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Abstract: The study took a Rasch measurement theory approach to validating the 

10-item Digital Literacy Scale (DLS) using the unidimensional rating scale model 

(RSM). To that end, the study used the data from a sample of online Turkish 

university students. The study began the Rasch analysis with all 10 items in the 

scale and, to improve in the local independence assumption, identified and 

eliminated two items which did not adequately fit the RSM. Under the eight-item 

DLS, the assumptions of undimensionality and local independence were both 

satisfied and the fit of all individual items to the RSM was adequate. Next, the 

psychometric properties of the eight-item DLS were examined including rating 

scale effectiveness, relative endorsability of the items, differential item functioning 

(DIF) by each of three demographic variables: (a) gender, (b) connection device, 

and (c) grade level. Through the analysis, evidence of reliability and validity was 

identified which generally supports the use of the DLS instrument among the 

population of online Turkish university students from which the sample was 

obtained. The study also identified items which demonstrated either misfit to the 

model or DIF by the demographic variables, and recommends they be further 

reviewed and revised for future use. 

1. INTRODUCTION 

The term of digital literacy (DL) was first introduced and made known by Gilster (1997). 

This landmark book defined DL as the ability to comprehend and utilize information in 

multiple formats from various sources when the information is presented using 

computers. This definition, although it first emerged almost three decades ago, may still 

have relevance today cause it does not present any listing of specific digital skills or 

technologies which have evolved rapidly over the years. Instead, it approaches DL from a 

general and broad perspective to allow the interpretation and operationalization of the 

DL concept to easily develop as necessary (Ala-Mutka, 2011). In the research literature, 

digital literacy has had different definitions which could have substantial similarities 

and overlapping, could be based on different theoretical frameworks, and, with the 

emergence of new digital technologies, new tools, and new literacies, could evolve over 
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time (Amin et al., 2022; Gillen & Barton, 2010; Olur & Ocak, 2021; Reddy et al., 2023; 

UNESCO, 2018). 

1.1. A Multi-Literacy, Multi-Perspective Approach to Digital Literacy 

Ng (2012a, 2012b) defined digital literacy as referring to the multitude of literacies related 

to the use of digital technologies which include both software and hardware employed by 

individuals for educational, social, and/or entertainment purposes both in schools and at 

home. Among such hardware and software are desktops, laptops, handheld devices (e.g., 

tablets), game consoles, smartphones, commercial and open-source programs, etc. Under 

this framework, digital literacy consists of cognitive, technical, and socio-emotional 

learning perspectives/dimensions overlapping between and among themselves, and 

involves the acquisition of skills under each of the three perspectives/dimensions in order 

to effectively engage with online/offline digital technologies.  

In the education setting, academic digital literacy may be perceived as the ability and awareness 

to take advantage of digital technology as a learning tool and complete academic tasks in the 

right way, when also encompassing the cognitive, technical, and socio-emotional perspectives 

of the literacy (Anwar et al., 2023; Hwang et al., 2023). Academic digital literacy has an 

important role to play because it is viewed as the backbone of educational pedagogy (Anwar et 

al., 2023). Graduates with digital literacy competencies are likely to have substantially better 

job prospects because, with a vast majority of the jobs requiring digital literacy (Anthonysamy 

et al., 2020; Perera et al., 2016; Setiyowati & Razak, 2020), such competencies could well 

increase their productivity in the digital era. 

1.2. Research Related to Digital Literacy 

Over the years, particularly during the COVID-19 pandemic when there was a substantially 

increased exposure and use of digital platforms and technologies of all kinds in all walks 

of life, numerous studies have been conducted on a global scale which address digital 

literacy in a variety of contexts: (a) assessing the awareness and competencies of DL of 

individuals (e.g., students, teachers, etc.), (b) investigating how DL is related to other 

measures of interest (e.g., self-efficacy, self-esteem, professional competence, individuals’ 

demographic variables, teachers’ readiness to implement digital technologies), (c) 

examining the effectiveness of DL programs, (d) narrowing the DL skills gap, etc. 

(Aydınlar et al., 2024; Ceylan et al., 2023; Erol & Aydin, 2021; Garzon & Garzon, 2023; 

Liza & Andriyanti, 2020; Reddy et al., 2021; Reddy et al., 2023). A detailed review of DL-

related studies is beyond the scope of the study. Readers are referred to related systematic 

reviews such as Nguyen and Habók (2024), Gutiérrez-Ángel et al. (2022), Wu et al. (2022), 

and Pangrazio et al. (2020).  

Among the DL-related research are studies which address the development/adaptation 

and validation of the scales/assessment tools/instruments measuring digital literacy for 

various stakeholders, cultural contexts, etc. These studies use statistical and psychometric 

means to validate a multitude of instruments measuring DL. 

Ng (2012a) presented one of the first instruments measuring digital literacy which is known 

as Digital Literacy Scale (DLS) in the literature (There are other DL instruments bearing the 

same name (e.g., that developed in Chandra et al. (2024)), but they are not discussed here 

in this study). Based on her DL framework, Ng developed this 10-item instrument and 

used it and several other instruments to investigate the learning of unfamiliar educational 

technologies among a group of Australian undergraduate students enrolled in an 

introduction course on eLearning. In her study, the DLS asked the students to evaluate 

their level of digital literacy using a 10-point Likert scale. Even though her study hardly 

investigated the psychometric properties of the DLS, many follow-up studies conducted 

psychometric validation of the instrument under various contexts (Anwar et al., 2023; 
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Hamutoğlu et al., 2017; Ustundag et al., 2017), or applied the DLS to content area research 

(Aydınlar et al., 2024; Durak & Seferoğlu, 2020; Erol & Aydin, 2021; Garzon & Garzon, 

2023; Noorrizki et al., 2022; Tor et al., 2022). 

1.3. Existing Validation Research of the DLS 

The literature has witnessed multiple validation studies of the DLS instrument. A review 

of these studies is provided here in chronological order as the context justifying this new 

research.  

Hamutoğlu et al. (2017) adapted a 17-item version of the DLS instrument into the Turkish 

context. Notably, Ng (2012a) presented DL as consisting of three dimensions / perspectives 

(i.e., cognitive, technical, and social-emotional) which were covered by 10 items in three 

subscales. Hamutoğlu et al. (2017) included those 10 items in their version of the DLS 

instrument and additionally treated the seven items measuring attitudes towards information 

and communications technology as the fourth dimension. This practice was not consistent 

with Ng (2012a) and several other studies, like Anwar et al. (2023), which were all 

conducted under a three-dimension structure for DL measured by 10 items. Based on 

their 17-item DLS, Hamutoğlu et al. (2017) first conducted an expoloratory factor analysis 

(EFA) using a sample of 185 students and next a confirmatory factor analysis (CFA) using 

a sample of 210 students. At the end of the analyses, they presented both validity (e.g., 

language validity) and reliability (e.g., Cronbach’s 𝛼, test-retest reliability) evidence for the 

17-item scale. 

Ustundag et al. (2017) translated the 10-item version of the DLS instrument by Ng (2012a) 

into the Turkish context and administered the adapted instrument to a group of pre-service 

teachers studying science. Unlike Ng (2012a) who hardly investigated the psychometric 

properties of the original instrument, Ustundag et al. (2017) validated the adapted instrument 

using common statistical methods for scale validation. Among the analyses they conducted 

was an EFA which established that the DLS in Turkish was unidimensional and had 

relatively high internal consistency reliability. 

Finally, Anwar et al. (2023) based their study on the digital literacy definition and the 

three- dimension DL model from Ng (2012a, 2012b). They adapted the 10-item DLS 

into the Indonesian context for university students to measure their academic digital 

literacy. In the validation of the adapted instrument, they primarily took the CFA 

approach using the data collected from a sample of 364 Indonesian students. Their final 

model included a second-order CFA model measuring academic digital literacy predicting 

the three dimensions of DL outlined by Ng (2012a, 2012b). Besides, they also reported 

several reliability statistics including Cronbach’s 𝛼, composite reliability, and average 

variance extracted. Given the findings, they recommended the use of the adapted instrument 

among the Indonesian university students. 

1.4. Research Gaps in the Existing DLS Instrument Validation Studies 

Despite the multitude of existing DLS validation studies, in general, the validation of a 

scale should be a continuous process (Gocen & Sen, 2021; Nunnally, 1978). This process 

could require multiple validation iterations to continuously identify more evidence of an 

instrument’s reliability and validity, and could also entail a broader variety of samples to 

further refine and validate the instrument under more research contexts. On the other hand, 

there is also room for improvement in the existing validation studies which warrants more 

research. 

First, the existing studies primarily counted on the traditional EFA/CFA for continuous 

data without (any mention of) taking into consideration the typically ordinal, rating scale 

structure of the DLS item data. Even though treating ordinal data as continuous has been 

a long term debate (Frampton & Shepherd, 2011), the literature of multiple fields of studies 
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(e.g., healthcare, nursing, etc.) has nevertheless indicated doing so could well run the risk 

of erroneous results and mis-inference (Adroher et al., 2018; Cape et al., 2010; Da Dalt et 

al., 2013, 2015; Hamilton & Chesworth, 2013; Miot, 2020). 

Second, no existing validation studies have investigated whether the DLS instrument 

functioned equivalently across subgroups which may be of research interest (e.g., subgroups 

by participant demographic characteristics). Therefore, their findings did not address 

whether the DLS items were unfair to, for example, a particular gender subgroup. For 

instance, Erol and Aydin (2021) and Tor et al. (2022) each compared different gender (female 

vs. male) subgroups regarding the research participants’ level of digital literacy measured 

by the DLS instrument.  

Unfortunately, both studies did so without having first examined whether the DLS items 

were biased by gender, which left open the question on whether the statistically 

significant differences from the independent samples 𝑡 tests they conducted regarding the 

measure of DL were artifacts of the characteristics of the biased items, if any, or due to 

variations of participants’ digital literacy at the scale and the subscale levels. Besides gender, 

the literature has indicated that digital literacy could be impacted by multiple demographic 

factors which include, but are not limited to, age, education, family income, use of 

smartphones and the Internet, years of service in the profession, daily Internet usage time, 

technology usage level, social media usage in distance education (Erol & Aydin, 2021; 

Noorrizki et al., 2022; Tor et al., 2022; Urbancikova et al., 2017). In order to examine the 

difference in the DLS scores, if any, across the subgroups specified by a demographic 

variable, the DLS items should be first verified to function the same way across these 

subgroups. This topic has not been investigated in the existing studies validating the 

DLS instrument. 

1.5. Rasch Analysis as an Instrument Validation Tool 

Rasch Measurement Theory (RMT) is a latent modeling framework which is based on 

modern test theory. In Rasch analysis, the raw, ordinal data (e.g., responses to Likert type 

items like DLS items) of the instrument are transformed to interval/continuous measures 

of participant ability and item difficulty on a logit scale along which a side-by-side comparison 

of participants and items is made (Andrich & Marais, 2019; Bond & Fox, 2015). Many, 

but not all, Rasch models assume that Rasch measurement involves a single, 

underlying construct (i.e., assumption of unidimensionality) either increasing or 

decreasing monotonically along the interval logit scale. Under the RMT, to make valid 

comparisons across different subgroups regarding a latent construct (e.g., digital 

literacy), the items should function the same way across different subgroups of 

participant demographic characteristics (e.g., gender) (Hagquist et al., 2009; Hagquist, 

2019). Otherwise, comparisons of scores across the subgroup participant characteristics 

(e.g., female vs. male) may be invalid. Such a violation of the requirement of invariance 

across subgroups is known as differential item functioning (DIF; Hagquist, 2019). In 

summary, RMT methods are designed to properly handle the ordinal categorical data. They 

can complement the traditional methods in psychometrics (e.g., proportion of correct 

responses as a measure of item difficulty) to provide additional evidence of reliability and 

validity of an instrument. Over the years, they have been widely used in studies (e.g., those 

validating a scale) in education including those of online education (e.g., Ningsih et 

al. (2021)), artificial intelligence in education (e.g., Capinding (2024)), among others. 

1.6. Research Questions 

Rasch analysis provides a detailed analysis of many aspects of an instrument when also 

being able to address the research gaps (e.g., taking into consideration the ordinal, 

rating scale structure of the DLS data, investigating item DIF, etc.) outlined above. 
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However, an extensive literature review indicates that there have not been any studies 

reporting the psychometric properties of the DLS instrument by means of RMT.  

Given the discussions above, the study proposed three research questions (RQs) regarding 

the DLS instrument: 

1. RQ1: Does the DLS instrument measure a unidimensional construct of digital literacy?  

2. RQ2: What are the psychometric properties of the DLS instrument, after properly taking 

into account the rating scale structure of the DLS response data? 

3. RQ3: Do the DLS items function equivalently across the subgroups specified by 

participants’ demographic measures? 

1.7. Organization of Research 

The study is organized as follows. The study begins with an introduction of the research 

context, which is followed by a review of the existing DLS scale validation research and 

gaps in such research. Rasch analysis is introduced as a psychometric method addressing 

the gaps. Next come the research questions with regard to the DLS instrument which were 

formulated based on the literature review, outlined research gaps, and introduction of Rasch 

analysis. The study proceeds to a methodology section which examines the psychometric 

properties of the DLS under Rasch analysis. In the end, the study discusses the findings, 

implications, and limitations and future research before providing the final conclusions. 

2. METHOD 

2.1. DLS Instrument and Demographic Measures 

This study used the 10-item (Table 1) version of the DLS instrument by Ng (2012a). Each 

DLS item is measured on a five-point Likert scale, ranging from 1 = Strongly Disagree 

to 5 = Strongly Agree. Note that, although Ng (2012a) developed the DLS on a 10-point 

Likert scale, many follow-up (scale validation or content area) studies (e.g., Ustundag et al. 

(2017), Garzon and Garzon (2023), among others) used a five-point Likert scale, 

instead, and this study followed the same practice. Finally, because all 10 DLS items are 

positively worded, a higher score on an individual DLS item, a subscale, and the scale as a 

whole corresponds to a higher level of digital literacy.  

Table 1. DLS items. 

Items Item statements 

DLS01 I know how to solve my own technical problems. 

DLS02 I can learn new technologies easily. 

DLS03 I keep up with important new technologies. 

DLS04 I know about a lot of different technologies. 

DLS05 I have the technical skills I need to use ICTa for learning and to create artifacts (e.g., 

presentations, digital stories, wikis, blogs) that demonstrate my understanding of what I 

have learned. 

DLS06 I have good ICTa skills. 

DLS07 I am confident with my search and evaluation skills in regards to obtaining information 

from the Web. 

DLS08 I am familiar with issues related to web-based activities e.g., cyber safety, search 

issues, plagiarism. 

DLS09 ICT enables me to collaborate better with my peers on project work and other learning 

activities. 

DLS10 I frequently obtain help with my university work from my friends over the Internet e.g. 

through Skype, Facebook, Blogs. 

Note. The sample size is consistently 𝑛 = 404 across all 10 DLS items. 
aICT = Information and Communication Technology. 
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Regarding the demographic items, there were three dichotomously-coded ones: (a) gender, 

(b) connection device, and (c) grade level. Gender consists of the two categories of females 

and males, connection device the two categories of computers (desktop and laptop) and 

handheld devices (smart phone and tablet), and grade level the two categories of lower (first- 

and second- years) and higher (third- and fourth-years) grades of undergraduate students. 

2.2. Participants and Data Collection 

After securing the required approval from the research ethics committee of the research site 

of a Turkish university, the study proceeded to obtain a convenience sample. The data 

were collected in the university as part of a larger cross-sectional study among its 

undergraduate students of education taking online courses. After properly preparing the 

collected data, the final sample size of each item was consistently 𝑛 = 404. 

2.3. Rasch Analysis 

The data were first summarized using descriptive statistics which were based on several 

breakdowns of the participants’ demographic characteristics. Next, a Rasch analysis of the 

data was conducted using the Rasch Rating Scale Model (RSM) in Winsteps 5.6.4.0 (Linacre, 

2023). An RSM is a type of Rasch model for polytomous data usually produced from a 

Likert scale.  

The model requires every item should have the same number of response categories (e.g., 

the DLS instrument where all items have five response options). Besides, to each item, the 

model applies the same number of response thresholds, with which to progress from one 

response option to the next (e.g., from Agree to Strongly Agree); across all items, the 

relative distance between each pair of threholds remains the same, although each item is still 

allowed to have its own level of difficulty.  

The RSM-based Rasch analysis began with all 10 items in the model and assessed the statistical 

assumptions (i.e., assumptions of unidimensionality and local independence) underlying 

the RSM and the fit of the data to the model. In the case of a problem (e.g., assumption 

violation, inadequate fit of the item data to the model, etc.), appropriate measures were 

taken to address it. After the assumptions were fully satisfied and the fit of the item data 

to the model was improved to an acceptable level, the Rasch analysis of the instrument was 

advanced to produce more evidence of reliability and validity. 

3. RESULTS 

As was shown in Table 1, the dataset contained 404 participants providing complete 

responses to all 10 DLS items. Therefore, the dataset led to a high participant-item ratio 

of about 40:1, satisfying the criterion that the sample size should be at least six times the 

number of items for stable results in factor analysis of which Rasch analysis is a special 

type for categorical data (Bartholomew et al., 2008; Mundfrom et al., 2005; Skrondal & 

Rabe-Hesketh, 2004). 

3.1. Descriptive Statistics 

Regarding the participant demographics, the sample of 404 participants ranged from 18 to 

46 years old in age (𝑀 = 24.03, 𝑆𝐷 = 4.39) and consisted of 308 females and 96 males. They 

used different devices to connect to the Internet: (a) 𝑛 = 21 using a desktop, (b) 𝑛 = 156 

using a laptop, (c) 𝑛 = 216 using a smart phone, and (d) 𝑛 = 8 using a tablet. Finally, they 

came from four different grades: (a) 𝑛 = 31 from first-year, (b) 𝑛 = 53 from second-year, 

(c) 𝑛 = 40 from third-year, and (d) 𝑛 = 280 from fourth-year.  

Further, the mean response scores for individual items (computed by averaging all responses 

to each item across all participants who responded to the item) fall between Agree (= 4) 

and Neither Agree nor Disagree (= 3), ranging from 3.11 for DLS06 and to 3.89 for 
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DLS07. All items put together, the most frequently selected category is Agree 

(32.4%), which is immediately followed by Neither Agree nor Disagree (28.2%). 

Finally, Table 2 documents the response frequencies of the categories of individual DLS 

items. According to the table, Agree is the most frequently selected category on five items 

(ranging from 27.7% for DLS10 to 40.6% for DLS07), and Neither Agree nor Disagree 

is most frequently selected on the other five items (ranging from 31.2% for DLS05 to 

35.1% for DLS01). As a summary, the observations from descriptive statistics suggest 

the student participants mostly perceived neutrally to favorably of how well the items 

described their levels of digital literacy. 

Table 2. Summary of responses to all 10 DLS items. 

Items 

Strongly 

Disagree 

(%) 

Disagree (%) 

Neither Agree nor 

Disagree 

(%) 

Agree (%) 

Strongly 

Agree 

(%) 

DLS01 4.7 10.9 35.1 32.4 16.8 

DLS02 3.2 6.9 19.8 39.9 30.2 

DLS03 5.7 10.1 24.3 35.9 24.0 

DLS04 5.0 16.8 31.9 28.5 17.8 

DLS05 5.9 16.1 31.2 30.0 16.8 

DLS06 10.4 18.8 33.7 23.5 13.6 

DLS07 1.7 6.9 21.5 40.6 29.2 

DLS08 5.2 12.4 31.4 29.0 22.0 

DLS09 3.0 8.2 25.5 36.1 27.2 

DLS10 8.4 14.6 27.5 27.7 21.8 
 

3.2. Rasch Analysis 

The study began with all 10 DLS items analyzed under the RSM and assessed whether the 

two statistical assumptions of the RSM were satisfied: unidimensionality and local 

independence (Bond & Fox, 2015). 

3.2.1. Analyzing 10-item DLS 

3.2.1.1. Assumption of Unidimensionality. This assessment of the unidimensionality 

assumption served to see if the DLS instrument, as a whole, measures a single underlying 

construct of digital literacy that the instrument was designed to measure. To that end, a 

principal component analysis (PCA) was used of the correlation matrix of standardized Rasch 

residuals (Bond & Fox, 2015; Linacre, 2023). 

According to the Winsteps PCA output, the statistics of explained raw score variance in 

the observations/observed data by measures (i.e., items and persons) in the Observed 

column and those in the Expected column were about the same size (for persons, 46.6% under 

Observed vs. 46.7% under Expected; for items, 9.1% under Observed vs. 9.1% under 

Expected), indicating there was no problem in the model estimation and that the data 

provided an adequate fit to the Rasch model assuming unidimensionality (Linacre, n.d.; 

Linacre, 2018, September 2). Second, the contrasts were examined which were computed 

after the Rasch dimension was extracted from the data. Specifically, the first contrast 

(i.e., the first dimension beyond the Rasch dimension) had an eigenvalue of 1.9717, 

which was lower than 2, the size of an eigenvalue expected by chance. This evidence did 

not support the existence of a secondary dimension in the data (Linacre, 2023). Based on 

the multiple pieces of evidence from both the statistical analyses and the literature, the 

study concludes with the unidimensionality (i.e., Rasch dimension) of the 10-item DLS. 
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3.2.1.2. Assumption of Local Independence. Also assessed here was the local independence 

assumption which states that, after controlling for the underlying latent trait of digital 

literacy, the responses to one survey item do not covary with the responses to other items 

(Aryadoust et al., 2021; Borsboom, 2005). That is, in Rasch measurement, since DLS items are 

regressed on the latent variable of digital literacy, the local independence assumption requires 

that the unexplained variances in the DLS items should not correlate with each other. For the 

10-item DLS, the local independence assumption was assessed using the correlations between 

the residuals of the DLS items (i.e., Q3 coefficients). (Fan & Bond, 2019; Lee, 2004; Wright, 

1996; Yen, 1984). A Q3 coefficient larger than .30 in absolute value indicates a respectable 

degree of local dependence. Examining the Winsteps output of the largest standardized 

residual correlations of DLS items showed that the correlations in absolute value between the 

residuals of three pairs of items were higher than .30: (a) (-.32) between DLS03 and DLS10, 

(b) (-.31) between DLS02 and DLS06, and (c) (-.30) between DLS04 and DLS10. Therefore, 

there was a violation of the assumption of local independence among the three pairs of items. To 

find more evidence for addressing this assumption violation, individual item fit was next 

examined. 

3.2.1.3. Individual Item Fit. Examining the item fit output containing the mean-square 

(MNSQ) infit and outfit statistics, one and only one item, DLS10, had an unusually large 

infit MNSQ (1.84) and outfit MNSQ (1.95) at the same time. Because these statistics were 

greater than 1.50, it indicates that, with this item, off-variable noise was markedly greater 

than useful information. As a result, even though these diagnostic statistics were (close to 

but) still not higher than the reshold of 2.00 indicative of degradation of measurement, 

the item may nonetheless need to be further scrutinized and revised to remedy its misfit to 

the model. Other than DLS10, the other nine items were all productive of measurement. 

None of them exhibited any substantial misfit to the Rasch model because their infit and 

outfit statistics were at most 1.28 (infit MNSQ) and 1.29 (outfit MNSQ) for DLS06 and at 

least 0.67 (infit MNSQ) and 0.73 (outfit MNSQ) for DLS04, which all fell into the range of 

0.50 – 1.50 indicating productive of measurement. Finally, the point-polyserial correlations 

for all 10 items were high and positive where the lowest correlation was that for DLS10 

at .60 and all other correlations were at least .71 (DLS06 and DLS07), indicating the 

orientation of the scoring on each DLS item was well aligned with the orientation of the 

latent variable measured by this instrument and that the items had adequate discriminatory 

power. The point-polyserial correlation for DLS10 was positive but was also markedly 

lower than the other nine correlations. Therefore, DLS10 probably did not have as much 

discriminatory power as any of the other nine items (Bond & Fox, 2015; Linacre, 2023). 

3.2.2. Analyzing eight-item DLS 

Based on the analyses above, DLS10 was identified as not having an adequate fit to the 

model and was among the items which led to a violation of the local independence 

assumption. Therefore, DLS10 was removed and the above analyses were repeated with the 

remaining nine items. This time, the unidimensionality assumption continued to be 

satisfied. But, there was still one pair of items, DLS02 and DLS06, with the Q3 coefficient 

being (-.34) whose absolute value was higher than .30. Therefore, with the remaining nine 

items, the local independence assumption was violated again. Next, the fit of individual 

items was examined. Among the remaining nine items, DLS06 had the highest outfit 

MNSQ (1.53) which did not fall into the range of 0.50-1.50, and its infit MNSQ (1.48), 

although also the highest, fell into the range. All other items had both infit and outfit 

MNSQ statistics in the range of 0.50-1.50. Given the information above, out of the only 

pair of items (DLS02 and DLS06) whose Q3 coefficient indicated a violation of the local 

independence assumption, DLS06 was removed from further consideration. There was a 

total of eight items left in the scale. 
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3.2.2.1. Overview of the Eight-Item Scale. Next, the eight-item scale was examined under the 

Rasch rating scale model. First, the assumption of unidimensionality was satisfied. The 

statistics of explained raw score variance in the Observed column and those in the Expected 

column were virtually identical (for persons, 53.7% under Observed vs. 53.6% under 

Expected; for items, 8.1% under Observed vs. 8.1% under Expected), indicating there was no 

problem in model estimation and the data provided an adequate fit to the unidimensional 

Rasch model. The first contrast beyond the Rasch dimension had an eigenvalue of 1.7880, 

which was lower than 2 and thus did not support the existence of a secondary dimension in the 

data. Second, the local independence assumption was satisfied under the eight-item scale 

because, among the correlations between the residuals of the eight DLS items, the highest was 

.29 in absolute value which was lower than .30. Third, regarding the fit of individual items to 

the model, all infit and outfit MNSQ statistics fell into the range of .50-1.50 (highest and lowest 

infit MNSQ statistics were, respectively, 1.20 for DLS08 and 0.78 for DLS04; highest and 

lowest outfit MNSQ statistics were, respectively, 1.20 for DLS08 and 0.76 for DLS02). 

Therefore, given the statistics above, the eight-item scale met the assumptions of 

undimensionality and local independence and provided an adequate fit at both the overall and 

individual item levels. It was therefore further examined and interpreted under the Rasch model. 

3.2.2.2. Separation and Reliability. In the eight-item DLS, person and item separation statistics 

were, respectively, as high as 2.71 and 6.16. The high person separation statistic indicated 

the DLS instrument was adequately sensitive to distinguish between individual participants with 

higher and lower levels of digital literacy, and the high item separation statistic indicated the 

sample was large enough to confirm item difficulty/endorsability/agreeability hierarchy. 

Regarding the reliability statistics, person reliability was .88 (i.e., the DLS instrument 

discriminated the participants into adequate levels of digital literacy), and item reliability was 

also very high at .97 (i.e., the sample was large enough to precisely locate the items on the 

underlying latent difficulty/endorsability/agreeability continuum) (Bond & Fox, 2015; 

Linacre, 2023). 

3.2.2.3. Rating Scale Effectiveness for DLS. The study also examined the rating scale 

effectiveness of the eight items in DLS. First, according to the response category 

probability curves shared by all eight items in the scale (Figure 1), each category had a 

distinctive peak indicating it was a meaningful endorsement choice for the participants 

at a certain level of ability as measured in DLS. Stated differently, the Turkish student 

participants were capable of adequately separating one response category from another in the 

eight DLS items, which served as evidence of validity (Bond & Fox, 2015; Linacre, 2023). 

Second, regarding the quality of the rating scale categories, none of the outfit MNSQ 

statistics on the five categories was greater than 2. The infit MNSQ statistics ranged from 

0.86 for Agree (= 4) to 1.14 for Strongly Agree (= 5) and the outfit MNSQ statistics from 

.85 for Agree (= 4) to 1.14 for Disagree (= 2), indicating that none of the categories was 

introducing more noise than meaning into the measurement process and thus warranted 

further empirical investigation (e.g., considered as a candidate for collapsing with adjacent 

categories) (Bond & Fox, 2015 ). Third, the measure of Andrich threshold advanced in a 

stepwise manner (the four threshold statistics (-2.70 < -1.25 < 0.72 < 3.23) ascended 

monotonically in value up the rating scale) as anticipated, indicating that the lower threshold 

was always smaller than the higher threshold in an adjacent pair of categories. Stated 

differently, there was no disordering of thresholds (Bond & Fox, 2015; Linacre, 2023). 

As a summary, the findings here support the rating scale structure of the DLS instrument 

functioned in the intended way, and that the response categories were correctly and 

consistently interpreted by the student participants as the sequence of most likely outcomes. 
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Figure 1. Response category probability curves shared by all eight items in the DLS instrument.  

 

Note. Curve peaks for response categories (from left to right): 1 = Strongly Disagree, 2 = Disagree, 3 = Neither Agree nor 

Disagree, 4 = Agree, 5 = Strongly Agree. 

3.2.2.4. Wright Item/Person Map for DLS. The Wright, item/person map in Figure 2 

visually demonstrates and rank-orders the relative difficulty/endorsability/agreeability of 

the eight DLS items and students’ level of digital literacy. In the right portion of the panel, 

from left to right, items are ranked from the most favorite item (i.e., easiest to endorse) to 

the least favorite item (i.e., hardest to endorse) and the four Andrich thresholds (i.e., step 

values) of the RSM for each individual DLS item with five response categories are indicated 

vertically and in ascending order by numeric values of 2, 3, 4, and 5 above that item; in the 

left portion of the panel, from bottom to top, students are ranked from those who had the 

lowest level of digital literacy to those who had the highest level of digital literacy (Linacre, 

2023). 

Based on Figure 2, the student participants most easily endorsed DLS07, “I am confident 

with my search and evaluation skills in regards to obtaining information from the Web.” and 

DLS02, “I can learn new technologies easily.”. Next, in an ascending order of difficulty, 

the students almost equally easily endorsed DLS09, “ICT enables me to collaborate better 

with my peers on project work and other learning activities.”. However, when it came to 

DLS03, “I keep up with important new technologies.”, the item was more difficult to 

endorse by the students than the previous items. Next, at a higher level of difficulty was 

DLS08, “I am familiar with issues related to web-based activities e.g., cyber safety, 

search issues, plagiarism.”. Even more difficult to endorse was DLS01, “I know how to 

solve my own technical problems.”. Finally, the two most difficult-to-endorse items 

were DLS04, “I know about a lot of different technologies.”, and, subsequently, 

DLS05, “I have the technical skills I need to use ICT for learning and to create artifacts 

(e.g., presentations, digital stories, wikis, blogs) that demonstrate my understanding of 

what I have learned.”. 

The results indicated that, overall, the student participants willingly demonstrated 

their confidence in the level of digital literacy. However, that confidence might not have 

easily translated into the participants’ actual digital literacy. Therefore, it was not 

surprising to see that they were hesitant to acknowledge that they actually had the 

knowledge, technologies, or skills. 
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Figure 2. Wright item/person map for validating DLS. 

 
Note. In the right portion of the panel, the four Andrich thresholds (i.e., step values) of the RSM for each individual DLS item 

with five response categories are indicated vertically and in ascending order by numeric values of 2, 3, 4, and 5 above that item. 
 
3.2.2.5. Differential Item Functioning Analysis of DLS. A pairwise differential item 

functioning analysis of the items in DLS by each of three dichotomously-coded 

demographic items (i.e., gender, connection device, and grade level) was conducted where the 

null hypothesis was set up that each DLS item had the same level of difficulty for the two 

subgroups specified by each demographic variable. Both statistical significance and 

substantive significance were assessed using, respectively, (a) the Rasch-Welch 𝑡 and 

the Mantel 𝜒2 tests and (b) the cumulative log-odds ratio approximating the DIF size for 

polytomous data (Linacre, 2023). The results of the three DIF analyses are outlined in Table 

3. 

Table 3. Results of three DIF analyses. 

Items 

Female Computer Higher grade 

Minus male Minus handheld device Minus lower grade 

Rasch-Welch 

𝑡 test 

Mantel 

𝜒2 test 

DIF 

size 

Rasch-Welch 

𝑡 test 

Mantel 

𝜒2 test 

DIF 

size 

Rasch-Welch 

𝑡 test 

Mantel 

𝜒2 test 

DIF 

size 

DLS01 .0769 .0898 .48 .5284 .7322 .08 .9100 .9278 -.02 

DLS02 .2090 .0821 -.53 .4600 .1165 .41 .9007 .9874 .00 

DLS03 .1120 .1179 -.45 .4778 .1850 .34 1.0000 .6525 .13 

DLS04 .0965 .1176 .43 1.0000 .9408 -.02 .4327 .2969 -.30 

DLS05 .5103 .4180 .21 1.0000 .8805 -.03 1.0000 .6130 -.13 

DLS07 .0189 .0401 -.62 1.0000 .6507 .11 .9089 .9262 .03 

DLS08 .0013 .0133 .75 .6728 .3403 -.23 .1289 .2401 .33 

DLS09 .0123 .1333 -.41 .1582 .0528 -.45 .4965 .7500 -.09 
 
3.2.2.5.1. DIF analysis by Gender. Per the measure of DIF contrast for each item 

computed as the difficulty estimate of the item for females minus that for males, two items 

were statistically significant at the .05 level of significance on both the Rasch-Welch 𝑡 
and the Mantel 𝜒2 tests: DLS07 and DLS08. DLS07 had a negative DIF contrast and 

therefore was easier for the female subgroup than for the male subgroup. In comparison, 

since DLS08 demonstrated a positive DIF contrast, this item was the other way around 

(i.e., more difficult for the female subgroup than for the male subgroup). Next, both items 
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demonstrated a moderate to large level of DIF (i.e., Level 𝐶 DIF): (a) DLS07 with a DIF 

size of (-0.62) and (b) DLS08 with a DIF size of 0.75. Finally, DLS09 was significant on 

the Rasch-Welch 𝑡 test, 𝑝 = .0123, but not significant on the Mantel 𝜒2 test, 𝑝 = .1333. It 

had a negligible DIF size of (-0.41) (i.e., Level 𝐴 DIF) (Linacre, 2023; Zwick, 2012; Zwick 

et al., 1999). Finally, the DIF analysis by gender is presented graphically in Figure 3. 

Figure 3. DIF analysis by gender. 

 

3.2.2.5.2. DIF analysis by Connection Device. Per the measure of DIF contrast for each item 

computed as the difficulty estimate of the item for computers minus that for handheld 

devices, none of the eight items was statistically significant at the .05 level of significance 

on any of the Rasch-Welch 𝑡 and the Mantel 𝜒2 tests. Next, all but one item 

demonstrated a negligible level of DIF (Level 𝐴 DIF) and DLS09 demonstrated a slight 

to moderate level of DIF of (-.45) (Level 𝐵 DIF) (Linacre, 2023; Zwick, 2012; Zwick et al., 

1999). Finally, the DIF analysis by connection device is presented graphically in Figure 4. 

Figure 4. DIF analysis by connection device. 
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3.2.2.5.3. DIF analysis by Grade Level. Per the measure of DIF contrast for each item 

computed as the difficulty estimate of the item for higher grade students minus that for 

lower grade students, none of the eight items was statistically significant at the .05 

level of significance on any of the Rasch-Welch 𝑡 and the Mantel 𝜒2 tests. Next, all items 

demonstrated a negligible level of DIF (Level 𝐴 DIF) (Linacre, 2023; Zwick, 2012; 

Zwick et al., 1999). Finally, the DIF analysis by grade level is presented graphically in 

Figure 5. 

Figure 5. DIF analysis by grade level. 

 

4. DISCUSSION 

In the digital era, digital literacy is constantly referred to and its importance is evidenced by 

the numerous efforts at different levels (e.g., regional, national, etc.) to develop and implement 

DL frameworks and strategic plans to support and improve their citizens’ digital literacy 

(UNESCO, 2018). In an effort to contribute to the proper measurement of digital literacy, the 

study adapted to the Turkish context the Digital Literacy Scale through a Rasch 

measurement theory perspective. The study identified evidence of undimensionality 

of the eight-item DLS instrument, which is very close to the conclusion of Ustundag et 

al. (2017) stating that all ten DLS items constituted a unidimensional measure of digital 

literacy. By contrast, the study may differ from other DLS adaptation research, such as 

Anwar et al. (2023) and Hamutoğlu et al. (2017), in terms of the conclusion on scale 

dimensionality and an attempt is made at a later point in this study to address such a 

discrepancy. Besides, new evidence of reliability and validity was found in the study 

which provided more insights into the psychometric properties of the DLS items. Three 

research questions were proposed and addressed. 

4.1. Addressing Research Questions 

Regarding RQ1, the study found that, with all 10 items in the scale, the fundamental 

unidimensionality assumption of the RSM was satisfied. However, the 10-item scale led 

to a violation of the local independence assumption. After identifying and removing two 

items, DLS10 and DLS06, the unidimensionality and local independence assumptions 

were both satisfied under the eight-item DLS. Finally, because DLS10 and DLS06 

exhibited a misfit to the model, DLS10 in particular, they merit further review and revision 

to prevent them from degrading the measurement of digital literacy. 
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Regarding RQ2, the study conducted a Rasch analysis under the eight-item DLS to 

investigate item/person separation and reliability, rating scale effectiveness, and relative 

endorsability of items. In the analysis, measures of item/person separation and reliability were 

all high. The high level of person separation indicated the DLS instrument was able to 

distinguish between participants with higher and lower levels of digital literacy, and the high 

level of item separation indicated the sample was adequately large to confirm item 

endorsability hierarchy. That the item and person reliability measures were high suggested 

the item difficulty and participant ability measures would be highly reproducible, should the 

same test be administered to the same group of student participants repeatedly. Next, a 

diagnostic analysis of the rating scale effectiveness in the eight-item scale indicated its 

response categories functioned as intended, and that the participants were able to 

adequately separate one response category from another and correctly and consistently 

interpret the response categories. Finally, in the Wright, item/person map, the item 

hierarchy measuring relative endorsability was demonstrated. Overall, the student 

participants easily agreed they were confident in their level of digital literacy, but that 

confidence did not easily translate into the actual digital literacy skills they would 

acknowledge they had. 

Regarding RQ3, the study conducted a DIF analysis under the eight-item DLS to see if 

any items were endorsed to different extents by the two subgroups specified by each of 

the three demographic variables: (a) gender, (b) connection device, and (c) grade level. 

First, under gender, two items, DLS07 and DLS08, demonstrated statistical significance 

as measured by both the Rasch-Welch 𝑡 and the Mantel 𝜒2 tests. DLS07 was easier for 

females to endorse than for males, whereas the DIF of DLS08 was in the opposite direction. 

Both DLS07 and DLS08 demonstrated a Level 𝐶 DIF. Besides DLS07 and DLS08, DLS09 

was significant on the Rasch-Welch 𝑡 test only and demonstrated a Level 𝐴 (i.e., negligible) 

DIF. Second, under connection device, none of the eight items was significant on any of the 

Rasch-Welch 𝑡 and the Mantel 𝜒2 tests. DLS09 was the only item which demonstrated a slight 

to moderate level of (i.e., Level 𝐵) DIF. Third, under grade level, none of the eight items 

was significant on any of the Rasch-Welch 𝑡 and the Mantel 𝜒2 tests, neither was there 

any item demonstrating a level of DIF beyond negligible. 

Because several items were flagged as having gender-related DIF in this study, it is 

reasonable to be wondering if the gender-based comparisons presented in studies like Erol and 

Aydin (2021) would have led to different results. Therefore, such studies should probably 

have begun with an assessment of whether gender-related DIF existed on any items before 

comparing the two gender subgroups on digital literacy at the scale and subscale levels. 

This assessment is necessary because differences in DLS scores between the gender 

subgroups could reflect the characteristics of DLS items instead of variations in the 

participants’ level of digital literacy that the study intended to assess. In the long run, it is 

important to be aware of any bias coming from item DIF, particularly if thresholds are to be 

applied to the DLS scores to inform decisions on diagnosis and subsequent interventions or 

treatments. When DIF exists, the associated bias could lead to under- or over-intervention 

or treatment for certain subgroups, depending on the direction of the bias. Accordingly, it is 

important for the DLS instrument to be assessed for DIF and the extent to which it exists 

should be taken into consideration when interpreting the DLS scores (Cameron et al., 2014). 

4.2. Implications 

The DLS instrument, together with its adaptation using the Rasch measurement theory in 

this study, has implications for assisting researchers, policymakers, instructional 

designers, and online instructors. This instrument is well-suited for gaining insights into 

the specific digital literacy requirements of Turkish university students as they engage with 

digital technologies. Furthermore, it may also serve as a catalyst for targeted interventions 
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and programs aimed to improve the digital literacy skills of Turkish university students. 

By properly measuring the digital literacy of university students, this assessment tool likely 

has the potential to improve efficiency, effectiveness, and success in the adoption of ICT-

based online education practices.  

4.3. Limitations and Future Research 

This study has its limitations which may serve as grounds of future research. First, this study 

is limited to examining the effects of three demographic variables as potential 

sources/covariates of DIF and the findings already cast doubts on the results from the existing 

literature (e.g., Erol and Aydin (2021)). Future research might investigate other possible 

sources/covariates (e.g., race/ethnicity) of DIF which might be of interest to content area 

researchers. Second, in this study, the DLS survey was not completed over time and no 

consideration was given to the ability of the DLS instrument to identify changes in 

digital literacy longitudinally. Future research might focus on the longitudinal 

measurement invariance aspect of the psychometric properties of the DLS instrument to see 

whether the DLS items assess the same digital literacy construct invariantly across time 

(Horn & McArdle, 1992; Liu et al., 2017; Meredith, 1993). For example, yearly, as in 

Lazonder et al. (2020). 

Third/finally, the current study is limited in that it did not evaluate the bifactor model as 

an alternative structural representation (e.g., dimensionality) of the DLS instrument. Although 

this study presented evidence of undimensionality and this conclusion is largely consistent 

with that from certain previous research (e.g., Ustundag et al. (2017)), there are nonetheless 

other DLS validation studies (e.g., Ng (2012a) and Anwar et al. (2023)) which 

demonstrate the DLS instrument is multi-dimensional. A tentative explanation for this 

discrepancy might be that neither conclusion adequately explains the true dimensionality of 

the DLS instrument. Instead, a combination of the two solutions in the form of a bifactor 

model (Chen et al., 2012; Gignac & Kretzschmar, 2017; Reise, 2012; Reise et al., 2007; 

Rodriguez et al., 2016a, 2016b) might provide a fuller representation of the underlying 

structure of the DLS instrument. Under a bifactor model, previous research has indicated 

that an instrument consisting of multiple dimensions/subscales could be consistent with 

both a unidimensional and a multi-dimensional model but may be alternatively and likely 

better represented by the bifactor structure (Reise et al., 2007). For example, the bifactor 

structure might be able to more effectively handle the violation of the local independence 

assumption due to item clustering demonstrated earlier in the study. Besides, the DL 

framework proposed in Figure 1 from Ng (2012a) features three separate circles (e.g., 

representing the three dimensions of DL: cognitive, technical, and socio-emotional learning) 

overlapping in pairs and in an intersection of all three circles. The bifactor model can not 

only include the overlap of each pair of DL dimensions but also incorporate the intersection 

of all three DL dimensions into a general DL measure underlying all DLS items, thus 

suggesting the bifactor structure is likely more aligned with the DL framework on which 

the DLS instrument is based. In summary, given the unique features of the bifactor model, 

this alternative structure might be another direction of future research. 

5. CONCLUSION 

As a summary, the study largely reconfirmed the unidimensional structure of the 

DLS instrument as was previously reported in the literature (e.g., Ustundag et al. (2017)). 

From the perspective of Rasch measurement theory, the study identified new evidence of 

reliability and validity to show the DLS instrument is mostly psychometrically sound and 

therefore is able to produce high quality data measuring digital literacy, which largely 

supports the findings of the literature that the DLS instrument has a special potential in 

the research of digital literacy among the Turkish university students. Items demonstrating 
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misfit or DIF were identified which should be further examined and revised using both 

statistical and nonstatistical criteria through an iterative process. 
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