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Abstract

Digital competencies are very significant in terms of integrating digital resources into
educational processes. This study presents the validity and reliability of an instrument cre-
ated by Carrera et al. (2011), in order to evaluate the basic digital competence of the three
main educational agents of the educational community (teachers, students, and parents) for
all educational stages (Early Childhood Education, Primary Education, Secondary Educa-
tion and Higher Education), making use of digital resources to (1) Skills in management
and transfer of technological data, (2) Software and hardware skills, (3) Web navigation
skills, (4) Skills in using word processors, (5) Data processing and management skills, y
(6) Multimedia presentation design skills. The application of the instrument was carried
out with a sample of 1,149 participants from all educational stages, coming from the
entire territory of the Dominican Republic. Reliability was assessed using various mea-
sures, including Cronbach’s Alpha, Spearman-Brown Coefficient, Guttman’s Two Halves,
McDonald’s Omega, and composite reliability. To validate the instrument, exploratory
factor analysis (EFA) and confirmatory factor analysis (CFA) were carried out with the
purpose of understanding the validity and dimensionality of the scale (comprehension
validity, construct validity, convergent, discriminant and invariance validity). The results
demonstrated highly satisfactory reliability, and in terms of construct validity, a good fit
of the model was observed, valid for any educational agent and for any educational stage.
The final version of the instrument consists of 20 items classified into six latent factors.
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1 Introduction

In educational contexts, the integration of Information and Communication Technologies
(ICT) has emerged as crucial elements (Vasquez et al., 2023), playing a fundamental role
in the teaching-learning process (Lomos et al., 2023; Simsek & Ates, 2022), which have
transformed educational practices, making them more interactive and productive (Lin et al.,
2017). Its relevance is such that there are more and more digital resources which are imple-
mented in both traditional and online teaching environments, facilitating the creation of
active and participatory educational environments (Jogezai et al., 2021). Thus, it is impera-
tive that society develops one of the eight key competences proposed by the European Com-
mission (2006) for appropriate use, categorized as digital competence (DC).

This concept has been defined as “the confident and critical use of Information Society
Technology for work, leisure and communication” (Seby, 2013, p. 135), involves the “confi-
dent, critical and responsible use of, and engagement with, digital technologies for learning,
at work, and for participation in society” (European Commission, 2019). It is underpinned
by “basic skills in ICT: the use of computers to retrieve, assess, store, produce, present and
exchange information, and to communicate and participate in collaborative networks via the
Internet” (European Communities, 2006, p. 14). However, despite technological advance-
ment and the continuous evolution of DC, growing controversy has arisen around the most
precise definition of the concept (Falloon, 2020). In this context, it is crucial to recognize
that a solid and fundamental foundation in education remains essential. The main members
of the educational community (teachers, students and parents) must possess this basic DC to
adapt effectively to the changes and challenges that constantly arise in new times (Guillén-
Gamez et al., 2023a). Therefore, this will provide the necessary foundation to understand,
evaluate and effectively use the new tools and technologies that are introduced into the
educational environment. In general terms and for this study, the concept of basic DC is
understood as the “ability of individuals to appropriately use digital tools and facilities
to identify, access, manage, integrate, evaluate, analyse and synthesize digital resources,
construct new knowledge, create media expressions, and communicate with others, in the
context of specific life situations, to enable constructive social action; and to reflect upon
this process (Martin, 2005, p. 135).

In this sense, Giimiis & Kukul (2023, p. 3) state that “the acquisition of digital competen-
cies in education plays a significant role in improving the knowledge and skills of teachers
and students around the world”, but it must also be the same for parents (Martinez-Pifieiro
et al., 2018). In this triangulation of educational agents, Kiryakova (2022) emphasizes that
it is essential for teachers since it will achieve a more enriched and attractive educational
experience, adapted to contemporary technological needs. In addition, it will allow students
to be empowered according to the teachers’ point of view, preparing them to face the chal-
lenges of an increasingly digitalized world (Zakharov et al., 2022). Some previous studies
demonstrated that enhancing students’ DC could be improved by improving teachers’ digital
DC (Lin et al., 2023) since it has been shown that lack of these skills on the part of educators
can have negative repercussions on the students’ academic performance (Yazar & Keskin,
2016). And for the third group, training in basic digital skills plays an essential role in the
teaching-learning process (Alharbi et al., 2023; Nikken & Jansz, 2014), since it empowers
parents and tutors to actively participate in their children’s digital education (Romero et al.,
2021), strengthening collaboration between family and school.
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In this context, it is important to remember that the use of digital resources plays a deter-
mining role in the acquisition and development of DC as pointed out Guillén-Gamez et al.
(2020). This theory has also been analyzed by the research of Ghomi and Redecker (2019),
as well as by the findings of Cabero-Almenara et al. (2023) and Lucas et al. (2021), which
established a positive correlation between the availability of digital resources and the level
of digital literacy. Nevertheless, the essence does not lie solely in the frequency of use of
ICT resources, but in the way in which they are applied, since, as DC training increases, the
use of these resources becomes more effective (O’Malley et al., 2013).

In this order of ideas and taking into consideration how digital resources advance and are
integrated into classrooms, it is necessary to develop basic digital skills in all the subareas
that make up and structure DC (Tomczyk, 2019), requiring valid and reliable instruments
that allows knowing the level of literacy for any group involved in the educational process.
However, the scientific literature remains quite scarce regarding the existence of instru-
ments that allow analyzing the basic DC of teachers, students and parents, in a heteroge-
neous and joint manner. To justify this statement, a bibliographic search of CD measurement
instruments has been carried out with the following inclusion criteria: (1) the words must
appear in the title of the paper “digital competence instrument”, “digital competence scale”
or “digital competence framework™; (2) that the instruments had some type of validation,
whether expert validation or construct validation (exploratory factor analysis, EFA; confir-
matory factor analysis, CFA); and (3) that the studies are from the last five years. Table 1
shows that there are many instruments, each with different structural taxonomies on how
to measure DC. However, three specific aspects are observed: (1) that no instrument has
measured the DC of the group of parents; (2) that no instrument has measured the DC of
the three main educational agents in a heterogeneous and joint manner, leaving a gap in the
scientific literature; y (3) very few instruments have measured multigroup invariance with
the purpose of offering more robust validity to all groups.

Therefore, the contribution of this study, and consequently, the purpose to be achieved, is
to validate a psychometric instrument with sufficient methodological rigor (including multi-
group invariance), to evaluate the basic DC of the three main agents in the teaching process
(teachers, students, and parents), and which serves to evaluate the DC of these agents for
any educational stage (Early Childhood Education, Primary Education, Secondary Educa-
tion and Higher Education).

2 Method
2.1 Design, type of Sampling and Confidentiality

A non-experimental and ex post facto design was used. Data collection was carried out
using intentional non-probabilistic sampling, as well as snowball sampling (Leighton et
al., 2021). The data was collected during the 2022/2023 academic year, from all over the
territory of the Dominican Republic. Before participants completed the questionnaire, they
were informed about the purpose of the research, which revolved around a doctoral thesis.
Data collection was carried out anonymously using an online form without any marking that
could compromise the identity of the participants.

@ Springer



J. M. Soriano-Alcantara et al.

Table 1 Bibliographic analysis of instruments in DC

Authors Focused on Reability  Validity
AFE AFC Multi-
group
invariance
Llorente-Cejudo et al. (2023) Higher Education Teachers X X X -
Alarcon et al. (2020) Teachers Educators X - X -
Iglesias-Rodriguez et al. (2021)  Students X - -
Guillen-Gamez et al. (2021) Early Childhood Education and  x X X
Primary Education Teachers
Guillén-Gamez et al. (2023b) Teachers of all educational stages x -
Guillén-Gamez et al. (2023c¢) Early Childhood Education and  x X
Primary and Secondary Educa-
tion Teachers
Wang et al. (2021) Higher Education Students X -
Barragan-Sanchez et al. (2020)  Early Childhood Education, Pri- x X X -
mary Education and Secondary
Education Teachers
Tzafilkou et al. (2022) Higher Education Students X - X -
Cisneros-Barahona et al. (2023) Higher Education Teachers X X - -
Bayrakci and Narmanlioglu Higher Education Students X X X -
(2021)
Fan and Wang (2022) Higher Education Students X X X -
Viberg et al. (2020) k-9 School (elementary-junior X X - -
high school teachers)
Cabero-Almenara et al. (2020)  Expert judgment - - - -
Montenegro-Rueda and Expert judgment - - - -
Fernandez-Batanero (2023)
Jiang and Yu (2023) Secondary Education Teachers X X X -
Glimiis and Kukul (2023) Primary and Secondary Educa-  x X -
tion Teachers
Calderon Garrido et al. (2020)  Higher Education Teachers X X - -
Quiroz et al. (2022) Higher Education Students X X X -
Contreras-German et al. (2019)  Secondary Education Students X X X -
Almenara et al. (2020) Higher Education Students X X X -
Riquelme-Plaza et al. (2022) Higher Education Teachers X X X -

* Own elaboration

2.2 Preliminary Analyzes for the Sample of Participants

The response rate was 1335 participants. However, Kline (2023) states that there are a series
of important issues to consider in any survey validation process. First, the presence of miss-
ing data manifests itself when participants do not respond to a specific item. Fortunately,
when administering the survey with Google Forms, we took the step of labeling all items as
required. This measure has contributed to minimizing the probability of omitted responses.
Secondly, we managed to detect outliers using the Mahalanobis distance (D2). Kline (2023)
recommends that all observations (subjects) that have a p-value less than 0.001 in the two
calculations of the distances P1 and P2 be eliminated. In this research, we eliminated 166
subjects based on the p-values reported by the AMOS software, thus leaving a sample of
1,169. In addition, 20 cases were also eliminated since some of the participants marked the
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option of early childhood education students, which was a marking error, since, for this
study, the authors have considered that, due to the chronological age of the student, they are
not qualified to respond to a survey. The final sample was 1149 participants. The distribution
is seen in Table 2.

2.3 Instrument

To measure the CD of the different agents of the educational community, the instrument
by Carrera et al. (2011) was used. However, the instrument lacked psychometric values
which would measure reliability and construct validity since the authors had only carried
out expert judgment validation. The test format is Likert type with 7 response options from
7 (I have the skills to do it) to 1 (I don’t have the skills to do it). The instrument had a total
of 23 dimensions of which the 6 most representative dimensions that measured basic digital
skills were selected. Each of the selected factors is theoretically defined as follows:

1. SKkills in management and transfer of technological data: ability to store informa-
tion on various devices, including the ability to facilitate the smooth transfer of data
between computers and mobile devices, as well as knowing how to configure and iden-
tify different peripheral devices.

2. Software and hardware skills: ability to interact efficiently with computer programs
and physical devices. In software, this includes proficiency in installing, configuring
and using applications, while in hardware it refers to the skill in operating and maintain-
ing physical devices and components, such as computers, printers and peripherals.

3. Web navigation skills: ability to use and carry out actions effectively with web brows-
ers, reflecting on the security of websites, browsing the web through links and sending
files.

4. Skills in using word processors: ability to create, edit and format text documents. This
includes mastering functions such as writing, spelling and grammar correction, as well
as handling advanced features such as styles, tables and inserting graphics, facilitating
the creation of professional and well-structured documents.

5. Data processing and management skills: ability to collect, organize and analyze
information efficiently. This includes skills in database management, interpretation of
statistical data, and application of techniques to ensure the integrity and accuracy of
information.

6. Multimedia presentation design skills: ability to create visually attractive and effec-
tive content through the use of graphic design tools.

Table 2 Sample distribution

Early Childhood Primary Education Secondary Education Higher Education
N Age N Age N Age N Age
Stu- - - 29.3% 12.50+£4.80 38.3% 16.20+4.25 32.3% 27.14%£9.27

dents

Teach- 19.4% 3791£7.70 19.2% 38.68%7.72 26.1% 38.88+8.69 35.4% 40.05+8.33
ers

Parents 17.1% 32.05+7.04 8.20% 38.36%+10.20 24.70%  36.83+8.01 50% 36.67+7.56
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2.4 Procedure and Verification of Assumptions

First, the sample was divided into two subgroups drawn at random, with the objective of
examining the internal composition of the instrument, following the guidelines proposed by
Hinkin et al. (1997). Each subsample was used to analyze the construct validity process by
applying EFA and CFA.

The purpose of the EFA is to discover the underlying structures between the items, clas-
sifying them based on the correlation coefficients between them (Sencan, 2005). In other
words, the EFA assumes that the correlations (covariance) between the observed items can
be explained by a smaller number of latent factors (Mulaik, 2018). For the analysis, the
Oblimin rotation method and the Principal Axis factorization method were used, which ana-
lyzes the common variance between the items to answer questions such as How many fac-
tors? What are the factors? And what are the relationships between the factors? (Mvududu
& Sink, 2013).

For the second type, the CFA was used to verify the relevance of the proposed theoretical
models (Perry et al., 2015). Structural equation modeling was used based on the polychoric
correlation matrix and robust maximum likelihood estimators. Convergent validity was also
verified, which refers to the degree of certainty that the proposed items measure the same
latent factor (Cheung & Wang, 2017) and was evaluated through average variance extracted
values (AVE). For discriminant validity, the MSV index (maximum squared shared vari-
ance) was considered. Regarding the last type of validity analyzed, and with the purpose
of knowing if the factorial structure of the model is shown to be invariant with respect to
the variable typology of educational agent and educational stage, multigroup analyzes were
carried out to determine if the instrument was equally valid.

Once adequate validity was obtained, the assumption of multivariate normality was
verified. For this, multivariate normality was verified by comparing the Mardia coefficient,
which is considered acceptable when its value is less than the result of the formula p(p+2)
(Raykov & Marcoulides, 2008), where p is the number of items. This assumption is verified
by contrasting the multivariate kurtosis value obtained in SPSS Amos (Ping & Cunningham,
2013). The calculation was carried out assuming the final 20 items of the instrument. The
formula returned a value of 440, while the multivariate kurtosis index was 92.562. There-
fore, since the Mardia coefficient was less than the formula value, we concluded that the
multivariate normality assumption was confirmed.

The last procedure was to check the internal consistency of the instrument, where dif-
ferent reliability coefficients were used such as Cronbach’s Alpha, Composite Reliability,
Spearman-Brown Coefficients, Guttman’s Two-Halves and McDonald’s Omega. All ana-
lyzes were performed using IBM SPSS version 24.0 and AMOS version 24.0.

3 Results
3.1 Comprehension Validity: Statistical Analysis of the items
To check the validity of understanding the instrument, scientific literature recommends

using the kurtosis (K) and skewness coefficients (A), which must be within the thresh-
old+1.5 (Pérez & Medrano, 2010). In this case, the following items were eliminated for
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subsequent analyses: DIM1.1, DIM1.2, DIM2.7, and DIMS5.6. For the same verification,
Meroilo et al. (2018) recommends eliminating those items with a standard deviation (ST)
smaller than the value 1. It can be seen in Table 3 that all items meet this requirement.

The degree of discrimination of each item was also used through the corrected correla-
tion coefficient between the item score and the factors. The purpose of this procedure is to
increase the reliability of the factors if any of their corresponding items were eliminated.
Shaffer et al. (2010) state that items must be excluded from the instrument if the item-total
correlation coefficient is less than 0.40. Table 4 presents the analysis of the degree of dis-
crimination through two parameters: corrected total correlation of elements and Cronbach’s
Alpha if the element has been deleted. It is observed that no item of the instrument has a
value less than 0.60 in the column of Corrected Total Correlation of Elements, complying
with the authors’ recommendations. Therefore, no element was eliminated for subsequent
analyses.

Table 5 presents the correlation matrix between the latent factors of the instrument when
applying the oblimim rotations method, indicating that there is a correlation between the
factors. This finding suggests the unidimensionality of the instrument, which is composed
of a base of six latent factors.

3.2 Construct Validity (AFE)

The results related to construct validity are shown through the application of the EFA
method, following the recommendations of Glimiis and Kukul (2023). The Kaiser Meyer
Olkin Index (KMO) and Bartlett’s Test of Sphericity were checked, with the purpose of
verifying the suitability of the data for the factor analysis and the relevance of the sample
size. Authors such as Worthington and Whittaker (2006) establish that values greater than
0.8 for the KMO index would be satisfactory and, in our study, the KMO value was 0.975.
Respecto al test de Bartlett, se arrojo un resultado significativo con un valor de p<.05. In
addition, it was determined that the Chi-square value was 45184.141, and the number of
degrees of freedom (DF) was 630. These values are considered appropriate according to the
literature corresponding to the EFA stage (Watkins, 2021).

According to the previous analyses, the EFA was applied with a total of 36 items. In the
literature, factor distributions are expected to have a landa value greater than one (Cattell,
1966). Furthermore, it is recommended that those items with factor loadings less than 0.40
be eliminated from the model, the same occurring for those items that have not saturated
the corresponding factor (Giimiis & Kukul, 2023). Table 6 shows that all items meet the
criterion, so none of them were eliminated for subsequent analyses.

The results of the EFA revealed the 36 items grouped according to the theoretical belong-
ing factor. The emerging factors, according to the theoretical foundations, take the following
names: Factor 1 (items DIM3.2, DIM3.3, DIM3.7, DIM3.6, DIM3.4, DIM3.1, DIM3.5)
which explained 67.04% of the true variance in the participants’ scores; Factor 2 (items
DIMS.5, DIMS5.4, DIMS.3, DIMS.7, DIMS.1, DIMS.2) explaining 6.35% of the variance;
Factor 3 (items DIM6.4, DIM6.6, DIM6.3, DIM6.7, DIM6.5, DIM6.2, DIM6.1), explain-
ing 5.03% of the variance; Factor 4 (items DIM4.5, DIM4.6, DIM4.3, DIM4.4, DIM4.2,
DIM4.1) with 3.45% of the total variance; Factor 5 (items DIM2.4, DIM2.6, DIM2.3,
DIM2.5, DIM2.2, DIM2.1) with 3.26% of the variance; and finally, Factor 6 (items DIM1.6,
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Table 3 Coefficients of asymmetry, kurtosis and standard deviation

ST A K
DIMI1. Skills in management and transfer of technological data
1.1 I know how to turn on and off any type of computer .70 -1.80 1.85
1.2 I can distinguish what is a USB memory, a memory card, an internal or 1.77 -1.57 1.06

external hard drive
1.3 T know how to save information on a CD, DVD, hard drive or memory card 213 -1.13 -0.30

1.4 T know how to transfer information from a computer to a smartphone and vice 2.04 -1.14 -0.17
versa

1.5 T know how to configure mobile phones, printers, Wi-Fi, Bluetooth on a 1.81 -139 0.83
computer

1.6 I know how to identify different types of connections on computers (USB, 2.00 -1.05 -0.33
HDMI, VGA, Ethernet).

DIM2. Software and hardware skills

2.1 I know how to differentiate if a computer or laptop is better than another ac-  2.14 -0.70 -1.00
cording to its characteristics

2.2 1 know what an Operating System is (Windows, Mac or Linux) 2.16 -0.79 -0.87
2.3 I recognize the most common words of an operating system (file, folder or 1.87 -130 0.27
program, among others)

2.4 1 know how to organize files and folders according to my interests 1.95 -1.32  0.27
2.5 T know how to back up my files and folders 203 -1.15 -0.13
2.6 1 know how to delete unnecessary files from my computer 191 -137 044

2.7 1 know how to identify the basic elements of the computer and its functions 1.77 -l1.61 1.22
(screen, keyboard, mouse, or tower, among others)

DIM3. Web navigation skills

3.1 I know how to install plugins and credentials in browsers 1.89 -1.20 0.06
3.2 T know when a website is secure and when it is not 1.99 -1.05 -0.30
3.3 I know how to navigate the Internet through links or hyperlinks 1.99 -1.14 -0.15
3.4 T know how to use the basic functions of browsers (back, forward, refresh 1.89 -1.37 047
page, add favorites or bookmarks, among others)

3.5 T know how to upload or send files through links or hyperlinks 2.04 -1.15 -0.16
3.6 I recognize the most common words when I browse the Internet (URL, 2.02 -1.15 -0.15

hyperlink, doi)
3.7 I know how to recognize different browsers and their characteristics for 2.04 -1.06 -0.32
browsing the Internet (Explorer, Firefox, Opera)

DIMA4. Skills in using word processors

4.1 I know how to recognize different programs to edit text (Word, Writer or 1.87 -1.20 0.21
WordPad, google+text)
4.2 I know how to recognize the most common words in text editors (format, 1.81 -1.39 0.66

paragraph, margins, insert, line break or header and footer, among others)

4.3 T know how to create, save, and print a text document with Word or another 1.93 -135 047
program

4.4 1 know how to format a text by changing the heading, the font, the marginsor 1.94 -1.29  0.27
the distance between lines, among others

4.5 I know how to use the cut, copy and paste functions to make a document 1.84 -1.45 092
4.6 T know how to insert images or graphics into a text document 1.90 -1.40 0.63
DIMS. Data processing and management skills

5.1 I know how to recognize different programs to create spreadsheets (Excel or  2.14 -0.58 -1.09
Calc, google+calculation)

5.2 T know how to recognize the most common words in spreadsheets (sheets, 2,11 -0.82 -0.79
rows, columns or cells, among others)
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Table 3 (continued)

ST A K

5.3 T know how to create, enter data, save and print a spreadsheet with Excelor ~ 2.18 -0.58 -1.13
another program

5.4 1 know how to format a spreadsheet by modifying the distance between cells, 2.17 -0.49 -1.20
the font, or the margins, among others

5.5 1 know how to do simple calculations with formulas in a spreadsheet. 220 -042 -1.28
5.6 I know how to do simple calculations by entering the formulas myself. 223 -036 -1.63
5.7 1 know how to create graphs from entered data. 225 =030 -1.40

DIM6. Multimedia presentation design skills

6.1 I know how to use programs to make presentations (PowerPoint, Google 205 -097 -0.51
Presentation, Canva, Genially)

6.2 I know how to design the most common presentation options (slides, back- 201 -1.13  -0.19
ground, effects, transitions, among others)

6.3 1 know how to make, save and export a digital presentation to other formats ~ 2.09 -1.03 -0.46

6.4 1 know how to format a presentation by changing the background, the fontor 2.08 -1.07 -0.38
adding images, among other effects

6.5 I know how to add effects and transitions between slides to a presentation 2.10 -0.96 -0.58
6.6 1 know how to add music, video and animations to the presentation 2.06 -1.03 -0.42
6.7 I know how to make simple presentations with and without templates 2.08 -1.08 -0.36

*Note Own elaboration

DIM1.4, DIM1.5, DIM1.3) with 2.04% of the variance. It was found that the rate of total
explained variance was 87.17%.

3.3 Construct Validity (AFC)

The CFA was performed to determine how the EFA data fit (Bandalos & Finney, 2018). The
goal was to achieve an instrument that was as simple and concise as possible, with a smaller
number of items, without compromising reliability or validity. The first model was initially
examined with the final latent structure obtained through the EFA. Table 7 shows that this
model did not meet any of the fit indices recommended by Hu and Bentler (1999), which led
to the creation of a second model. In this second model, all those items that had an exagger-
atedly high covariance with any of the rest of the items of the instrument were eliminated,
as recommended by Byrne (2013). To achieve this, the modifications of indices (MIs) of the
covariances between items were analyzed, interpreting this as an interaction of errors. Spe-
cifically, the following items were eliminated: DIM2.1, DIM2.5, DIM3.1, DIM3.2, DIM3.3,
DIM3.4, DIM4.1, DIM4.2, DIMS5.1, DIM5.2, DIMS5.3, DIMS.6, DIM6.1, DIM6.2, DIM6.3
and DIMG6.6.

The second model was significant and met all recommended requirements. Table 7 shows
the coefficients obtained for each index analyzed. The value of the chi-square goodness-of-
fit test (CMIN/DF) was 2.258, which explains the suitability of the sample size of the data,
where values less than 5 are interpreted as satisfactory (Kline, 2011). The comparative fit
index (CFI) and the normalized fit index (NFI) must be equal to or greater than 0.95 (West
et al., 2012). In the second model, values of 0.988 and 0.978 respectively were observed,
interpreting them as acceptable. The IFI (Incremental Fit Index) and TLI (Tucker-Lewis
index) are incremental adjustment indices. The literature recommends that these values be
greater than 0.95 (Hu & Bentler, 1999). In the model these values were 0.988 and 0.985,
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Table 4 Analysis of the scale Scale Mean  Scale Corrected Cronbach’s
discrimination index if Item Variance Item-Total Alpha
Deleted if Ttem Correlation if Item
Deleted Deleted

DIM1

DIM1.3 190.6030 3335.607 0.743 0.985
DIM1.4  190.5967 3328.737  0.807 0.985
DIML1.5 190.2339 3367.392  0.725 0.985
DIM1.6  190.6561 3344251  0.755 0.985
DIM2

DIM2.1 191.0936 3349.968  0.680 0.986
DIM2.2  191.0215 3324.046  0.782 0.985
DIM2.3 190.3590 3351.165 0.778 0.985
DIM2.4  190.3932 3331.330 0.834 0.985
DIM2.5 190.5853 3327.385  0.820 0.985
DIM2.6  190.3363 3344.851 0.791 0.985
DIM3

DIM3.1 190.4526 3342.139  0.813 0.985
DIM3.2  190.6738 3334.167 0.804 0.985
DIM3.3 190.5727 3343.956  0.762 0.985
DIM3.4  190.3426 3350.808  0.773 0.985
DIM3.5 190.6106 3325.233 0.824 0.985
DIM3.6  190.5702 3321.969  0.845 0.985
DIM3.7  190.6865 3324.729  0.827 0.985
DIM4

DIM4.1 190.4918 3336.154  0.849 0.985
DIM4.2  190.3085 3343.145  0.842 0.985
DIM4.3 190.3818 3330.614  0.848 0.985
DIM4.4  190.4083 3331.204  0.840 0.985
DIM4.5 190.2453 3345.732  0.816 0.985
DIM4.6  190.3363 3335406  0.838 0.985
DIMS5

DIMS.1 191.2491 3326.159  0.780 0.985
DIM5.2  190.9204 3322.367 0.806 0.985
DIMS5.3 191.2528 3320.199  0.789 0.985
DIM5.4  191.3666 3323.888  0.777 0.985
DIMS.5 191.4437 3326.288  0.756 0.985
DIMS5.7  191.6435 3331.966 0.716 0.985
DIM6

DIM6.1 190.7257 3319.934  0.842 0.985
DIM6.2  190.5638 3320.851  0.855 0.985
DIM6.3 190.6789 3312.112  0.858 0.985
DIM6.4  190.6384 3312.813  0.860 0.985
DIM6.5 190.7686 3313.530 0.848 0.985
DIM6.6  190.7067 3317.066  0.849 0.985

*Note Own elaboration DIM6.7  190.6397  3317.727 _ 0.839 0.985
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Table 5 Factorial correlation matrix

Dimensions DIM3 DIMS DIM6 DIM4 DIM2 DIM1
DIM3 1.000

DIMS 0.639 1.000

DIM6 0.706 0.693 1.000

DIM4 0.706 0.617 0.757 1.000

DIM2 0.751 0.575 0.676 0.682 1.000

DIM1 0.713 0.581 0.604 0.569 0.737 1.000

*Note Own elaboration

respectively, interpreted as satisfactory. Finally, the RMSEA (Root mean squared error of
approximation) measures the difference between the observed covariance matrix per degree
of freedom and the predicted covariance matrix, where satisfactory values must be less than
0.06 (Hu & Bentler, 1999). In the second model, a value of 0.057 was obtained, considering
it within the accepted standard. Furthermore, to improve the model, the covariance method
was applied to the relationships between the items (Schreiber et al., 2006). Consequently,
covariance graphs were drawn between the error terms el-e3 and e5-e7, due to the relation-
ships formed between items DIM1.3-DIM1.5 and DIM2.2-DIM2-4, respectively.

Figure 1 shows the final factor model as a result of the CFA and the findings on the rela-
tionship between the latent factors and their items. The standardized correlation values can
also be observed from the CFA results.

3.4 Convergent and Discriminant Validity

In order for the AVE coefficient to be satisfactory, each factor of the instrument must have
a value greater than 0.50. Furthermore, the value of the diagonal of the square root of AVE
must be higher than the correlations between the factors (Hair et al., 2010). Table 8 shows
the AVE values greater than 0.5, and, in turn, how the square roots of the AVE (diagonal)
were higher than the correlations between the latent factors.

To evaluate discriminant validity, the MSV index (maximum shared variance) was used,
where the criterion is that its value is lower than the AVE of each factor (Fornell & Larcker,
1981). When analyzing these results, it is observed in Table 8 that, although both factors are
considerably related, the discriminant validity between them is maintained.

3.5 Analysis of the Internal Consistency of the Instrument (Reliability)

In the literature it is stated that different methods are used to measure the reliability of the
instruments. Nunally (1978) considers that the minimum acceptable value of the reliability
coefficient must be at least around 0.7, although it is better close to 0.80. Furthermore,
according to Cokluk et al. (2012), a value between 0.80 and 1.00 is considered highly reli-
able. The values found in this study were greater than 0.90 (Table 9). Therefore, it can be
stated that the internal consistency coefficient obtained in this study is very good. Regarding
the composite reliability coefficient (CR), the value must be above 0.7 for all factors (Heinzl
et al., 2011). Note that this criterion was also met. Also, the Spearman-Brown, Guttman
Two-Halves and Omega McDonald Coefficients reached the recommended thresholds, so
the reliability of the instrument was very satisfactory in each latent factor and its total.
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Table 6 Exploratory factor analysis of the instrument

Factor
1 2 3 4 5 6
DIM3.2 0.953
DIM3.3 0.913
DIM3.7 0.896
DIM3.6 0.884
DIM3.1 0.866
DIM3.4 0.865
DIM3.5 0.812
DIMS.5 0.958
DIM5 .4 0.955
DIM5.3 0.925
DIMS.7 0913
DIMS.1 0.823
DIMS5.2 0.728
DIM6.4 0.976
DIM6.6 0.959
DIM6.3 0.942
DIM6.7 0.941
DIM6.5 0.940
DIM6.2 0.909
DIM6.1 0.892
DIM4.5 0.893
DIM4.6 0.881
DIM4.3 0.830
DIM4.4 0.804
DIM4.2 0.791
DIM4.1 0.641
DIM2.4 0.847
DIM2.6 0.828
DIM2.5 0.819
DIM2.3 0.802
DIM2.2 0.543
DIM2.1 0.470
DIM1.6 0.819
DIM1.4 0.671
DIM1.5 0.622
DIM1.3 0.573
*Note Own elaboration

Table 7 Model goodness-of-fit indicators

Models CMIN gl CM./df IFI CF1 TLI NFI RMSEA  90% CI
1° 2557.153 577  4.432 0939 0939 0934 0923 0.096 0.93 -0.100
2 329.736 153 2.155 0988 0988 0985 0978  0.057 0.048 —0.065

*Note Own elaboration
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Fig. 1 Diagram of confirmatory factor analysis. Own elaboration
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Table 8 Convergent and discriminant validity coefficients

Factors AVE MSV Square root of AVE (diagonal) and Correlations between factors
DIM3 DIMS5 DIM6 DIM2 DIM4 DIM1

DIM3 0.945 0.698 0.972

DIMS 0.970 0.622 0.704 0.985

DIM6 0.992 0.795 0.776 0.765 0.996

DIM2 0.818 0.739 0.835 0.721 0.823 0.904

DIM4 0.988 0.795 0.832 0.789 0.892 0.859 0.994

DIM1 0.819 0.733 0.811 0.704 0.739 0.856 0.799 0.905

*Note Own elaboration

Table 9 Reliability coefficients

Dimension DIM1 DIM2 DIM3 DIM4 DIM5 DIM6 TOTAL
Cronbach’s alpha 0.93 0.94 0.96 0.98 0.95 0.99 0.98
Spearman-Brown coefficient  0.92 0.93 0.96 0.98 0.96 0.98 0.95
Split-half of Guttman 0.92 0.93 0.85 0.87 0.86 0.87 0.95
Omega McDonald 0.98 0.98 0.98 0.98 0.98 0.98 0.99
CR 0.95 0.95 0.98 0.99 0.99 0.99 -

*Note Own elaboration

3.6 Multigroup Invariance Analysis

With the purpose of evaluating the invariance of the factorial structure of the model in rela-
tion to the type of educational agent (teachers, students and parents) and the educational
stage (kindergarten, primary, secondary and university), an analysis was carried out mul-
tigroup. The presence of invariance by type of educational agent would be established if
there were no significant differences (p. > 0.05) between the Unconstrained Model and the
Measurement Weights Model. Likewise, following the proposal of Cheung and Rensvold
(2002), invariance could be corroborated by the CFI coefficient, where a difference equal to
or less than 0.01 in the comparison between the Unconstrained Model and the Measurement
Weights Model would indicate the presence of invariance. For the typology of educational
agent, no significant differences were found between both models (p. = 0.098), assuming
a minimum criterion to accept the existence of model invariance by types of educational
agents (Byrne et al., 1989; Marsh, 1993). In addition, it was reflected that the difference
between CFIs obtained is 0.001, allowing the metric invariance model to be accepted for
both cases. It can be concluded that metric invariance establishes the equivalence of the
basic meaning of the construct through factor loadings between the three groups (teachers,
students and parents). For the analysis between educational stages, no significant differ-
ences were found between both models (p. = 0.583), so the instrument is also equally valid
to analyze DC at any educational stage (See Table 10).
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Table 10 Multigroup analysis of factorial invariance

Models r gl el A Agl CFI IFI  SRMR RMSEA (IC 90%)
Typology of educational agent

Unconstrained ~ 862.684 459 1.879 - 0.973 0.973 0.0329 0.050(0.045-0.055)

Measurement 900.707 487 1.850 40.21 28 0.972 0.972 0.0404 0.049(0.044 —0.054)
weights
Structural 1102.753 529 2.085 196.20* 42 0.961 0.961 0.0496 0.055(0.051 —0.060)

covariances

Measurement 1982.810 573 3.460 842.32* 44 0.905 0.905 0.0719 0.083(0.079 —0.087)
residuals

Educational stage

Unconstrained ~ 1232.395 612 2.014 - - 0.958 0.959 0.0293 0.054(0.049 —0.058)
Measurement 1271.846 654 1.945 39.45 42 0.958 0.959 0.0277 0.052(0.047 —0.056)
weights

Structural 1532.783 717 2.138 260.94* 63 0.945 0.945 0.0855 0.057(0.053 —0.061)
covariances

Measurement 2628.220 783 3.357 1095.44* 66 0.876 0.875 0.1201 0.082(0.078 —0.085)
residuals

Note *p<.001. Own elaboration

4 Discussions and Conclusions

Training in DC stands as an imperative to guarantee effective and relevant education in
the contemporary era. In this context, digital training for teachers, students and parents is
essential, since, first, it enables educators to effectively integrate technology into teach-
ing; secondly, it provides students with key 21st century skills and lastly, it fosters effec-
tive collaboration between school and family, preparing everyone for the ever-changing
digital environment. In fact, it is the responsibility of educational institutions to ensure that
all participants in the educational process have comprehensive access to digital tools and
resources, both inside and outside the classroom. This access must go hand in hand with
effective training in DC, in order to enhance student learning.

In this study, an instrument was tested and validated which measured the basic DC of
the main agents of the educational community (teachers, students, and parents). There are
many studies of instruments in the literature that have similar results, however, there is no
study that analyzes these skills of the entire educational community in a heterogeneous way
with the same instrument, and which serves for all educational stages, contributing to the
progress of science. To do this, we start from the expert validation carried out by Carrera et
al. (2011) which initially configured the measurement instrument.

Different techniques were used to validate the scale: comprehension, construct, conver-
gent, discriminant and invariance validity. The initial selection of items was 40. First, the
dispersion values were checked with the purpose of adjusting the successive correlations of
the items as recommended by Pérez and Medrano (2010) and Merofio et al. (2018). Sub-
sequently, the discrimination of each item was verified through the corrected correlation
coefficient between the item score and the factors, achieving very satisfactory levels with
values higher than those recommended by Shaffer et al. (2010) and Munro (2005). Bartlett’s
test was also used to perform the EFA, as well as the oblimin principal axis factorization
method.
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After the EFA study, a scale composed of 36 items with six factors was created as a result.
The EFA results were confirmed by CFA. For this procedure, some adjusted indices were
used and the results were compared with acceptable values expressed by Hu and Bentler
(1999), Kline (2011) and West et al. (2012). When all these values were examined, several
models were carried out and the last one determined that the results obtained are within the
range of acceptable values specified in the literature. Subsequently, the discriminant and
convergent validity of the instrument was also verified, finding satisfactory values in both
the AVE index and the MSV index, as recommended by Hair et al. (2010) and Fornell and
Larcker (1981). The last type of validity verified was the invariance by type of educational
agent and educational stage, which showed satisfactory coefficients which showed how
valid the instrument was for any group and educational stage.

Therefore, unlike other instruments, the basic DC scale is validated for any type of edu-
cational agent, whether teachers, students, or parents, as well as for any educational stage
(Early Childhood Education, Primary Education, Secondary Education and Higher Educa-
tion). With this scale, each group will be able to evaluate their DC in relation to fundamen-
tal technological skills and address any deficiencies that may exist, thus allowing them to
improve their capabilities in this area.

In addition to carrying out the validity of the instrument, it is essential to reflect on how
to improve both the design and methodology of the study. One limitation lies in the type of
sample used, which was non-probabilistic. Therefore, the results obtained should be inter-
preted with caution when applying them to other members of the educational community
who have similar characteristics, thus avoiding extrapolating the findings to all teachers,
students and parents. Looking to the future, it would be relevant to consider the possibil-
ity of collecting a more representative sample of these agents, in order to achieve a more
adequate generalization of the results and guarantee that the instrument is equally valid for
the entire educational community.
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