5.916 50.028 

7 1.139 3.254 56.990 1.139 3.254 56.990 1.612 4.605 54.633 

8 1.057 3.021 60.011 1.057 3.021 60.011 1.531 4.375 59.007 

9 1.001 2.861 62.871 1.001 2.861 62.871 1.352 3.864 62.871 

Extraction Method: Principal Component Analysis. 

As factors correlate theoretically, the researchers used Varimax rotation (a type of 

orthogonal rotation) for analysis. The factor loading values should be greater than 0.30 (the 

lowest acceptable limit). According to Büyüköztürk (2009), items with less than this limit or 

loading in more than one factor should be removed from the scale one by one. Whereas, 

Worthington and Whittaker (2006) argued that the researchers must set their minimum values of 

factor loadings as high as possible so that they result in fewer cross-loading. In this study, the 

researchers set the minimum factor loading at 0.30. Sixteen items (item 9, 15, 21, 25, 26, 28, 30, 

33, 35, 36, 41, 44, 49, 50, 55 and 56) which had a factor loading values less than 0.30 or loading 

in more than one factor were removed. Factor structure was again checked by re-analysis. Then 

principal component analysis (PCA) was carried out. Through this process, nine factors and 36 

items were extracted.  

Table iv presents the items and the factors which are in the acceptable range for factor 

loading. 
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Table iv. The Results of EFA for DLS (Digital Literacy Scale) 

  

       Components (Factors) 

1 2 3 4 5 6 7 8 9 

Item_1 .740         

Item_3 .776         

Item_4 .710         

Item_5 .796         

Item_6 .650         

Item_7 .644         

Item_8 .702         

Item_10  .651        

Item_11  .697        

Item_12  .747        

Item_14  .767        

Item_16   .630       

Item_17   .681       

Item_18   .725       

Item_22    .849      

Item_23    .825      

Item_24    .701      

Item_27     .749     

Item_29     .758     

Item_31     .662     

Item_32     .607     

Item_34      .799    

Item_37      .834    

Item_38      .773    

Item_39       .763   

Item_40       .653   

Item_42       .667   

Item_43       .634   

Item_45       .618   

Item_46        .706  

Item_47        .769  

Item_48        .710  

Item_51        .820  
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Item_52         .727 

Item_53         .741 

Item_54         .810 

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization. a. Rotation converged in 7 iterations. 

 

Capturing the essence of the factors, they were named after 9 C’s of Digital Literacy by 

Chen (2015): Factor 1, Communication; Factor 2, Copyright; Factor 3, Critical Thinking; Factor 

4, Character; Factor 5, Citizenship; Factor 6, Curation; Factor 7, Connectedness; Factor 8, 

Creativity; and Factor 9, Collaboration. In this way, the empirically extracted nine factors 

displayed congruence with the theoretical conceptualization of the construct of digital literacy. 

After extraction of items under each factor, reliability of each factor was found.  According to 

DeVellis (2012), Cronbach’s alpha value above 0.7 is considered acceptable in social sciences.  

Table v shows the Cronbach’s alpha value for each factor, and also for overall scale. 

 

Table v. Factor Names and Reliability 

S. 

No. 

Factor Name 

 

No. of 

Items 

Cronbach’s 

Alpha 

1 Communication 7 0.815 

2 Copyright  4 0.853 

3 Critical Thinking 3 0.832 

4 Character  3 0.831 

5 Citizenship 4 0.857 

6 Curation 3 0.847 

7 Connectedness 5 0.885 

8 Creativity 4 0.857 

9 Collaboration 3 0.878 

Total  DLS 36 0.894 

 

After this step, the researchers extracted the factor structure of the DLS by EFA and then 

confirmed the factor structure by carrying out a confirmatory factor analysis (CFA). This process 

led to the final development of the scale for measuring digital literacy skills based on 9 C’s. As 

EFA explores the factor structure about how variables relate within a group, CFA results by 

using AMOS confirm the factor structure extracted from the EFA (Nunnally & Bernstein, 1994).  

Figure iii presents the results of CFA. 
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Figure iii. Result of CFA (Sample 1) 

 

The result shows that all the values i.e.  CMIN (minimum value of discrepancy) X2 value 

is 2.54 at p 0.000, RMSEA (root mean square error of approximation) 0.067, TLI (Tucker Lewis 

index) 0.939, CFI (comparative fit index) 0.948, and GFI (goodness of fit) 0.924 lies in the 

acceptable range. Thus, the value of EFA and CFA confirm and validate the structure of DLS. 

4.3. Step 3: Dimensionality and Construct Validity (CFA) 

Sample II yielded 442 responses from university students. Majority of the respondents 

(55.5%) were male. The largest age group (35.5%) was 21-24 years old. Most of them (24.9%) 
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said to be using the internet for more than thirty-five hours a week. 77% of them stated that they 

learned to operate a computer by their personal efforts.  

Cronbach’s alpha was applied again to see the reliability of this scale. The results show 

that each dimension has a score higher than 0.7 which is an acceptable value. Value for 

communication is 0.89; copyright 0.86; critical thinking 0.82; character 0.87; citizenship 0.80; 

curation 0.74; connectedness 0.76; creativity 0.82 and collaboration 0.78. Overall, DLS has 0.90 

Cronbach’s alpha value, which shows that the reliability of the scale is quite high. Again, AMOS 

program was used to confirm the factor structure of DLS scale for the second sample. Figure iv 

presents the results of CFA. 

 

Figure iv: Result of CFA (Sample 2) 
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 As a result of the confirmatory factor analysis performed with the data obtained from the 

second sample, it was revealed that standardized estimated values are positive and the goodness 

of fit values are among the acceptable range (Schermelleh-Engel et al., 2003). Furthermore, 

value for CMIN (χ²) is 2.26; p 0.000; RMSEA 0.052; CFI 0.948; TLI 0.928; and GFI is 0.922. 

As a result of this last process, the standardized Digital Literacy Scale (DLS) has 9 

factors (dimensions) and 36 items on a Likert-type scale. The factor structure of the DLS and the 

final version of the items are listed in Annex-i.  

 

5. Discussion 

 This research aimed at developing and validating of Digital Literacy Scale (DLS) with 

sound psychometric properties that could be used to measure digital literacy based on Chen’s 

(2015) 9 C's. Although it can be used generally as well, it is specially developed for the students 

in higher education institutions. Findings of this study revealed that DLS proposed with 9 factors 

is a comprehensive tool to measure the perception of one’s digital literacy skills at the tertiary 

education level.  

When compared to digital literacy scales developed earlier, it is theoretically more sound 

and comprehensive. Most of the earlier scales about digital literacy focused on communication, 

functionality, and managing information (Abbas et al., 2019; Martzoukou, et al., 2020). Based on 

the 9 C's of Chen (2015), this scale not only covers the essential digital functional skills; but also 

focuses on its social, psychological, moral, and ethical aspects.  

  This study confirms that digital literacy is a multi-dimensional construct and requires a 

comprehensive theoretical background that should include all major elements of digital literacy 

that one should possess to thrive in the digital world. The factors of DLS are not only in line with 

the models presented by Eshet-Alkalai (2004); Martin (2006); Badwen (2008); Ng (2012) and 

Inskip (2014); but based on 9 C’s, is further expansion. The final scale has 36 items that were 

proved to be reliable after EFA and CFA analysis. DLS may not only be used as a valid and 

reliable scale to measure the digital literacy skills of the higher education students, but also to the 

general population.  
 

6. Practical Implications and Future Research 

 Statistics of Pakistan regarding digitalization and digital literacy highlighted the current 

ranking of Pakistan in South Asia. Even compared to India, Iran, Sri Lanka, and Bangladesh; the 

ranking of Pakistan on the digital literacy environment indicator is quite low (Khan et al., 2018). 

It indicates that higher education institutions and the overall education system of Pakistan have 

yet not caught up with the agenda of digital competencies as a core and fundamental literacy for 

the forthcoming era. This is indeed alarming and disturbing especially after looking at the post 

covid-19 context around the globe. The sudden paradigm shift in the teaching-learning process 

requires the students and graduates to be equipped with digital skills to cope with the 

complexities of the job market. Thus, it demands from universities to assess and develop the 

digital literacy skills of students and make digital literacy part of core subjects in the curricula of 

undergraduate and graduate degree programs. The current scale can play a significant role in this 

regard as it may help to understand the current situation so that relevant policies and practices 

may be developed to improve the digital literacy of our digital generation. This scale may further 
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be used to find the relationship of students’ digital literacy with their academic performance, 

communication, and research skills.  

This scale may be validated further by using a sample from different levels and countries. 

Literature shows that such scales should be tested and revised after a certain period of time. It is 

even more important in an area like digital literacy which is continuously evolving due to 

technological innovations. The convergent validity may also be determined by using similar 

scales which theoretically correlate and serve the same purpose.  
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Appendix i: Final DLS -Digital Literacy Scale (Validated and Standardized) 

Digital  Literacy Scale 

Dimensions 

Item 

No. Questions 

Strongly 

Disagree Disagree Undecided Agree 

Strongly 

Agree 

  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  
  
  

  
  
 

C
o

m
m

u
n

ic
at

io
n

 

  

1.     

I can easily read online contents from 

screen   
     

2.      

I prefer to take prints of online reading 

materials for better reading. 
     

3.     I can type quickly using both hands. 
     

4. I know how to write formal emails. 
     

5.      

I am well-aware about email sending and 

formatting options. 
     

6.     I interact through online audio-video call. 
     

7.       

Online listening through headphone and 

speakers is troublesome for me. 
     

  
  

  
  

  
  

C
o

p
y
ri

g
h

t 

  

8.       

  

I know online plagiarism policy of my 

institute. 
     

9.     

I know the consequences of using 

copyright work online without 

permission. 
     

10.    

         

       

I give acknowledgement/reference in my 

online work while using collusion 

(copying from fellow students). 
     

11.     

I use Turnitin or other similar software to 

check and avoid unintentional plagiarism. 
     

 C
ri

ti
ca

l 
T

h
in

k
in

g
 

  

12.  

My university assigns me online activities 

relating to real life problems. 
     

13.    

         

       

I am able to find different pieces of 

information online, and put them together 

to solve a problem. 
     

14.   

I have an online reflective journal to 

write. 
     

  
  

  
  

  
  

  
 C

h
ar

ac
te

r 

  

15.    

         

       

In online world, I do not use and share 

others’ personal information, pictures, 

conversation etc. without their consent. 
     

16.    

          

  

I avoid posting negative online comments 

and poking in others’ discussion and 

chatting. 
     

17.    

      

I remain neutral and tolerant during 

online discussions. 
     

 

18.     

  

I communicate with others in a 

respectable way while using technology. 
     

  
  

  
  

 

C it i z e n s h i p
   19.    

I know the consequences for violating      
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cyber laws in digital world. 

20.     

I accept and follow the terms and 

conditions for accessing any information. 
     

21.     

I respect  the cultural differences in online 

world, and respond accordingly. 
     

  
  

  
 C

u
ra

ti
o
n
 

  

22.    

    

I search for material from renowned 

websites. 
     

23.     

  

I try to add value to the existing pieces of 

information available online. 
     

24.    

I play my part in adding to, and updating 

online information. 
     

  
  

  
  

  
 C

o
n

n
ec

te
d
n

es
s 

 

  

25.    

    

I am involved in different online 

communities for volunteer work. 
     

26.    

     

I participate in different online projects at 

national level. 
     

27.    

I actively take interest in different online 

campaigns for community development. 
     

28.    

  

I actively participate in online 

polls/surveys. 
     

29.    

         

       

I encourage and help my community to 

post their problems and issues on social 

media for getting attention. 
     

  
  

  
  

 C
re

at
iv

it
y

  

  

30.     

I write online blogs giving new ideas and 

perspectives. 
     

31.    

    

I like to post new information on my 

social media account(s). 
     

32.    

      

I develop my own videos and post them 

online. 
     

33.    

     

I have creative ideas but do not know how 

to use them online. 
     

 C
o

ll
ab

o
ra

ti
o

n
  

  

34.     

  

In the online world, I work with others in 

groups. 
     

35.    

    

Working in online groups helps me to 

learn from others. 
     

36.    

     

I work online with my peers to find 

solutions to the problems. 
     

 

 


