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Abstract  ———————
Background: Technology plays a fundamental role to achieve higher version 2 v
education key learning objectives. Digital competence (DC) is defined (revision) Jew
as a set of skills, knowledge, abilities, and attitudes in technological 06 Nov 2023
aspects. It is necessary to employ an effective training action plan in
higher education institutions to advance towards a level of teaching version 1 7 ? v
digital competence (TDC). The objective of this study was to validate 21ul 2023 view view view
the COMDID A instrument to assess Teaching Digital Competence s
(TDC) of active teachers, through a confirmatory factor and internal 1. Yu Zhao "=/, Universidad de Salamanca,
reliability analysis. Salamanca, Spain
Methods: The research was developed within a descriptive- 2. Francesc M. Esteve-Mon "=, Jaume I
correlational scope and a non-experimental-cross-sectional design to University, Castellén de la Plana, Spain
validate the dimensionality and reliability of the COMDID A instrument
and evaluate the self-perceived digital competence of active teachers. ~ 3- Amaia Arroyo Sagasta "=, Mondragon
The population was made up of 690 professors who were part of the University, Mondragon, Spain

teaching staff of the National University of Chimborazo, Ecuador, in
the first academic period of the year 2021. The sample was
probabilistic, in a simple random scheme, the percentage of potential
error admitted was 3%. The representativeness of the sample was
50%, and the confidence level was 97%. A total of 511 teachers
completed the questionnaire compared to the 452 individuals needed.

Any reports and responses or comments on the

article can be found at the end of the article.

Results: The instrument was robust, and it was reliable for the
calculated sample. There were correlations between the variables, and
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the statistical calculation ensured the development of the multivariate
analysis to validate the dimensionality of the instrument. Moreover,
the correct dimensionality was determined through a confirmatory
analysis and high reliability of the instrument.

Conclusions: The calculated factorial scores were defined in order for
further studies to be carried out. It is important to apply confirmatory
factor analysis in educational technology research to validate the
dimensionality of data collection instruments.
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This article focuses on the validation of an instrument designed specifically to assess Digital Competence (DC) in the field of
university education. During the review of this manuscript, we provide a conceptually well-founded perspective firmly
grounded in the state of the art, paying special attention to the close relationship between Digital Competence (DC) and
Teacher Digital Competence (TDC).

Furthermore, we present a comprehensive description of the COMDID A instrument, which has been carefully chosen to
evaluate Teacher Digital Competence in active educators. The justification for selecting this instrument is firmly based on its
relevance, effectiveness in measuring TDC, and its adaptation to the specific characteristics of the Latin American
educational context. To enhance the understanding of the dimensional structure of the instrument, we have included
Figure 1, which provides a complete overview of the composition of the applied instrument.

In our effort to enrich this manuscript, we have expanded the sections related to the introduction, methodology, discussion,
and conclusions. Our primary objective is to provide a more comprehensive and profound understanding of the study.
Additionally, we have included a section dedicated to exploring the potential limitations of the research, offering a critical
and balanced perspective on the work carried out.

Any further responses from the reviewers can be found at the end of the article

Introduction

In 21st century society, which is digitally rich, the construction of a comprehensive and inclusive higher education is
essential, one which attends to various actors’ needs and linking the university with society (Domingo-Coscollola e al.,
2020). To accomplish this task, it is necessary for academic personnel to reach at least a medium DC level so universities
must invest time and resources in the training of their professors (Amaya Amaya er al., 2018; Cisneros-Barahona,
Marqués-Molias, et al., 2022b; Reyes, Cardenas, 2018; Sdnchez-Caballé et al., 2020).

Nowadays, there is a gap between teacher’s skills and the deficient academic training they receive to achieve them. This is
due to the confusion about the conceptualization of digital competences and then to the limitations of developing efficient
digital training plans (Biel & Ramos, 2019; Malagén Terrén & Graell Martin, 2022), through public policies that
strengthen the inclusion and treatment of these capacities in initial and continuous teachers’ training (Cabero-Almenara
et al., 2021; Garita-Gonzalez et al., 2019; Guillén-Gamez et al., 2021; Silva et al., 2019).

The importance of information and communication technologies (ICTs) in higher education lies in the improvement of
teaching and learning processes through the inclusion of DCs, which also improve students’ training and professional
performance (Ferndndez-Marquez et al., 2018; Garcia-Ruiz et al., 2023; Juarez Arall & Marqués Molias, 2019).

DC is defined as the integration of knowledge, skills, attitudes, capacities (Rangel, 2015; Vivar, 2014; Zepeda et al.,
2019), whose purpose is the use of digital technologies in a responsible, safe, and critical manner (Ferrari, 2013).

It is essential to understand the distinction between DC and TDC. Internationally, the term “digital literacy” is used
to refer to DC, while in the European context, the concept of DC is used equivalently (Almas & Krumsvik, 2007). DC is
defined as a comprehensive set of values, beliefs, knowledge, skills, and attitudes in the technological, informational,
multimedia, and communicative fields that blend into a multiple and complex competence (Gisbert Cervera & Esteve
Mon, 2011). Its fundamental purpose lies in the effective management of information for knowledge construction
(Gutiérrez, 2011). This entails secure, critical, and responsible use of ICT for educational, professional, and social
purposes, as well as interaction with them.

On the other hand, the concept of TDC refers to a complex professional competence that encompasses a set of knowledge,
skills, and attitudes that educators must possess and simultaneously apply to use DT in their pedagogical practice (Ldzaro-
Cantabrana er al., 2019). It is also defined as the competences that 21st-century teachers must cultivate to enhance their
educational practice and promote their continuous professional development (INTEF, 2017).

Systematic literature reviews have been carried out, supported by meta-analysis and bibliometrics, to explain the concept
of teaching digital competence (TDC) and to categorize theoretical aspects that make it possible to interpret the evaluation
effects easily and improve these skills (Cisneros-Barahona, Marqués-Molias, er al., 2022a; Cisneros-Barahona, Marqués
Molias, et al., 2023a; Cisneros-Barahona, Marqués-Molias, Samaniego-Erazo, Uvidia-Fassler, & De la Cruz-Fernandez,
2023d; Cisneros-Barahona, Marqués-Molias, Samaniego-Erazo, Uvidia-Fassler, De la Cruz-Fernandez, et al., 2023;
Delfin & Pirela, 2017; Gisbert Cervera et al., 2016; Marqués-Molias et al., 2016; Verda-Pina et al., 2022).

Page 3 of 24



F1000Research 2023, 12:866 Last updated: 05 APR 2024

In this regard, models with dimensions, standards, and indicators have been designed to evaluate DC levels from various
perspectives using various instruments (Almas & Krumsvik, 2007; Beetham er al., 2009; Butcher, 2019; Caena &
Redecker, 2019; Campo et al., 2013; CDEST, 2002; Elliot et al., 2011; INTEF, 2017; ISTE, 2000, 2008; Lézaro-
Cantabrana er al., 2019; Palau er al., 2019; Redecker, 2017; Trilling, 2002), that have enabled, on the one side, the
appreciation of the problems related to the deficiency of the formative aspects in teachers, as part of the strategies
implemented to reach adequate levels of TDC (Angulo et al., 2015; Cisneros-Barahona, Marques-Molias, et al., 2022;
Fernandez Cruz & Fernandez Diaz, 2016; Fernandez-Diaz et al., 2021; Gutiérrez & Cabero-Almenara, 2016; Morales
Capilla ef al., 2014; Ramirez Garcia & Gonzélez Fernandez, 2016; Silva Quiroz & Miranda Arredondo, 2020); and, on
the other side, to generate more competent professionals (Judrez Arall & Marqués Molfas, 2019).

According to the relationships that the TDC has with other variables, there are studies that point out the importance of age
(Cabero-Almenara eral., 2020; Usart Rodriguez et al., 2020), generation (Basantes-Andrade e a/., 2020) or gender (De la
Iglesiaeral.,2020; Zhao et al.,2021). In contrast, there are studies in which the variables of gender (Guillén-Gamez et al.,
2021), age, and type of degree are considered inconclusive, and the relevance is assigned to the variable of the teachers’
attitude toward the use of technological tools (Galindo-Dominguez & Bezanilla, 2021).

On the other hand, the evaluation instruments must be reliable and valid to generalize their use in any context (Herndndez
Sampieri et al., 2014b; Larraz, 2013). Reliability is the degree to which repeated application of an instrument produces the
same results, while validity is the degree to which an instrument measures a variable for real.

The COMDID A self-perception instrument (Ldzaro & Gisbert, 2015; Lazaro-Cantabrana er al., 2018), is a self-
perception rubric that characterizes the teacher, relating him to the level of TDC. The instrument has four dimensions:
1. Didactic, curricular, and methodological (six indicators); 2. Planning, organization and management of spaces and
digital technological resources (five indicators); 3. Relational, ethical and security (five indicators), and 4. Personal and
professional (six indicators) and proposes five response options related to arating scale for each of the 22 indicators (0, 25,
50, 75 and 100).

The COMDID A instrument has been through several design and development stages (Usart Rodriguez er al., 2020):
1. Literature review on which the instrument is based; 2. Items design that are part of the questionnaire; 3. Validation by
experts and, 4. Validation of factorial structure and internal reliability in relation to age, gender and access to the
university in the version for initial teacher’s training (Ldzaro & Gisbert, 2015; Lazaro-Cantabrana ez al., 2018).

Cronbach’s alpha is an internal consistency measure and makes it possible to quantify the correlation that exists between
the items that compound a scale (Cervantes, 2005; Cronbach, 1951; Gonzdlez & Pazmifio, 2015).

Factorial analysis is a multivariate statistical technique, which seeks to obtain a reduced set of unobserved or abstract
variables (common factors), which reproduce or represent the correlation shared by the observed variables. In other
words, it makes it possible to facilitate the interpretation of a group of observed variables by reducing their number to a
few that represent the common causes shared by the original variables, without losing the information (Mateos-Aparicio
& Hernandez Estrada, 2021).

The primary purpose of this research is to validate the COMDID A tool in order to assess the DC of active teachers, using
Confirmatory Factor Analysis and evaluating its internal reliability. Furthermore, it seeks to expand knowledge in the
measurement of teacher digital competence, thereby contributing to the advancement of research in this field.

Methods

Ethical considerations

Ethical approval was obtained on December 23rd, 2021 from the Society and Environment Ethic Research Committee
(CEIPSA (in Spanish)), Universitat Rovira i Virgili, CEIPSA-2021-PR-0035. All participants were asked to sign a
written informed consent before enrolment.

Instrument

The instrument employed in this study is the COMDID A questionnaire, designed for the purpose of assessing TDC
currently in active practice. The selection of this instrument is grounded in its notable strengths, which have been
highlighted in previous validation processes (Ldzaro & Gisbert, 2015; Usart Rodriguez et al., 2020). Furthermore, it is
imperative to underline that this questionnaire has been adapted to the Latin American context, rendering it particularly
pertinent to our research objectives (Lazaro-Cantabrana er al., 2018).
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Dz Planning, organization and management of

digital technological spaces and resources

1. Learning environments

2. Spaces with digital technologies of center

3. Management of digital technologies and software
4. Digital technological infrastructures

planning 5. Projects to incorporate digital technologies
5. Methodological center line
6. Evaluation, tutoring and monitoring of students

D4 Personal and professional
1. Free access to information, creation and dissemination
of educational materialwith open licenses
2. Leadership in the use of digital technologies
3. Identity and digital presence
4. Personal learning environment (PLE)
5. Virtual learning communities: formal, non-formal and
informal
6. Permanent formation

D3 Relational, ethical and security

. Ethics and security

2. Digital inclusion

3. Communication, dissemination and transfer of
knowledge

4. Digital identity of the center

5. Digital content and educational community

Figure 1. Dimensions and Descriptors of Digital Competence in the COMDID Model. Source: ARGET Research
Group, Universitat Rovira i Virgili.

The instrument comprises four distinct dimensions, each with its respective indicators. Firstly, we encounter the
dimension of Teaching, Curricular, and Methodological, encompassing 6 indicators. The second dimension addresses
the Planning, Organization, and Management of Digital Technological Spaces and Resources, comprising a total of 5
indicators. The third dimension focuses on Relational, Ethical, and Security aspects, composed of 5 indicators. Lastly, the
fourth dimension, termed Personal and Professional, encompasses 6 indicators. These details are depicted in Figure 1.

A scale from O to 100 defined the level of development of TDC in each dimension, with intervals: 1. Not started (NO), 2.
Beginner (N1), 3. Medium (N2), 4. Expert (N3) and 5. Transformer (N4).

The questionnaire employs a rating scale consisting of five response options, corresponding to a scoring scale covering
values (0, 25, 50, 75, and 100). This scale facilitates the assessment of each indicator based on its level of development. To
categorize the level of Digital Competence in both individual dimensions and globally, a numerical scale ranging from 0
to 100 has been established. This scale is defined in intervals as follows:

* Level 0 (LO) (0-12.4).

e Level 1 (L1) (12.5-37.4).

e Level 2 (L2) (37.5-62.4).

* Level 3 (L3) (62.5-87.4).

* Level 4 (L4) (87.5-100).

The study aims to validate the COMDID A instrument to assess active teachers’ DC through a confirmatory factor
analysis and internal reliability.

The scope was descriptive-correlational, and the design was a cross-sectional non-experimental (Arias, 1999, 2012;
Arnal et al., 1992; Bisquerra, 1989; Bisquerra et al., 2009; Herndndez Sampieri et al., 2014b; Ramos-Galarza, 2020).

Equation 1 was applied to calculate the sample size to estimate the portion of the desired population with a known
confidence interval (Badii er al., 2008):
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_ NZpq
n m
E*(N—1)+22pq

Where:

n: required minimum sample size.

N: Population size.

z: Z statistic for a level of confidence.
p: Expected proportion.

q: Expected proportion.

E: margin of error.

The population for this study was made up of 690 professors who were part of the teaching staff of the National University
of Chimborazo, Ecuador, during the second academic period of 2021. The sample is probabilistic in a simple random
scheme (Herndndez Sampieri e al., 2014a; Kerlinger & Lee, 1985), the admitted potential error rate was 3%. The
representativeness of the sample was 50%, and the confidence level was 97%. A total of 511 teachers completed the
questionnaire, compared to the 452 individuals needed, according to the sample requirement (Badii e /., 2008) and,
above the five samples per item required to confirm structures (110 samples according to the 22 items) (Hair ef a/., 2010).

The reliability of the instrument was calculated through Cronbach’s Alpha (Cronbach, 1951) using IBM SPSS Statistical
Software, version 28.0.1.1(15). The dimensional constructs of COMDID A for active teachers were validated through
confirmatory factor analysis, which also identified the latent factors that simplified the relationships established in the set
of observed variables (Lopez-Aguado & Gutiérrez-Provecho, 2019).

The intention was to confirm the structure of four factors that were related to the construction and theoretical validation of
the instrument, through the principal component extraction method, with Kaiser-Meyer-Olkin (KMO) measure and
Bartlett’s test of sphericity; on a set of 22 indicators or items to try to reduce the amount of data observed and, thus,
identify the four theoretical dimensions. A Varimax rotation was also used since they were orthogonal factors. The sample
was 511 individuals, above the five samples per item required for this type of analysis (110 samples) (Hair e al., 2010).

Limitations

This study comes with limitations that should be taken into consideration. It is essential to highlight that it relied on a self-
perception questionnaire, meaning that participants' responses were based on their own subjective perception. This may
not accurately reflect the true level of CDD. Therefore, it is suggested that future research utilize correlational analyses to
enable a more in-depth exploration of how variables impact CDD and how different components of this competency are
interrelated.

Results
Reliability
The Cronbach coefficient was used to validate the instrument’s reliability as a statistic to estimate the reliability of any

compound obtained from the sum of several measurements (Cronbach, 1951).

This validation was used as an analysis technique, in the second period of 2021, with the sample of 511 teachers. Results
can be seen in Table 1, according to the dimensions of the instrument:

* Dimension 1 (D1): Teaching, Curricular and methodological
* Dimension 2 (D2): Planning, organization and management of digital technological spaces and resources
* Dimension 3 (D3): Relational, ethical and security

* Dimension 4 (D4): Personal and professional
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Table 1. Statistics of reliability of the indicators of the dimensions of the COMDID A instrument.

Overall dimensions

Cronbach’s Alpha No. of items

0.956 22

Dimension 1 Dimension 2

Cronbach’s Alpha No. of items Cronbach’s Alpha No. of items
0.836 6 0.871 5
Dimension 3 Dimension 4

Cronbach’s Alpha No. of items Cronbach’s Alpha No. of items
0.857 5 0.891 6

Table 2. Kaiser-Meyer-Olkin (KMO) and Bartlett's Test - A measure of sampling adequacy.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.974
Bartlett's Test of Approx. Chi-Square 7025.987
Sphericity df 231

Sig. 0.000

Validity: Confirmatory factor analysis
The stages of analysis are (Mateos-Aparicio & Hernandez Estrada, 2021):

» Stage 1. Prior assumptions of the analysis.

» Stage 2. Extraction of factors.

» Stage 3. Rotation of factors.

» Stage 4. Determination of factorial scores.
Stage 1. Prior assumptions of the analysis
Table 2 shows the Kaiser-Meyer-Olkin (KMO) measure with a sampling adequacy of 0.974. Bartlett’s test of sphericity
presents the statistic value (7025.987), because of the low value of significance (0). Figure 2 shows the correlation matrix
and its determinant close to 0 (8.310 x 1077) (Cisneros-Barahona er al., 2023b).
Stage 2. Extraction of factors
The confirmatory factor analysis through the principal component extraction method and with the extraction criterion of a
fixed value of 4 explained the variance value of 65.31%, see Table 3. Figure 3 shows the scree plot that indicates that four
factors were viable according to the fall contrast criterion. Figure 4 reveals the Measure of Sampling Adequacy (MSA)
index, through the values of the main diagonal of the anti-image matrices.
Stage 3. Rotation of factors
An orthogonal rotation is applied, using the Varimax method. In Table 3, it can be seen how the value of the total variance

explained is the same for the non-rotated matrix and for the rotated matrix (65.316), even though the accumulated
variances of each factor do not hold.
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Comelation Matrixd

D11 D12 D13 D14 D15 D16 D21 D22 D23 D24 D25 D31 D32 D33 D34 D35S D41 D42 D43 D44 D45 D46

Comelaton D11 T000 462 525 441 470 394 384 419 392 369 435 357 386 363 410 380 373 386 401 398 338 343
D12 462 1000 463 348 389 281 306 366 282 292 319 312 360 353 292 311 325 260 297 297 271 280
D13 525 463 1000 542 544 501 529 555 503 505 523 470 490 4N 513 449 450 496 492 486 450 431
D14 A4 348 542 1000 504 492 504 509 466 544 495 465 462 463 508 403 488 492 470 480 457 422
D15 470 389 544 S04 1000 535 532 573 845 512 523 406 493 468 539 426 475 499 462 547 460 429
D16 394 281 501 492 535 1,000 483 599 S43 503 516 435 514 477 517 4N A86 529 523 511 Ass 418
D21 384 306 529 504 532 483 1000 565 590 493 573 536 476 499 520 506 492 537 560 576 541 A70
D22 419 366 555 S09 573 599 565 1000 640 604 586 534 S48 549 592 510 545 560 605 613 516 519
D23 392 282 03 466 545 543 590 640 1000 552 648 458 535 465 527 498 510 515 550 538 523 493
D24 369 292 505 S44 512 503 493 604 552 1000 593 514 567 551 631 515 550 596 543 569 .41 460
D25 A435 319 523 495 523 516 573 586 648 593 1000 558 564 576 646 558 556 603 533 609 558 529
D31 357 312 470 465 406 435 536 534 458 514 558 1000 538 514 546 531 A82 529 538 516 569 522
D32 386 360 490 462 493 514 476 S48 535 567 564 538 1000 578 536 488 512 579 581 S17 563 AN
D33 363 353 4T 463 468 477 499 549 465 551 576 514 578 1000 659 .S05 568 586 532 574 588 469
D34 410 292 513 508 539 517 520 592 527 631 646 546 536 659 1000 579 644 650 600 627 586 490
D35 360 31 A49 403 426 4N 506 510 498 515 558 531 488 505 579 1000 550 618 535 587 584 506
D41 373 325 A4S0 488 475 486 492 545 510 550 556 482 512 568 644 550 1000 632 609 566 587 469
D42 386 260 496 492 499 529 537 560 515 596 603 529 579 586 650 618 632 1000 643 674 665 495
D43 401 297 492 470 462 523 560 605 5% 543 533 538 581 532 600 535 609 643 1000 593 623 537
D44 398 297 486 480 547 511 576 613 538 569 609 516 517 574 627 587 566 674 593 1000 595 841
D45 338 2N AS0 457 460 488 541 516 523 541 558 .569 563 588 586 584 587 665 623 595 1000 538
D46 343 280 43 422 429 418 470 519 493 460 529 522 471 A69 490 506 469 495 537 541 538 1,000

Sig.(1ailed) D11 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001

a.Determinant = 8,31E007

Figure 2. Correlation matrix and determinant: linearity and correlation coefficients of each variable.

Stage 4. Determination of factorial scores

The communalities coefficients are shown in Table 4. Table 5 notes the score obtained in each of the cases of the extracted
components to estimate factors.

Principal component analysis: with one Varimax rotation for one extraction of four principal components, the rotation
has converged in six iterations, and an explained variance greater than 65.316% was obtained (Table 3). Table 6 states the
rotated components ordered according to the instrument factors. Values less than 0.3 are excluded for samples superior to
350 people by using SPSS (Hair er al., 2010).

Discussion

Internal consistency reliability is a way to estimate the equivalence of the components among themselves, and it indicates
the inner correlation between the variables of the instrument by separating the variation of the common factors and the
variation of the unique factors of each item. In this sense, the reliability of the instrument was evaluated through the
calculation of Cronbach’s Alpha coefficient for the complete instrument, understanding an alpha calculation for each of
the dimensions (Campo-Arias, 2006; Ledesma ez al., 2002; Merino Soto & Lautenschlager, 2003; Torres, 2021), which
gave the following results: For Dimension 1. Didactic, curricular, and methodological (a=0.836); for Dimension
2. Planning, organization and management of spaces and digital technological resources (o= 0.871); for Dimension
3. Relational, ethics and security (a=0.857), and Dimension 4. Personal and professional (0=0.891). The a of the
complete instrument was 0.956, data that allows us to confirm that the instrument has high internal reliability.

When observing the correlation matrix of the indicators, it was difficult to define for certain the number of correlation
coefficients greater than 0.5 (Mateos-Aparicio & Herndndez Estrada, 2021); because of that the determinant of the
correlation matrix was used. If this value is closer to 0, it will imply a more significant association of the variables with
each other, reaching the total dependence if it is O (all the elements of the matrix to 1). In the study, it was necessary to
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Figure 3. Scree plot: fall contrast criteria.
Antiimage Matrices

D11 D12 D13 D14 DIS D16 D21 D22 D23 D24 D25 D31 D32 D33 D34 D35 D41 D42 D43 D44 D4S D46

D11 603 -16 -10 -06 -06 -02 012 009 -006 021 -04 00 000 014 -01 -01 003 -01 -03 -01 021 .00

D12 .16 667 .11 .02 .06 029 008 .04 031 017 003 -02 -05 -06 041 -04 04 048 009 008 .01 .00

D13 .10 .11 472 07 04 04 .05 -03 -012 202 .01 .02 -01 00 .02 .01 023 .02 .01 014 009 -01

D14 -06 -02 -07 534 -04 -05 -05 .00 004 -08 000 -03 000 -01 <01 032 .04 01 006 000 .00 =02

D15 -06 -06 -04 -04 483 .06 -06 -04 -044 .02 002 040 -03 012 -04 020 -01 00 03 -05 00 -0

D16 02 029 -04 .05 -06 512 001 -08 -043 001 .01 005 -04 01 .01 030 -01 -03 -02 00 -02 009

D21 012 008 -05 -05 -06 001 463 -01 -077 021 03 -07 028 -02 018 -02 005 00 -05 -05 -03 008

D22 009 -04 -03 00 -04 -08 -01 379 -084 .05 006 -04 00 -02 -01 00 -01 010 -05 -05 034 -03

D23 .01 031 -01 004 -04 -04 .08 .08 A14 -3 .11 039 -04 033 015 -02 -02 025 -02 010 -02 -03

D24 021 017 -02 .08 .02 001 021 -05 -030 438 03 02 -05 -01 -06 -02 -01 -03 002 -01 .01 .010

Antimage Covariance D25 -04 003 -01 000 002 -01 -03 006 -107 =03 381 -04 .03 -03 -06 .02 -01 -02 038 -03 005 -04

D31 00 .02 -02 -03 040 005 -07 -04 039 02 .04 492 -06 -01 -03 -05 013 006 -02 007 -06 -07

D32 000 -05 01 000 -03 -04 028 00 -038 05 -03 -06 462 -08 023 001 006 -04 -06 018 -03 .01

D33 014 .06 .00 =01 012 .01 =02 .02 033 -01 =03  -01 -08 437 10 009 -03 -01 015 -03 .06 -01

D34 -01 041 02 -01 -04 -01 018 -01 015 .06 -06 -03 023 -10 349 -04 -07 -03 -03 -03 002 010

p3s -01 -04 .01 032 020 030 -02 00 -024 =02 -02 -05 001 009 -04 477 -04 07 003 -05 -05 05

D41 003 -04 023 -04 .01 .01 005 -01 -017 01 .01 013 006 -03 -07 -04 440 -05 -06 00 -04 00

D42 .01 048 -02 .01 .00 -03 00 010 025 03 .02 006 -04 01 -3 -07 -05 344 -05 -08 -07 019

D43 .03 009 -01 006 03 -02 -05 -05 024 002 038 -02 -06 015 -03 003 -06 -05 400 -02 .05 -05

D44 .01 008 014 000 -05 00 -05 -05 010 01 -03 007 018 -03 -03 -05 00 -08 -02 389 .02 -05

D45 021 011 009 00 00 -02 -03 034 024 .01 005 -06 -03 -06 002 -05 -04 -07 -05 -02 403 -05

D46 .00 00 -01 =02 .01 009 ,008 -03 =027 010 -04 -07 -01 =01 010 -05 00 019 -05 -05 -05 549

D11 96* 24 .18 .10 .12 .04 022 018 -012 041 08 00 000 028 -03 .02 006 -01 -06 -02 043 .01

D12 .24 93* .19 .04 .10 050 014 -07 060 031 007 -03 -09 11 08 08 -08 ,100 017 017 021 .00

D13 18 .19 97 .14 .09 07 .11 .07 -027 04 -03 -04 03 00 -04 -02 049 -04 .02 032 022 -02

D14 .10 -04 14 98 07 -09 10 00 008 =16 000 -07 001 .01 .02 064 -08 -03 013 ,000 -01 -04

pis .12 .10 .09 .07 98 .12 .12 .09 -098 -04 005 083 -06 025 -10 043 .01 =01 081 -1 -01 =02

D16 -04 0% -07 -09 .12 98 001 -18 -093 002 .02 01 -08 .02 .02 061 02 07 05 .01 -04 017

D21 02 014 -11 .10 12 001 98 .03 =176 047 07 14 060 -05 046 05 011 00 .11 11 .06 015

D22 018 -07 .07 00 09 .18 .03 97 =213 =13 017 -09 00 506 -03 .01 -02 027 -13 -13 087 -06

D23 .01 060 -03 008 -10 -09 .18 -21 .963° =07  -27 086 -09 077 041 -05 -04 067 -06 025 -06 -06

D24 041 031 -04 .16 04 002 047 .13 -070 98 07 .04 .12 .03 .15 03 -03 .07 004 -04 02 021

D25 -08 007 -03 000 005 -02 -07 017 -269 07 97 -10 -07 -07 -6 -05 -03 .07 097 -08 014 -08

Antimage Correlation

D31 00 -03 -04 .07 083 0N =14 =09 086 <04 .10 98 .12 02 -06 -10 028 015 -04 016 -13 =14

D32 000 -09 03 001 -06 -08 060 00 -086 12 .07 .12 98 .17 058 001 012 .09 .14 042 07 02

D33 028 -1 .00 =01 025 .02 -05 -06 077 03 -07 -02 -17 97 -25 020 -08 -03 037 -07 -14 -02

D34 -03 086 -04 02 -10 -02 046 -03 041 15 .16 .06 058 -25 97 .09 .18 .07 .08 -07 005 024

D35 02 -08 -02 064 043 061 -05 -01 -055 203 05 -10 001 020 -09 98 .08 .16 007 .11 11 .09

D41 006 -08 049 08 .01 =02 omn -02 -039 .03 .03 028 012 -08 -18 -08 98 .13 .15 .00 -09 -01

D42 .01 100 -04 -03 .01 -07 00 027 067 07 .07 015 -09 -03 .07 .16 .13 97 .14 21 =18 044

D43 -06 017 -02 013 081 -05 .11 .13 -059 004 097 .04 .14 037 .08 007 .15 .14 97 05 .13 .1

D44 02 017 032 000 -1 -01 -1 -13 025 04  -08 016 042 07 -07 -1 .00 =21 .05 98 .05 -1

D45 043 021 022 -01 =01 -04 .06 087 -059 <02 014 13 .07 .14 005 .11 -9 18 -13 <05 98 -1

D46 -01 00 -02 -04 02 017 015 -06 -057 021 08 14 .02 02 024 09 01 044 11 11 11 98

a. of Sampling A

Figure 4. Anti-image matrices: Measure of the sampling adequacy (MSA) index.
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Table 4. Communalities.

Initial Extraction

D1.1 1.000 .630

D1.2 1.000 .784

D1.3 1.000 .647

D1.4 1.000 .550

D1.5 1.000 .641

D1.6 1.000 .637

D2.1 1.000 .640

D2.2 1.000 .674

D2.3 1.000 715

D2.4 1.000 .631

D2.5 1.000 .636

D3.1 1.000 .627

D3.2 1.000 .555

D3.3 1.000 .661

D3.4 1.000 722

D3.5 1.000 .635

D4.1 1.000 .658

D4.2 1.000 719

D4.3 1.000 .622

D4.4 1.000 .637

D4.5 1.000 .677

D4.6 1.000 .671

Extraction Method: Principal Component Analysis.
Table 5. Coefficient Matrix of Component Score.
Component
1 2 3 4

D1.1 -.102 .003 -.071 450
D1.2 -.047 -.276 .001 .675
D1.3 -134 134 -.023 .257
D1.4 .025 .207 -.209 .095
D1.5 -.093 335 -.169 .057
D1.6 -.012 .399 -.225 -.126
D2.1 -.253 183 .306 -.072
D2.2 -.105 .258 .032 -.065
D2.3 -.267 .366 192 -178
D2.4 .196 133 -215 -.082
D2.5 -.030 .096 112 -.058
D3.1 -.075 -.192 409 .055
D3.2 126 -.029 -.028 .045
D3.3 .351 -159 -.189 .065
D3.4 .320 -.031 -214 -.038
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Table 5. Continued

Component

1 2 3 4
D3.5 .089 -.259 .285 .035
D4.1 .342 -.109 -.189 .002
D4.2 .288 -.085 -.078 -.084
D4.3 .080 -.040 119 -.055
D4.4 .083 .012 .073 -.078
D4.5 .164 -177 170 -.065
D4.6 -.241 - 115 .579 -.011

Extraction Method: Principal Component Analysis.
Rotation method: Varimax with Kaiser normalization.

Table 6. Rotated component matrix®.

Component
D3 D2 D4 D1
D1.1 .683
D1.2 .858
D1.3 .525
D1.4 341
D1.5 332
D1.6 .683
D2.1 .520
D2.2 611
D2.3 .673
D2.4 480
D2.5 469
D3.1 .392
D3.2 .526
D3.3 .708
D3.4 718
D3.5 .529
D4.1 .709
D4.2 .329
D4.3 445
D4.4 A7
D4.5 493
D4.6 723

Extraction method: Principal component analysis.
Rotation method: Varimax with Kaiser normalization.
“Rotation converged in six iterations.

calculate the determinant since not all the values of the matrix were 1 (determinant = 0, total dependency), nor the values
of the main diagonal at 1 and the rest at O (identity matrix) (determinant = 1, total independence). In our case, we have the
relation to 1 on the diagonal of the correlation matrix for each variable with itself, and outside of this diagonal, the
correlation coefficients of each pair of variables, with a calculated determinant of 8.310 x 1077, At first glance, the
determinant is quite close to 0. However, considering that the information comes from a sample and, to define an adequate
degree of correlation between the variables, the Bartlett test of sphericity was calculated.
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Bartlett’s sphericity test proves the null hypothesis that the variables analyzed are not correlated in the sample, which
means that it contrasts with the hypothesis that the correlation matrix is the identity matrix (the intercorrelations between
the variables are zero, except for the main diagonal, which is 1). If this were true, there is no correlation between variables,
and it would not make sense to do a factor analysis. Visually, the null hypothesis is rejected, since the correlation matrix is
not the identity matrix, in fact, it is significantly different, which implies that there are high values of association.
However, if the null hypothesis is not rejected for a level of significance, the variables would not be sufficiently
correlated, and it would not make any sense to do a factor analysis. The high value of the statistic (7025.987) indicates
that it belongs to the critical region, data that is confirmed with the low value of significance (0); these values allow
the rejection of the null hypothesis. However, having a sample size greater than 100, the null hypothesis is always
rejected since the sample size is predominant when calculating the statistic. To solve this problem, we chose the KMO
measure, which compares the observed correlation coefficients with the partial correlation coefficients for all variables
(Garmendia, 2007; Mateos-Aparicio & Hernandez Estrada, 2021).

The structure of the instrument fitted the sample through hypothesis contrasts. The KMO measure showed a sampling
adequacy of 0.974 that allowed us to be sure that the sample data were appropriate to perform a factor analysis (if it was
higher at 0.90, it would be considered excellent sample adequacy of factorial data matrices (Kaiser, 1970)), between 0.8
and 0.9 means that the analysis is good or very good (Mateos-Aparicio & Hernandez Estrada, 2021). Additionally, the
value of the determinant of the correlation matrix was close to 0, which allowed us to confirm that the intercorrelation
degree of the variables was quite high.

When inspecting the sedimentation graph (Figure 2), it was observed that four factors (dimensions) were viable according
to the falling contrast criterion since the inflection point was located where the eigenvalues stop forming a slope and begin
to generate a low inclination fall from the fifth factor (Cattell, 1966; Hair JR er al., 2010; Pérez & Medrano, 2010).

In the anti-image matrix of Figure 3, the values of the complete matrix indicate the coefficients of partial relationships and
explain the correlations not explained by the common factors. MSA is based on KMO; therefore, the interpretation of
MSA in the main diagonal is like the coefficient. In this case, all the values were greater than 0.9, so the elimination of any
variable was not considered, in addition to the fact that the elements outside the diagonal were less than 0.5 (Mateos-
Aparicio & Herndndez Estrada, 2021). It implies that the application of factor analysis was adequate in this sample
(Garmendia, 2007).

The initial communalities in Table 4 measure the percentage of variance in a variable explained by all the factors together,
and it can be interpreted as the reliability of the indicator (Garmendia, 2007). They appear in 1 because, in the principal
component analysis (PCA), as many factors are calculated as original variables; this means that the total variance of the
original variables is reproduced. The communalities are also observed after the extraction; the greater the communality,
the better the variables will be represented by the factorial model. In this case, all the communalities were greater than 0.5,
which means that they reproduced more than half of their variance, data that indicate that our variables were very well
represented (Mateos-Aparicio & Herndndez Estrada, 2021).

A confirmatory factor analysis was developed, with the principal component extraction method, as it is the most
appropriate method to estimate the factorial model and because of having the advantage of always providing a solution
(Lopez-Aguado & Gutiérrez-Provecho, 2019) as the factors explain the total variance correctly. The extraction criterion
was a fixed value of 4 at the rate of each one of the dimensions of the questionnaire and through a Varimax rotation (it is
the best known and applied method (Mateos-Aparicio & Herndndez Estrada, 2021)) to minimize the number of variables
with high load in each factor and to simplify the interpretation of the factors. This means that it simplifies the components
to have high correlations with few variables and it is one of the properties of the Varimax method since the total variance
explained before and after rotating is maintained, but not the total variance of each factor.

An explained variance effect of 65.31% was obtained to see the original structure of the instrument in the sample, with
four factors in Table 3 (with areduction of dimensionality from 22 to 4). This implies that there are enough factors (greater
than 60%) (Hair er al., 2010) to determine that the factorial structure is correct for the sample, rediscovering the four
theoretical dimensions. Thus, the importance of the application of confirmatory factor analysis in educational technology
research is determined to validate the dimensionality of the data collection instruments.

The confirmatory factorial analysis determines that the factorial structure is correct for the sample, rediscovering the four
theoretical dimensions (1. Didactics, Curricular and methodological; 2. Planning, organization, and management of
spaces and digital technological resources; 3. Relational, ethics and security, and 4. Personal and professional (Ldzaro
et al., 2018; Lazaro & Gisbert, 2015).
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It was observed that not all the items had the necessary weights to be located univocally in a factor; this is due to the high
association that the dimensions have concerning the formative aspects of teachers, the organization and management of
resources, and strategic area (Usart Rodriguez ez al., 2020).

Factorial scores were calculated (Table 5) for each case and in each of the extracted components to estimate factors, to
carry out subsequent studies, and to replace the set of original variables with the set of principal components that represent
them (reduced). In addition, it was observed that the instrument was robust for evaluating the DC of active teachers.

Conclusions

The study has yielded significant findings regarding the reliability and validity of the COMDID A instrument. In the
initial phase, a reliability analysis of the questionnaire was conducted using Cronbach's Alpha coefficient to assess
the entire set of questions. The results obtained solidly confirm that the instrument is highly reliable for the sampled
population.

The Confirmatory Factor Analysis (CFA) performed in this study has enhanced the accuracy and validity of the constructs
measured by COMDID A, adding quality and credibility to research results that utilize this instrument. Beyond
validation, this analysis has provided the valuable opportunity to refine the model by identifying any potential theoretical
issues requiring revision. This process has focused on improving measurement accuracy and minimizing potential margin
of error.

It is noteworthy that the proposed construct structure in the COMDID A measurement instrument has been confirmed to
be congruent with the data collected from the sample. This finding implies that the designed items are genuinely related to
the theoretical model upon which the instrument is based, making it a suitable tool for explaining the relationship between
observed variables.

Additionally, a dimensional structure of underlying factors in the dataset has been robustly established. Items have been
grouped according to previously defined dimensions, showing a high correlation among them. It has been verified that the
four dimensions are valid and measure distinct concepts. Therefore, we can confidently assert that the instrument exhibits
high internal consistency in measurements, significantly contributing to its reliability.

The correlation matrix allows us to observe how different dimensions (D1, D2, D3, D4) are interrelated and how each
individual variable relates to the others. This is crucial for understanding the underlying relationships between variables
in the COMDID A model. Convergent validity is evident as variables within the same dimension tend to correlate more
strongly with each other than with variables from other dimensions. This supports the notion that variables within a
dimension are related and measure the same underlying construct.

Regarding discriminant validity, correlations between variables from different dimensions are generally lower than
correlations within the same dimension, indicating that the dimensions are distinct from each other. The determinant
value is relevant and allows verification of multicollinearity among variables, which is essential for interpreting CFA
results.

The high value of the Kaiser-Meyer-Olkin (KMO) index at 0.974 indicates that the data are suitable for conducting CFA,
suggesting the presence of an underlying structure in the data. The Chi-Square value of 7025.987 with 231 degrees of
freedom and a significance value (Sig.) close to zero (Bartlett's Test) clearly indicate that the correlation matrix is not an
identity matrix. This supports the suitability of conducting CFA, as it demonstrates the presence of significant
correlations among variables, justifying the repeated application of this method.

Regarding communalities, it is observed that the factor extraction has explained a substantial amount of variance in the
observed variables. In general, communalities are moderately high, indicating that the underlying factors in the model are
adequately related to the observed variables. This supports the overall validity of the model. It is important to note that
some variables, such as D1.2,D2.4, D3.4, and D4.5, have higher communalities, suggesting a strong relationship with the
underlying factors. This implies that these variables are particularly relevant for measuring DDC in the context of
COMDID A.

Although factor extraction seems appropriate for explaining the variance in the observed variables, it is always essential
to consider the validity of the model. If necessary, the possibility of adjusting the number of factors or considering
additional factors to improve model fit could be evaluated. For example, some variables, like D3.2 and D4.3, exhibit
relatively low communalities, suggesting that they may not be strongly related to the underlying factors and may require
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further review in terms of their inclusion in the model or conceptualization. Likewise, some variables have loadings on
multiple components, indicating they may be related to more than one dimension in the assessment, as observed in the

case of variable D1.6.

For future studies, it is recommended to conduct path analysis, structural equation modelling (SEM), or factorial
invariance analysis for the selected sample. This would aim to provide a deeper understanding of how the dimensions
and constructs of COMDID A relate to and differ among different populations or across different time points.

Consent

Written informed consent for publication of the participants’ details was obtained from the participants.

Data availability
Underlying data

Zenodo: Underlying data for ‘Multivariate data analysis: Validation of an instrument for the evaluation of teaching digital
competence. https://doi.org/10.5281/zenodo.10055380 (Cisneros-Barahona et al., 2023b).

The project contains the following underlying data:
* Data File 1: spss data.sav

e Data File 2: excel data.xIsx

» Data File 3: data project factorial.xlsm (data from the principal component extraction method.)

» Data File 4: data project reliability.xlsm (data showing the reliability of the instrument.)

* Figure 1. jpeg
 Figure 2. jpeg
* Figure 3. jpeg

* Figure 4. jpeg

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).
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3. The objective of this study is to validate the COMDID to assess TDC, but the findings do not
seem to respond well to the purpose of the study.
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o What's the difference between digital competence and teaching digital competence?
Since COMDID focuses mainly on teaching digital competence, it should be
mentioned in the introduction part.

In the introduction section, the difference between the definition of DC and TDC has been
added.

o The COMDID tool has been mentioned and used in several works, why did the
authors choose this tool for validation?

In the Methods section, the justification for the choice of the instrument has been added

o The objective of this study is to validate the COMDID to assess TDC, but the findings
do not seem to respond well to the purpose of the study.

In the Results and Conclusions section, the relevant aspects that fulfill the research
objective have been added.

o The limitations of the study need to be mentioned.

The limitations of the study have been added in the Methods section.
> The manuscript requires thorough proofreading.
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