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RESUMEN

Esta investigacion analiza el nivel de competencia en Inteligencia Artificial en
una muestra de 387 maestros de Musica de Educacion Primaria en Espafia para
determinar el grado de transferencia de estos recursos a su ejercicio docente. Bajo
un disefio no experimental y cuantitativo, se aplicd la escala validada ECIA-EMUS,
evaluando dimensiones que abarcan desde la comprension técnica y la integracion
pedagodgica hasta el uso ético y la formacién especifica. Los resultados revelan
una jerarquia de dominios donde la principal fortaleza del colectivo reside en el uso
ético e inclusivo, mientras que la mayor vulnerabilidad se localiza en la integracion
operativa en los procesos de ensefianza-aprendizaje. El andlisis inferencial confirma
que la edad es el factor de contexto con mayor peso predictivo, evidenciando una
brecha generacional significativa en la disposicién tecnologica. Asimismo, el andlisis
multivariante de conglomerados permitié identificar tres perfiles diferenciados:
alfabetizacion inicial, competencia intermedia y liderazgo digital. Se concluye que
existe una dicotomia entre el compromiso deontolégico y la capacidad técnica real,
situando a la formaciéon especifica como el motor fundamental para transponer
el marco tedrico a una prdctica de aula efectiva que potencie la creatividad y la
inclusién musical.
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ABSTRACT

Thisresearch analyzes the level of Artificial Intelligence competency in a sample of 387
primary school music teachers in Spain to determine the degree of transfer of these
resources to their teaching practice. Under a non-experimental and quantitative
design, the validated ECIA-EMUS scale was applied, evaluating dimensions ranging
from technical understanding and pedagogical integration to ethical use and
specific training. The results reveal a hierarchy of domains where the group’s main
strength lies in ethical and inclusive use, while the greatest vulnerability is located
in operational integration within teaching-learning processes. Inferential analysis
confirms that age is the contextual factor with the greatest predictive weight,
evidencing a significant generational gap in technological readiness. Likewise,
multivariate cluster analysis allowed for the identification of three distinct profiles:
initial literacy, intermediate competency, and digital leadership. It is concluded
that a dichotomy exists between deontological commitment and actual technical
capacity, positioning specific training as the fundamental driver for transposing
the theoretical framework into effective classroom practice that enhances musical
creativity and inclusion.

KEYWORDS

Artificial intelligence; music education; digital teaching competence; primary education;
educational innovation; multivariate analysis.

1. INTRODUCTION

The integration of artificial intelligence (Al) into music education constitutes an emerging field
of research that is transforming pedagogical practices by bringing together artistic, technolo-
gical, and ethical competencies (Camarasa Botella, 2025; Galindo Durdn, 2023; Lis Gutiérrez &
Pulido-Flérez, 2024). This development redefines teaching and learning processes, posing new
challenges for educators, who must adapt to a context in which technology plays a central role
(Oluwakemi et al,, 2024). Within the Spanish education system, this incorporation responds to
the need to align teaching practices with technological advances, promoting innovative ap-
proaches that integrate digital tools to enhance creativity, inclusion, and the holistic develop-
ment of students (Gofman & Jin, 2024; Hooda et al, 2022). Nevertheless, the scientific literature
warns that this transition is not uniform; the pace of innovation often outstrips the responsi-
veness of traditional training frameworks, generating a dichotomy between the availability of
resources and their effective application in the classroom (Hwang et al,, 2020; Owoc et al,, 2019).
This lack of homogeneity suggests that, although there is a willingness to innovate, a significant
gap persists in the transfer of this knowledge to concrete learning situations, where teachers of-
ten feel overwhelmed by the technical complexity of new intelligent systems (Alwagdani, 2025;
Celik et al,, 2022).

In this context, specialist music teachers, in accordance with Royal Decree 1594/2011, must de-
monstrate proficiency that integrates musical skills with emerging technologies in order to fos-
ter meaningful learning. This demand is linked to Royal Decree 157/2022, which regulates the
core curriculum of Primary Education and positions Music Education as a cornerstone of ho-
listic development across its sensory, intellectual, social, and creative dimensions. The regula-
tory framework highlights the importance of cultivating competencies that strengthen critical
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thinking and respect for cultural diversity through active listening, the investigation of musical
expressions from a gender-sensitive perspective, and creative expression through sound ex-
perimentation and digital media. However, implementing these guidelines requires teachers to
move beyond the instrumental use of technology and become mediators capable of designing
learning experiences that leverage Al’'s potential for personalization, intelligent tutoring, and the
inclusion of students with diverse needs (Shoukat et al.,, 2025).

Musical competencies in Primary Education are further enriched by Zaragozd’'s (2024) model,
grounded in a consolidated line of research that proposes seven dimensions: perception and
analysis, performance, creation and improvisation, cultural contextualization, critical reflection,
communication, and the use of technological resources. This latter dimension converges with
the decree by underscoring the relevance of digital tools—many of them Al-based—for musical
creation and editing. Likewise, UNESCO’s (2024) Al competency framework identifies key areas
such as an understanding of algorithmic principles, pedagogical application for assisted com-
position, and the ethical dimension, aimed at safeguarding privacy and promoting equity in the
classroom. The scientific literature reinforces this intersection, noting that these technologies fa-
cilitate immediate feedback and democratize creative processes by offering accessible interfa-
ces (Adeleye et al, 2024; Chalkiadakis et al., 2024; Hooda et al., 2022). Despite these advantages,
the effectiveness of such tools depends on teachers possessing sufficient technical literacy to
identify the limitations and errors of intelligent systems, thereby preventing algorithms from re-
placing the teacher’s aesthetic and pedagogical judgment (Danyaro et al, 2025; Elsayed, 2024).

Despite the possibilities outlined above, ethical challenges persist regarding the legality of con-
tent, authorship of generated works, and the protection of personal data within the school en-
vironment. Under the TPACK framework proposed by Mishra and Koehler (2006), it is concluded
that effective integration requires a synergy between technological, pedagogical, and con-
tent knowledge, enabling Al to enhance curricular objectives without compromising the artistic
essence of music. It is crucial to consider that teachers’ self-perceived competence is often
influenced by sociodemographic and contextual factors—such as age, gender, or school ow-
nership—which may determine different rates of adoption of technological innovation (Jimé-
nez-Herndndez et al, 2020; Paidican Soto et al, 2024; Soylu & Sagkal, 2019). Current research
suggests that Al training should not be limited to isolated technical instruction, but rather should
foster a commitment to lifelong learning and participation in professional networks that facilita-
te meaningful and effective resource sharing (Lan, 2024; Lee et al, 2024; Wu et al,, 2023).

For all these reasons, the present study is justified by the urgent need to diagnose the current
state of teachers’ digital competence in the area of music in the face of the challenge posed
by Artificial Intelligence. At a time when Spanish educational policy demands profound digital
transformation, it is imperative to determine whether specialists possess the necessary tools
to translate the ethical and theoretical framework—generally well established—into classroom
practice that includes assisted composition, automated curricular adaptation, and assessment
through intelligent systems. Analyzing these perceptions will not only make it possible to identify
areas of vulnerability and existing generational gaps, but will also provide the empirical basis
necessary for designing specific training pathways that turn Al into a true catalyst for creativity
and musical inclusion, preventing technology from becoming a new pedagogical barrier.

From this perspective, the present study makes three original and clearly differentiated contri-
butions to the field. First, it provides a conceptual contribution by operationalizing competen-
ce in Artificial Intelligence within music education through the systematic integration of three
reference frameworks: the TPACK model, UNESCO’s (2024) Al competency framework, and the
specific dimensions of school music education. Second, it offers a methodological contribution
through the use of the psychometrically validated ECIA-EMUS instrument and the application of
multivariate analyses that make it possible to move beyond descriptive diagnosis and to cons-
truct differentiated teacher profiles. Finally, the study incorporates an applied contribution by
empirically identifying a dichotomy between ethical commitment and technical capacity, pro-
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viding key evidence for the design of differentiated training pathways tailored to the real needs
of Primary Education music teachers.

2. METHOD

2.1. Objectives

The general objective of this research is to analyze the level of perceived competence in Artificial
Intelligence among a sample of 387 Spanish Primary Education teachers specializing in Music, in
order to determine the degree of transfer and implementation of these technological resources
in their teaching practice.

To address this general objective, the study is structured around the following specific objectives
(s0):

—SOI: To determine teachers’ level of self-perception for each item of the ECIA-
EMUS scale, with the aim of identifying the most consolidated technical skills as
well as those that constitute a barrier in the music classroom.

—S02: To examine the behavior of the five dimensions of the instrument in order
to establish a hierarchy of domains and identify areas of vulnerability in pedago-
gical practice involving intelligent systems.

—S03: To assess the influence of sociodemographic and contextual variables,
such as gender, age, or school ownership, in order to verify the existence of sig-
nificant gaps in the mastery of these technological resources.

—S0O4: To characterize teacher typologies through multivariate analysis, allowing
for the definition of differentiated profiles according to their degree of adoption
of and proficiency in addressing the challenges of computational innovation.

2.2. Design

The present study adopts a non-experimental, cross-sectional research design with a predomi-
nantly quantitative approach. It is defined as a descriptive-comparative and correlational study,
as there is no deliberate manipulation of variables; instead, the phenomena are observed and
analyzed within their natural context for subsequent statistical interpretation.

The data collection strategy is based on a survey methodology, using a standardized psycho-
metric scale to quantify teachers’ perceptions. In addition, the design incorporates inferential
analysis to determine the existence of statistically significant differences between groups, as
well as an explanatory component through profile analysis. This approach allows for a deeper
examination of the structure of technological competence among music teachers, moving be-
yond mere frequency descriptions.

2.3. Sample

The population under study is composed of Primary Education teachers specializing in Music
who carry out their teaching activity in Spain. Using a hon-probabilistic convenience sampling
method combined with a snowball technique, a final sample of 387 teachers was obtained. This
sampling strategy proved particularly effective for accessing such a specific teaching profile,
allowing for nationwide geographical coverage that minimizes regional focus bias and ensures
diversity in variables such as school ownership and age.

Regarding gender distribution, the sample shows a higher female representation, with 228 wo-
men (58.9%) compared to 159 men (41.1%). Concerning the ownership of the schools where par-
ticipants perform their professional duties, 46.8% (n = 181) work in publicly managed schools,
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30.7% (n = 19) in state-subsidized private schools, and the remaining 22.5% (n = 87) in privately
owned institutions.

Participants’ ages range from 22 to 64 years (M = 41.5; SD = 9.2). For comparative analysis pur-
poses, the sample was segmented into three generational strata: young teachers aged up to
30 years (21.9%), mid-career teachers aged between 31 and 45 years (41.9%), and experienced
teachers over 45 years of age (36.2%).

2.4.Instrument

To assess teaching competencies, the Artificial Intelligence Competency Scale for Primary Music
Teachers (ECIA-EMUS) was used. This psychometric instrument was specifically designed and
validated for the Spanish context, drawing on UNESCO’s (2024) Al competency frameworks and
Zaragozd's (2024) dimensions of music education. The scale consists of a total of 34 items rated
on a five-point Likert-type response format (1 = Strongly disagree; 5 = Strongly agree).

The construct is organized into five core dimensions that allow for an in-depth analysis of tea-
chers’ digital competence in the field of music:

—-Dimension 1. Understanding Al for its applicability in Music Education (5 items):

This dimension evaluates teachers’ levels of technical and theoretical literacy. It fo-
cuses on knowledge of Al fundamentals, the identification of specific software for
audio generation and editing, as well as the recognition of technical limitations and
potential errors of these systems in the classroom.

—-Dimension 2. Integration of Al into music teaching and learning (9 items):

This dimension measures operational capacity for implementing Al in pedagogical
practice. It examines the use of intelligent tools for musical analysis tasks, assistan-
ce in composition and improvisation, the creation of personalized teaching mate-
rials, and automated curricular adaptation.

-Dimension 3. Ethical and inclusive use of Al in Music Education (6 items):

This dimension addresses teachers’ professional and ethical responsibility. It inclu-
des indicators related to the protection of students’ personal data, respect for in-
tellectual property rights of Al-generated works, and the monitoring of algorithmic
biases to ensure cultural and gender diversity.

—-Dimension 4. Dissemination and collective use of Al in Music Education (6 items):

This dimension analyzes the social and collaborative aspects of technology use. It
assesses the application of Al to enhance group projects, manage musical ensem-
bles (such as school choirs or bands), and foster connectivity with external educa-
tional communities.

—Dimension 5. Training in Al for Music Education (8 items):

This dimension evaluates professional development and attitudes toward innova-
tion. It includes interest in continuous updating of emerging tools, participation in
professional learning networks, and the ability to design innovative, computation-
mediated learning situations.

Regarding its psychometric properties, the content validity of the ECIA-EMUS was established
through expert judgment, yielding a global Content Validity Index (CVI) of 0.94 and a Fleiss’ ka-
ppa coefficient of 0.76. To confirm the stability of the construct in the present sample (n = 387),
the internal structure of the original five dimensions was verified. Internal consistency analyses
indicated high reliability, with a robust overall Cronbach’s alpha coefficient (« >.90), both in the
original validation phase and in the current application. Moreover, all constituent factors pre-
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sented reliability values above.80, ensuring the psychometric soundness of the instrument for
assessing perceived Al competence among music teachers.

2.5. Procedure

The data collection phase was conducted during the first trimester of the academic year, using
the digital platform Google Forms to administer the instrument due to its accessibility and com-
patibility with multiple devices. The questionnaire link was distributed through strategically se-
lected professional channels, including networks of teacher training centers, music education
associations, and national virtual communities specializing in educational innovation. Additio-
nally, informational emails were sent directly to Primary Education schools across the country,
requesting the collaboration of in-service music teachers to complete the scale.

Regarding ethical protocols, access to the instrument was obligatorily preceded by an informed
consent form detailing the objectives of the research and the strictly academic use of the infor-
mation collected. Participants’ anonymity and the confidentiality of the data were guaranteed
at all times, in compliance with current regulations on the protection of personal data. The ave-
rage response time was estimated at approximately 12 minutes, and no incentives were offered
for participation. After the data collection period concluded, responses were exported to a co-
ded database, and a preliminary data-cleaning process was carried out to remove incomplete
or duplicate entries that could compromise the quality of subsequent analyses.

2.6. Data Analysis

Statistical analysis of the data was conducted using IBM SPSS Statistics (version 29). In an initial
phase, descriptive analyses were performed to characterize the behavior of the dependent va-
riables, using measures of central tendency (mean) and dispersion (standard deviation). To en-
sure the robustness of the instrument, Cronbach’s alpha coefficient was calculated, confirming
high internal consistency for both the overall scale and its constituent factors.

In a second phase, after verifying the assumptions of nhormality and homoscedasticity through
the Kolmogorov—-Smirnov and Levene’s tests, respectively, parametric inferential statistics were
applied. Student’s t-test was used to compare mean differences by gender. Likewise, one-way
analysis of variance (ANOVA) was conducted to determine the existence of statistically signi-
ficant differences according to school ownership, age strata, and specifically according to the
level of training identified in Dimension 5 of the scale.

When statistically significant differences were detected (p <.05), Tukey’s post hoc tests were
applied to identify specific discrepancies between groups. The confidence level for all analyses
was set at 95%.

3. RESULTS

The results obtained from the detailed analysis of the 34 items comprising the scale reveal a
complex and multidimensional picture of music teachers’ perceived competence (see Table
1). From an initial general perspective, the sample does not exhibit a uniform pattern; instead,
a clear polarization emerges between ethical disposition and actual operational capacity. This
phenomenon suggests that music teachers have internalized the theoretical and deontological
discourse surrounding Artificial Intelligence (Al) yet encounter substantial difficulties when at-
tempting to transfer this knowledge into the design of teaching and learning activities.

Regarding the most consolidated competencies, the findings indicate that teachers report a
high level of self-perceived competence in attitudinal and social responsibility domains. Item 27,
related to interest in continuous professional development, stands out prominently (M = 3.86; SD
= 0.92), reflecting a strong commitment to lifelong learning and a notable openness to techno-
logical innovation. Along similar lines, concern for privacy and data protection (Item 15: M = 3.83;
SD = 0.95) and awareness of intellectual property and authorship rights in algorithm-mediated
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musical creation (Item 16: M = 3.58; SD = 1.05) rank among the highest-rated ethical dimensions.
These findings suggest that the teaching cohort approaches Al from a position of caution and
responsibility, prioritizing student safety and respect for artistic creation.

However, this optimistic outlook regarding professional attitudes is overshadowed by the identi-
fication of critical barriers in technical-pedagogical implementation (Dimension 2). The lowest
scores across the entire study are found in the ability to carry out personalized curricular adap-
tations through intelligent systems (Item 9: M = 2.15; SD = 1.11) and in the use of Al as a tool for
assessing musical learning (Item 11: M = 2.49; SD = 1.19). These values indicate that the integration
of Al into the music classroom remains at an incipient or exploratory stage, where teachers lack
the technical expertise required to delegate complex processes such as instructional personali-
zation or automated assessment.

A particularly relevant finding is the high level of dispersion observed in items of an instrumental
nature. For instance, in the use of Al-integrated audio software (Iltem 2), the standard deviation
reaches 1.28, the highest in the series. This value points to the existence of an internal digital gap
within the teaching cohort: while a small group of teachers demonstrates advanced proficiency,
the majority remain at basic levels of competence. This lack of homogeneity poses a challenge
for the coordinated implementation of school-wide innovation projects.

Despite these technical limitations, teachers report a positive perception of their capacity for
technological leadership (Item 26: M = 3.25; SD = 1.09). This increase within the Dissemination
dimension suggests that music specialists perceive themselves as potential drivers of com-
putational innovation within their institutions, assuming roles as guides or prosumers of digital
resources, even though they have not yet achieved sufficient mastery in the use of Al-assisted
composition tools (Item 7) or Al-guided improvisation systems (Item 8).

Finally, the skewness (Sk) and kurtosis (Ku) values reported in Table 1 support the robustness of
the instrument and the quality of the responses obtained. The absence of extreme values be-
yond conventional thresholds (£1.5) allows us to conclude that the sample of 387 participants
provides a solid basis for the subsequent inferential analyses, which will further explore how va-
riables such as age or school type influence the perceptions described above.
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Table 1. Frequency Distribution and Descriptive Statistics of Competence Levels for the Integration of
Artificial Intelligence in the Music Classroom.

Dimension [ Item L1 L2 L3 L4 L5 M SD Sk Ku

D1. Understanding of Al

1. Technical 96 143 33

foundations 43 (1) (248)  (37.0) 72 (18.6) (8.5) 289 112 012 -0.63
2 Audio software 78 (20.2) (267) (a5 ©61058) (oe) 267 128 038 092
2-|340L:ftiﬁl?n's 59(152) W(287) (323) (as) (o) 27 M 022 07
gb iggﬁglogiw' 38 (9.8) (2%93) (3]3]0) 77 (19.9) (8%) 293 107 008  -0.59
5 Limitationsand g (g 3) (2230) (L%i) ( - ) (33) 294 102 005 -053
D2. Integration into T-L

S\/‘im“:lic analysis g (753) (3];74) (28]?) 47 (12.) (;L) 237 113 065  -04
- Composition 14(295) (320 (me)  (03) (o) 227 16 076 03I
ii-n itrléc\i/i% o 19 (30.7) (;35% (3%) 44 (1.4) (fg) 224 115 079  -022
@ currouor 129(333) (373  (mp) 083 (4 215 M 084 008
10. Teaching 72 (18.6) (;3%) (2';‘_"5) 61 (15.8) (g_%) 267 118 028  -08I
|| Assessmentwith  gg (33.0) (3132) (2957‘]) 49 (127) (5‘2) 249 119 044  -074
]tﬁ'trr’?iggent 66 (17.1) (22329) (:;]2}3) (]‘292) (722) 267 114 0.22 -0.73
13. Gamification 04 (243) 128 92 50 23 943 116 054 -056

and audio (33.0) (23.8) (12.9) (5.9)

106 54 27
(27.4) (14.0) (7.0)

14. Automated

feedback 256 117 0.41 -0.79

79 (20.4) 121(31.3)

D3. Ethical and Inclusive Use

83 171 98

15. Data privacy n(28) 24(62) (21.4)  (442) (253)

383 095 -074 0.38

m 142 77
(28.7) (36.7) (19.9)

16. Intellectual

358 105 -047 -0.21
property

14 (3.6) 43 (111)
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Dimension [ Item L1 L2 L3 L4 L5 M SD Sk Ku

D1. Understanding of Al

128 123 62

17. Cultural diversity 17 (4.4) 57 (14.7)

54 132 124 56

(140) (341 (320) (a5) 3386 107 -025  -053

18. Algorithmic bias 21 (5.4)

19. Educational 50 133 129 60
inclusion 15(39)  (09)  (344) (333) (155) 344 104 031 -047
20. Social 13 140 78

13 (3.4) 43 (111) 359 105 -045 -0.26

responsibility (29.2) (36.2) (202)

D4. Dissemination and Collective Use

é‘r'o(j::(':'gbomti"e 56 (14.5) (2‘52) (312?7) 53 (13.7) (52%) 267 106 031  -0.44
i\zaigsgg‘n:’;it 72 (18.6) (3}32) (5.%) 45 (11.6) (g_%) 253 109 042 -058
iz'tmtrt:tiono' 83 (21.4) (:-]zi.%) (2]8%) 44 (1.4) (5.27) 245 110 052  -043
gﬁafﬁzource 69(178) 121(313) 353y 51(32) (S, 257 108 034 06l
communities 7029 (343 (295 (03) (59) 248 MO 044 08
e 0 2802) (%) (350)  (a8e) (a) 325 109 018 -0S5
D5. Al Training

27. Continuous 91 164 103

8 (21) 21 (5.4) 386 0.92 -0.8I 0.51

updating (23.5) (42.4) (26.8)

ﬁgt bvec?r{(r;ing 38 (9.8) (28&) (3];‘%) (293?8) (832)) 209 108 006  -0.60
ége-s'igzo"at“’e 34 (8.8) (2%97) (gg%) (293(_)3) (g_‘é) 302 105 002 -056
ﬁa%;neiﬁg”icq' self~ 32(s3) (]ZfB) (3]33%) (2?50) (83‘?\;)) 305 103 -005 -052
sarticipation B4 (gg)  (5g) (as) (o) 250 120 046 -07
taining (59 (55) (sse) (29%) (ap) %0 108 -0l 058
33. Action research 47 (121) (2‘2?]) (312?7) 66 (17.1) (8‘1) 282 110 018  —0.6
frz;.rg:slfc:rsroom 35 (9.0) (282.75) (313%) 84 (217) (72%) 206 104 007 -054
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Note. M = Mean; SD = Standard Deviation; Sk = Skewness; Ku = Kurtosis. Values for the Likert scale
levels (L1-L5) are expressed as frequencies and percentages in parentheses (n and%).

The aggregated analysis by dimensions (see Table 2) makes it possible to establish a hierarchy
of competencies that defines music teachers’ technological profile in relation to Al. The results
confirm that Dimension 3 (Ethical and Inclusive Use) emerges as the main strength of the cohort
(M = 3.54; SD = 0.78), followed by Dimension 5 (Al Training) (M = 3.13; SD = 0.82). The predomi-
nance of deontological and training-related aspects over purely instrumental ones suggests
that teachers have developed a solid theoretical framework of digital responsibility, displaying
an attitude of openness and awareness that precedes technical expertise. In this regard, the
high ranking of the ethical dimension acts as a protective factor against potential biases and
risks associated with the use of algorithms in educational settings.

At an intermediate level lies Dimension 1 (Understanding of Al) (M = 2.83; SD = 0.86), reflecting
a moderate command of the concepts and foundational principles underlying these technolo-
gies, although without reaching levels of specialization. By contrast, scores decline significantly
when examining Dimension 4 (Dissemination and Collective Use) (M = 2.66; SD = 0.89) and, most
critically, Dimension 2 (Integration into Teaching-Learning Processes) (M = 2.39; SD = 0.94). The
latter is identified as the area of greatest teacher vulnerability, indicating that the transition from
“knowing” and “being willing” to “doing” represents the main pedagogical obstacle. The gap
detected between Dimension 3 and Dimension 2 (a difference of 115 points on the scale) un-
derscores the urgent need for training programs that not only inform teachers about Al, but also
provide them with practical strategies for its effective implementation in the music classroom.

Table 2. Descriptive Analysis by Dimensions: Hierarchy of Domains and Areas of Teacher Vulnerability.

Dimension Items M sD Range Rank

D3. Ethical and

. 15-20 354 078 115 - 5.00 1o
Inclusive Use

DS. Al Training 27-34 313 0.82 1.00 - 5.00 20
D1. Understanding 1-5 2.83 0.86 1.00 - 4.85 30
of Al

D4. Dissemination 21-26 266 0.89 1.00 - 5.00 40
and Collective Use

D2. Integration into 6-14 2.39 0.94 1.00 - 4.65 50

T-L

Note. Theoretical range of the scale: 1-5.

Once the descriptive hierarchy of the dimensions had been established, the internal cohesion of
the construct was examined through a Pearson intercorrelation matrix. This analysis is essential
for determining whether the domains of teachers’ digital competence in Al-based music edu-
cation (ECIA-EMUS) operate as an integrated system or as isolated components. The results
obtained (see Table 3) confirm the existence of positive and statistically significant associations
across all variable pairings (p <.01), thereby supporting the robustness and internal validity of the
instrument.

Particularly noteworthy is the strong correlation found between Training (D5) and Classroom
Integration (D2) (r =.75), suggesting that the practical deployment of Al in music education is
inextricably linked to the level of specific training attained by teachers. Likewise, Theoretical Un-
derstanding (D1) shows a solid association with Integration capacity (D2) (r =.68), reinforcing
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the premise that conceptual mastery acts as a necessary precursor to genuine operational
competence.

By contrast, the Ethical Dimension (D3) exhibits more moderate correlations with the remaining
domains (r ranging between.25 and.34). This finding is particularly revealing, as it indicates that
music teachers’ deontological commitment and social responsibility constitute a transversal
value axis that remains relatively independent of their technical skills or level of training. Conse-
quently, this relational structure justifies progression toward inferential analysis, confirming that
the ECIA-EMUS model is a coherent and suitable tool for assessing the complexity of Al compe-
tence within the music education context.

Table 3. Pearson Intercorrelation Matrix Between Dimensions.

Dimensions D1 D2 D3 D4 D5

D1. Understanding 1

D2. Integration .68** 1

D3. Ethics .32%* .28%** 1

D4. Dissemination 54** B1%* 25%* 1

Db. Training TJ2** 75** 34%* 5Y** 1

Note. ** p <.01 (two-tailed).

The analysis of potential differences in perceived digital competence according to contextual
variables reveals significant findings that help to further nuance the profile of music teachers in
relation to Al (see Table 4). With regard to gender, despite the higher representation of women
in the sample (58.9%), the independent-samples Student's t-test identified a statistically signifi-
cant difference in favor of men (M = 3.12; SD = 0.73) compared to their female counterparts (M=
2.95; SD = 0.71), with a value of t(385) = 2.31 (p =.021). However, the calculated effect size yielded a
value of d = 0.24, indicating that although the gender gap exists and is statistically significant, its
magnitude is small in practical terms. This suggests that gender is not the sole or decisive factor
in the acquisition of these competencies.

Regarding school ownership, the results of the one-way ANOVA show a notable convergence
across different models of educational management. No statistically significant differences
were found (F = 0.84; p =.431) among teachers working in public (M = 2.99), state-subsidized
private (M = 3.06), or privately owned schools (M = 3.03). This homogeneity is further supported
by a negligible effect size (n? =.004), indicating that the level of Al-related digital competence is
a transversal phenomenon that does not depend on the resources or organizational structure of
the institution in which teaching takes place.

By contrast, age emerged as the variable with the greatest predictive weight and discriminatory
power in the study. The ANOVA confirmed highly significant differences among the three gene-
rational strata (F = 6.91; p <.001). Younger teachers aged < 30 years reported the highest levels
of competence (M = 3.28; SD = 0.65), followed by those aged 31-45 years (M = 3.01; SD = 0.72),
and finally teachers over 45 years of age, who presented the lowest scores (M = 2.85; SD = 0.78).
In this case, the effect size (n2 =.035) reached a medium level, indicating that generational tur-
nover accounts for a substantial portion of the variance in technological self-perception. These
findings validate the existence of an inversely proportional relationship between chronological
age and openness toward Al-based musical tools, underscoring the need to design continuing
professional development strategies specifically tailored to teachers with longer professional
trajectories.
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Table 4. Results of Student’s t-tests and One-Way ANOVA According to Sociodemographic Variables.

Variable Groups n (%) M sD St?élfs)tlc P Effect size
Male 159 (41.1) 312 0.73 _
Gender t(szsg]) = o d=024
Female 228 (58.9) 2.95 0.71 .
Public 181 (46.8) 2.99 0.77
State- _
School subsidized 19 (307)  3.06 0.69 F(2,384) = 45 n? =.004
ownerships . 0.84
private
Private 87 (22.5) 3.03 0.72
<30 years 85 (21.9) 3.28 0.65
31-45 F(2,384) = . 2
Age years 162 (41.9) 3.01 0.72 6.9] <.001 n? =.035
>45years 140 (36.2) 2.85 0.78

Note. df = degrees of freedom. * p <.05; ** p <.001. Effect size magnitudes are interpreted as follows: d (0.2 = small, 0.5 =
medium, 0.8 = large) and 2 (.01 = small,.06 = medium,14 = large).

The analysis of the impact of self-perceived training (Dimension 5) on the remaining domains
of the scale reveals critical findings for understanding the Al implementation gap in music edu-
cation (see Table 5). The results of the one-way ANOVA confirm the existence of highly signifi-
cant differences (p <.001) across all evaluated dimensions according to teachers’ training level.
The most substantial impact is observed in Dimension 2 (Teaching—-Learning Integration), which
displays the largest effect size in the entire study (2 =.103). This finding is particularly relevant,
as it reveals a clear linear progression: while teachers with a low level of training barely reach a
mean score of 1.85 in practical integration, those situated at a high level surpass the minimum
proficiency threshold with a mean of 3.12. This difference of 1.27 scale points demonstrates that
technical training is the primary catalyst for transforming theoretical interest into effective clas-
sroom practice.

Similarly, Dimension 1 (Understanding) shows a strong dependence on the level of training achie-
ved (n? =.087), with mean scores ranging from 2.14 at low training levels to 3.65 at high levels.
This pattern suggests that the foundational concepts of Al in music education are not acquired
through mere technological exposure, but rather require structured and intentional training. By
contrast, Dimension 3 (Ethical and Inclusive Use), while still statistically significant (F = 9.56; p
<,001), presents the most moderate effect size in the table (n? =.047). This result is particularly
revealing, as it indicates that ethical awareness represents a transversal and pre-existing value
among music teachers; even those who acknowledge limited technical training maintain a re-
latively high mean score of 3.21 in ethical responsibility.

In conclusion, the data demonstrate that ethics constitutes a shared foundational baseline
across the teaching cohort, whereas operational integration capacity and collective dissemi-
nation (n? =.074) depend strictly on the level of digital literacy attained. This finding positions
teacher training as the key variable for reducing the vulnerability identified in Specific Objective
2 (S02) and for enabling a meaningful and effective integration of Al into music education prac-
tice.
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Table 5. Impact of Perceived Training Level (D5) on the Dimensions of Digital Competence.

Dimension (n L=0\]%2) m e:l;t;rsn) (nnggo) F (2, 384) p SiEzf;e(tT:]tz)
D1. Understanding 214 (0.65) 2.82 (0.71) 3.65 (0.78) 18.42 <.007** .087
D2. Integration 1.85 (0.54) 2.41(0.68) 3.12(0.85) 2215 <.0071** 103
D3. Ethics 3.21(0.82) 3.58 (0.74) 3.82 (0.71) 9.56 <.001%* 047
D4. Dissemination 2.02 (0.73) 2.71(0.81) 3.28 (0.88) 15.34 <.007** 074

Note. Values in the training level columns (Low, Medium, High) are expressed as M (SD). D5 levels were calculated using
percentiles (Low < P33; Medium = P33-P66; High > P66). * p <.05; ** p <.001.

Once the critical impact of training on competence development had been established (see
Table 5), the analysis was completed with a multivariate cluster analysis (K-means clustering).
This procedure makes it possible to move beyond the examination of isolated variables in order
to identify concrete teacher profiles, grouping music teachers according to the convergence of
their responses across all dimensions of the ECIA-EMUS model. The results (see Table 6) reveal
the existence of three clearly differentiated teacher typologies (p <.001), thereby confirming the
heterogeneity of the teaching cohort with respect to Artificial Intelligence.

Profile 1: Initial Literacy (32.0%) identifies teachers with the highest level of digital vulnerability.
Consistent with the previously analyzed “Low” training level, this group shows critical scores in
Integration (M = 1.62) and Dissemination (M = 1.78), maintaining only a basic level of ethical
awareness as an anchoring point.

Profile 2: Intermediate Competence (44.5%), the most numerous group, describes teachers in
a transitional phase who possess a solid ethical foundation (M = 3.55) and a moderate level of
training (M = 3.12), yet still experience significant difficulties in translating this knowledge into
genuine pedagogical integration (M = 2.25).

Finally, Profile 3: Digital Leadership (23.5%) represents the reference segment. This group is com-
posed of teachers who achieve mean scores above 4.0 in Understanding and Training, assu-
ming roles as prosumers and technological guides within their educational contexts.

This final categorization not only validates the findings reported in Table 5 but also demonstra-
tes that digital competence in music education is not a static state, but rather an evolutionary
process, in which technical training acts as the primary driver of mobility between profiles.
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Table 6. Centroids of Teacher Profiles Identified Through K-Means Cluster Analysis.

P3AVN:

Dimension PIINC: (32%)  P2INT: (44.5%) (23.5%) F p
D1. Understanding 1.95 284 412 115.4 <.001
D2. Integration 1.62 2.25 3.68 1421 <.001
D3. Ethics 3.10 3.55 4.22 453 <.001
D4. Dissemination 1.78 2.58 4.05 98.6 <.001
D5. Training 1.88 312 454 134.8 <.001

Note. Sample distribution: Profile 1 Initial (PIINC) (n = 124), Profile 2 Intermediate (P2INT) (n = 172), and Profile 3 Advanced
(P3AVN) (n = 91).

4. DISCUSSION Y CONCLUSIONS

The integration of Artificial Intelligence (Al) into music education in Spain emerges as a phe-
nomenon marked by contrasts, in which ethical awareness and interest in professional de-
velopment collide with a still incipient technical reality. The findings of this study confirm that,
although music teachers have internalized the need for profound digital transformation, a sig-
nificant dichotomy persists between the availability of resources and their effective application
in classroom practice (Hwang et al., 2020; Owoc et al,, 2019). This gap suggests that the pace of
innovation continues to outstrip the responsiveness of traditional training frameworks (Hwang et
al, 2020; Owoc et al, 2019), generating a scenario in which teachers often feel overwhelmed by
the technical complexity of new intelligent systems (Alwaqdani, 2025; Celik et al., 2022).

It is particularly revealing that the main strength of the teaching cohort lies in the ethical and
inclusive dimension. Teachers demonstrate a high level of awareness regarding data protection,
intellectual property, and equity, indicating that UNESCO's (2024) Al competency framework and
the guidelines established in Royal Decree 157/2022 have been effectively internalized within
teachers’ professional responsibility. This stance functions as an essential protective mecha-
nism: teachers do not adopt technology uncritically but instead prioritize pedagogical judgment
in order to prevent algorithms from replacing their own aesthetic criteria (Danyaro et al., 2025;
Elsayed, 2024). Nevertheless, this strong ethical commitment appears to operate independently
of technical proficiency, reinforcing the notion that social and ethical awareness, while transver-
sal in nature, does not in itself guarantee successful didactic integration.

The area of greatest vulnerability is located in operational integration, particularly in tasks such
as automated curricular adaptation and the use of Al as intelligent tutoring systems (Shoukat et
al, 2025). This “pedagogical wall” highlights that the transition from knowledge to action cons-
titutes the most critical challenge. Within the TPACK framework proposed by Mishra and Koehler
(20086), it becomes evident that effective integration requires a synergy between technological,
pedagogical, and content knowledge that has yet to be consolidated in everyday practice. Whi-
le teachers feel confident as mediators of values, they lack sufficient technical literacy to identify
system limitations (Danyaro et al, 2025; Elsayed, 2024), thereby restricting the pedagogical use
of Al-based tools for musical creation and editing advocated in Zaragozd’'s (2024) model.

Moreover, the study confirms that Al adoption is not a uniform process, as it is influenced by so-
ciodemographic factors such as age and gender (Jiménez-Hernéndez et al., 2020; Paidican Soto
et al, 2024; Soylu & Sagkal, 2019). The inverse relationship observed between age and perceived
competence suggests that generational renewal explains a substantial portion of technological
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adoption. These findings underscore that Al training should not be limited to isolated technical
instruction, but rather should promote a commitment to lifelong learning and participation in
professional networks (Lon, 2024; Lee et al,, 2024; Wu et al,, 2023), in order to prevent technology
from becoming a new pedagogical barrier (Alwagdani, 2025; Celik et al., 2022).

Overall, it can be concluded that the perceived Al competence of music teachers in Spain is
currently in a critical transitional phase, characterized by a strong ethical foundation alongsi-
de significant shortcomings in practical classroom transfer. The results indicate that specific
technical training constitutes the primary driver of change and the key differentiating factor
enabling teachers to move from initial literacy toward genuine digital leadership, thus overco-
ming the minimal threshold of pedagogical integration. At the same time, the ethical dimension
is confirmed to act as a transversal and pre-existing axis of values that safeguards the artistic
essence of music, regardless of teachers’ technical skill levels. Nevertheless, the persistence of a
pronounced generational gap confirms age as the most influential contextual predictor, calling
for the design of training pathways specifically adapted to teachers with longer professional
trajectories.

Despite the psychometric robustness of the ECIA-EMUS instrument and the representativeness
of the sample, the cross-sectional nature of the design constitutes an inherent limitation, as it
prevents observation of the longitudinal evolution of digital competence as Al systems mature
within the school environment. In addition, the use of a self-perception scale—although valida-
ted through expert judgment—may be subject to social desirability bias or an overestimation
of ethical capacities relative to operational skills, given the low scores obtained in technical in-
tegration. Consequently, the cross-sectional design precludes the establishment of causal re-
lationships and limits understanding of teachers’ competence development over time, parti-
cularly in a field as dynamic as Artificial Intelligence. These limitations suggest that the results
should be interpreted as an initial diagnostic approximation rather than a direct reflection of
actual classroom performance.

Future research should therefore complement this quantitative approach with qualitative and
observational studies that examine the real use of Al in music classrooms, as well as explore
students’ perceptions of its impact on creativity and musical learning. Similarly, longitudinal re-
search designs would allow for the analysis of teachers’ competence development following the
implementation of specific training programs. Finally, it would be particularly valuable to empi-
rically assess the impact of Al-assisted composition and personalized learning systems on the
creative and inclusive development of Primary Education students.

Regarding implications, at a theoretical level, the findings reinforce the need to address Al com-
petence through an integrated perspective that transcends reductionist approaches focused
solely on technical skills. The empirical identification of a gap between ethical awareness and
operational integration contributes relevant evidence to current debates on teachers’ digital
literacy, particularly in artistic disciplines, where pedagogical and aesthetic judgment play a
central role.

From an applied perspective, the results provide clear guidance for the planning of Al-focused
teacher training programs, demonstrating that specific professional development constitutes
the main predictor of effective classroom integration. The identified typology of teacher profiles
enables the design of differentiated training pathways tailored to varying competence levels,
thereby avoiding homogeneous approaches that prove ineffective in contexts of digital trans-
formation.
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