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ARTICLE HISTORY  Abstract: The aim of this study was to examine the validity and reliability of the
. Turkish adaptation of the Digital Fluency Scale developed by Chou and Chiu (2020).
Received: Mar. 17, 2025 The structural and linguistic validity, and the equivalence of the scale with the
Accepted: Nov. 16, 2025  Turkish version was confirmed. For the pilot study, the scale was administered to 60
high school students using a test-retest method at a two-month interval, and

correlations were examined. Validity and reliability analyses were conducted with a

KEYWORDS sample of 420 high school students in Eskigehir. Confirmatory Factor Analysis

. (CFA) was used to assess the construct validity of the scale, and the following fit
Confirmatory factor indices were obtained: > / df = 3.862; RMSEA = .079; SRMR = .056; GFI = .907;
analysis, NFI = .856; TLI = .866; and CFI = .888. The first-level CFA results confirmed that
Digital fluency, the sample size was sufficient for factor analysis. Additionally, a second-order CFA
Reliability, supported the conceptualization of digital fluency as a higher-order latent construct
Scale adaptation, encompassing four core factors. The scale demonstrated high internal consistency,

with a Cronbach's alpha of 0.89. Significant correlations were observed among the
subscales and between each subscale and the total scale score. These findings
demonstrate that the Turkish version of the Digital Fluency Scale is a valid and
reliable tool for assessing digital fluency in high school students.

Validity.

INTRODUCTION

In today's world, the development of digital technologies and their deep penetration into daily
life have made it even more necessary for individuals to acquire digital skills. This
technological transformation has had a significant impact on various aspects of society. In
particular, areas such as business, education, communication, and social life have been
profoundly influenced. In this context, it has become increasingly important for individuals to
develop their digital skills. Today, using these skills effectively in line with one’s goals is no
longer a mere necessity but an essential requirement. Digital skills can be defined as the ability
of individuals to use technology effectively and access reliable information in digital
environments (Blayone, 2019). These competencies include various areas such as information
search, digital communication, data management, problem solving and programming. Having
digital skills provides a significant advantage in terms of success and career development in the
business world today (Coward, 2018; Pichler & Stehrer, 2021).
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In the literature, the importance of individuals having cognitive skills related to digital
competencies in solving the problems they face in the digital age is emphasized (S6nmez &
Gul, 2014). Digital literacy has become a critical competency in the information age (Ince,
2022). This concept refers to individuals’ competencies in accessing, understanding,
evaluating, and effectively using information in digital environments (Demir, 2018). It has also
been stated that it consists of a series of skills and competencies that require interaction with
digital tools and platforms (computers, smartphones, tablets, the internet, etc.) (JISC, 2014).
These skills facilitate the individual's access to information and develop critical thinking and
communication skills (Murtadho et al., 2023). Today, the concept of digital literacy has fallen
behind the pace of technological advancements. As a result, it has been replaced by a more
advanced competency known as digital fluency (National Research Council, 1999). Digital
fluency has been defined as the ability of individuals to communicate effectively, interact, and
share information in creative ways on digital platforms (Liu et al., 2018). Wang et al. (2013)
conceptualize digital fluency as the capacity to reconstruct and generate information in digital
environments. This process must be carried out in ways that are both contextually appropriate
and creatively effective.

Miller and Barlet (2012) suggested that individuals who are digitally literate can achieve digital
fluency if they possess critical thinking skills. On the other hand, Liu et al. (2018) defined
digital fluency as the ability to acquire new information obtained through the use of technology
and to adapt to digital world transformations. The concept of digital fluency has been examined
from various perspectives by many scientists from different fields. Briggs and Makice (2012)
explained digital fluency in four categories: Anti-Digital Literacy, Pre-Digital Literacy, Digital
Literate, and Digital Fluent (Figure 1).

Anti-Digital Rejects technology despite not
Literacy knowing it
Pre-Digital Curiosity about an existing
Literacy technology
Digital Able to use digital technologies at
Literate a basic level
Digital Know when, where and how to
Fluent use digital technologies

Figure 1. Phases of digital fluency (Briggs & Makice, 2012).

In today’s world, there is a growing need for individuals with digital fluency. Several factors
contribute to this demand. First, although young people often perceive themselves as highly
digitally competent, their actual skills frequently fall short. Second, individuals with limited
digital abilities struggle to effectively solve problems that arise in collaborative work. Third,
modern educational approaches, such as STEM and Maker programs, require advanced digital
skills. Fourth, it is essential for individuals not only to consume digital content but also to
generate data-driven information. Finally, lifelong learning, development, and skill
maintenance necessitate continuous digital proficiency (Resnick, 2012).

The education system aims to support students in progressing from basic literacy skills to digital
literacy, and ultimately, digital fluency (Briggs & Makice, 2012). In this context, determining
students’ current digital fluency levels is crucial for evaluating their competence and effective
use of digital environments. Digital fluency skills equip students with essential competencies,
including critical thinking, problem solving, creativity, as well as awareness of digital ethics
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and privacy (Alexander et al., 2019; Miller & Bartlet, 2012; Wang et al., 2013). With the
increasing use of digital technologies in learning environments, students have greater access to
digital resources (Gil-Flores et al., 2012). In an increasingly digital world, assessing students’
digital skills is crucial for education systems to adapt to this transformation (Aksoy et al., 2021;
Hague & Payton, 2011; Hamutoglu et al., 2017; Kozan & Ozek, 2019; Reddy et al., 2020).
High school education constitutes a critical phase that prepares young individuals for both their
academic and professional careers. In this process, education systems aim not only to facilitate
the use of digital tools but also to develop students’ competence in managing these tools
effectively (Calvani et al., 2008). However, traditional measurement methods fall short in fully
capturing the multifaceted nature of digital skills. A comprehensive understanding of students’
digital literacy requires an approach that addresses not only technical skills but also the
associated cognitive and social dimensions (Ribble, 2011). In the literature, it is seen that
students have difficulties in using, interpreting and organizing digital materials (Lorenzo &
Dziuban, 2006; Mudra, 2020). Digital fluency scales stand out as an ideal tool for this
comprehensive assessment. Digital fluency refers to the capacity of individuals to use digital
environments effectively and integrate technology into creative and critical thinking processes
(Spante et al., 2018). In this direction, digital fluency scales not only measure students' level of
technology use; they also evaluate broader competencies such as digital security, ethical digital
behavior and access to digital information (Hatlevik et al., 2015). Such a measurement enables
students to identify the areas in which their digital competencies are insufficient. It also allows
educators to design targeted interventions to address these gaps. Furthermore, the results can
inform policymakers to improve educational strategies accordingly (Eynon & Geniets, 2016).

As a result, effectively developing and monitoring digital fluency in high school students is an
important need for the future workforce. Considering the rapid growth of technology-based
professions today, individuals with technological competencies are expected to have
advantages in their careers. Therefore, possessing strong digital skills is increasingly important
for professional success (Sahin, 2023). Digital fluency has become a necessity rather than a
choice today (Howland & Scott, 2016). In this context, digital fluency scales provide students
with the opportunity to become aware of their own digital competencies and offer schools the
opportunity to make digital literacy programs more effective. In order for students to be
successful in the digital world, such scales should be at the center of strategic planning and
evaluation processes. In an era of accelerating technological advancements, there is a clear need
for a measurement tool to assess students' digital fluency skills. To address this need, this study
aims to adapt the Digital Fluency Scale, developed by Chou and Chiu (2020), for Turkish
culture. This adaptation is a crucial step for evaluating digital fluency skills and is expected to
contribute to addressing existing gaps in the field. The adapted Digital Fluency Scale will serve
as a vital tool for assessing high school students' digital fluency. The scale also has the potential
to provide a foundation for developing programs and activities designed to enhance these skills,
thereby enabling a more effective integration of digital competencies into educational
processes.

The theoretical framework of this study is grounded in the developmental and cross-cultural
universality of digital fluency. Prior research emphasizes that digital fluency evolves
progressively from middle school through adolescence and integrates cognitive, social, and
ethical dimensions of digital competence (Liu et al., 2018; Wang et al., 2013). This study
therefore focuses on high school students, who possess more advanced cognitive and
metacognitive capacities to understand and apply digital citizenship, critical thinking, and
innovation-related behaviors. In the Turkish curriculum, these competencies are explicitly
taught under the “Ethics, Security, and Society” unit of the Computer Science course, providing
both a developmental and contextual rationale for adapting the scale at the high school level.
Accordingly, the adaptation of the Digital Fluency Scale to this population is theoretically
justified and developmentally appropriate.
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The aim of this research is to adapt the Digital Fluency scale developed by Chou and Chiu
(2020) to Turkish culture. This adaptation study can contribute to both national and
international literature by providing a reliable and valid tool for assessing high school students'
digital fluency skills.

Research Related to Digital Fluency

The concept of digital fluency refers not only to individuals' ability to use digital technologies,
but also to their ability to use these technologies in a meaningful, critical, and productive
manner (Eshet-Alkalai, 2004). In this context, digital fluency stands out as an important
competency in terms of individuals' adaptation to the requirements of the digital age. Various
scale development studies aimed at measuring digital fluency can be found in the literature. For
example, the Digital Fluency Scale developed by Demir (2018) for teacher candidates consists
of three factors—awareness, self-efficacy, and affective—and 29 items. Altunkaynak and
Cagimlar (2023) developed a five-subscale scale to determine teachers' digital fluency levels.
Kim et al. (2013) developed a 36-item scale to measure teachers' digital fluency, which includes
problem identification, information acquisition, analysis, and communication skills. Chou and
Chiu (2020) developed a 15-item scale with four dimensions—digital citizenship, innovation,
critical thinking, and research—to determine the digital fluency of elementary school students.

A common feature of these studies is that they address digital fluency measurement in relation
to different age groups and occupational groups. However, a review of the literature reveals
that studies on the development or adaptation of digital fluency scales for high school students
are quite limited. This situation makes it difficult to systematically and validly measure the
digital fluency levels of high school students, who interact intensively with digital technologies
from an early age. Therefore, there is a need for measurement tools that are appropriate for the
developmental characteristics of high school students and take cultural context into account.

At this point, adapting existing scales that are appropriate to the cultural context is considered
a more effective and methodologically sound approach than developing a new scale. The use
of adapted scales naturally saves time, increases the generalizability of the data obtained, and
allows for the examination of similarities and differences between different societies (Borsa et
al., 2012; Nilsson et al., 2016). Furthermore, the cultural adaptation process is not merely a
translation; it is a multi-stage process that includes elements such as conceptual equivalence,
contextual appropriateness, and comprehensibility according to the target age group
(Hambleton, 2001). The “digital fluency” latent variable measured in this study has a
meaningful counterpart in both the Taiwanese (Chou & Chiu, 2020) and Turkish samples.
Digital fluency is not merely a technical proficiency; it is a set of cognitive and social skills
with universal dimensions such as creative thinking, critical evaluation, digital citizenship, and
collaboration. In the literature, digital fluency is defined as a structure with cross-cultural
validity (ISTE, 2018; Wang et al., 2013). The concept of digital fluency encompasses common
behavioral patterns in areas such as interaction with technology, information production, digital
content creation, and social participation, making it reasonable to compare it between two
cultures. In increasingly digitized education systems, it has become a universal requirement for
students to possess these skills. Digital fluency serves as an indicator guiding both educational
policies and digital pedagogy, as it reflects students' cognitive and creative competencies in the
context of interacting with technology. In this context, examining how digital fluency is shaped
across different educational systems enables comparative analyses in terms of instructional
materials and teacher training.

In this context, adapting existing scales that are appropriate for high school students in terms of
content and structure to the Turkish cultural context offers a more advantageous way to measure
digital fluency in a valid and reliable manner. The scale adaptation process followed the scale
adaptation steps proposed by Hambleton and Patsula (1999).
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METHOD

In this study, the technical features (evidence of validity and reliability) of the "Digital Fluency
Scale™ developed by Chou and Chiu (2020) were examined and its adaptation to Turkish culture
was made. The adapted scale is included in Appendix 1.

Study Participants

The validity and reliability studies of the Digital Fluency Scale were conducted with a total of
420 students studying in high schools in Eskisehir. Biiyiikoztiirk (2012) stated that when
conducting CFA (Confirmatory Factor Analysis) for adaptation studies, it should be conducted
with at least 300 participants for the validity of the adapted scale. Data were collected from 432
students in the data collection process of the study, but 12 of the total data were deleted due to
extreme values. The distribution of demographic characteristics of the participants is given in
Table 1.

Table 1. Demographic Information of Participants.

Gender n f (%)
Woman 279 66.4
Male 141 33.6

Grade
1st grade 219 52.1
2nd grade 55 13.1
3rd grade 59 14.0
4th grade 87 20.7

Age
15-16 297 70.7
17-18 123 29.3

Foreign language level
Beginner 71 16.9
Intermediate 288 68.6
Advanced 61 145

Internet usage competence
Low 5 1.2
Middle 191 45.5
High 224 53.3

Frequency of Internet use (per day)

1-2 hours 63 15.0
3-6 hours 242 57.6
More than 6 hours 115 27.4

Data Collection Tool

The original scale was developed by Chou and Chiu (2020). The scale consists of four
dimensions: Collaboration and Research, Digital Citizenship, Critical Thinking, and Innovation
Design. The scale is a 15-item, 7-point Likert-type scale and does not include reverse-scored
items. The original scale was administered to middle school students in Taiwan. The sub-
dimensions of the Digital Fluency Scale and the high scores obtained from the general scale
indicate that individuals have a high level of digital fluency. Exploratory and confirmatory
factor analyses of the scale were conducted by Chou and Chiu (2020). An exploratory factor
analysis was performed on the scale. The KMO value was found to be .913. The Bartlett
sphericity test was significant, y? (253) = 3789.26, p < .001. The results of the factor analysis's
principal components with direct Oblimin rotation indicated that the cumulative percentage of
variance explained was 71.73%. The Cronbach's alpha value for all items was .95. The
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confirmatory factor analysis results indicate that the revised four-factor model for Digital
Fluency fits the data moderately well, with degrees of freedom = 86, GFI = .929, AGFI =.901,
CFI = .958, and NNFI = .949, RMSEA = .068, 95% CI [.057, .079]. It is stated that all factor
loadings of the items are meaningful and that factor loadings range from .59 to .90. To evaluate
the validity and reliability of the Digital Fluency Scale, researchers examined CR and AVE.
CR ranged from .828 to .917, exceeding .7, and Cronbach's alpha value was .946, exceeding .7.
The composite reliability values for the four dimensions of the scale were found to be
acceptable. Ethics committee approval for this study was received from Kocaeli University
Social and Human Sciences Field Scientific Research and Publication Ethics Committee on
28.12.2022, with decision number 13. Before the research started, the participants were
informed in detail about the process and were asked to fill out informed consent forms.

Ethical approval (10.01.2023; letter no. 346471) was obtained from Eskisehir National
Education Directorate for the high schools where the data would be collected. After obtaining
permission, printed scales were used to reach the students. Students were informed about the
research before starting the application. Data were collected from those who volunteered to
participate. In addition, information about the research and voluntary consent section were
added to the beginning of the applied scale. Participants were informed about the purpose of
the research to ensure confidentiality, respect for privacy and ethical issues.

Process of Translating the Scale into Turkish

Initially, necessary permissions were obtained from the developers of the Digital Fluency Scale
(DFS) for Preadolescent Children, Chou and Chiu (2020), via e-mail on November 14, 2022.
Following this approval, the scale was translated from English to Turkish. A crucial step in
adapting measurement tools for another culture is ensuring accurate translation without loss of
meaning (Geisinger, 1994). During the translation, linguistic equivalence was ensured using a
bilingual design method involving eight experts, four English and four Turkish specialists. The
data collected to evaluate construct validity were analyzed after applying appropriate
preprocessing techniques. The path followed in the adaptation of the scale is shown in Figure
2.

Translation 4 English and 4 Turkish language experts and 2 field experts.
Structure and Language | To gether with 4 field experts, the translations were analyzed and
Validity compared with each other.

20 middle school students were administered, but it was observed
. that students had difficulty in understanding the items. The
Pre-Pilot . .. .

GHELEE Bk researcher received opinions from 4 high school teachers about the
" implementation process.
: | 60 high school students were administered the scale with a test-
Pilot Study retest method at 2-month intervals and the correlation of the
/ results was examined.

’ Confirmatory Factor | The scale was applied to 420 high school students. Confirmatory
Analysis factor analysis was performed with AMOS program.
Reliability Analysis Cronbach Alpha reliability coefficient was calculated.

| As aresult of the study, the validity of the scale consisting of 15
items and 4 sub-dimensions was ensured.

Digital Fluency Scale

Figure 2. Scale adaptation.
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Scale Application Process

The adapted scale was initially administered to 20 volunteer middle school students (Tunca,
2024). However, the collected data revealed that many students struggled to understand the
questions, leaving several unanswered items. In post-administration interviews with the
students, they stated that they had not studied some items in middle school and could not relate
them to themselves (e.g., IA4. | can use digital tools to process, analyze, and report
experimental and research results; 1A3. | can use digital tools to help me plan strategies for
conducting experiments or research), and therefore did not answer them.

Three IT teachers at the school where the implementation took place, the researcher behind this
thesis (an IT teacher), and an academic working in the field of Instructional Technologies
reviewed the scale items to be adapted and the middle and high school IT programs. They
observed that the elective topic of "digital citizenship" at the middle school level was narrowly
covered in the "Information Technologies and Software" course in 5th and 6th grades, while at
the high school level, these topics were covered more broadly under the headings "digital
fluency” and "digital citizenship” within the "Ethics, Security, and Society” unit of the
"Computer Science" course.

Furthermore, digital fluency/digital citizenship is not conceptually a skill set specific to
elementary school; the sub-dimensions measured by the scale developed by Chou and Chiu
(2020) -digital citizenship, critical thinking, collaboration/research, and innovative design-are
evolving and educationally important competencies that are also relevant in adolescence.
Therefore, the theoretical content of the scale is directly relevant for high school students.

Accordingly, they concluded that, given high school students' digital fluency and digital
citizenship levels, implementing the scale at the high school level would be more appropriate.
Consequently, the adaptation studies were conducted with high school students. For the validity
and reliability analysis of the revised scale, 60 volunteer high school students from Eskisehir—
each with an English course score of 70 or above in the previous year—were selected, and the
original version of the scale was administered. During the adaptation process, four English
teachers from Eskisehir high schools translated the scale items into Turkish. Subsequently, the
translations were refined for semantic integrity with the support of four academics specializing
in Computer and Educational Technologies Education, English, and Measurement and
Evaluation.

To conduct the pilot application, the adapted scale was administered again to the same 60
volunteer high school students after two months. Test-retest reliability was assessed by
calculating the correlations between the two administrations, which showed strong consistency.
Based on these results, the Turkish adaptation of the scale was considered ready for use.

Evidence of Linguistic, Conceptual, and Structural Equivalence

To ensure the linguistic and cultural equivalence of the Digital Fluency Scale, the adaptation
process followed internationally recognized guidelines (Hambleton, 2001; Hambleton &
Patsula, 1999; ITC, 2017). The process was designed to establish semantic, idiomatic,
experiential, conceptual, and structural equivalence between the original Taiwanese and
Turkish versions.

Semantic equivalence: The translation and back-translation procedures were carried out by
eight bilingual experts (four English, four Turkish) and two field specialists. Consensus was
achieved through iterative revisions to guarantee that the Turkish items retained the same
linguistic meaning and conceptual content as the original items (Geisinger, 1994).

Idiomatic equivalence: Expressions or terms that lacked direct Turkish equivalents were
adapted to convey the intended meaning appropriately (e.g., “experimental and research
results” was rephrased to reflect students’ real learning contexts).
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Experiential equivalence: A pre-pilot study with 20 middle school students and a pilot with 60
high school students ensured that the items corresponded to students’ real experiences with
technology. Feedback revealed that middle school students had difficulty comprehending
certain items involving digital data analysis or research; thus, the high school group was
selected for the final adaptation due to their more advanced digital experience and cognitive
readiness.

Conceptual equivalence: Two academics specializing in Educational Technology reviewed all
items to confirm that the core constructs of digital citizenship, collaboration and research,
critical thinking, and innovation design are conceptually valid and culturally meaningful within
the Turkish education system (Borsa et al., 2012).

Structural equivalence: First- and second-order Confirmatory Factor Analyses (CFA) replicated
the original four-factor structure of the scale, providing strong evidence that the underlying
latent construct—digital fluency—is represented consistently across both cultural contexts.

These combined procedures demonstrate that the Turkish version of the Digital Fluency Scale
preserves both linguistic accuracy and conceptual integrity, fulfilling international standards for
cross-cultural test adaptation.

Data Analysis

Before conducting Confirmatory Factor Analysis (CFA), the dataset was examined to ensure
compliance with CFA assumptions, including multivariate normality, outliers, and missing
data. Multivariate normality was assessed using Mardia’s coefficient, which yielded a value of
5.74, indicating mild non-normality. Consequently, CFA was performed using the Maximum
Likelihood Estimation with Robust Standard Errors (MLR) in AMOS 24, which provides
reliable parameter estimates under moderate deviations from normality.

Outliers were identified using Mahalanobis distance (p < .001), resulting in the removal of 12
cases. No missing data were detected, as all scales were administered in person under the
supervision of the researcher.

Model fit was evaluated using standard fit indices: y2 / df, CFI, TLI, RMSEA, SRMR, GFI, and
AGFI. The following criteria guided the interpretation of model fit:

CFI > .90 indicates acceptable fit; > .95 indicates good fit (Hu & Bentler, 1999).
TLI > .90 indicates acceptable fit (Marsh et al., 2006).

RMSEA < .08 indicates acceptable fit; < .05 indicates good fit (Byrne, 1998).
SRMR < .08 indicates acceptable fit (Schermelleh-Engel & Moosbrugger, 2003).

Factor loadings of > .40 were considered acceptable (Hair et al., 2010). Internal consistency
reliability was assessed using both Cronbach’s alpha (a) and McDonald’s omega (o)
coefficients for each subscale and the overall scale. Reporting both statistics offers a more
comprehensive estimation of reliability (Dunn et al., 2014). All statistical analyses were
conducted using SPSS 25 and AMOS 24 software.

To evaluate the construct validity of the adapted scale, CFA was employed to test the alignment
of the sample data with the original four-factor structure. In scale adaptation studies, the choice
between exploratory and confirmatory factor analysis is a critical methodological decision.
Given that the original factor structure had already been established, CFA was deemed
appropriate for this study. The literature supports the use of CFA in adaptation processes,
particularly when the theoretical structure is predefined (Glingdr, 2016).

RESULTS

Before CFA, all assumptions were tested. Multivariate normality tests indicated mild kurtosis;
therefore, MLR estimation was employed. After removing 12 multivariate outliers, the final
sample size was N = 420. No missing data were observed.
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Confirmatory Factor Analysis

After the pilot application to test the understandability of the scale items, the Digital Fluency
Scale for high school students took its final form. In order to use the scale with high school
students, it was applied face-to-face on paper to 420 students studying at an Anatolian High
School in Eskisehir. The criteria to be considered for fit indices are generally; For GFI, CFI and
NFI indexes, .90 indicates acceptable fit, and .95 indicates perfect fit (Marsh et al., 2006). For
NNFI, a value of .95 is considered acceptable fit, and .97 indicates perfect fit. For AGFI, a value
of .85 indicates acceptable fit, and .90 indicates perfect fit (Schermelleh-Engel & Moosbrugger,
2003). In RMSEA, a value of .08 indicates acceptable fit, and .05 indicates perfect fit (Byrne,
1998). For SRMR, .05 is determined as perfect fit, and .10 is determined as acceptable fit
(Schermelleh-Engel & Moosbrugger, 2003). The confirmatory factor analysis (CFA) results of
the adapted scale are given in Table 2.

Table 2. CFA results of the adapted scale.

Digital Fluency v/ df RMSEA SRMR CFI  TLI NFI GFI AGFI AIC ECVI
CFA (Total) 339.9/88 =3.86 .079 .056 .888 .866 .856 .907 .873 4039 .880

When Table 2 is examined, it is observed that according to the results obtained from the adapted
scale, x?/ df = 3.86, GFI = .907, AGFI = .873, CFI = .888, NFI = .856, TLI = .866, ECVI =
.880, SRMR = .056 and RMSEA = .079. The factor loadings of all items are statistically
significant. Although the literature generally accepts CFl (Comparative Fit Index) values of .90
and above as acceptable fit and values of .95 and above as good fit (Hu & Bentler, 1999; Marsh
et al., 2004), some researchers emphasize that CFl values above. Emphasize that CFI values
above .80 also indicate acceptable model fit (Chow et al., 2001). The CFI value (.888) and
RMSEA (.079) indicate that the model meets the minimum acceptable fit thresholds but remains
close to the lower limit of adequacy. Following the criteria of Hu and Bentler (1999) and Marsh,
Hau, and Wen (2004), these results represent a marginal yet acceptable fit. While not within
the ideal range, the overall fit indices (GFI = .907; SRMR = .056) support the structural
consistency of the adapted four-factor model. The slightly suboptimal CFI is transparently
reported as a limitation, and future research should aim to replicate the model with larger and
more diverse samples to confirm its robustness. The suitability of these values obtained was
found to be compatible with the reference intervals determined by Munro (2005), Byrne (1998),
Tabachnick and Fidell (2013).

CFA results indicated that the path coefficients for all items in the subscales were significant
and that factor loadings were at a good level. According to Harrington (2009), factor loadings
should be above .30. When Table 3 and Figure 3 are examined, factor loadings for all items of
the scale range from .41 to .79, and these values are significant. According to the standardized
path coefficients, M3 (B0 = .796) has the highest impact on collaboration and research, M7 (0
= .728) on digital citizenship, M10 (B0 = .727) on critical thinking, and M15 (B0 = .722) on
innovation design. The critical ratio (C.R.) is determined by dividing the parameter estimate by
the standard error and should be greater than +1.96 or -1.96 at the .05 significance level (Khine,
2013). The standard error (S.E.) value indicates the difference between the true value of the
measured property and the observed measurement result, and the closer it is to zero, the more
accurate the estimate (Akbulut, 2022).

The S.E., C.R., and p values in Table 3 and Figure 3 meet the desired conditions and indicate
that all parameters are statistically significant (p < .001). The examined fit indices support the
consistency of the four-factor model obtained as a result of CFA and the validity of the factor
structure of the original scale in the Turkish sample. The factor loadings of the four-dimensional
model according to the first-level CFA results are presented in Figure 3.
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Table 3. Standard and nonstandard path coefficients obtained from the CFA analysis.

Items  Factor Bo B1 S.E. C.R. p

11 1A .622 1.000

12 1A Ja37 1.203 101 11946 p<.001
13 1A .796 1.354 12 12,115 p<.001
14 1A .695 1.200 .108 11.103 p<.001
15 1A 454 .826 102 8.084 p<.001
16 DV 447 1.000

17 DV 728 1.400 A72 8.161 p<.001
18 DV 570 1.243 169 7354 p<.001
19 DV .643 1.349 181 7461 p<.001
110 ED q27 1.000

111 ED .680 .888 .069 12956 p<.001
112 ED 721 995 .074 13526 p<.001
113 YT .660 1.000

114 YT 416 .694 .094 7.366 p<.001
115 YT 722 1.100 .094 11,715 p<.001

B0 : Standardized path coefficients, p1: Non-standardized path coefficients
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Figure 3. Path diagram and factor loadings obtained from the first level CFA (Level 1).
Note. IA: Collaboration and Research; DV: Digital Citizenship; ED: Critical Thinking; YT: Innovation Design

As can be seen in Figure 3, the factor loadings for the "Collaboration and Research” sub-
dimension ranged from .47 to .80, while the "Digital Citizenship™ sub-dimension showed
loading values between .34 and .66. The loading values for the "Critical Thinking™ sub-
dimension ranged from .67 to .71, while the "Innovation Design" sub-dimension showed
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loading values between .41 and .79. In addition, it was determined that the correlation values
between the dimensions ranged from .62 to .84.

Following the first-level CFA, a second-level CFA was applied to examine the compatibility of
the Collaboration and Research, Digital Citizenship, Critical Thinking and Innovation Design
sub-dimensions with the general structure, the latent variable called "Digital Fluency”. As a
result of this analysis, the factor loading values related to the four-dimensional model are
presented in Figure 4.
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Figure 4. Path diagram and factor loadings obtained from CFA (Level 2).
Note. IA: Collaboration and Research; DV: Digital Citizenship; ED: Critical Thinking; YT: Innovation Design

In Figure 4, based on the covariance links created with the AMOS program and the fit indices
obtained from these links, it is seen that the scale exhibits a fairly good fit. In the light of these
findings, it can be said that Digital Fluency can be measured with a structure consisting of four
factors: Collaboration and Research, Digital Citizenship, Critical Thinking and Innovation
Design.

For the reliability of the subscales analyzed with CFA, Cronbach's alpha internal consistency
coefficients, item-total correlations, and the significance of the differences between the factor
and item means of the upper 27% and lower 27% groups were calculated using an independent
samples t-test (Table 4). According to the analysis results, the corrected total correlations of the
scale items ranged from .36 to .65. The t-test between the item means of the lower 27% and
upper 27% groups found that the differences were significant for all items and total subscale
scores. This result demonstrates that all items and subscales in the scale are discriminatory.
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Table 4. Item total correlations, and t-test findings between the upper 27% and lower 27% scores.

Corrected item-total T (Low%27-
Factors Item correlation High%27)
1A M1 546 12.859
[JAN M2 .608 13.895
[JAN M3 .641 15.885
1A M4 575 14.364
1A M5 455 12.000
DV M6 357 8.274
DV M7 611 13.434
DV M8 453 9.949
DV M9 .565 12,572
ED M10 .651 14.953
ED M11 .613 14.081
ED M12 .657 15.579
YT M13 .599 13.929
YT M14 .365 9.618
YT M15 .635 15.149

Reliability

The reliability of the Digital Fluency Scale adapted for high school students was evaluated
through Cronbach'’s alpha coefficients. The alpha values for the sub-factors ranged from .647
to .821, with most exceeding the .70 threshold. The overall scale’s Cronbach's alpha was .89,
indicating an acceptable level of reliability (Table 5). According to Pallant (2005), reliability
coefficients of .70 and above indicate that a scale can be considered reliable. Therefore, the
results demonstrate sufficient reliability for both the total scale and its four sub-dimensions. In
this context, it can be concluded that the reliability coefficients of the entire Digital Fluency
Scale and its sub-dimensions—Collaboration and Research, Digital Citizenship, Critical
Thinking, and Innovation Design—meet acceptable standards.

Table 5. Reliability analyses for the total scale and sub-factors.

Scale Dimensions Number of Item Cronbach a
Collaboration and Research 5 .82
Digital Citizenship 4 .70
Critical Thinking 3 .75
Innovation Design 3 .64
Total Scale Score 15 .89

Both Cronbach’s alpha (o) and McDonald’s Omega (w) were calculated. Omega coefficients
ranged from .66 to .84 across subscales, indicating adequate internal consistency consistent
with the alpha results.

DISCUSSION and CONCLUSION

In today's society, the demand for individuals who can understand and effectively utilize
technology is increasing, highlighting the critical importance of digital fluency. In this context,
the aim of the study was to adapt the 15-item Digital Fluency Scale developed by Chou and
Chiu (2020) into Turkish. The original scale structure comprises four core dimensions:
collaboration and research, digital citizenship, critical thinking, and innovation design. The
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scale employs a 7-point Likert-type response format, ranging from 'Strongly Disagree' (1) to
'Strongly Agree’ (7), and none of its items are reverse-scored. High school students participated
in this adaptation study. To test the validity of the original Digital Fluency Scale (DFS) factor
structure in a Turkish sample, Confirmatory Factor Analysis (CFA) was conducted on data
collected from 420 students. Various fit indices were examined to evaluate the model’s
adequacy, yielding the following results: y* / df = 3.862, RMSEA = .079, GFI = .907, AGFI =
.873, CFI =.888, NFI = .856, and SRMR = .056. These values indicate that the model provides
adequate fit overall, even though CFI remains just below the .888 to .90 threshold. The present
adaptation successfully replicated the original four-factor structure reported by Chou & Chiu
(2020) (Collaboration & Research, Digital Citizenship, Critical Thinking, Innovation Design).

Furthermore, the fact that all factor loadings are statistically significant supports construct
validity. First-level CFA results showed that in the four-factor model, factor loadings ranged as
follows: “Collaboration and Research,” .47 to .80; “Digital Citizenship,” .34 to .66; “Critical
Thinking,” .67 to .71; and “Innovation Design,” .41 to .79. All sub-dimensions were statistically
significant, confirming that the sample size was adequate for factor analysis. A second-level
Confirmatory Factor Analysis (CFA) was conducted to examine the extent to which the
subscales overlap with a higher-order construct called "Digital Fluency."” This analysis revealed
that the fit indices were within an acceptable range. Consequently, it was concluded that digital
fluency can be evaluated through a four-dimensional structure, namely: collaboration and
research, digital citizenship, critical thinking, and innovation design. The fit indices obtained
from both the first and second-level CFA support the construct validity of the Turkish version
of the scale. Moreover, the high scores on both the subscales and the overall scale suggest that
the participants demonstrate a high level of digital fluency.

Cronbach's alpha values were examined to evaluate the reliability of the digital fluency scale
adapted for high school students. The alpha coefficients for the sub-factors ranged from .647 to
.821, with most exceeding the .70 threshold. The overall scale’s Cronbach's alpha was .89,
indicating acceptable reliability for both the total scale and its sub-dimensions. These findings
provide sufficient evidence for the validity and reliability of the Digital Fluency Scale (DFS)
developed by Chou and Chiu (2020) and adapted into Turkish. Furthermore, this scale can be
reliably employed in future research to assess digital fluency skills among high school students.
The four-factor structure of the original study (digital citizenship, collaboration and research,
critical thinking, innovation design) was also confirmed with meaningful factor loadings in the
Turkish sample. The load values of the sub-dimensions and the validity/reliability levels of the
scale as a whole (o = .89) were found to be high. These results show that digital fluency is
perceived and evaluated similarly in both cultures. Below, empirical findings at the subscale
and item levels are interpreted, and the results are related to theoretical expectations and
previous research.

Collaboration and Research (1A). Factor loadings for this subscale ranged from .47 to .80;
items 12—14 showed particularly strong loadings. These results suggest that Turkish high-school
students reliably recognize and self-report collaborative research behaviors when these are
framed in familiar classroom tasks (e.g., group projects, digital information synthesis). This
aligns with international studies indicating that collaborative digital practices are salient and
observable in secondary education (Wang et al., 2013). The relatively high item discrimination
indicates that these items effectively capture variance in students’ collaborative competence.
Practically, educators can treat the IA subscale as a sensitive indicator of students’ readiness
for project-based or inquiry-based digital tasks (Chou & Chiu, 2020).

Digital Citizenship (DV). Loadings for DV varied between .34 and .66, with one item toward
the lower bound. Lower loadings may reflect cultural or curricular differences in how digital
citizenship is taught and framed in Turkey compared to the Taiwanese context (Chou & Chiu,
2020).
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Critical Thinking (ED). Critical Thinking items showed robust factor loadings (.67-.71),
indicating that Turkish high-school students can self-assess higher-order cognitive digital skills
(e.g., analyzing digital evidence, forming reasoned digital judgments). This is theoretically
expected because adolescence is a period of developing meta-cognition and evaluative abilities;
thus items tapping reflective and evaluative digital practices manifest more cleanly at the high-
school level than at earlier ages (Liu et al., 2018). These findings indicate that the Critical
Thinking subscale successfully measures the intended cognitive dimension of digital fluency in
the Turkish context (Chou & Chiu, 2020).

Innovation Design (YT). YT loadings ranged .41-.79; item 114 exhibited the lowest loading
within the instrument. Items measuring imagination about future technologies or speculative
design (e.g., “I can imagine new technologies’) may be less directly linked to school tasks and
therefore produce lower observed variance. However, other Innovation Design items with
practical, project-oriented wording (e.g., producing original digital artifacts) loaded strongly,
suggesting that when innovation is operationalized through concrete tasks, students reliably
report competency. This pattern suggests that minor item phrasing adjustments (to anchor
imagination items in concrete classroom experiences) could improve measurement precision in
future studies (Chou & Chiu, 2020).

In conclusion, this study successfully adapted Chou and Chiu's (2020) scale to Turkish high
school students and demonstrated that it can be used as a valid and reliable tool for measuring
digital fluency levels. The findings of this study confirm that the Turkish version of the Digital
Fluency Scale retained the structural configuration and latent construct validity of the original
model developed by Chou and Chiu (2020). Both first- and second-order CFA results indicate
that the four-factor structure (Collaboration and Research, Digital Citizenship, Critical
Thinking, and Innovation Design) remains stable, demonstrating strong structural equivalence
between the Turkish and Taiwanese versions. Although the CFI value was slightly below the
conventional .90 threshold, the model demonstrated overall acceptable fit according to multiple
indices. This marginal result likely reflects sample-specific characteristics rather than a
structural flaw in the model, but it underscores the need for future replication with broader
samples to confirm model stability.

The adaptation process also achieved semantic, idiomatic, experiential, and conceptual
equivalence, ensuring that the scale items are culturally and developmentally meaningful for
Turkish high school students. This outcome aligns with international recommendations for
cross-cultural test adaptation (Hambleton, 2001; ITC, 2017) and supports the universality of
the digital fluency construct (ISTE, 2018; Wang et al., 2013). Although a formal measurement
invariance test (e.g., multi-group CFA) could not be conducted due to the unavailability of the
original dataset, this limitation is acknowledged. Nevertheless, the replication of the four-factor
model and the satisfactory fit indices obtained in the Turkish sample provide substantial
evidence of construct validity and cross-cultural comparability of the adapted instrument.

The results of this study largely replicate the factorial pattern reported by Chou and Chiu (2020),
supporting the generalizability of the digital fluency construct across contexts. Differences in
specific item loadings (notably in the Digital Citizenship dimension) are consistent with cross-
cultural and curricular variability reported in related studies (Hatlevik et al., 2015; Porat et al.,
2018). Compared to teacher- or adult-focused instruments (e.g., scales developed for teacher
candidates), our adapted Digital Fluency Scale retains an adolescent-appropriate focus on
collaboration and critical thinking while preserving digital citizenship content; this makes the
Digital Fluency Scale particularly suitable for secondary-level screening and program
evaluation. Where available, the psychometric indices (o, o, factor loadings) are comparable to
other validated digital competence instruments for adolescents, indicating acceptable internal
consistency and construct representation.
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Theoretically, this findings add to the view that digital fluency is a multidimensional construct
manifesting in cognitive, social and productive domains. The replication of a higher-order
digital fluency factor confirms that diverse subskills (collaboration, citizenship, critical
thinking, innovation) cohere into a broader competence that is meaningful in both Taiwanese
and Turkish educational contexts. This cross-contextual replication supports the utility of a
parsimonious, 15-item instrument for comparative research and rapid assessment in secondary
education. Concretely, our adaptation contributes to the literature by: (1) providing a validated
Turkish instrument for high-school students, (2) documenting item-level performance
differences that suggest curriculum-sensitive interpretations, and (3) offering psychometric
evidence that can inform curriculum designers and researchers engaged in cross-national
studies of digital competency.

Future research should examine digital fluency levels in different educational levels, such as
elementary school, middle school, university, and teacher samples, in a comparative manner.
The adapted scale can be tested in different cultural contexts to evaluate the cross-cultural
validity of the digital fluency construct.

Limitations

One limitation of this study is that a formal measurement invariance analysis between the
Turkish and Taiwanese datasets could not be conducted because the original data were not
accessible. Therefore, the results should be interpreted cautiously in terms of full cross-cultural
comparability. Future research should aim to test measurement invariance across different
cultures and educational levels to further verify the structural stability and universality of the
digital fluency construct. Despite this limitation, the current study provides strong evidence of
structural, conceptual, and linguistic equivalence, offering a reliable and culturally relevant tool
for assessing high school students’ digital fluency.
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APPENDIX
Appendix 1. Digital Fluency Scale - Turkish version (Dijital Akicilik Olgegi).

LAL Cesitli gorevler ve problemler i¢in uygun dijital kaynaklar1 se¢ip kullanabilirim.

I.A2. Cesitli  kaynaklardan ve medyadan bilgiyi bulabilir, diizenleyebilir, analiz edebilir,
degerlendirebilir, sentezleyebilir ve etik olarak kullanabilirim.

I.A3. Deney veya arastirma yapma stratejilerini planlamama yardimci olan dijital araglar1 kullanabilirim.

i.A 4. Deney ve arastirma sonuglarini islemek, analiz etmek ve raporlamak igin dijital araglart
kullanabilirim

I.AS. Cevrimici bir 6grenme ortaminda is birligine dayali bir 6grenme projesine katilabilirim.

D.V 6. Cevrimi¢i ortamda karsilastigim farkli cinsiyet, yas ve etnik kdkene sahip insanlara saygi
duyabilirim.

DV7. Isbirligini, 6grenmeyi ve iiretkenligi destekleyen teknolojiyi kullanmaya yonelik olumlu bir tutum

sergileyebilirim.

D.vV 8. Smif arkadaglarimi ve aile iiyelerimi, bilgi ve teknolojiyi giivenli, yasal ve sorumluluk alabilecek
sekilde kullanmaya tesvik edebilirim.

D.V 9. Mevcut ve gelismekte olan teknolojilerin bireyler ve toplum iizerindeki etkisini tartigabilirim.

E.D 10. Bir projeyi tamamlamak veya bir ¢oziim gelistirmek i¢in faaliyetleri planlamak ve yonetmek i¢in
dijital araglar1 kullanabilirim.

E.D 11. Dijital araglar1 farkli bakis agilartyla alternatif ¢oziimler arastirmak icin kullanabilirim.

E.D 12. Teknolojik kaynaklar ile toplanan verilere dayanarak bilincli kararlar alabilir veya c¢ozumler
belirleyebilirim.

Y. T 13. Dijital araglardan yararlanarak kisisel veya ekip olarak 6zgiin ¢aligmalar yapabilirim.
Y.T 14. Gelecekte karsimiza ¢ikabilecek yeni teknolojik iirlinleri hayal edebilirim.

Y.T 15. Projeleri tamamlamak i¢in yeni fikirler, lirlinler veya siiregler olusturmak amaciyla dijital araglari
kullanabilirim.
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