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Abstract

Introduction: In contemporary higher education, assessment and feedback have ascended
to a position of paramount importance, establishing themselves as quintessential elements
in cultivating digital competencies among students. This study endeavours to scrutinize
how these practices have reconfigured pedagogical dynamics, underscoring the imperative
to adopt a continuous, student-centric approach.

Method: The research employed a quantitative descriptive-transversal methodology, ad-
ministering the ACU-CODI questionnaire to a representative sample of 3,309 students
spanning diverse educational disciplines within Andalusian universities. The participants
ranged in age from 18 to 50 years.

Results: The findings elucidate that students engaging in digital assessment processes
evince marked enhancements in their technological prowess and information processing
capabilities, alongside augmented self-regulation and critical thinking skills. Moreover, a
positive correlation is established between the calibre of digital feedback and the cultiva-
tion of essential competencies, such as problem-solving acumen.

Conclusions: This study culminates by accentuating the criticality of ongoing, adaptive
teacher training, as well as the exigency to engineer learning environments that seamlessly
integrate efficacious digital tools, thereby equipping students to navigate the multifaceted
challenges of the 21st century.

Keywords: digital assessment, feedback, students, digital competencies, quantitative meth-
odology.

Resumen

Introduccién: En la actualidad, la evaluacion y retroalimentacién han adquirido un papel
preponderante en el ambito de la educacién superior, constituyéndose en elementos fun-
damentales para el desarrollo de competencias digitales entre el estudiantado. Este estu-
dio se propone analizar cémo estas practicas han reconfigurado las dindmicas pedagdgi-
cas, destacando la necesidad de adoptar un enfoque continuo y centrado en el estudiante.

Método: Se empled una metodologia cuantitativa descriptivo-transversal, aplicando el
cuestionario ACU-CODI a una muestra representativa de 3.309 estudiantes de diversas dis-
ciplinas educativas en universidades andaluzas, con edades comprendidas entre 18 y 50
afos.

Resultados: Los hallazgos revelan que los discentes que participan en procesos de eva-
luacion digital experimentan mejoras significativas en sus habilidades tecnoldgicas y en
su capacidad para procesar informacién, asi como un incremento en la autorregulacion y
el pensamiento critico. Asimismo, se establece una mejora positiva entre la calidad de la
retroalimentacién digital y el desarrollo de competencias esenciales, como la resolucién
de problemas.

Conclusiones: Este estudio concluye subrayando la importancia de una formacién docente
continuay adaptativa, asi como la necesidad de crear entornos de aprendizaje que integren
herramientas digitales efectivas para preparar a los estudiantes ante los retos del siglo XXI.

Palabras clave: evaluacion digital, retroalimentacion, estudiantes, competencias digitales,
metodologia cuantitativa.

Publicaciones, 55(1), 137-156. https://doi.org/10.30827/publicaciones.v55i1.32341
Gonzélez Medina, L. et al. (2025). Assessment and Feedback in the Digital Age


http://doi.org/10.30827/publicaciones.v48i2.8331

Introduction

In the current landscape of higher education, the digital era has catalysed a signifi-
cant transformation in assessment and feedback processes, profoundly impacting the
manner in which students’ digital competencies are developed. This evolution has not
only redefined pedagogical practices but has also introduced new challenges and op-
portunities in the cultivation of essential skills for the 21st century.

Digital assessment and feedback

The digital era has profoundly revolutionized the conception and execution of assess-
ment and feedback within the educational sphere. In this regard, on the one hand
Garcia-Pefialvo et al. (2021) argue that digital assessment transcends the mere utili-
zation of technological tools, representing a paradigm shift in the understanding of
the evaluative process. This new approach is characterized by being more continuous,
formative, and student-centred, marking a clear evolution from traditional methods.
Complementing this perspective, Boud and Dawson (2021) highlight the necessity
of developing assessment practices that promote self-regulation and metacognition
among students, leveraging the potential offered by digital technologies.

Innovative practices are also emerging in the field of digital assessment. For instance,
Tsai et al. (2020) underscore the role of gamification and augmented reality as tools
that enable the evaluation of complex competencies in more authentic and meaning-
ful contexts. In parallel, Timmis et al. (2022) contend that digital assessment signifi-
cantly contributes to the development of digital citizenship by exposing students to
ethical and responsible practices in technology use. Additionally, a study conducted
by Sanchez-Cruzado et al. (2021) reveals that students engaged in digital assessment
processes demonstrate a significant improvement in their ability to utilize technologi-
cal tools and process information in digital environments.

On the other hand, digital feedback has also experienced a significant transformation.
In line with this, Martinez-Solana et al. (2020) emphasize the significance of immedi-
ate and personalized feedback facilitated by digital tools. According to the authors,
this immediacy fosters more effective learning tailored to the individual needs of each
student. Moreover, Redecker and Punie (2019) point out the growing relevance of
learning analytics in providing more precise and timely feedback. This observation is
reinforced by the work of Gikandi and Morrow (2019), who argue that well-designed
digital feedback can foster critical thinking and problem-solving skills in digital con-
texts.

In this perspective, the dialogic nature of feedback has been increasingly recognized.
Carless and Boud (2018) emphasize feedback as a two-way process that promotes
student autonomy and active engagement with learning. This reconceptualization of
feedback aligns with the broader goals of digital education by integrating both peda-
gogical and technological dimensions.

The impact of these advancements in digital assessment and feedback on learning
and the development of digital competencies is noteworthy. Collectively, these find-
ings underscore the crucial importance of digital assessment and feedback in con-
temporary education, not merely as tools for measuring learning but as catalysts for
developing essential skills in the digital age.
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Digital Learning Ecosystems and Educational Resources: Transforming the
Educational Ecosystem

The ecology of digital learning and digital educational resources is profoundly recon-
figuring the contemporary educational ecosystem. This transformation encompasses
the complex interactions among various elements of the learning environment, as
well as the integration of digital tools and content into educational processes.

At the core of this transformation, Castafieda and Selwyn (2018) argue that digital
technologies are not merely tools; they shape new spaces and forms of learning. This
ecological perspective allows us to understand how the introduction of digital assess-
ment and feedback technologies is reshaping power relations and institutional dy-
namics in higher education, as noted by Williamson et al. (2020). These changes pose
new challenges and opportunities for educational management and teacher training.

The implications of this digital ecology are particularly significant in the realm of as-
sessment and the development of digital competencies. Gasevic et al. (2019) highlight
how learning analytics enables a deeper understanding of competency development
across various contexts and over time. However, Marin et al. (2020) caution about the
need to consider ethical and privacy aspects in the use of data for digital assessment,
emphasizing the importance of developing ethical frameworks and institutional poli-
cies that ensure responsible use of technology.

In this evolving digital ecosystem, educational resources play a crucial role. Mercad-
er and Gairin (2020) provide a useful classification of these resources into categories
of information, collaboration, and learning, each with specific characteristics tailored
to different pedagogical objectives and contexts. Complementing this view, Rodri-
guez-Garcia et al. (2019) underscore the growing importance of Open Educational
Resources (OER) in higher education, which promote more equitable access to quality
educational materials.

The effective integration of these digital resources into assessment processes and
the facilitation of digital competencies represents a significant challenge. Cabero-Al-
menara et al. (2021) emphasize the need for robust instructional design that aligns
learning objectives, activities, and assessment. Meanwhile, Tondeur et al. (2020) high-
light the critical importance of teacher training in the pedagogical use of digital re-
sources, arguing that mere availability of technology does not guarantee its effective
use in the classroom.

Together, this ecological perspective on digital learning and educational resources
provides a holistic view of how technologies are transforming not only teaching tools
and methods but also the fundamental structures and dynamics of the educational
ecosystem. This approach underscores the need for continuous adaptation and com-
prehensive training for both educators and students to effectively navigate this ev-
er-evolving educational landscape.

Digital Competence Framework: Facilitating the Development of Digital
Competencies in Higher Education
Digital competencies have become a fundamental element in higher education, re-

flecting the growing importance of digital literacy in contemporary society. The Dig-
Comp 2.2 framework, proposed by Vuorikari et al. (2022), establishes five main areas
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of digital competencies: information and data literacy, communication and collabo-
ration, digital content creation, safety, and problem-solving. Various authors, such as
Cabero-Almenara and Palacios-Rodriguez (2020) and Falloon (2020), emphasize the
need to integrate these competencies transversally into university curricula, adapting
them to the specific needs of each discipline and professional profile. To effectively
develop these competencies, innovative pedagogical strategies are proposed, such
as project-based learning, technology-mediated collaborative learning, and flipped
learning (Gomez-Trigueros et al., 2021; Pérez-Escoda & Garcia-Ruiz, 2021).

The DigCompEdu framework, on the other hand, specifically focuses on the digital
competencies of educators. Developed by Redecker (2017) and subsequently updated,
this framework identifies six areas of digital competencies for teachers: professional
engagement, digital resources, teaching and learning, assessment, empowering stu-
dents, and facilitating students’ digital competence. DigCompEdu provides guidance
for the professional development of educators in the use of digital technologies, en-
compassing everything from planning and designing learning experiences to assess-
ing and promoting students’ digital autonomy. This framework complements the gen-
eral DigComp framework by offering a specific perspective for the education sector
and helping teachers effectively integrate digital technologies into their pedagogical
practice.

In the context of this article, we will focus specifically on two crucial areas of the Dig-
CompEdu framework: assessment and facilitation of students’ digital competencies.
Assessment in the digital environment involves not only the use of technological tools
to measure learning but also the implementation of strategies that encourage self-as-
sessment and critical thinking among students regarding their digital skills. On the
other hand, facilitating digital competencies refers to educators’ ability to design and
implement learning activities that effectively develop these skills in students, prepar-
ing them for the challenges of an increasingly digitized world.

Our focus on these areas seeks to explore how educators can leverage digital technol-
ogies to assess more effectively and foster the development of digital competencies
in their students. This analysis leads us to propose the following objectives that will
guide our research on the impact of digital assessment practices on facilitating stu-
dents’ digital competencies in higher education:

1. Examine the multidimensional structure of teachers’ digital competencies, with
particular emphasis on the domains of assessment, feedback, and facilitation
of learning, in order to identify critical factors that shape these competencies in
today’s digital educational ecosystem.

2. Analyse the dynamics of interaction among various dimensions of teachers' dig-
ital competence, exploring how these manifests in pedagogical practices and
how they influence educators’ capacity to promote the development of digital
skills in their students.

3. Elucidate the complex interrelationship between teachers’ digital competencies
in assessment and feedback and their influence on educators’ ability to facilitate
the development of digital competencies in students, considering the context of
digital transformation in contemporary education.
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Method

In accordance with the established objectives, a quantitative methodology of a de-
scriptive-cross-sectional nature has been implemented, based on the probabilistic
analysis of a representative sample. This approach allows for the acquisition of ob-
jective and precise results, facilitating a thorough exploration of the variables under
study and providing a reliable view of the key interrelationships in technological adap-
tation within the current educational context.

Participants

The target population for this research consists of a total of 3,309 students, all en-
rolled in various higher education programs aimed at preparing future educators and
understood as active agents in the development and application of digital compe-
tences. These include degrees in Primary Education, Early Childhood Education, and
Pedagogy, as well as the Master’s Degree in Secondary Education and Baccalaureate
Teaching. The participants are enrolled in three universities in Eastern Andalusia: the
University of Jaen, the University of Granada, and the University of Aimeria.

In terms of gender, the sample presents an uneven yet representative distribution:
there are 1,145 men (34.6%) and 2,164 women (65.4%), reflecting the general trend
observed in education programs. Regarding the age of the participants, the range
spans from 18 to 50 years; however, the majority (92.3%) fall within the age group of
18 to 25 years, indicating that the sample is primarily composed of students follow-
ing a traditional academic path. The average age is approximately 22 years, with a
standard deviation of £1.043 years, suggesting a relatively homogeneous distribution
around this mean.

Instruments

The instrument used in this research is an adaptation known as ACU-CODI, which is
part of a broader study. This ad hoc scale has been validated through expert judg-
ment to ensure its content relevance and clarity, and it has demonstrated excellent
psychometric properties, including a notable Cronbach’s Alpha and a factor analysis
that supports its robustness. . The questionnaire is divided into three main sections:
sociodemographic factors, the ACUTIC study, and the DIGCOMPEDU study.

The ACUTIC questionnaire (Questionnaire for the Study of Attitude, Knowledge, and
Use of ICT), developed by Mirete et al. (2015), exhibits a high degree of reliability with
a Cronbach’s Alpha of .891. It consists of 31 items organized into three dimensions:
attitude towards ICT (7 items), training and knowledge about ICT (12 items), and use
of ICT (12 items). On the other hand, the “DigCompEdu Check-in" study, validated by
Ghomi and Redecker (2018), is based on the European Framework for Digital Com-
petence for Educators, DigCompEdu. This framework encompasses six competency
areas: Professional Engagement, Digital Resources, Digital Pedagogy, Assessment
and Feedback, Empowering Students, and Facilitating Students’ Digital Competence.
It consists of 22 items and has shown high reliability with a Cronbach’s Alpha of .960
and a McDonald’'s Omega of .964. It is important to highlight that this article specif-
ically focuses on the dimensions related to assessment and the facilitation of digital
competencies among students—key aspects that are fundamental to our research on
technological adaptation in the educational field.
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Procedure and data analysis

For the development of the research and the collection of information, strict ethical
protocols were followed in accordance with national and international regulations
concerning research involving human subjects. The handling of all data was conduct-
ed in strict compliance with the General Data Protection Regulation (GDPR) of the EU
and the Organic Law on Data Protection and Guarantee of Digital Rights in Spain, en-
suring the anonymity and confidentiality of participants’ responses at all times.

The administration of the instrument was carried out individually through the Goo-
gle Forms platform. At the beginning of the questionnaire, a pre-test was applied to
assess participants’ initial self-perception of their digital competence. After complet-
ing the main sections of the instrument, including items related to digital practices,
assessment, and facilitation, a post-test was conducted to reevaluate any changes in
their self-perception. The researchers provided a detailed explanation of the study’s
purpose and requested voluntary participation, adhering rigorously to the ethical
principles established in the Declaration of Helsinki (World Medical Association, 2013).

Regarding data analysis, the Hot-Deck method was applied to minimize potential bias-
es (Lorenzo-Seva & Van-Ginkel, 2016), and the validity and reliability of the instrument
were evaluated through Confirmatory Factor Analysis. For statistical processing, SPSS
AMOS 25 and Jamovi (The jamovi Project, 2020) were used, allowing for descriptive
statistics, Pearson correlations, and ANOVAs. This analysis focuses on examining the
correlations among various dimensions of the study, providing a comprehensive view
of the interrelationships between the factors investigated.

Results

Table 1
Descriptive analysis

Dimension Dimension Dimension  Dimension G. DimensionH. DimensionI.
D. E. Digital F. Digital Assessment ~ Empowering  Facilitating
Professional ~ Resources Pedagogy and Students Digital
Engagement Feedback Competence
N Valid 3309 3309 3309 3309 3309 3309
Lost 0 0 0 0 0 0
Mean 2.9056 3.2126 3.0285 2.8900 3.0280 2.8210
Median 3.0000 3.3333 3.0000 3.0000 3.0000 3.0000
Std. Deviation 77147 .87585 .97508 .83535 .90480 1.09049
Variance .595 767 .951 .698 .819 1.189
Skewness -.082 -175 -112 .092 .029 -.070
Standard error .043 .043 .043 .043 .043 .043
of Skewness
Kurtosis -.888 -.943 -.926 -.878 -.948 -1.123
Standard error .085 .085 .085 .085 .085 .085

of kurtosis

Publicaciones, 55(1), 137-156. https://doi.org/10.30827/publicaciones.v55i1.32341
Gonzalez Medina, I. et al. (2025). Assessment and Feedback in the Digital Age 143


http://doi.org/10.30827/publicaciones.v48i2.8331

After a thorough analysis of the provided data, regarding the central tendencies, it
is observed that the dimension “Digital Resources” achieves the highest mean score
(M=3.2126), followed by “Digital Pedagogy” and “Empowering Students,” both with
very similar means (M=3.0285 and M=3.0280, respectively). In contrast, the dimen-
sion “Facilitating Digital Competence” presents the lowest mean (M=2.8210), closely
followed by “Assessment and Feedback” (M=2.8900) and “Professional Engagement”
(M=2.9056). Although these differences are subtle, they indicate areas that may re-
quire greater attention in teacher professional development.

The variability of responses, reflected in the standard deviations, shows interesting
patterns. The dimension “Facilitating Digital Competence” exhibits the greatest dis-
persion (SD=1.09049), suggesting considerable heterogeneity in educators’ abilities
to promote this competence. On the other hand, “Professional Engagement” shows
the least variability (SD=.77147), indicating greater consistency in this aspect among
participants.

Regarding the shape of the distributions, skewness coefficients close to zero (ranging
from - .175 t0 .092) indicate approximately symmetric distributions for all dimensions.
However, the negative kurtosis in all cases (from -.878 to -1.123) reveals platykurtic
distributions, with a greater data dispersion than expected in a normal distribution.
This phenomenon is particularly pronounced in the dimension “Facilitating Digital
Competence” (kurtosis =-1.123).

These statistical results provide a solid foundation for understanding the current state
of digital competencies in the educational sector, highlighting areas of relative strength,
such as digital resources, and areas that could benefit from specific interventions, such
as facilitating digital competencies and assessment through technological tools.

Table 2
Correlational analysis

DimensionD. Dimension Dimension Dimension G. Dimension Dimension 1.

Professional  E. Digital F. Digital Assessment H. Facilitating
Engagement Resources Pedagogy  and Feedback Empowering Digital
Students Competence

Dimension D.  Pearson 1 661" 797" 759" 635" 629"
Professional ~ Correlation
Engagement

Sig. .000 .000 .000 .000 .000

(bilateral)

N 3309 3309 3309 3309 3309 3309
Dimension E.  Pearson 661" 1 732" .636™ 720" .602"
Digital Correlation
Resources

Sig. .000 .000 .000 .000 .000

(bilateral)

N 3309 3309 3309 3309 3309 3309
Dimension F.  Pearson 797" 732" 1 .863" .824" .835™
Digital Correlation
Pedagogy

Sig. .000 .000 .000 .000 .000

(bilateral)

N 3309 3309 3309 3309 3309 3309
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Dimension D. Dimension Dimension Dimension G. Dimension Dimension I.

Professional  E. Digital F. Digital Assessment H. Facilitating
Engagement Resources  Pedagogy  and Feedback Empowering Digital
Students Competence

Dimension G.  Pearson 759" .636™ .863" 1 .852" 738"
Assessment Correlation
and
Feedback Sig. .000 .000 .000 .000 .000

(bilateral)

N 3309 3309 3309 3309 3309 3309
Dimension H.  Pearson .635™ 720" .824™ .852" 1 741
Empowering  Correlation
Students

Sig. .000 .000 .000 .000 .000

(bilateral)

N 3309 3309 3309 3309 3309 3309
DimensionI.  Pearson 629" .602" .835™ 738" 741" 1
Facilitating Correlation
Digital
Competence Sig. .000 .000 .000 .000 .000

(bilateral)

N 3309 3309 3309 3309 3309 3309

Note. **The correlation is significant at the level of .01. (bilateral).

The correlational analysis of the six dimensions of digital competence in the educa-
tional field reveals a pattern of significant and robust interrelationships, providing a
comprehensive view of the underlying structure of these competencies.

Firstly, it is noteworthy that all correlations are statistically significant (p <.001) and
positive, with magnitudes ranging from moderate to high. This finding suggests a
strong interconnection between the different facets of teachers’ digital competence,
indicating that development in one dimension tends to be associated with improve-
ments in others.

The strongest correlations (r > .800) are observed between the dimension “Digital
Pedagogy” and three other dimensions: “Assessment and Feedback” (r = .863), “Em-
powering Students” (r = .824), and “Facilitating Digital Competence” (r = .835). This
underscores the central role that digital pedagogy plays in the effective integration
of technologies into the educational process. Additionally, the strong correlation be-
tween “Assessment and Feedback” and “Empowering Students” (r = .852) suggests a
close relationship between these pedagogical practices.

Regarding the focal dimensions of the study, “Assessment and Feedback” (Dimension
G) shows particularly strong correlations with “Digital Pedagogy” (r = .863) and “Em-
powering Students” (r = .852), while its weakest correlation is with “Digital Resourc-
es” (r =.636). Meanwhile, “Facilitating Digital Competence” (Dimension I) presents its
strongest correlation with “Digital Pedagogy” (r = .835) and its weakest with “Digital
Resources” (r =.602).

It is notable that the dimension “Digital Resources” tends to show relatively lower cor-
relations with other dimensions, although they remain moderate to high (between r =
.602 and r =.732). This could indicate that while digital resources are important, their
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mere availability does not necessarily guarantee a high level of competence in other

areas.

In conclusion, this correlational analysis provides empirical evidence of the intercon-
nected nature of digital competencies in education, offering a solid foundation for the
development of comprehensive strategies to enhance teachers’ digital competence.

Table 3

Inter-subject Effects Tests

Source Dependent  Type III df Mean F Sig. Partial Noncentrality ~ Observed

Variable Sum of Square Eta Parameter Power
Squares Squared

Corrected Dimension  1927.3892 4 481.847  4179.143  .000 835 16716.572 1.000

model G.
Dimension  2793.706° 4 698.426  2024.157  .000 710 8096.630 1.000
L

Intercept  Dimension  8.482 1 8.482 73.563 .000 .022 73.563 1.000
G.
Dimension  .143 1 143 415 .520 .000 415 .099
L

DIM_D Dimension  54.828 1 54.828 475.529 .000 126 475.529 1.000
G.
Dimension  8.462 1 8.462 24.524 .000 .007 24.524 .999
L

DIM_E Dimension  25.080 1 25.080 217.524 .000 .062 217.524 1.000
G.
Dimension  4.141 1 414 12.000 .001 .004 12.000 934
L

DIM_F Dimension  53.760 1 53.760 466.269 .000 124 466.269 1.000
G.
Dimension  467.285 1 467.285  1354.271  .000 291 1354.271 1.000
L

DIM_H Dimension  176.423 1 176.423  1530.143  .000 317 1530.143 1.000
G.
Dimension  35.559 1 35.559 103.056  .000 .030 103.056 1.000
L

Error Dimension  380.945 3304 115
G.
Dimension ~ 1140.030 3304 .345
L

Total Dimension 29945375 3309
G.
Dimension  30267.520 3309
L
Publicaciones, 55(1), 137-156. https://doi.org/10.30827/publicaciones.v55i1.32341
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Source Dependent  Type III df Mean F Sig. Partial  Noncentrality =~ Observed

Variable Sum of Square Eta Parameter
Squares Squared

Power

Corrected Dimension  2308.334 3308

total

G.

Dimension  3933.736 3308
L

Note. Dimension G. Assessment and Feedback/ Dimension I. Facilitating Digital Competence
a. Rsquared = .835 (adjusted R squared = .835)

b. R squared =.710 (adjusted R squared =.710)

c. Calculated using alpha = .05

The multivariate analysis of Dimensions G (Assessment and Feedback) and I (Facilitat-
ing Digital Competence) provides an enlightening perspective on the structure and in-
terrelationships of digital competencies in the educational field. The results obtained
through intersubject effects tests reveal complex and significant patterns that warrant
detailed consideration.

Firstly, it is imperative to highlight the statistical robustness of both models. The mod-
el corresponding to Dimension G exhibits exceptional fit, with a coefficient of determi-
nation (R?) of .835, indicating that 83.5% of the variance in assessment and feedback
is explained by the included predictor variables. Meanwhile, the model for Dimension
I, although slightly lower, also shows substantial fit, with an R? of .710. The statistical
significance of both models (p <.001) and the observed power of 1.000 in most effects
underscore the reliability and validity of these findings.

When examining the specific effects of predictor variables, differentiated patterns are
observed between the two dimensions. For Dimension G, the variable “Empowering
Students” emerges as the most potent predictor, with a considerable effect size (n?
partial = .317), followed by “Professional Engagement” (n? partial = .126) and “Digital
Pedagogy” (n? partial = .124). In contrast, for Dimension I, “Digital Pedagogy” stands
out as the dominant factor (n? partial = .291), while the other variables show substan-
tially smaller effects.

This disparity in the relative importance of predictors between the two dimensions is
particularly revealing. It suggests that the competencies necessary for effective as-
sessment and feedback are more closely linked to the ability to empower students,
while the facilitation of digital competence relies more heavily on teachers’ digital ped-
agogical skills. This distinction has significant implications for the design of training
programs and professional development for educators.

It is also noteworthy that all predictor variables consistently show statistical signifi-
cance in both models (p <.001 in all cases, except p =.001 for “Digital Resources” in Di-
mension I). However, the magnitude of these effects varies considerably, ranging from
large to very small effects, highlighting the complexity of interrelationships among
different facets of teachers’ digital competence.

In conclusion, this multivariate analysis provides robust empirical evidence regard-
ing the multidimensional structure of digital competencies in education. The findings
suggest that while there is a significant interconnection among different dimensions,
each is influenced by a unique set of predictive factors.
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Table 4

Parameter estimates
Dependent Parameter B Std. t Sig.  95% Confidence Partial  Noncentrality =~ Observed
Variable Error Interval Eta Parameter Power
Squared
Lower  Upper
limit limit

Dimension G.  Intercept 221 .026 8.577  .000 A7 272 .022 8.577 1.000
Assessment
and DIM_D 284 .013  21.807 .000 .258 .309 126 21.807 1.000
Feedback

DIM_E -.157 011 -14.749 .000 -.178 -.136 .062 14.749 1.000

DIM_F .299 .014  21.593 .000 272 327 124 21.593 1.000

DIM_H 476 012 39.117 .000 452 .500 317 39.117 1.000
DimensionI.  Intercept .029 .045 .644 520  -.059 116 .000 .644 .099
Facilitating
Digital DIM_D -1 .023 4952 .000 -.156 -.067 .007 4.952 .999
Competence

DIM_E -.064 .018  -3.464 .001 -.100 -.028 .004 3.464 .934

DIM_F .883 .024  36.800 .000 .836 .930 291 36.800 1.000

DIM_H 214 .021 10.152  .000 172 .255 .030 10.152 1.000
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Note. a. Calculated using alpha=.05

The multivariate analysis of the dimensions of teachers’ digital competence reveals a
complex and highly significant structure in two fundamental dimensions: Assessment
and Feedback (Dimension G) and Facilitating Digital Competence (Dimension I).

The developed statistical models provide precise information about the interrela-
tionship of different predictor variables. For Dimension G, the equation [G = .221 +
.284(DIM_D) - .157(DIM_E) + .299(DIM_F) + .476(DIM_H)] shows a significant intercept
of 0.221, indicating a baseline starting point in assessment competencies.

The most influential predictor in this model is “Empowering Students” (DIM_H), with
a coefficient of .476 and an effect size of .317, followed by “Digital Pedagogy” (DIM_F)
with .299 and “Professional Engagement” (DIM_D) with .284. Particularly interesting is
the negative effect of “Digital Resources” (DIM_E) with - .157, suggesting a potentially
complex inverse relationship.

In contrast, the model for Dimension I [I = .029 - .111(DIM_D) - .064(DIM_E) +
.883(DIM_F) +.214(DIM_H)] presents a practically neutral intercept of .029. Here, “Dig-
ital Pedagogy” emerges as the absolute dominant predictor, with a coefficient of .883
and an explanatory effect of .291.

The results reveal substantial differences between both models. While Dimension G
shows more balanced effects among predictors, Dimension I is clearly determined by
digital pedagogy. The direction of effects varies significantly: in the first model, three
predictors are positive; in the second, two are positive and two negative. Specifically,
in Dimension G, “Empowering Students” (DIM_H, B = .476, n? partial = .317), “Digital
Pedagogy” (DIM_F, B =.299, n? partial =.124), and “Professional Engagement” (DIM_D,
B =.284, n? partial = .126) show positive effects, while “Digital Resources” (DIM_E, B
=-.157, n? partial = .062) presents a negative effect. In contrast, in Dimension I, “Dig-
ital Pedagogy” dominates with a coefficient of .883 (n? partial = .291), followed by a
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smaller positive effect from “Empowering Students” (B = .214, n? partial = .030), while
“Professional Engagement” (B = - .111, n? partial = .007) and “Digital Resources” (B
=-.064, n? partial = .004) show negative effects. These differences in magnitude and
direction of effects suggest that competencies in assessment and feedback depend on
a more complex interaction of factors, while the facilitation of digital competencies is
primarily determined by teachers' digital pedagogical skills.

These findings have profound implications for teacher training. They suggest that
competencies in assessment and feedback depend more uniformly on multiple di-
mensions of digital competence, with particular emphasis on student empowerment.
The facilitation of digital competencies, on the other hand, appears to rely almost ex-
clusively on digital pedagogical skills.

Statistical significance is consistently high (p <.001) across virtually all predictors, with
95% confidence intervals reinforcing the robustness of the models. The observed pow-
er of 1.000 in most effects ensures the reliability of these estimates.

In summary, this analysis not only provides a detailed overview of teachers’ digital
competencies but also offers a conceptual framework for understanding their com-
plexity, variability, and potential for professional development in the digital age.

Figure 1

Dependent Variable: Dimension G. Assessment and Feedback
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The analysis of the scatter matrix graph provides a valuable visual representation of
the relationships between Dimension G (Assessment and Feedback) and its predictors
(DIM_D, DIM_E, DIM_F, DIM_H). This visualization corroborates and enriches the find-
ings from the previous statistical analysis.
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The matrix displays consistent and homogeneous dispersion patterns, with no evi-
dence of extreme outliers that could distort the observed relationships. This character-
istic reinforces the robustness of the results obtained in the regression model.

"

The relationship between Dimension G and the predictor “Empowering Students
(DIM_H) stands out due to its strong positive association, exhibiting a well-defined lin-
ear pattern with the least dispersion of points. This visual finding validates the highest
coefficient obtained in the model (B = .476, n? partial = .317), highlighting the critical
importance of student empowerment in assessment and feedback competencies.

The association between Dimension G and “Digital Pedagogy” (DIM_F) shows a con-
sistent positive relationship, with a moderately strong linear pattern and moderate
dispersion. This observation supports the significant positive coefficient found (B =
299, n? partial = .124), confirming the relevance of digital pedagogical skills in the
evaluative process.

The relationship between Dimension G and “Professional Engagement” (DIM_D) pres-
ents a moderate positive trend, characterized by a defined linear pattern and moder-
ate dispersion. This visualization is consistent with the coefficient obtained (B =.284,
n? partial = .126), reaffirming the contribution of teacher engagement in assessment
practices.

Particularly interesting is the relationship between Dimension G and “Digital Resourc-
es” (DIM_E), which shows a more complex and less defined pattern with greater dis-
persion. This visual complexity justifies the negative coefficient found (B = - .157, n?
partial = .062), suggesting a subtle but significant inverse relationship that warrants
further analysis.

From a methodological perspective, the predominance of linear relationships in the
graph validates the use of the linear model employed in the analysis. Additionally,
the relatively constant dispersion across different relationships suggests compliance
with the assumption of homoscedasticity, strengthening the reliability of the results
obtained.

In summary, the graphical analysis not only corroborates previous statistical findings
but also provides a more intuitive and nuanced understanding of the complex inter-
relationships among dimensions of teachers’ digital competence in the context of as-
sessment and feedback.

The analysis of the scatter matrix for Dimension I (Facilitating Digital Competence) and
its predictors reveals more complex and heterogeneous relationship patterns com-
pared to Dimension G, which is consistent with the lower coefficient of determination
(R?=.710) obtained in the statistical model.

The most prominent feature is the dominant relationship between Dimension I and
“Digital Pedagogy” (DIM_F). This association exhibits a strongly defined linear pattern
with the least relative dispersion, visually corroborating the highest coefficient in the
model (B = .883, n? partial =.291). The clarity of this relationship underscores the cen-
tral role of digital pedagogical skills in facilitating digital competencies.

"

In contrast, the relationship between Dimension I and “Empowering Students
(DIM_H) displays a moderate positive association, characterized by a less pronounced
linear pattern and greater dispersion. This visualization supports the moderately pos-
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itive coefficient found (B = .214, n? partial = .030), suggesting a secondary yet signif-
icant influence of student empowerment on the facilitation of digital competencies.

Figure 2
Dependent Variable: Dimension I. Facilitating Digital Competence
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The relationships of Dimension I with “Professional Engagement” (DIM_D) and “Digital
Resources” (DIM_E) present more complex and diffuse patterns, with high dispersion.
These visualizations are consistent with the negative coefficients obtained (B =-.111,
n? partial =.007 for DIM_D; B = - .064, n? partial = .004 for DIM_E), indicating weak but
statistically significant inverse relationships.

From a methodological perspective, linearity is more evident in the relationship with
digital pedagogy, while relationships with other predictors show more complex pat-
terns. This justifies the use of a linear model, primarily due to the strong association
with DIM_F, but also suggests the possibility of exploring non-linear models to better
capture these more complex relationships.

The greater heterogeneity in dispersion and more irregular patterns compared to Fig-
ure 1 (Dimension G) indicate increased complexity in relationships for Dimension 1.
This translates into a less balanced model, with a more pronounced dependence on
digital pedagogy and more visible suppressor effects in other predictors.

In summary, the graphical analysis of Dimension I reveals a structure of relationships
that is more complex and less homogeneous than that observed in Dimension G. This
underscores the multifaceted nature of facilitating digital competencies and suggests
the need for more nuanced approaches in training and evaluating this competence
among educators.
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Discussion and conclusions

This research has shed light on the complex interrelationship between teachers’ dig-
ital competencies, digital assessment and feedback practices, and their impact on fa-
cilitating students’ digital competencies in the context of higher education. The results
obtained allow for significant conclusions to be drawn and open new lines of discus-
sion regarding the digital transformation of education.

Firstly, concerning the first proposed objective, “to examine the multidimensional
structure of teachers' digital competencies, with an emphasis on assessment, feed-
back, and facilitation of learning,” the examination of this multidimensional structure
has revealed the critical importance of digital pedagogy as a central axis of education-
al innovation. The findings suggest that the mere implementation of technological
tools is insufficient; it is the transformation of pedagogical practices that truly drives
the development of digital competencies in both teachers and students. The strong
correlation observed between digital pedagogy and the dimensions of assessment
and facilitation of competencies (r = .863 and r = .835, respectively) underscores the
need to prioritize teachers’ digital pedagogical training as a key strategy for educa-
tional transformation. Furthermore, the results demonstrate a clear interdependence
between digital assessment and competency development, highlighting the centrality
of digital pedagogy in educational transformation. These findings emphasize the ne-
cessity for an integrated approach in educational intervention that considers the in-
terrelationship between these elements to achieve effective implementation of digital
competencies in teaching.

In this regard, Falloon (2020) emphasizes the need to integrate digital competencies
transversally into university curricula, arguing that such integration is fundamental
for preparing students for the challenges of the contemporary digital world. This per-
spective aligns with the findings of Vuorikari et al. (2022), who established five main
areas of digital competencies in the DigComp 2.2 framework: information and data
literacy, communication and collaboration, digital content creation, safety, and prob-
lem-solving. These areas provide a comprehensive structure for developing essential
digital skills in higher education. Cabero-Almenara and Palacios-Rodriguez (2020)
complement this vision by underscoring the importance of adapting these compe-
tencies to the specific needs of each discipline and professional profile. The effective
implementation of this approach requires, according to Gémez-Trigueros et al. (2021),
the adoption of innovative pedagogical strategies such as project-based learning and
technology-mediated collaborative learning, which enable students to develop these
competencies in authentic and meaningful contexts.

Regarding the second objective, “to analyse the interaction dynamics among dimen-
sions of teachers' digital competence and their influence on promoting students’ dig-
ital skills,” multivariate analysis has revealed interesting patterns. The robust connec-
tion identified between digital assessment and facilitation of digital competencies (r
= .738) suggests that strengthening digital assessment practices not only improves
evaluative processes per se but also catalyses the development of digital skills in stu-
dents. This finding supports the implementation of differentiated yet complementary
formative assessment and self-assessment strategies mediated by technology, align-
ing with contemporary student-centred learning theories.

A particularly relevant finding is the role of student empowerment as a catalyst in
digital assessment (n? = .317). This result suggests that evaluative practices that foster
student autonomy and active participation are especially effective in digital environ-
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ments. Such observations have significant implications for designing assessment and
feedback strategies that promote the development of digital competencies more ef-
fectively by utilizing different mechanisms of influence for each dimension. Therefore,
other authors such as Gémez-Trigueros et al. (2021) propose innovative pedagogical
strategies like project-based learning and technology-mediated collaborative learn-
ing to develop digital competencies. These methodologies encourage an active and
participatory approach, allowing students to apply their digital skills in authentic and
meaningful contexts. Additionally, Pérez-Escoda and Garcia-Ruiz (2021) complement
this view by highlighting the importance of flipped learning in promoting students’
digital skills. This pedagogical approach enables students to engage with digital con-
tent outside the classroom and participate in application and analysis activities during
class time, thereby fostering autonomy in learning and providing more opportunities
to develop and practice digital skills in a teacher-guided environment.

Finally, addressing the third objective, “to elucidate the interrelationship between
teachers’ digital competencies in assessment and feedback, and their influence on
facilitating students’ development of digital competencies,” interesting patterns have
emerged. The results indicate that teachers’ ability to implement innovative digital
assessment practices is closely linked to their ability to facilitate the development of
digital competencies in their students. The findings indicate that teachers with ad-
vanced skills in digital assessment are more effective at promoting their students’ de-
velopment of digital competencies. Visual data analysis shows greater consistency in
digital assessment practices and a clear dominance of digital pedagogy in competency
development; however, significant complexity is also observed in integrating digital
resources. These observations have important implications for teacher training and
educational policies. They visualize the complexity of developing digital competencies,
identify key intervention points for improving pedagogical practices, and provide evi-
dence of implementation patterns that can guide future strategies in digital education.

These findings underscore the need for an integrated approach to teacher training
that simultaneously addresses competencies in digital assessment and facilitates
students’ development of skills. Following this line, other authors such as Cabero-Al-
menara et al. (2021) emphasize the necessity for solid instructional design that aligns
learning objectives, activities, and assessment in digital environments. This alignment
is essential to ensure that digital technologies are effectively integrated into the edu-
cational process, maximizing their potential to develop students’ digital competencies.

Tondeur et al. (2020) highlight the critical importance of teacher training in the peda-
gogical use of digital resources, arguing that mere availability of technology does not
guarantee its effective use in classrooms to facilitate students’ development of digital
competencies. These authors stress that training should focus not only on technical
skills but also on pedagogical strategies that allow for meaningful integration of tech-
nology into teaching, thereby ensuring educators are equipped to make full use of
available digital tools.

It is important to note that this research has also identified areas for improvement and
ongoing challenges. The moderate average scores on dimensions related to assess-
ment and facilitation of competencies (M=2.89 and M=2.82, respectively) indicate that
there is still significant room for developing and implementing advanced digital prac-
tices in higher education. The variability observed, particularly in competency facilita-
tion (SD=1.09), reflects heterogeneity in adopting digital strategies among university
faculty members, underscoring the need for more robust and personalized teacher
training programs (Mohamed et al., 2022). This study highlights that institutions must
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adopt a proactive approach toward digitization by integrating emerging technologies
such as artificial intelligence and data analytics to enhance educational experiences.

In conclusion, this research provides solid empirical evidence supporting the need for
a holistic approach to the digital transformation of higher education. The close rela-
tionship between digital assessment, digital pedagogy, and competency development
suggests a need for educational policies and pedagogical practices that recognize
and leverage these interconnections. The findings contribute not only to theoretical
knowledge in the field but also offer practical guidelines for educational innovation in
the digital age (Carayannis & Morawska-Jancelewicz, 2024). This work emphasizes that
universities must be flexible and adaptive to face current educational environment
challenges while promoting more personalized student-centred learning.

Future research could delve deeper into analysing long-term effects of these interrela-
tionships as well as exploring how these dynamics vary across different academic dis-
ciplines. Additionally, it would be valuable to further investigate specific mechanisms
through which student empowerment influences the development of digital compe-
tencies to design more effective educational interventions (UNESCO et al., 2024). This
approach will enable a better understanding of how institutions can adapt their digital
strategies not only to enhance learning but also to improve student retention and
satisfaction in an increasingly digitized world.
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