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Development of the Digital
Transformation Scale: Assessment
of Measurement Invariance

Muhammed Zincirli1 and Ebru Polat2

Abstract
The primary aim of this study is to develop a valid and reliable measurement tool that assesses teachers’ perceptions of digital
transformation. A total of 828 teachers working in public schools in 2 provinces located in the eastern and southern regions
of Turkey participated in the study. The construct validity of the scale was tested using exploratory and confirmatory factor
analyses (EFA and CFA). According to the EFA results, the scale has a single-factor structure that explains 67.73% of the total
variance. The CFA results indicated acceptable fit indices for the single-factor Digital Transformation Scale (DTS). Criterion
validity was evaluated using the 21st Century Technology Literacy Skills Scale (TLSS) and the Resistance to Change Scale
(RCS), and it was found that the DTS has a positive relationship with the TCTS and a negative relationship with the RCS.
Reliability assessments were conducted by calculating the Cronbach’s alpha internal consistency coefficient, test-retest
method, and composite reliability values across three different samples, all of which exceeded threshold values. The test-
retest analysis confirmed the stability of the scale, while the composite reliability analysis supported its reliability. Item analysis
was performed using the ‘‘top and bottom 27% rule’’ and corrected item-total correlations, with both analyses yielding posi-
tive results. Additionally, measurement invariance for gender and age variables was established, and the values indicated that
measurement invariance was achieved. It was confirmed that the scale provides reliable comparisons between gender and
age groups. All these findings support the Digital Transformation Scale as a valid and reliable measurement tool.
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Introduction

As a result of technological advancements, digital trans-
formation has become a fundamental aspect of daily life.
Digital transformation is progressing every day, and sig-
nificant steps are being taken in many sectors to under-
stand, interpret, and implement this change (Yildiz,
2022).

Educational institutions have also been profoundly
impacted by this transformation, and the widespread
use of digital technologies has become inevitable
(Smirani & Boulahia, 2022). Digital devices such as
computers, interactive whiteboards, tablets, smart-
phones, augmented reality, robots, virtual reality, and
3D printing are being systematically and extensively
used in educational processes and teacher training (Luo
et al., 2021). Moreover, software and smart devices
have increasingly permeated in classrooms, with

significant investments being made in the development
of digital services such as learning management sys-
tems, educational platforms, and synchronous/asyn-
chronous communication tools (Smirani & Boulahia,
2022). In Turkey, efforts have been made to implement
digital transformation in education through technology
policies. With the introduction of the Movement to
Enhance Opportunities and Improve Technology
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(FAT_IH) Project in 2010, interactive whiteboards,
tablets, and computers began to be used in classrooms.
The Education Information Network (EBA), initially
developed for providing digital educational materials
through the FAT_IH Project, became a remote educa-
tion platform after the Covid-19 pandemic, and educa-
tion delivery shifted to this platform. Additionally, e-
book and e-content platforms were created (Aydin &
Atasoy, 2023; Ceylan et al., 2024; Tekin & Polat, 2014).
These developments place a significant demand on
teachers to integrate technologies into learning envir-
onments and enhance their technological skills. They
are also expected to enrich educational processes,
improve students’ learning experiences, and guide them
in acquiring digital competencies (Iivari et al., 2020;
Koral G€um€usxoğlu & Akay, 2017; Smirani & Boulahia,
2022; Yildiz Durak, 2019; Yureva et al., 2020). In other
words, teachers are expected to lead the digital trans-
formation process. Teachers’ adaptation to this trans-
formation process is crucial for both themselves and
their students (Yildiz, 2022). There is a need for a reli-
able and valid measurement tool that can assess teach-
ers’ approaches and competencies toward digital
transformation. When examining the relevant litera-
ture, scales aimed at assessing the overall level of digital
transformation at the organizational level (Agostino &
Costantini, 2022; Kontić & Vidicki, 2018; Lin et al.,
2024) are well-documented. At the individual level,
scales related to digital transformation focus on busi-
nesses (Lin et al., 2024; Nadeem et al., 2018; Sağlam,
2021). Pettersson et al. (2024) developed a scale focused
on digitalization, digitization, and digital transforma-
tion in the context of sociocultural change in schools
and education. In Turkey, adaptation studies have been
conducted to determine the level of digital transforma-
tion in businesses (Sağlam, 2021).

Despite the existence of scales measuring teachers’
digital competencies (Ghomi & Redecker, 2019; Yilmaz
Erg€ul & Tasxar, 2023), digital literacy (Erkam Sulak,
2019; K€usl€u, 2022), self-assessment of technology compe-
tencies (Christensen & Knezek, 2017), and technology
integration (Alpaslan et al., 2021; Horzum et al., 2014;
Su et al., 2017; A. Y. Wang, 2022), no scale assessing
perceptions of digital transformation appears to exist. In
this context, the aim of the study is to develop a Digital
Transformation Scale (DTS) that assesses teachers’ per-
ceptions of digital transformation and to conduct valid-
ity and reliability studies. The Unified Theory of
Acceptance and Use of Technology (UTAUT), devel-
oped by Venkatesh et al. (2003), was used in the scale
development process to explain and predict technology
acceptance and use.

Unified Theory of Acceptance and Use of Technology
(UTAUT)

In the literature, many theories and models explain and
predict the use of technology by individuals (Teo &
Noyes, 2014). The UTAUT model, proposed by
Venkatesh et al. (2003), provides a comprehensive frame-
work for understanding technology acceptance and
usage. This model synthesizes eight established theories:
the Theory of Reasoned Action, Technology Acceptance
Model, Motivational Model, Theory of Planned
Behavior, Combined Technology Acceptance Model,
Computer Usage Model, Innovation Diffusion Theory,
and Social Cognitive Theory. UTAUT was designed to
integrate the strengths of these models, focusing on four
key components: performance expectancy, effort expec-
tancy, social influence, and facilitating conditions
(Venkatesh et al., 2003). Performance expectancy refers
to the belief that using technology will enhance an indi-
vidual’s job performance and is regarded as the strongest
predictor of behavioral intention. Effort expectancy is
the perceived ease of using technology. Social influence
pertains to the extent to which individuals perceive that
significant others encourage the use of a particular tech-
nology. Facilitating conditions involve the availability of
resources and support for using the technology (Teo &
Noyes, 2014; Venkatesh et al., 2003). The model’s ability
to consider a wide range of variables to explain technol-
ogy use is regarded as one of its most distinguishing fea-
tures (Yildiz Durak, 2019), and it is widely used
(Bajunaied et al., 2023). A review of the literature shows
that this model has been employed to guide organizations
in their digital transformations and has proven successful
in identifying variables influencing digital transformation
(Hewavitharana et al., 2021; Jayawardena et al., 2023;
Tolkun & Tekin, 2022). For this reason, the UTAUT
model was used as the foundation for generating the
items in this study’s scale.

Digital Transformation in Education

Digital transformation refers to the process of enhancing
an entity by implementing substantial changes to its fea-
tures through the integration of information, communi-
cation, and connectivity technologies (Vial, 2021). In the
context of educational institutions, digital transforma-
tion involves the integration of technological innovations
into educational processes and the role these innovations
play in improving the quality of education (AL-Ali &
Marks, 2022; Mahlow & Hediger, 2019). Digital trans-
formation, with its multidimensional structure, is a com-
bination of both technological and non-technological
antecedents (Jayawardena et al., 2023). Therefore, before
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implementing digital transformation in an institution,
the key components that require attention must be
assessed (Hewavitharana et al., 2021). The Unified
Theory of Acceptance and Use of Technology is utilized
to manage institutions’ digital transformation processes.
When examining the impact of the model’s key determi-
nants on digital transformation:

Performance Expectancy: Teachers are more likely to
adopt digital technologies when they believe that using
these technologies will be beneficial to the educational
process and will increase success and productivity
(Nikolopoulou et al., 2021). Moreover, the perception
that technology use will facilitate work processes such as
lesson planning and material creation positively influ-
ences the use of digital technologies (Ismail et al., 2022).
In this case, the use of technology will help boost teach-
ers’ confidence and enhance the quality of teaching, even-
tually becoming a daily routine (Omar et al., 2019). The
expectation that digital technologies will positively affect
the performance of both students and teachers is consid-
ered to support the success of digital transformation.

Effort Expectancy: Teachers who believe that using
technology in the educational process will not require
much effort, difficulty, or complexity—that is, that it is
easy—are expected to adopt digital technologies more
quickly (Nikolopoulou et al., 2021; Omar et al., 2019).
Effort expectancy predicts the adoption of digital technol-
ogies across all age groups (Magsamen-Conrad et al.,
2015). The successful realization of digital transformation
in education, and the adoption of technology in education
is believed to be closely related to the perceived ease of
use of digital technologies for both teachers and students.

Social Influence: Positive feedback from teachers’ social
networks significantly influences their adoption and usage
of digital technologies (J. Kim & Lee, 2022). Teachers
who perceive that significant individuals, such as stake-
holders, school leaders, and colleagues, influence their use
of mobile technology, are more likely to adopt such tech-
nologies for educational purposes (Nikolopoulou et al.,
2021; Sun et al., 2014; C. S. Wang et al., 2017). The sup-
port of school administrators, teachers, students, and
other stakeholders for the use of digital technologies can
increase the participation of teachers and students in the
digital transformation process.

Facilitating Conditions: The successful use of digital
technologies in educational institutions requires internet
access, hardware, software, technical support, and neces-
sary infrastructure (Ambarwati et al., 2020; Neslin &
Shankar, 2009). Moreover, access to necessary resources,
the ability to acquire information, skills training, avail-
able materials, and administrative support are facilitat-
ing factors that affect the use of digital technologies in
education (Nikolopoulou et al., 2021; Teo, 2010).
Therefore, providing technological support for teachers

and students, along with training aimed at adapting to
new technologies, is believed to facilitate the digital
transformation process.

Gender and Age in Digital Transformation:
Measurement Invariance

In the social and behavioral sciences, self-report surveys
are frequently used to assess various aspects of human
behavior. These surveys consist of items developed to
measure an underlying construct in order to track indi-
viduals over time or compare different groups (van de
Schoot et al., 2012). For these constructs to be compared
across groups, the survey must function similarly in each
group, meaning that measurement invariance must be
established (D’Urso et al., 2022). Through measurement
invariance, researchers aim to determine whether a scale
exhibits the same measurement properties across two or
more samples (Fischer & Karl, 2019). In this study, mea-
surement invariance analyses were conducted. Digital
transformation has altered the ways people live, work,
and interact. Gender and age play a role in how individu-
als perceive, apply, and experience this transformation
(Genz & Schnabel, 2023; Kim et al., 2021; Larsson &
Viitaoja, 2019; Tran Van Hai, 2022). Similarly,
Venkatesh et al. (2003) note that gender and age act as
moderating factors in technology usage. In this study,
participants were categorized by age based on Prensky’s
(2001) distinction between digital natives and digital
immigrants. Prensky (2001) defines individuals born after
1985 as digital natives and those born earlier as digital
immigrants. The terms digital natives and digital immi-
grants are popular in the literature. A search using the
keywords ‘‘Digital Natives’’ and ‘‘Digital Immigrants’’
revealed 369 publications in the Web of Science database
and 399 publications in the Scopus database. A search
using only the keyword ‘‘Digital Natives’’ found 2,173
publications in the Web of Science database and 807 in
the Scopus database (as of September 2024).

In areas such as digital transformation, which are rap-
idly changing and influenced by demographic factors,
ensuring measurement invariance across gender and age
is considered essential for obtaining meaningful results.
Moreover, establishing measurement invariance across
gender and age allows for reliable comparisons of the
impact of the factors predicted by the Unified Theory of
Acceptance and Use of Technology on different demo-
graphic groups.

Method

In this study, the process of scale development and vali-
dation was based on Schwab (1980). The scale was devel-
oped using a three-step procedure: (1) item development,
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(2) content validation, and (3) construct validation
(Schwab, 1980). In the first step, the study’s target popu-
lation (teachers) and the purpose (assessing perceptions
of digital transformation) were defined, and while gener-
ating the items, UTAUT was adopted as the guiding the-
oretical framework. The content of the digital
transformation scale to be measured was designed, and
the initial form was created. For content validation,
expert evaluation was sought. For construct validation,
exploratory factor analysis (EFA) and confirmatory fac-
tor analysis (CFA) were conducted. The process fol-
lowed is shown in Figure 1.

Development of Scale Items

When developing a scale, the items should not be ran-
domly selected but based on a solid theoretical frame-
work. The theoretical structure defines which traits or
behaviors the scale aims to measure (Mumford et al.,
1996). In this study, the UTAUT, which considers multi-
ple variables to evaluate technology usage, is still widely
used, and has proven successful in identifying the vari-
ables that influence digital transformation. UTAUT was
considered the most appropriate model for this research

(Bajunaied et al., 2023; Hewavitharana et al., 2021;
Jayawardena et al., 2023; Rejali et al., 2023; Strzelecki,
2024; Tolkun & Tekin, 2022; Yildiz Durak, 2019). A
comprehensive literature review was conducted, and
items were generated using a deductive approach for
each component of the theory—performance expectancy,
behavioral intention, social influence, and facilitating
conditions (Hinkin, 1995). This step is considered crucial
for establishing the structural validity of the measure-
ment tool (Mumford et al., 1996).

While developing the scale items, care was taken to
express them in simple terms that even participants unfa-
miliar with technology could understand and to ensure
that the items were related to participants’ real-world
experiences (Jang et al., 2022). Several considerations
were taken into account during item preparation: ensur-
ing high validity (directly measuring the behavior in
question) and clarity for participants. In line with these
criteria, a pool of 12 items was prepared.

Content Validity

To ensure that the scale reflects the intended structure
(Morgado et al., 2017), the draft items were presented to

Figure 1. Scale development process.
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three experts familiar with the UTAUT. Based on their
recommendations, feedback from five academics specia-
lizing in educational sciences was also sought, with par-
ticular emphasis on including an expert in measurement
and evaluation. Experts were asked to evaluate each of
the candidate items in the item pool. Several techniques
are commonly used to assess content validity, with two
of the most widely accepted being the Davis and Lawshe
techniques. The Davis Technique focuses on determining
the content validity index (CVI) based on expert evalua-
tions. In this method, experts rate the scale items as either
‘‘appropriate’’ or ‘‘inappropriate.’’ Items are typically
scored on a scale from 1 to 4 (1: Definitely inappropriate,
2: inappropriate, 3: appropriate, and 4: definitely appro-
priate). An acceptable CVI value is generally 0.80 or
higher, meaning that at least 80% of the experts find the
item appropriate, indicating that the item has sufficient
content validity (Davis, 1992).

The Lawshe Technique is another structured
approach to assessing content validity. Lawshe’s content
validity ratio (CVR) formula is used for this purpose. In
this technique, experts are asked to evaluate each item as
‘‘essential,’’ ‘‘useful but not essential,’’ or ‘‘not essential.’’
The CVR value is calculated based on the proportion of
experts who mark the item as ‘‘essential.’’ The CVR cal-
culation formula is as follows:

CVR=
ne � N=2

N=2

ne: Number of experts who marked the item as
‘‘essential.’’N: Total number of experts

A positive CVR value indicates that the item is
deemed ‘‘essential’’ by the experts. In the Lawshe
Technique, as the number of experts increases, the mini-
mum acceptable CVR value decreases. However, as a
general rule, a CVR value of 0.50 or higher is considered
sufficient for content validity (Lawshe, 1975). Based on
expert feedback, two items were removed from the draft
form following the application of these content validity
techniques. For the remaining items, the CVI value calcu-
lated using the Davis technique was 0.90. Additionally,
the CVR value calculated using the Lawshe Technique
was found to be greater than 0.50.

Based on the feedback from the experts and the tech-
niques used, the final version of the items was reviewed
by a linguist. At this stage, the linguist evaluated the
items in terms of grammatical rules. The final version
was then prepared for the preliminary pilot testing phase.

Preliminary Application

A preliminary pilot study of the scale, which was devel-
oped based on expert opinions and reviewed by a

linguist, was conducted with a participant group of 43
individuals representing the target population. During
this application, participants were encouraged to openly
express any difficulties or misunderstandings they
encountered. At the end of the pilot study, the findings
were evaluated with the experts who contributed to the
scale development process, and based on their recom-
mendations, one item that posed issues in terms of ‘‘com-
prehensibility’’ was removed from the scale. As a result
of these steps, a new version of the scale consisting of a
total of nine items was prepared and made ready for
implementation.

Data Collection Process

In the study, participants were asked to read and provide
consent through an informed voluntary consent form,
which was conducted within the school environment. The
researchers thoroughly explained the purpose of the study,
its implementation method, confidentiality principles, and
the voluntary nature of participation. After these explana-
tions, data were collected from the teachers who agreed to
participate in the study. Forms, including the Personal
Information Form, the Digital Transformation Scale, the
21st Century Technology Literacy Skills Scale, and the
Resistance to Change Scale, were distributed to the teach-
ers. Some forms were collected on the same day, while
others were retrieved from the schools by the researchers a
few days later, and the participants were thanked for their
contributions.

Data Analysis

The draft scale was examined for construct validity using
Exploratory Factor Analysis (EFA) and Confirmatory
Factor Analysis (CFA). During the EFA, the principal
axis factoring method, which is commonly used in factor
analysis, was preferred (de Winter & Dodou, 2012;
Tabachnick & Fidell, 2007). When determining the cut-
off point for factor loadings, various approaches in the
literature were considered, and the generally recom-
mended loading value of 0.40 was adopted (Field, 2009;
Hair et al., 2010; Tabachnick & Fidell, 2007). Items with
a loading value above 0.30 and a difference of less than
0.10 in loading values across two factors were considered
cross-loading items and were removed from the scale
(Hair et al., 2010; Worthington & Whittaker, 2006).
Additionally, since it was assumed that the factors were
correlated, the promax method, one of the oblique rota-
tion techniques, was used in the EFA (Grieder & Steiner,
2021). Based on the CFA results, values such as chi-
square goodness of fit (x2/df), goodness of fit index
(GFI), root mean square error of approximation
(RMSEA), comparative fit index (CFI), and
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standardized root mean square residual (SRMR) were
calculated to evaluate the model’s fit (Cxokluk et al.,
2010). Acceptable limits are presented in Table 1.

In this study, the average variance extracted (AVE)
and composite reliability (CR) values, as recommended
by Fornell and Larcker (1981), were calculated to deter-
mine convergent validity. The AVE value is expected to
be at least 0.50, and the CR value should be higher than
the AVE value (Fornell & Larcker, 1981). Additionally,
to assess the reliability of the scale, Cronbach’s alpha
internal consistency coefficient and test-retest reliability
values were calculated (DeVellis, 2017).

Furthermore, measurement invariance was conducted
to determine whether the scale measures the same con-
struct across different demographic groups.
Measurement invariance is typically assessed by examin-
ing changes in x2 (Byrne et al., 1989). Additionally, it is
recommended to calculate the Tucker-Lewis Index
(TLI), root mean square error of approximation
(RMSEA), standardized root mean square residual
(SRMR), and Comparative Fit Index (CFI) values
(Cheung & Rensvold, 2002; Vandenberg & Lance, 2000;
van de Schoot et al., 2012). The threshold for DCFI and
DTLI is at least 0.01, and for DRMSEA and DSRMR,
the threshold is 0.015 (Chen, 2007; Cheung & Rensvold,
2002). In this study, we aimed to determine whether the
digital transformation scale demonstrated measurement
invariance across gender (male and female) and age
(below 40 and above 40) categories. The age categoriza-
tion was made according to Prensky’s (2001) distinction
between digital natives and digital immigrants. Based on
the balanced number of participants, they were divided
into two groups: digital natives under the age of 40
(n=117) and digital immigrants over the age of 40
(n=127). To ensure invariance, the chi-square difference
test was used along with the DCFI, DTLI, DRMSEA,
and DSRMR criteria.

Study Group

To ensure the validity and reliability of the scale, data
were collected from a sufficiently large and appropriate
sample representing the target group. During the scale
development process, five different study groups were
involved: Pilot Study, EFA, CFA, Criterion Validity,

and Test-Retest samples. When reviewing the relevant
literature on sample size in scale development, some
authors suggest that a minimum sample size of 200 is
recommended (Hair et al., 2010; P. Kline, 1994), while
others propose determining the sample size based on the
number of items. It is generally accepted that there
should be at least 10 participants per item, but an ideal
participant-to-item ratio is recommended to be 15 or 20
(Clark & Watson, 1995; DeVellis, 2017). In this context,
a pilot study was initially conducted with 43 teachers
working in eastern Turkey. For Exploratory Factor
Analysis (EFA), data were collected from 214 teachers in
the same region, while Confirmatory Factor Analysis
(CFA) was conducted with 211 teachers working in a
city in southeastern Turkey. Additionally, the criterion
validity of the digital transformation scale was assessed
with a randomly selected sample of 244 teachers from
both cities. The test-retest reliability of the digital trans-
formation scale was evaluated with 116 teachers over a
3-week interval. In conclusion, the scale development
process involved a total of 828 teachers working in dif-
ferent cities. Demographic information about the study
group is presented in Table 2.

Data Collection Instruments

In this study, data were collected using the 21st Century
Technology Literacy Skills Scale (TLSS), Resistance to
Change Scale (RCS), Digital Transformation Scale
(DTS), and Personal Information Form.

Personal Information Form: This form, prepared by
the researchers, aimed to collect information about the
teachers’ gender, school type, and professional seniority.

21st Century Technology Literacy Skills Scale (TLSS):
Developed by Kalaycı and Esxgi (2024), this 14-item scale
was used to assess criterion validity. It is a five-point
Likert scale (1: strongly disagree–5: strongly agree) and
has three sub-dimensions: understanding technology,
using technology, and paying attention. The internal
consistency coefficient of the scale was reported as 0.90
by Kalaycı and Esxgi (2024), while in this study, it was
found to be 0.94.

Resistance to Change Scale (RCS): Originally devel-
oped by Oreg (2006) and adapted into Turkish by
Cxalısxkan (2019), this 15-item scale is also a five-point

Table 1. Acceptable Limits for Fit Indices.

Fit indices x2/SD RMSEA SRMR CFI TLI

Perfect fit <5 <0.05 \0.08 ø 0.95 ø 0.95
Acceptable fit <3 < 0.08/<0.10 <0.05 ø 0.90 ø 0.90

Source.Hu and Bentler (1999); S€umer (2000); Tabachnick and Fidell (2007) ; Kline (2005); Savci and Aysan, (2016).
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Likert scale (1: strongly disagree–5: strongly agree). It
has three sub-dimensions: cognitive reaction, emotional
reaction, and behavioral reaction. The internal consis-
tency coefficient of the scale was reported as 0.94 by
Cxalısxkan (2019), while in this study, it was found to be
0.78.

Digital Transformation Scale (DTS): The DTS, devel-
oped as part of this study, has demonstrated psycho-
metric properties. Detailed information regarding the
scale’s psychometric features is presented in the findings
section.

Findings

Construct Validity

Exploratory Factor Analysis (EFA). Factor analysis is one of
the most commonly used techniques in scale development
studies to achieve construct validity (Cxokluk et al., 2010).
In this study, EFA was conducted with data obtained
from 214 teachers working in eastern Turkey. Before
conducting factor analysis, the suitability of the data for
factor analysis was assessed using the Kaiser-Meyer-
Olkin (KMO) test and Bartlett’s Test of Sphericity. The
results showed a KMO value of 0.910, and for Bartlett’s
test, x2=1235.442 (p\ .000). A KMO value above 0.90
and significant results from Bartlett’s test indicate that
the data are suitable for EFA (Cxokluk et al., 2010; Field,
2009; Tabachnick & Fidell, 2007).

Using principal component analysis, EFA was con-
ducted on eight items. In EFA, it is important to reveal
relationships between items with as few factors as possi-
ble. In this context, factors with eigenvalues of 1 or
higher should be considered (Hutcheson & Sofroniou,
1999). Additionally, an item’s factor loading must be
0.40 or higher, and the difference between the factor
loading on its respective factor and other factors should
be 0.10 or greater (B€uy€uközt€urk, 2012). According to
these criteria, the item loadings were deemed appropri-
ate, but item nine loaded on multiple factors, with a dif-
ference in loadings less than 0.10. Therefore, this item
was excluded from the analysis. As a result, the remain-
ing eight items were found to form a single-factor struc-
ture, which met the specified criteria. The results of the
EFA are presented in Table 3.

The factor loadings of the items ranged from 0.730 to
0.874, indicating that the items represent the scale well
(Field, 2009; Hair et al., 2010; Tabachnick & Fidell,
2007). As shown in Table 3, the eigenvalue of the one-
factor structure was 5.419, explaining 67.73% of the total
variance. It is expected that the total variance explained
exceeds 30%, and a higher variance explained indicates a
better representation of the construct (B€uy€uközt€urk,
2012; Comrey & Lee, 1992; Cxokluk et al., 2010; SavcıT
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et al., 2018; Tavsxancıl, 2010). Therefore, the scale is con-
sidered to measure digital transformation effectively.

A scree plot is used to determine the number of factors
in the scale. The plot shows factor eigenvalues, and the
point where the plot begins to flatten indicates the num-
ber of factors (Cattell, 1966).

The scree plot for the Digital Transformation Scale is
presented in Figure 2.

The scree plot shows that the graph flattens after 1,
confirming that the scale is one-dimensional (Cattell,
1966).

Confirmatory Factor Analysis (CFA). The one-dimensional
structure revealed by EFA was tested using CFA with
data collected from 206 teachers (Figure 3).

The CFA results confirmed that the eight-item, one-
dimensional model of the Digital Transformation Scale had
good fit indices (x2=64.304, df=19, x2/df=3.384,
RMSEA=0.078, SRMR=0.03, CFI=0.95, TLI=0.93),

as shown in Figure 3. The factor loadings of the items ran-
ged from 0.656 to 0.848, and they were statistically signifi-
cant (Buyukozturk, 2012).

Criterion Validity

The criterion validity of the Digital Transformation
Scale was evaluated using the 21st Century Technology
Literacy Skills Scale and the Resistance to Change Scale.
Data were collected from a sample of 244 teachers for
this analysis. Correlation analysis was conducted with
the collected data. The results of the criterion validity are
presented in Table 4.

The analysis in Table 4 shows that there was a positive
correlation between the Digital Transformation Scale
and the 21st Century Technology Literacy Skills Scale
(r=.79, p\ .01), and a negative correlation with the
Resistance to Change Scale (r=2.32, p\ .01).

Reliability

The reliability of the Digital Transformation Scale was
assessed using Cronbach’s alpha internal consistency coef-
ficient and test-retest reliability. The reliability studies were
conducted across three different samples (Table 5).

In the sample used for Exploratory Factor Analysis
(EFA), the Cronbach’s a internal consistency reliability
coefficient was determined to be .93. For the

Table 3. EFA Results for the Digital Transformation Scale.

Item Factor loading value Variance explained Core value

3 0.874 67.73 5.419
8 0.859
5 0.858
1 0.830
2 0.825
6 0.813
7 0.786
4 0.730

Figure 2. Scree plot for the digital transformation scale.

Figure 3. CFA results for the digital transformation scale.
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Confirmatory Factor Analysis (CFA) sample, this coeffi-
cient was found to be .91. Additionally, for the sample
used in the criterion validity analysis, the Cronbach’s a

value was recorded as .92. As presented in Table 5, these
results indicate that the reliability coefficients calculated
for all three samples were at a high level. Furthermore,
to evaluate whether the digital transformation scale
yielded consistent results over time, the test-retest
method was applied. The test-retest analysis was con-
ducted with 102 teachers from the CFA sample, with
data collected at 3-week intervals. The correlation
between the two administrations was found to be .73.
Additionally, the composite reliability (CR) of the devel-
oped scale was calculated to be 0.92, and the average
variance extracted (AVE) for convergent validity was
determined to be 0.59. These findings support the relia-
bility of the scale.

Item Analysis

The item-total correlation value was calculated for each
item in the scale. Item-total correlations of .40 and above
are considered satisfactory (Aday & Cornelius, 2006).
Items with values above this threshold are considered to
have excellent discriminatory power. A positive correla-
tion indicates that items are consistently related to other
items within the same scale. The discriminatory power of
DTS items was evaluated using the top and bottom 27%
rule and corrected item-total correlation coefficients. In
the EFA sample, correlation coefficients ranged from .61
to .75, and the 27% difference ranged from 9.01 to 6.41
(t-values; p\ .001). In the CFA sample, these values
were 0.58 to 0.67 and 8.14 to 6.27, respectively; in the cri-
terion validity sample, they were 0.60 to 0.68 and 8.71 to
6.35 (t-values; p\ .001). The results are presented in
Table 6.

Measurement Invariance

The categories determined by gender and age variables
were evaluated across four levels of measurement invar-
iance: configural, metric, scalar, and strict. The results
are presented in Table 7.

Tests for gender invariance yielded the following fit
statistics for the different models: The configural model

Table 4. Criterion Validity Correlations for the Digital
Transformation Scale.

Variables
21st century
technology literacy

Resistance to
change scale

Digital transformation scale 0.79** 20.32**

**p\.01.

Table 5. Reliability Values of the Digital Transformation Scale.

Scale
Cronbach alpha
(EFA sample)

Cronbach alpha
(CFA sample)

Cronbach alpha
(in the criterion
validity sample)

The test-retest
analysis CR AVE

Digital transformation Scale .93 .91 .92 0.73** 0.92 0.59

**p\.01.

Table 6. Item Analysis.

EFA sample CFA sample Criterion validity sample

Item Rjx T Item rjx t Item rjx t

1 .70 8.21*** 1 .62 6.19*** 1 .65 8.31***
2 .70 7.33*** 2 .64 7.75*** 2 .62 6.22***
3 .75 7.16*** 3 .68 6.42*** 3 .74 8.16***
4 .61 6.41*** 4 .58 6.28*** 4 .66 6.35***
5 .74 9.01*** 5 .67 8.14*** 5 .67 7.20***
6 .68 6.94*** 6 .61 7.11*** 6 .68 8.71***
7 .67 7.71*** 7 .61 6.27*** 7 .62 7.42***
8 .71 8.89*** 8 .66 7.41*** 8 .60 6.21***

***p\,001.

Based on these results, it can be concluded that the items in the scale adequately reflect the overall structure of the test.
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had x2 (36) = 94.673, CFI = 0.947, TLI = 0.917,
RMSEA = 0.094, and SRMR = 0.041. For the metric
model, the values were x2 (43) = 101.092, p=.491, CFI
= 0.947, TLI = 0.931, RMSEA = 0.085, and SRMR
= 0.076, indicating invariance. Similarly, the scalar
model showed x2 (50) = 111.385, p=.271, CFI = 0.944,
TLI = 0.938, RMSEA = 0.081, and SRMR = 0.081,
confirming invariance. Lastly, the strict model displayed
x2 (58) = 131.214, p=.172, CFI = 0.934, TLI = 0.936,
RMSEA = 0.085, and SRMR = 0.062, confirming
invariance. Therefore, the dataset met the requirement
for invariance of the gender measure across the metric,
scalar, and strict models. This is supported by insignifi-
cant x2 difference tests and consistent changes in CFI,
TLI, RMSEA, and SRMR. The nonsignificant p (x2)
values provide additional evidence that invariance holds.

Tests for age invariance yielded the following fit sta-
tistics for the different models: The configural model had
x2 (38) = 101.601, CFI = 0.955, TLI = 0.933, RMSEA
= 0.090, and SRMR = 0.036. For the metric model, the
values were x2 (45) = 103.757, p=.950, CFI = 0.958,
TLI = 0.948, RMSEA = 0.077, and SRMR = 0.049,
indicating invariance. Similarly, the scalar model showed
x2 (52) = 106.995, p=.979, CFI = 0.961, TLI = 0.958,
RMSEA = 0.068, and SRMR = 0.051, confirming
invariance. Lastly, the strict model displayed x2 (60) =
124.206, p=.862, CFI = 0.954, TLI = 0.957, RMSEA
= 0.070, and SRMR = 0.085, confirming invariance.
Therefore, the dataset met the requirement for invar-
iance of the age measure across the metric, scalar, and
strict models. This is supported by insignificant x2 differ-
ence tests and consistent changes in CFI, TLI, RMSEA,
and SRMR. Morover the nonsignificant p (x2) values
provide additional evidence that invariance holds.

Conclusion and Discussion

In this study, we developed the DTS to evaluate the per-
ceptions of digital transformation among teachers in
schools in Turkey. First, we conducted a literature review
and created an initial pool of 12 items. For content valid-
ity, feedback on the appropriateness and clarity of the
items was gathered from three experts familiar with the
UTAUT, followed by input from five other field experts.
In doing so, we applied the Davis and Lawshe tech-
niques. As a result of the methods used, including the
pilot study and EFA, four items were eliminated. The
remaining eight items were then evaluated for construct
validity using three different samples. To determine con-
struct validity, both EFA and CFA methods were
employed. The criterion validity of the DTS was tested
by examining its relationship with the 21st Century
Technology Literacy Skills Scale (TLSS) and the RCS.
Cronbach’s alpha values were calculated for each sample,T
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and reliability analyses were conducted using the test-
retest method. Corrected item-total correlation coeffi-
cients and differences between the top and bottom 27%
groups (t-values) were also calculated. The EFA results
for the DTS indicated a one-factor structure with items
having eigenvalues greater than 1. Factors should explain
between 40% and 60% of the total variance (Hair et al.,
1986; Scherer et al., 1988; Tavsxancıl, 2010). The results
showed that the one-factor structure explained a large
proportion of the total variance. Each item’s factor load-
ing should be at least 0.30 (B€uy€uközt€urk, 2012; Sxencan,
2005; Sipahi et al., 2008), and all of our items met this
criterion. The CFA results from different samples also
confirmed that the model had acceptable fit indices
(B€uy€uközt€urk, 2012; Cxokluk et al., 2010; T. J. Kline,
2005).

According to the criterion validity analysis, a positive
relationship was found between the DTS and the TLSS
scores, indicating that higher perceptions of digital trans-
formation are associated with improved technology lit-
eracy skills. A negative relationship was observed
between the DTS and RCS scores, suggesting that as per-
ceptions of digital transformation increase, resistance to
change decreases. In the reliability analysis, Cronbach’s
alpha coefficients were found to be sufficient in all three
samples. The test-retest method also confirmed the relia-
bility of the scale. In the item analyses, the DTS demon-
strated satisfactory corrected item-total correlation
coefficients. The differences between the top and bottom
27% groups were statistically significant in all samples.
In conclusion, the DTS has been shown to be a reliable
and valid measurement tool.

According to the UTAUT, moderating factors such
as gender, age, experience, and voluntariness play a sig-
nificant role in technology acceptance (Omar et al., 2019;
Venkatesh et al., 2003). These factors determine how
individuals approach technology and under what condi-
tions they begin to adopt and use it. When examining
digital transformation processes in the field of education,
the perceptions that teachers develop in line with these
factors have a significant impact on the digitalization
process. Analyzing the differences in teachers’ percep-
tions of digital transformation based on factors such as
gender and age allows for more effective implementa-
tion of digital education strategies. In this context, the
DTS was developed to measure the perceptions of digi-
tal transformation among teachers in Turkey. Validity
and reliability tests of the scale were conducted on five
different samples, and the results demonstrated that
the DTS is a reliable measurement tool. Furthermore,
measurement invariance analyses based on UTAUT
factors such as gender and age revealed the consistency
of digital transformation perceptions among teachers
and the influence of these factors on their perceptions.

When teachers have a high perception of digital trans-
formation, the quality and efficiency in education
increase, whereas when this perception is low, the pro-
cess of adopting and using technology is negatively
affected. Therefore, accurately measuring teachers’ per-
ceptions of digital transformation is critical to the suc-
cess of digitalization in education. In the future, the
application of the DTS across different cultural and
demographic groups will contribute to evaluating digi-
tal transformation processes from different perspec-
tives. Understanding how teacher groups from various
cultural and socio-demographic backgrounds perceive
these processes can help develop new approaches to
global digitalization strategies. The final version of the
scale developed in this study is presented in
Appendix 1.

Limitations and Future Research

This study contributes to the understanding of teachers’
perceptions of digital transformation through the devel-
opment and validation of the DTS. However, it is impor-
tant to acknowledge some limitations. First, the sample
was drawn exclusively from teachers in specific regions of
Turkey, which may limit the generalizability of the find-
ings. Future research should consider expanding the sam-
ple to include teachers from various geographical
locations and educational contexts to enhance the exter-
nal validity of the scale. Second, while this study effec-
tively validated the DTS using confirmatory factor
analysis, the research relied on cross-sectional data.
Longitudinal studies are recommended to further assess
the scale’s stability and the changes in teachers’ percep-
tions of digital transformation over time. This will help
establish the scale’s robustness and its applicability in dif-
ferent educational settings. Third, this study focused on
the measurement of teachers’ perceptions regarding digi-
tal transformation. Future research could explore the
impact of these perceptions on teaching practices and stu-
dent outcomes, providing valuable insights into the prac-
tical implications of digital transformation in education.
Lastly, the DTS should be tested in various educational
settings, including different educational levels (e.g., pri-
mary, secondary, and higher education) and subjects, to
determine its effectiveness and relevance across diverse
teaching environments. Addressing these limitations will
allow future studies to contribute to a more comprehen-
sive understanding of digital transformation in education
and the factors influencing its successful implementation.
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tivariate statistics for social sciences: SPSS and Lisrel appli-

cations. Pegem A Publishing.
Comrey, A. L., & Lee, H. B. (1992). A first course in factor anal-

ysis (2nd ed.). Lawrence Erlbaum Associates.
D’Urso, E. D., De Roover, K., Vermunt, J. K., & Tijmstra, J.

(2022). Scale length does matter: Recommendations for

measurement invariance testing with categorical factor anal-

ysis and item response theory approaches. Behavior Research

Methods, 54(5), 2114–2145. https://doi.org/10.3758/s13428-

021-01690-7
Davis, L. L. (1992). Instrument review: Getting the most from

a panel of experts. Applied Nursing Research, 5(4), 194–197.

https://doi.org/10.1016/S0897-1897(05)80008-4
DeVellis, R. F. (2017). Scale development: Theory and applica-

tions (4th ed.). Sage Publications.
de Winter, J. C. F., & Dodou, D. (2012). Factor recovery by

principal axis factoring and maximum likelihood factor

analysis as a function of factor pattern and sample size.

Journal of Applied Statistics, 39(4), 695–710. https://doi.org/

10.1080/02664763.2011.610445

Erkam Sulak, S. (2019). Development of the digital literacy scale:

A validity and reliability study. Social Sciences Studies Jour-

nal, 5(31), 1329–1342. https://doi.org/10.26449/sssj.1345x
Field, A. (2009). Discovering statistics using IBM SPSS Statis-

tics. Sage Publications Limited.
Fischer, R., & Karl, J. A. (2019). A primer to (cross-cultural)

multi-group invariance testing possibilities in R. Frontiers in

Psychology, 10, 1507. https://doi.org/10.3389/fpsyg.2019.

01507

12 SAGE Open

https://doi.org/10.1108/medar-02-2021-1207
https://doi.org/10.1108/medar-02-2021-1207
https://doi.org/10.1080/13603108.2021.1978578
https://doi.org/10.1080/13603108.2021.1978578
https://doi.org/10.1037//0033-2909.105.3.456
https://doi.org/10.1037//0033-2909.105.3.456
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1080/21532974.2016.1242391
https://doi.org/10.1080/21532974.2016.1242391
https://doi.org/10.1037/1040-3590.7.3.309
https://doi.org/10.1037/1040-3590.7.3.309
https://doi.org/10.3758/s13428-021-01690-7
https://doi.org/10.3758/s13428-021-01690-7
https://doi.org/10.1016/S0897-1897(05)80008-4
https://doi.org/10.1080/02664763.2011.610445
https://doi.org/10.1080/02664763.2011.610445
https://doi.org/10.26449/sssj.1345x
https://doi.org/10.3389/fpsyg.2019.01507
https://doi.org/10.3389/fpsyg.2019.01507


Fornell, C., & Larcker, D. F. (1981). Evaluating structural

equation models with unobservable variables and measure-

ment error. Journal of marketing research, 18(1), 39–50.

https://doi.org/10.1177/002224378101800104
Genz, S., & Schnabel, C. (2023). Digitalization is not gender-

neutral. Economics Letters, 230, 111256. https://doi.org/10.

1016/j.econlet.2023.111256
Ghomi, M., & Redecker, C. (2019). Digital competence of edu-

cators (DigCompEdu): Development and evaluation of a

self-assessment instrument for teachers’ digital competence.

In Proceedings of the 11th International Conference on Com-

puter Supported Education (CSEDU 2019) (pp. 541–548).

Science and Technology Publications.
Grieder, S., & Steiner, M. D. (2021). Algorithmic jingle jungle:

A comparison of implementations of principal axis factoring

and promax rotation in R and SPSS. Behavior Research

Methods, 54(1), 54–74. https://doi.org/10.3758/s13428-021-

01581-x
Hair, J. F., Anderson, R. E., Jr, & Tatham, R. L. (1986). Multi-

variate data analysis with readings. Macmillan Publishing

Co., Inc.
Hair, J. F., Black, W. C., Babin, B. J., Anderson, R. E., &

Tatham, R. L. (Eds.). (2010). Multivariate Data Analysis

(7th ed.). Pearson Education.
Hewavitharana, T., Nanayakkara, S., Perera, A., & Perera, P.

(2021). Modifying the unified theory of acceptance and use

of technology (UTAUT) model for the digital transforma-

tion of the construction industry from the user perspective.

Informatics, 8(4), 81. https://doi.org/10.3390/infor-

matics8040081 November.
Hinkin, T. R. (1995). A review of scale development practices

in the study of organizations. Journal of Management, 21(5),

967–988. https://doi.org/10.1177/014920639502100509
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Appendix 1. Digital Transformation Scale.

Digital Transformation Scale
Please read the following statements carefully. Then mark the appropriate option from the options given on the right side of the
statement.
ffiStrongly Disagree fflDisagree �Neutral ÐAgree ðStrongly Agree
1 I use digital technologies (computer, tablet, smartphone, etc.). ffi ffl � Ð ð
2 I adapt easily to developments in digital technologies. ffi ffl � Ð ð
3 I use digital technologies in educational activities. ffi ffl � Ð ð
4 I think it is useful to use digital technologies in educational activities. ffi ffl � Ð ð
5 I enjoy using digital technologies. ffi ffl � Ð ð
6 Using digital technologies (computers, tablets, smartphones, etc.) has become a habit for me. ffi ffl � Ð ð
7 The effort I put into using digital technologies (computers, tablets, smartphones, etc.) is reasonable. ffi ffl � Ð ð
8 I think that I will continue to use digital technologies (computer, tablet, smartphone, etc.). ffi ffl � Ð ð
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