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Abstract

In the current educational landscape, artificial intelligence (AI) is profoundly transforming teaching and
learning processes, underscoring the necessity for students to develop specific digital competences related
to AI in order to address the challenges and opportunities of  this technological era. This study examines
the  increasing  relevance  of  AI  in  education,  with  a  particular  focus  on  the  digital  competence  of
non-university students for its responsible and effective application, aligned with the European DigComp
2.2  framework.  The  primary  aim  was  to  validate  the  Digital  Competence  in  Artificial  Intelligence
Questionnaire for Students (CompDigIA). To this end, an instrument was developed based on the five
competence areas of  DigComp, adapted to the context of  AI, and administered to a representative sample
of  480  students.  The  methodological  approach  involved  both  exploratory  and  confirmatory  factor
analyses  using  structural  equation  modeling,  yielding  satisfactory  fit  indices  and  robust  internal
consistency.  The findings confirm the validity and reliability of  the questionnaire for assessing digital
competence  in  AI,  while  also identifying  strengths  and areas  for  improvement  among students.  The
discussion  highlights  the  study’s  contribution  to  addressing  a  gap  in  the  literature  by  providing  a
comprehensive and specialized assessment tool for the non-university educational stage, and situates the
results within the context of  prior research on digital competence and AI. The study concludes that the
instrument  offers  a  solid  foundation  for  future  research  and  educational  practice  aimed  at  fostering
AI-related digital competences, with recommendations for expanding its application and addressing ethical
and pedagogical considerations associated with educational digitalization.
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1. Introduction

In an increasingly digitalized society, artificial intelligence (AI) has swept across all spheres of  human life,
assuming considerable importance in the field of  education as well (Cabero,  Palacios, Loaiza & Rivas,
2024). This impact has created the need to regulate its use in educational contexts. At the international
level, UNESCO has established policies governing the use of  generative AI (Miao & Holmes, 2024), while
in Europe, Regulation (EU) 2024/1689 has identified multiple challenges that must be addressed when
integrating AI into teaching (European Union,  2024). Furthermore,  there have been calls  to establish
ethical frameworks for its incorporation into education (Yan & Liu, 2024), making this one of  the major
obstacles to its implementation. It is therefore essential to safeguard issues such as privacy, equity, and the
responsible use of  AI (Dellepiane & Guidi, 2023), which demands critical reflection on how (means), why
(reasons), and for what purposes (ends) AI is employed (Celik, 2023; Pratama, Sampelolo & Lura, 2023).
Additional concerns also arise regarding the reliability of  responses generated by AI (López-Regalado,
Núñez-Rojas, López-Gil & Sánchez-Rodríguez, 2024), given the algorithms, biases, and automated outputs
involved, which are not always fully trustworthy (Zeb, Ullah & Karim, 2024). Another issue is the potential
dehumanization of  learning (Selwyn, 2022), associated with the loss or reduction of  key capacities such as
creativity  (Zawacki-Richter,  Marín,  Bond & Gouverneur,  2019),  critical  thinking (Ali,  Murray,  Momin,
Dwivedi & Malik, 2024), and autonomous reasoning (Trisnawati, Putra & Balti, 2023), as a consequence of
an overreliance on generative AI. 

Nonetheless,  there  are  numerous  benefits  associated  with  its  use  and  potential.  AI  represents  a  tool
capable of  redefining both teaching and learning processes, as well as the role of  educators and their
possibilities in the classroom. Regarding educational processes, it drives a transformative change in several
aspects.  First,  it  transforms  teaching  models  (Hinojo-Lucena,  Aznar-Díaz,  Cáceres-Reche  &
Romero-Rodríguez, 2019), prioritizing learner-centered approaches over traditional methods. Second, it
positions students as active participants in the learning process (Trujillo-Torres, 2024), emphasizing the
accommodation  of  diverse  learning  styles.  Third,  it  enables  the  personalization  of  instruction
(González-Calatayud,  Prendes-Espinosa  & Roig-Vila,  2021),  focusing  on  methodologies  and  content
tailored  to  the  interests  and  characteristics  of  each  learner.  Finally,  it  fosters  enhanced  educational
inclusion  (Harishbhai-Tilala,  Kumar-Chenchala,  Choppadandi,  Kaur,  Naguri,  Saoji  et  al.,  2024;
Romero-Alonso,  Araya-Carvajal  & Reyes-Acevedo,  2025),  supporting  solutions  that  address  student
diversity,  remove  barriers,  and  foster  genuine  equality.  For  educators,  AI  serves  as  a  complementary
resource rather than a replacement (Gómez-Cárdenas,  Fuentes-Penna  & Castro-Rascón, 2024), shifting
their role toward that of  a guide and facilitator of  active, flexible, and personalized learning processes (Yi,
2024). Additionally, AI provides teachers with enriching possibilities in assessment practices: automating
the grading of  objective tests such as quizzes (González-Calatayud et al., 2021); delivering personalized
feedback tailored to each student’s needs and supportive of  their learning (Celik, Dindar, Muukkonen &
Järvelä, 2022); and monitoring student progress, enabling the identification of  learning patterns and the
adjustment of  pedagogical strategies accordingly (Owan, Abang, Idika, Etta & Bassey, 2023).

All these changes and possibilities have sparked sustained scholarly interest, from various perspectives, in
the  implementation  of  artificial  intelligence  in  education.  Research  in  this  field  has  explored  diverse
dimensions,  including  the  influence  of  AI  use  on  university  students’  academic  performance
(García-Martínez, Fernández-Batanero, Fernández-Cerero & León, 2023); its impact on language learning
(Liang, Hwang, Chen & Darmawansah, 2021); the role of  generative AI in supporting learning processes
(Alenezi, Mohamed & Shaaban, 2023; Cooper, 2023); the potential for academic dishonesty arising from
its  misuse  (Guillén,  Sánchez,  Colomo  &  Sánchez,  2025;  Şahín,  2024);  students’  attitudes  toward  its
integration into educational settings (Pande,  Jadhav & Mali,  2023); and the responsible use of  AI for
teaching  among  future  education  professionals  (Gómez-García,  Ruiz-Palmero,  Boumadan-Hamed  &
Soto-Varela, 2025).

Despite the generally high levels of  acceptance of  AI in education (Llorente-Cejudo, Barragán-Sánchez,
Palacios-Rodríguez & Fernández-Scagliusi, 2025), there continues to be a clear need to strength training in
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the pedagogical use of  AI, as this continues to represent a clear area for improvement among different
educational stakeholders (Lucas, Bem-haja, Zhang, Llorente-Cejudo & Palacios-Rodríguez, 2025).

Alongside this, there are emerging thematic areas that require greater emphasis in AI research, such as
digital competence, a key factor for the successful integration of  AI (Al-Darayseh, 2023; Antonenko &
Abramowitz, 2023). Although studies on digital competence have proliferated in recent years (Cabero,
Gutiérrez, Palacios & Guillén, 2023; Colomo, Aguilar, Cívico & Colomo, 2023; Colomo, Cabero, Guillén
& Palacios,  2025; Guillén,  Colomo, Cívico & Linde, 2024; Palacios,  Llorente, Lucas  & Bem-Haja, 2025;
Paz & Gisbert, 2024; Pinto, Pérez & Darder, 2023; Romero-Tena, Barragán, Gutiérrez & Palacios, 2024;
Tomczyk,  Mascia, Gierszewski & Walker, 2023; Villén,  Ágreda  & Rodríguez, 2024), there is a lack of
research  examining  how AI  has  impacted  these  competencies.  This  gap  is  particularly  evident  when
focusing on students’ digital competence for AI use (Rubio, Colomo & Palacios, 2025).

Initially, studies exclusively focused on students’ digital competence at the pre-university level reported low
(Rodríguez,  Betín, Caurcel & Gallardo, 2024; Turpo,  Zea, Huamaní, Girón, Pérez & Aguaded, 2023) or
moderate  levels  (López,  Sánchez  & García-Valcárcel,  2021).  This  situation  confirms  that  digital
competence levels were fairly limited prior to the arrival of  AI among learners and now must additionally
include skills for the effective and enriching use of  this technology. In this regard, the study by Wu and
Zhang (2025) shows that integrating AI into educational processes helped improve students’ overall digital
literacy, while critical and ethical use remains an area requiring further development.

Among the efforts to integrate AI into digital competence, there is the update of  the European Digital
Competence Framework for Citizens (DigComp), version 2.2, which incorporates AI across its five areas
and the competencies that define each of  them (Vuorikari, Kluzer & Punie, 2022). Examining the studies
that have begun to investigate students’ digital competence in relation to AI use, we can identify several
interesting proposals.

The  study  by  Levy-Nadav,  Shamir-Inbal  and Blau (2024),  focused  on  secondary  school  teachers’
perceptions of  their  students’ AI-related digital  competencies based on the DigComp 2.2 framework,
concluded that it was needed to improve critical evaluation of  information obtained through generative
AI among students (Information and Data Literacy area); the writing of  prompts and use of  generative AI
(Digital Content Creation area); and the selection of  appropriate AI tools (Problem Solving area).

The research carried out by Zhang and Tian (2025) examined how digital competence acquisition with
generative  AI  was  approached  using  the  DigComp  framework  across  88  prestigious  universities
worldwide,  found a  strong  emphasis  on  information  and digital  literacy,  as  well  as  security.  Estrada,
Rodrigo,  Ruiz  and García (2025)  analyzed  AI  use  among  78  pre-service  teachers,  referencing  the
DigComp 2.2 competencies on critical data evaluation, copyright, and creative use of  technology. The
results indicated improved abilities in data evaluation and creativity, while training in the responsible and
ethical use of  AI remained necessary.

It is also noteworthy to mention Wang’s (2025) study with 43 secondary school students from a rural
area  in  China,  whose  digital  competence  was  measured  using  DigComp  2.0  before  and  after
implementing  a  digital  skills  program based  on  AI.  The  results  showed  an  improvement  in  digital
competence, confirming that AI integration contributes to the development of  these skills. Finally, the
proposals  by  Głushkova and Ignatova  (2023)  are  also worth  highlighting,  as  they  explored  how to
develop  certain  DigComp  2.2  competencies  in  secondary  school  students  through  AI,  providing
practical examples of  implementation.

Although some studies have addressed certain digital competencies for AI use based on the DigComp 2.2
framework,  no research has yet  included all  areas of  this  framework adapted to the phenomenon of
artificial intelligence for secondary education students. Therefore, a deeper understanding of  the skills and
abilities  students  possess  to use AI in  their  learning process depends on the  availability  of  validated
instruments that can explore the integration of  these competencies. Without such instruments, it is not
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possible to obtain accurate insights into the impact of  AI integration on students’ cognitive processes or
academic performance in relation to the development of  their digital competencies. This limitation also
constrains decision-making regarding educational policies, due to the lack of  supporting evidence.

In this regard, existing validated instruments explore both areas of  interest, but independently and not
always  prioritizing  students  as  the  primary  subjects.  Concerning  digital  competence  questionnaires,
García-Valcárcel,  Casillas-Martín  and Gómez-Pablos (2020) developed the INCODIES questionnaire to
measure  digital  competencies  across  the  five  DigComp  areas  in  secondary  school  students.  Iglesias,
Hernández, Martín and Herráez (2021) also based their work on the DigComp framework for secondary
education students, although their focus was exclusively on the Communication area. Regarding AI, Ng,
Wu, Leung, Chiu and Chu (2024) validated a questionnaire centered on AI literacy processes for secondary
students. Including both primary and secondary students, Suh and Ahn (2022) validated a scale assessing
attitudes toward AI use.

Therefore, no instrument was found in the scientific literature that combines both constructs and assesses
secondary  education  students’  digital  competence  for  using  AI  in  their  learning  process,  making  the
primary contribution of  this study the filling of  this empirical gap.

For the validation,  the structural equation modeling (SEM) approach was used,  a common validation
method in the field of  educational research for measuring complex constructs such as self-perception.
This approach allows the correct verification of  item design,  the empirical support of  the theoretical
model underlying the questionnaire, and its validity and reliability for implementation in similar studies.
This  validation model  has been successfully  applied in  various teacher-focused instruments,  including
general  assessments  (Cabero,  Barroso,  Gutiérrez  & Palacios,  2020)  and  studies  examining  specific
contexts,  such as digital  competence in research activities (Duarte,  Palacios,  Guzmán & Segura,  2024;
Guillén, Tomczyk, Colomo & Mascia, 2024), YouTube as an educational resource (Guillén, Ruiz, Colomo
& Cívico, 2023), and eco-responsible technology use (Barragán, Corujo, Palacios & Román, 2020). For all
these reasons,  the objective of  this  study was to validate a questionnaire designed to assess students’
Digital Competence in relation to AI, using the European DigComp framework as a reference, through
structural equation modeling.

2. Methodology
To ensure the validity and reliability of  the instrument designed to assess secondary education students’
digital competence in the use of  artificial intelligence, a rigorous methodological process was followed,
comprising three main stages. First, a reliability analysis was conducted to examine the internal consistency
of  the scale through the calculation of  appropriate coefficients. Next, an exploratory factor analysis (EFA)
was performed to identify the underlying structure of  the items and verify the coherent grouping of
dimensions proposed in relation to the DigComp model adapted to AI. Finally,  a confirmatory factor
analysis  (CFA)  using  structural  equation  modeling was  carried out  to  corroborate  the  validity  of  the
theoretical model and assess the fit of  the factorial structure derived from the EFA, thereby ensuring the
robustness of  the questionnaire for future application in similar educational contexts.

2.1. Objectives

The primary aim of  this study was to design and validate a scale to assess secondary education students’
digital  competence in the use of  artificial  intelligence,  using the European DigComp framework as a
reference, updated with AI-specific aspects. Specifically, the following objectives were set: (1) to analyze
the reliability of  the instrument through internal consistency indices; (2) to explore the factorial structure
of  the scale using an exploratory factor analysis (EFA) to identify and group dimensions consistent with
the  proposed  theoretical  model;  and  (3)  to  confirm  the  adequacy  of  the  factorial  model  through  a
confirmatory factor analysis (CFA), verifying its structural validity and the suitability of  fit indices, in order
to ensure the relevance and robustness of  the questionnaire for its application in future research on digital
competence and artificial intelligence in secondary education contexts.
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2.2. Participants

The sample for this study consisted of  a total of  482 secondary education students. Regarding gender,
49  % identified as female, 48.5  % as male, and 2.5  % preferred not to specify. Age distribution showed
that most students were between 12 and 17 years old, with notable groups at 14 years (21.6  %), 16 years
(18.3  %), and 15 years (16.6  %); only 5.8  % were 18 years or older. Concerning educational level, 82.6  %
were enrolled in Compulsory Secondary Education (ESO, in Spain), 16.6 % in Baccalaureate, and 0.8  % in
Vocational Education and Training (VET). The majority attended public schools (99.6  %), mainly located
in rural areas or small towns (87.6  %), while 12.4  % studied in urban schools. Although students from
rural areas often face limitations in access to technological devices and connectivity required for AI, as
well  as  difficulties  with  Wi-Fi  access,  this  was  influenced  by  the  availability  of  the  sample
(non-probabilistic  sampling).  Nevertheless,  these  areas,  despite  not  being  provincial  capitals,  have
populations exceeding 25,000 inhabitants per municipality, with infrastructure and resources comparable
to  urban  areas.  This  aspect  will,  however,  be  acknowledged  as  a  limitation  regarding  the  potential
generalization of  results.

Regarding  parental  education,  a  heterogeneous  representation  was  observed:  37.8  %  had  parents  or
guardians with basic education, 23.7  % with university studies, 13.7  % with Baccalaureate, 10.8  % without
formal education, 9.5  % with vocational/technical training, and 4.6  % with postgraduate studies (Master’s
or PhD). Concerning technological resources, the majority of  students have devices at home: 98.3  % have
a mobile phone, 88.4  % a computer, 71.8  % a tablet, and 52.7  % virtual assistants such as Alexa, Google
Assistant, or Siri; additionally, 66.8  % possess other technological devices.

With respect to daily technology use, 38.6  % reported using their mobile phone between 2 and 4 hours
per day, and 32.4  % use it for more than 4 hours. Tablet, computer, and console use was lower, with most
students using these devices between 0 and 2 hours daily. Moreover, 75.1  % indicated that there were no
established limits on daily technology use.

Regarding AI use, 55.6  % reported that their teachers use it occasionally, while 58.5  % acknowledged using it
sometimes to complete school tasks. Students also perceived that their peers use AI with similar frequency,
mainly at medium or high levels. Finally, regarding the perceived usefulness of  AI tools for improving English
language skills, the highest positive evaluation was observed for writing (42.7  % somewhat useful, 28.2  % very
useful), while listening and speaking were rated lower, with the majority perceiving little or no usefulness.

2.3. Instrument

For  data  collection,  a  questionnaire  was  designed  and  validated,  named  the  Digital  Competence  of
Students  in  Artificial  Intelligence  Questionnaire  (CompDigIA),  registered  under  Entry  Number
04/2025/1748 in the Territorial Registry of  Intellectual Property, administered by the Ministry of  Culture
of  the Spanish Government. The questionnaire aims to assess students’ level of  digital competence in
relation to the use and application of  artificial intelligence tools, following the structure of  the European
Union’s DigComp Framework for Citizens’ Digital Competence. The instrument is organized into five
competence areas, each including several specific items that allow a detailed exploration of  students’ skills,
attitudes, and practices. Table 1 presents the correspondence between each area and its associated items.

Each item is formulated as a closed-ended question using a Likert-type response scale, allowing for the
assessment of  different levels of  competence and perception. The questionnaire was reviewed by a panel
of  experts in educational technology, artificial intelligence, and digital competence assessment, thereby
ensuring its content validity and its alignment with the indicators of  the DigComp Framework.

2.4. Data Analysis Procedure

First, the internal reliability of  the scale was assessed by calculating Cronbach’s Alpha and McDonald’s
Omega for each dimension as well as for the overall questionnaire. These indicators provide a measure of
the internal consistency of  the items, that is, the degree to which they coherently assess the same latent
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construct. Alpha and Omega values close to 0.70 are generally considered acceptable for exploratory and
descriptive studies in the social and educational sciences (Nunnally & Bernstein, 1994).

DigComp
framework areas Items

A. Information 
and Data Literacy

A.1 Are you able to search for information on the Internet using artificial intelligence tools?
A.2 Are you able to determine whether the information or content generated by artificial 
intelligence tools is reliable and accurate?
A.3 Are you able to organize, save, and retrieve the information or content you have generated 
with artificial intelligence?

B. Communication
and Collaboration

B.1 Do you know how to use artificial intelligence tools to communicate and interact with 
other people?
B.2 Are you able to share information or content using artificial intelligence tools?
B.3 Can you use artificial intelligence to carry out activities that benefit society?
B.4 Do you find artificial intelligence useful for teamwork?
B.5 When using artificial intelligence tools, do you follow proper digital etiquette and 
communication rules? (For example: avoiding swear words, not making spelling mistakes, etc.)
B.6 Do you think artificial intelligence tools can help you maintain your online reputation and 
digital identity?

C. Digital Content 
Creation

C.1 Are you able to create new texts, images, or videos using artificial intelligence tools?
C.2 Are you able to modify or improve existing digital content with the help of  artificial 
intelligence tools?
C.3 Do you know how to respect copyright and licensing rules for digital content when using 
artificial intelligence tools?
C.4 Are you able to solve programming problems, such as those in Robotics class, with the 
help of  artificial intelligence tools?

D. Safety

D.1 Can artificial intelligence help you protect your devices and digital content from online 
risks and threats?
D.2 Can artificial intelligence help you protect your privacy and personal data that may be online?
D.3 Do you think artificial intelligence tools can help you protect and improve your physical 
and mental health when using technology?
D.4 Do you think using artificial intelligence tools can help reduce the environmental impact 
of  technology? For example, do you think AI could help reduce energy consumption or make 
recycling more efficient?

E. Problem 
Solving

E.1 Can AI help you solve technical problems with your digital devices?
E.2 Can you use AI tools to personalize and adjust digital environments to your needs? For 
example, using AI to remind you of  a task or to choose your favorite music.
E.3 Are you able to use AI tools to generate creative digital content, such as drawings, songs, 
poems, etc.?
E.4 Do you think there are more things you could learn about the use and usefulness of  
artificial intelligence tools?

Table 1. Dimensions and Items of  the Digital Competence of  Students in Artificial Intelligence Questionnaire (CompDigIA)

Next, an Exploratory Factor Analysis (EFA) was conducted using the principal components method with
orthogonal Varimax rotation, implemented in SPSS version 29. The aim of  this analysis was to identify the
underlying  structure  of  common factors  across  the  set  of  items and to  explore  their  grouping  into
coherent dimensions, in line with the theoretical structure based on the DigComp Framework. Varimax
rotation was applied to obtain a clearer solution and facilitate the interpretation of  the factors, maximizing
the explained variance while minimizing cross-loadings between factors.

Prior to conducting the EFA, the suitability of  the data for factor analysis was assessed. This involved
evaluating the adequacy of  the correlation matrix using Bartlett’s test of  sphericity (Omnibus) and the
Kaiser-Meyer-Olkin (KMO) measure. The significance of  Bartlett’s test (<.001) and a KMO value above
0.70 (.892) indicated that it was appropriate to proceed with the factor analysis.

Once the factorial structure had been explored, a Confirmatory Factor Analysis (CFA) was conducted
using the  Maximum Likelihood (ML) method in AMOS software  version 29.  The CFA was used to
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statistically test the hypothesized factorial model, derived from the EFA and grounded in the DigComp
Framework.  This  procedure  enabled  the  assessment  of  model  fit  to  the  empirical  data,  examining
construct validity and the adequacy of  the factor loadings for each item. Absolute and parsimonious fit
indices (e.g., RMSEA) were used to evaluate model fit, considering values deemed acceptable according to
the specialized literature (Lévy-Mangin, Varela-Mallou & Abad-González, 2006; Hu & Bentler, 1999).

3. Results
3.1. Instrument Reliability

First, the internal reliability of  the Digital Competence of  Students in Artificial Intelligence Questionnaire
(CompDigIA) was analyzed using Cronbach’s Alpha and McDonald’s Omega coefficients.  The results
indicate a high level of  internal consistency for the overall scale, with α = 0.91 and Ω = 0.90, reflecting
excellent reliability according to the criteria established by Nunnally and Bernstein (1994). Regarding the
dimensions comprising the questionnaire, the following reliability indices were obtained:

• Area 1: Information and Data Literacy → α = 0.85 / Ω = 0.72

• Area 2: Communication and Collaboration → α = 0.88 / Ω = 0.77

• Area 3: Digital Content Creation→ α = 0.87 / Ω= 0.70

• Area 4: Safety → α = 0.83 / Ω= 0.79

• Area 5: Problem Solving → α = 0.86 / Ω= 0.73

All of  these values exceed the recommended minimum threshold of  0.70, indicating adequate internal
consistency within each dimension and supporting the coherence of  the items grouped in each factor.
These results  suggest that the questionnaire demonstrates robust psychometric properties in terms of
reliability, making it a suitable tool for assessing students’ digital competence in artificial intelligence.

3.2. Exploratory Factor Analysis

1 2 3 4 5
A1 .743
A2 .659
A3 .721
B1 .767
B2 .617
B3 .676
B4 .699
B5 .780
B6 .700
C1 .701
C2 .723
C3 .699
C4 .725
D1 .775
D2 .803
D3 .614
D4 .676
E1 .732
E2 .632
E3 .675
E4 .689

Table 2. Rotated component matrix
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Subsequently, an Exploratory Factor Analysis (EFA) was conducted to identify the underlying structure of
the items and to verify the adequacy of  the proposed model. The principal components method was used
with Varimax rotation and Kaiser normalization. he EFA identified five principal factors with eigenvalues
exceeding  1,  which  together  explained  59.73  % of  the  total  variance.  This  percentage  is  considered
satisfactory  in  social  and  educational  science  studies  (Hair,  Black,  Babin  &  Anderson,  2014).  After
Varimax rotation, the factor loadings of  the items showed a clear structure consistent with the theoretical
framework.  The  items  grouped  consistently  within  each  of  the  expected  factors,  as  detailed  below
(Table 2).

Factor loadings ranged from 0.576 to 0.803, reflecting significant and meaningful associations relevant for
the  interpretation  of  each  dimension  (Hair  et  al.,  2014).  Therefore,  the  EFA  results  support  the
multidimensional structure of  the questionnaire and confirm the appropriateness of  the items within each
of  the proposed theoretical factors.

3.3. Confirmatory Factor Analysis

A Confirmatory Factor Analysis (CFA) was conducted using the Maximum Likelihood method to evaluate
the factorial  structure  of  the  Digital  Competence of  Students  in  Artificial  Intelligence Questionnaire
(CompDigIA). The structural diagram is presented below (Figure 1).

Figure 1. Structural Diagram

The factor loadings of  the items on their corresponding factors were generally satisfactory and exceeded
0.50  for  most  items,  indicating  that  the  items  are  appropriately  associated  with  their  latent  factors
(Lévy-Mangin  et  al.,  2006).  Correlations  between  factors  showed  positive,  moderate-to-strong
relationships,  ranging  from 0.476  to  0.896,  reflecting  adequate  coherence  and association  among the
questionnaire’s  dimensions  without  excessive  multicollinearity.  Regarding  the  overall  fit  indices,  the
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following  results  were  obtained  in  comparison  with  the  recommended  thresholds  reported  by
Lévy-Mangin et al. (2006).

• Chi-square (CMIN) = 821.495 with 179 degrees of  freedom (p < 0.001), and a CMIN/DF ratio
= 4.589. Although the Chi-square value is significant, this statistic is known to be sensitive to
sample  size.  The  CMIN/DF  ratio,  while  somewhat  high,  falls  within  an  acceptable  range
(below 5).

• Absolute fit indices: GFI = 0.862 and AGFI = 0.822, indicating a reasonable model fit.

• Incremental  fit  indices:  CFI = 0.833,  IFI  = 0.835,  and TLI = 0.804,  values that  indicate an
acceptable model fit.

• RMSEA = 0.0688 (90 % CI: 0.080–0.092), a value below 0.08, indicating a good fit of  the model
to the data.

• Parsimony measures: PNFI = 0.680 and PCFI = 0.710, reflecting an adequate balance between
model fit and simplicity.

• The Hoelter  index at  a  significance  level  of  0.05 was  124,  indicating that  the sample  size is
adequate for this model.

Therefore, the proposed factorial model for the CompDigIA demonstrates a reasonable fit and a factorial
structure consistent with the underlying theoretical framework.

4. Discussion

This  study has  developed and validated the Digital  Competence of  Students  in  Artificial  Intelligence
Questionnaire (CompDigIA), a pioneering instrument that specifically and cohesively integrates the digital
competencies of  non-university  students aimed at  the use of  artificial  intelligence within the learning
process. In this regard, the research represents a significant advancement in the scientific landscape, where
until now fragmented studies predominated, addressing either digital competence or AI independently, or
employing instruments designed for other target groups, such as teachers (Cabero et al., 2020; Guillén,
Tomczyk et al., 2024).

The reliability results, measured through Cronbach’s Alpha and McDonald’s Omega, showed consistent
and adequate  values  both for  the  overall  instrument  and for each of  its  dimensions,  confirming the
internal coherence of  the questionnaire. This aligns with the standards recommended for psychometric
instruments in education (Nunnally & Bernstein, 1994). Furthermore, the exploratory and confirmatory
factor analyses supported the theoretical structure based on the five areas of  the European DigComp 2.2
framework, adapted to the AI context (Vuorikari et al., 2022), demonstrating that the proposed model
adequately represents students’ competences for the use of  AI.

The  fit  indices  obtained  from  the  confirmatory  factor  analysis—particularly  the  RMSEA  and  the
acceptable values of  CFI, GFI, and TLI—indicate that the theoretical model demonstrates a satisfactory
fit to the empirical data, while leaving room for future improvement. This statistical robustness provides
solid evidence supporting the validity of  the CompDigIA and its practical utility in educational contexts.

Compared with previous studies, such as those by Levy-Nadav et al. (2024) and Estrada et al. (2025),
which examined digital competences and AI use from more partial perspectives, our instrument addresses
digital competence in AI comprehensively and specifically for non-university students, addressing a critical
gap identified in the literature (Rubio et al., 2025). The findings confirm that students demonstrate varying
levels of  digital competence in AI, with certain areas requiring greater attention—particularly items with
lower factor loadings, which may reflect emerging or less developed aspects of  digital competence in AI.

This  heterogeneity  is  consistent  with  previous  research  reporting  low  to  moderate  levels  of  digital
competence in secondary education contexts (López et al., 2021). Therefore, the CompDigIA not only
provides a reliable diagnostic tool but also serves as a starting point for educational interventions aimed at
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strengthening these competences, in line with the demands set forth by UNESCO (Miao & Holmes, 2024)
and the European Regulation 2024/1689.

5. Conclusions
The presence of  artificial intelligence in the educational sphere represents a revolution in teaching and
learning  practices  (Matosas,  Gómez & Boumadan,  2025;  Yi,  2024).  Alongside  this,  students  need  to
strengthen their digital competences in order to use these technologies critically, ethically, and effectively
(Al-Darayseh, 2023). In this context, it is essential to have valid and reliable instruments that can assess
students’ levels of  digital competence in AI (Rubio et al., 2025). The development and validation of  such
tools, as exemplified by the present study, not only support pedagogical practices but also have a direct
impact on educational policy, providing evidence to inform decisions about which areas to prioritize in
students’ digital training for AI use (Vuorikari et al., 2022). Accordingly, such training should address key
aspects,  including  the  critical  evaluation  of  information,  responsible  digital  content  creation,  the
protection of  security  and privacy,  and the ethical  resolution of  problems using artificial  intelligence,
thereby ensuring preparation that meets current educational challenges (Głushkova & Ignatova, 2023).

Despite  its  contributions,  the  study  presents  several  limitations  that  should  be  considered  when
interpreting and applying the results. First, the sample was limited to a specific geographic and educational
context, which may restrict the generalizability of  the findings to other regions or educational levels. In
particular,  the  high  proportion  of  students  from  rural  contexts,  with  their  associated  contextual
characteristics, must be considered when making comparisons with similar research. It should be noted,
however, that this situation was determined by the accessibility of  the sample (non-probabilistic sampling).
Nonetheless,  for  this  study,  the  municipalities  had  populations  exceeding  25,000  inhabitants  and
technological resources and infrastructure comparable to those in urban areas.

The cross-cultural or intercultural validity of  the questionnaire still needs to be evaluated through future
studies in different national and international contexts. Additionally, the instrument focuses on students’
self-perceptions of  their digital competence in AI, which may introduce biases related to self-assessment,
such  as  overestimation  or  underestimation  of  actual  skills.  Complementing  these  data  with  objective
assessments or observed performance would be advisable for future research.

This study opens multiple avenues for further research on digital competence in AI and its impact on
education. A priority line of  inquiry is the cross-cultural validation and adaptation of  the CompDigIA to
ensure its applicability across diverse contexts,  as well  as its  suitability  for different educational levels,
including primary,  secondary,  and vocational  education.  Additionally,  the development  of  longitudinal
studies is recommended to observe the evolution of  digital competence in AI over time and in response
to  specific  training  programs,  thereby  identifying  the  most  effective  pedagogical  strategies  for  its
enhancement,  as  suggested  by  Wang (2025).  Another  important  line  of  research  involves  integrating
objective assessments and mixed-methods approaches that combine self-assessment with task analysis,
observations, and actual performance to obtain a more comprehensive and reliable evaluation of  students’
digital competence in AI. Furthermore, exploring the relationship between digital competence in AI and
variables such as academic performance, motivation, creativity, or critical thinking will provide a deeper
understanding of  the educational impact of  these skills. Finally, given the rapid technological evolution
and ongoing ethical and legal debates regarding the responsible use of  AI in education (Dellepiane &
Guidi, 2023; Yan & Liu, 2024), it is essential that future research addresses ethical considerations, privacy,
and equity in AI use, as well as the development of  competencies related to critical thinking and reflective
use of  these tools, ensuring comprehensive training that prepares students for a digitized and ethically
complex world.

In summary,  this study makes a significant contribution to the field of  digital  education and artificial
intelligence  by  providing  a  validated  instrument  that  comprehensively  measures  students’  digital
competence for using AI in their learning. This advancement facilitates the assessment, diagnosis, and
planning of  educational strategies that address the emerging needs of  a society increasingly shaped by
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digitalization and the growing presence of  artificial intelligence. The consolidation and broader application
of  the CompDigIA will not only advance research but also support evidence-based decision-making and
the  development  of  educational  policies,  contributing  to  a  more  equitable,  ethical,  and  future-ready
education in the twenty-first century.
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