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ABSTRACT

The incorporation of Artificial Intelligence (Al) in education demands a redefinition of teaching competencies.
Basic digital skills are no longer sufficient: teachers must be able to understand and apply tools with
pedagogical, ethical, and evaluative implications. The UNESCO Al Competency Framework for Teachers
serves as both a regulatory and training reference that guides the responsible and professional integration of
Al This paper aims to analyse how teachers’ familiarity with the UNESCO Al Competency Framework
influences their level of performance in digital practice within educational processes. The study adopts a
quantitative, descriptive, and correlational design. A total of 145 teachers participated, responding to a five-
point Likert scale instrument. Results show that 93.8% of teachers demonstrate at least an intermediate level
of digital competence, while 40% display a high level of proficiency in the use of AL Nevertheless, gaps remain,
especially those linked to access and technological infrastructure in rural contexts. In conclusion, it is
necessary to strengthen continuous and contextualised training, ensuring digital equity and pedagogical
sustainability.

KEYWORDS: Digital Teaching Competencies, Educational Artificial Intelligence, Rural Digital Divide,
Continuous Training.
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1. INTRODUCTION

Education, like many other areas of society, is being
transformed by Artificial Intelligence (AI) and the
innovations derived from digitalisation across diverse
sectors (Goenechea & Valero-Franco, 2024). This
transformation is driven by the significant advances
that Al has brought to multiple fields, optimising
processes, improving decision-making, facilitating
information management, and providing solutions to
complex problems through machine learning and
advanced reasoning (Cardenas-Rodriguez & Suérez-
Monzén, 2024). In the educational context, these
capabilities open new possibilities to personalise
learning, support teaching, and strengthen
pedagogical decision-making based on data, thus
fostering a structural evolution in educational
practices (Ocafia et al., 2019).

The progressive incorporation of Al-based tools,
such as virtual assistants, intelligent tutoring
systems, and adaptive learning platforms, is
significantly transforming educational environments
(Chiu, 2024). The influence of Al in education has
marked a turning point in how teaching is conceived
and implemented, demanding new forms of
professional training and continuous updating for
educators (Falloon, 2020). In other words,
educational transformation driven by Al has created
an urgent need to strengthen teachers’ digital
competencies, ensuring that they are prepared to
integrate these technologies effectively into their
pedagogical practices.

In this constantly evolving digital context, the role
of the teacher is no longer limited to transmitting
content but has shifted to becoming a facilitator of
learning, guiding students in the critical and creative
use of emerging technologies (Chiu, 2021). This
entails not only mastering digital tools but also
fostering competencies such as critical thinking,
autonomous  learning, and  problem-solving
(Chaudhry & Kazim, 2022). In an educational
scenario where Al is gaining increasing prominence,
it is essential that teachers keep pace with
technological developments and continuously adapt
to the new challenges and opportunities that emerge
in the teaching-learning process (Seo et al., 2021;
Scherer et al., 2023).

In response to these challenges, UNESCO (2025)
has developed the Al Competency Framework for
Teachers, a tool that defines the knowledge, skills,
and attitudes that educators must master in the
digital era. This framework recognises that teacher
professional development in Al cannot be addressed
as an isolated technical process, but must be
articulated with a comprehensive vision of

educational practice and grounded in the
fundamental principles of inclusion, equity, social
justice, and sustainable development.

Despite the growing potential of Al to transform
educational processes, many teachers still lack the
skills and confidence necessary to integrate these
technologies effectively in the classroom (Falloon,
2020). Advances in Al have opened innovative
possibilities to personalise teaching, diversify
pedagogical resources, and optimise administrative
tasks; however, these opportunities are not yet being
fully realised in practice (Hwang et al., 2020). One of
the reasons for this gap is that, in many cases, teacher
training is not aligned with the real and fast-paced
dynamics of the contemporary digital world
(Sancho-Gil et al., 2017).

Even though international organisations have
made efforts to promote the development of Al
competencies, the reality is that in several countries
these guidelines have not yet been coherently
integrated into national education policies
(UNESCO, 2022). The lack of specific Al training
programmes for teachers, limited investment in
technological infrastructure, and the scarcity of
contextualised local research are factors that hinder
an equitable and effective implementation of Al in
schools (Guanga et al., 2024; Rivas, 2025).

In the Colombian context, particularly in the region
of Sabana de  Occidente—which  includes
municipalities such as Funza, Mosquera, Madrid, and
Facatativa — the challenges associated with integrating
Al into education take on an even more complex
dimension. Although various institutional and
governmental initiatives have been promoted to
strengthen digital education, significant gaps remain
in areas such as connectivity, access to technological
devices, continuous teacher training, and pedagogical
support (Sanchez & Aldana, 2025). These limitations
not only affect the effective incorporation of Al into
teaching practices but also highlight the need to adopt
a contextualised, territorial, and situated approach to
teacher professional development.

Considering  educational dynamics means
recognising the real conditions of pedagogical
practice, the impact of educational policies, and the
strategic role of Al in improving education. This
approach makes it possible to generate evidence on
technological appropriation, digital performance,
and the pedagogical incorporation of Al in rural and
subregional contexts, particularly in Sabana de
Occidente. Ultimately, it contributes to the design of
teacher training programmes, the strengthening of
leadership in innovation, and the consolidation of a
digital culture that is ethical, equitable, and inclusive.
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2. THEORETICAL FRAMEWORK

2.1. Perspective on Digital
Competencies in Rural Contexts

and  Teaching

At present, the strengthening of teachers” digital
competencies has become a decisive factor in
educational quality, particularly in contexts of
growing digitalisation and technological advances
such as artificial intelligence (Tituafa et al., 2025).
Several studies have shown that mastering digital
tools, in addition to improving pedagogical
management, also broadens opportunities for
inclusion, innovation, and curricular adaptation
(Dominguez-Gonzalez et al., 2025; Ochoa et al., 2024).
Thus, teacher professional development in digital
competencies must be understood as a dynamic,
contextualised, and sustained process, conditioned
by factors such as access to ICT training and the
geographical and sociocultural characteristics of the
educational environment. This highlights the need to
update the teacher profile in this area, with the
European Framework for the Digital Competence of
Educators (DigCompEdu) serving as a good practice
to support this effort (Caena & Redecker, 2019).

Digital teaching competencies have been widely
addressed through international frameworks such as
DigCompEdu (Redecker & Punie, 2017), which
proposes six key dimensions ranging from
professional engagement to facilitating student
learning. Complementarily, the TPACK model
(Mishra & Koehler, 2006) emphasises the need to
integrate  technological, pedagogical, and
disciplinary knowledge into teaching practice. These
conceptual structures have provided the basis for
evaluating and guiding professional development at
different educational levels, highlighting the
importance of comprehensive digital competence
that goes beyond the instrumental use of technology
and instead focuses on its critical, pedagogical, and
ethical application (Michel & Pierrot, 2024;
Ferndndez & Aquino, 2024).

In Latin America, specific challenges persist.
According to Ochoa et al. (2024), an analysis revealed
low levels of digital competence among in-service
teachers, particularly in rural settings where
technological infrastructure is limited and training
opportunities are scarce. This situation underscores
the urgent need to adapt teacher training to the
emerging demands of the 21st century, such as the
responsible use of Al and the protection of digital
rights. Within this framework, continuous ICT
training emerges as a central component to reduce
performance gaps and ensure more equitable
education (OECD, 2023; El-Hamamsy et al., 2023).

Along these lines, Ramirez and Bernal (2023) argue
that ongoing training enables teachers to remain up
to date while fostering critical reflection,
collaborative exchange, and improvement of
pedagogical practice. However, in regions such as
Sabana de Occidente, Cundinamarca, more targeted
policies are required to address the structural and
sociotechnical barriers faced by teachers, especially
in rural areas.

The rural-urban digital divide is one of the main
limitations to the development of digital
competencies in subregional contexts. Recent studies
in Colombia (Uribe-Zapata et al., 2023; Lépez et al.,
2023) show that, while urban institutions have
connectivity, technological resources, and support
staff, rural areas face significant shortcomings in
these aspects. This directly affects the
implementation of technology-mediated teaching
strategies and limits access to continuous training
opportunities (Mora, 2024). Furthermore, territorial
disconnection translates into inequalities in the
pedagogical use of ICT and in teachers’ digital
empowerment (Ramirez, 2022). In response to these
challenges, UNESCO developed its Al Competency
Framework for Teachers, which outlines 15
competencies across five dimensions: understanding
Al, ethical use, digital pedagogy, assessment, and
continuous professional development (UNESCO,
2024). This framework proposes three proficiency
levels—basic, intermediate, and advanced —and
offers concrete guidance for integrating Al
responsibly, critically, and inclusively into
educational processes. Its approach is especially
relevant in contexts requiring clear and adaptable
guidelines for incorporating emerging technologies
into teaching practice.

Other studies, such as those by Nyaaba (2024),
highlight the urgency of developing Al competencies
in teachers from both an instrumental and an ethical-
civic perspective. Al literacy involves preparing
teachers to question, adapt, and use these tools for
the benefit of learning, without falling into uncritical
or merely automated use (Gil et al., 2024). As Cobo
and Moravec (2020) and Gradada (2021) note,
providing access to technology is not enough;
training processes must be sensitive to territorial,
cultural, and pedagogical realities. In this sense,
UNESCO'’s framework becomes a strategic reference
to guide both initial and continuous teacher training
at all levels.

3. METHODOLOGY

This research adopts a non-experimental, cross-
sectional design, since data collection was carried out
at a single point in time, directly in the real context
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where teachers perform their work. This approach
sought to obtain information that would describe and
help understand the current situation. As Creswell
(2013) notes, non-experimental designs are
appropriate when researchers observe phenomena in
their natural environment without manipulating
variables. The study population and sample
consisted of teachers from public educational
institutions located in the municipalities that make
up the Sabana de Occidente region in the department
of Cundinamarca. A non-probability convenience
sampling method was used, selecting approximately
145 active teachers proportionally distributed across
the institutions of the territory, who voluntarily
agreed to participate in the study.

For data collection, a five-point Likert-type scale
instrument was designed, structured based on the
conceptual foundations of the theoretical framework.
The questionnaire focused on three dimensions: (1)
UNESCO'’s AI Competency Framework for Teachers,
(2) Digital teaching competencies in rural and
subregional contexts, and (3) The use of Al in
pedagogical practice. Each dimension included 10
statements to identify proficiency levels—basic,
intermediate, and advanced—allowing for the
characterisation of profiles and the identification of
gaps in digital competencies. The instrument was
subjected to content validation by expert teachers,
and a pilot test with 15 teachers was conducted to
refine wording, verify clarity, and assess reliability.

Al-based tools were also used in this process.

Reliability was established through Cronbach’s
Alpha coefficient, calculated for both the entire
instrument and each dimension individually. The
following values were obtained: total: 0.90; and
individually: 0.89, 0.85, and 0.85, respectively, which
demonstrates high internal consistency.

The procedure was carried out in four phases:
Data coding, which involved symbolising responses
on an ordinal scale (Low, Medium, and High) in
relation to the evaluated dimensions. Construction of
contingency tables, using cross-tabulations that related
independent variable categories with the levels of
digital competence development in each dimension:
UNESCO AI Competency Framework for Teachers,
digital competencies in rural and subregional
contexts, and the use of Al in teaching practice.
Application of the Chi-square test, conducted using
SPSS software with support from Excel, which
allowed the calculation of the statistic for each
hypothetical relationship and established whether
the differences between expected and observed
frequencies were significant (p < 0.05). Interpretation
of results, considering relationships with p-values
below 0.05, which indicated the existence of
dependency between variables, showing that the
development of digital competencies could be
associated with factors such as academic training or
access to technological resources.

Table 1: Specific Hypotheses.

No. H1. Alternative Hypothesis

HO. Null Hypothesis

There is a significant relationship between UNESCO’s Al

Framework and the application of ICT knowledge in rural

H1 | and supranational contexts, demonstrating the impact of

international guidelines on teachers’ technological
appropriation.

There is no significant relationship between UNESCO’s Al Framework
and the application of ICT knowledge in rural and supranational

contexts.

The application of ICT knowledge in rural and
supranational contexts is directly associated with the use
H2 of Alin teaching practice, showing that technological
appropriation fosters the integration of Al into

pedagogical processes.

There is no significant association between the application of ICT
knowledge in rural and supranational contexts and the use of Al'in

teaching practice.

UNESCO’s Al Framework is significantly related to the
use of Al in teaching practice, indicating that international
H3 reference frameworks guide and strengthen the
development of teaching competencies in educational

innovation.

There is no significant relationship between UNESCO’s Al Framework

and the use of Al in teaching practice.

Note: The Authors.

The general hypothesis stated that: “The level of
development of digital competencies among
teachers in public educational institutions in the
Sabana de Occidente region is positively associated
with the implementation of UNESCO’s Al
Competency Framework for Teachers.” Likewise,
three specific hypotheses were established, as
presented in Table 1.

4. FINDINGS

The results reveal a relevant panorama
regarding the development of digital competencies
and the incorporation of Al into teaching practice,
with significant progress and a group of highly
competent teachers leading transformative
processes in education within the territory. At the

SCIENTIFIC CULTURE, Vol. 10, No 3, (2024), pp. 147-154



151

ALEX DUENAS-PENA et al

same time, the findings highlight the gaps
stemming from difficulties in accessing and using

55.20%

44.10%

0.70%

VT1

Bw development

Medium development

ICT, which directly affects teacher training and
pedagogical support in regional contexts.

59.30%

57.20%

40%
36.60%

0.70%

VT3

High development

Figure 1: Level of Development across the Three Dimensions of the Study on Teachers’ Digital Competencies

in the Sabana De Occidente Region.
Note: VT1 = UNESCO AI Framework; VT2 = Application of ICT Knowledge In Rural and Subregional Contexts; VI3 = Use of Al In
Teaching Practice. Source: Authors, Based on Data Generated By SPSS.

Based on the interpretation of Figure 1, it can be
observed that at least 93.8% of teachers demonstrate,
as a minimum, an intermediate level of development
in digital competencies. This reflects significant
progress in the knowledge and use of technologies
within the educational field. However, only about
one third of this group achieves a highly competent
performance. At the same time, there remains a
segment of teachers who face serious difficulties in
accessing, using, or integrating ICT into their
pedagogical practice. A progressive acceptance and
significant appropriation of Al in teaching practices
within the regional contexts analysed can also be
observed, as 40% of teachers report a high level of
development. This suggests the existence of a solidly
skilled group, likely leading initiatives or serving as
reference figures within their institutions or
territories. Nevertheless, challenges persist, as the
majority remain at an intermediate level of
development, with a very small proportion at a low
level of development (59.3% and 0.7 %, respectively).

These data present a positive outlook regarding
teachers’ appropriation of the UNESCO ICT
Competency Framework for Teachers. The fact that a
considerable percentage demonstrate competent
incorporation of ICT into their pedagogical practices
highlights a strong implementation of the
competencies defined by the framework. Such
appropriation translates into the creation of more
dynamic, personalised learning environments

aligned with current technological realities. It also
points to advances in key dimensions such as the
pedagogical use of ICT, the management of digital
learning  environments,  technology-supported
assessment, and ongoing  participation in
professional communities of practice. From the
analysed context, the results reflect a positive trend
in the development of teachers” digital competencies
in rural and subregional contexts. However,
persistent gaps remain regarding access, use, and
technological appropriation, which must be
addressed. Therefore, it is essential to implement
strategies for continuous and differentiated training,
ensure minimum conditions of technological
infrastructure, and promote collaborative work
among teachers in order to consolidate existing good
practices and contribute to reducing the digital
divide in these territories.

4.1. Association between the Study Variables

To identify whether there are statistically
significant differences in the levels of development of
the different dimensions analysed —namely, the
UNESCO ICT Competency Framework for Teachers,
teachers” digital competencies in rural and
subregional contexts, and the use and perception of
Artificial Intelligence in teaching practice—a Chi-
square test of independence was applied. The test
examined the relationship among the variables stated
in the specific hypotheses.
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Table 2: Hypothesis Test Statistics.

af Asymptotic

Hypothesis Pearson Chi-Square | Likelihood Ratio Significance (2-sided) Linear-by-Linear Association
H1 173,6162 42,392 4 0,000 32,665
H2 74,9792 48,560 4 0,000 42,114
H3 21,159 21,916 4 0,000 20,798
* Three Cells (55.6%) Have An Expected Count Less Than 5. The Minimum Expected Count Is .03.

Note: The Values Obtained from The Linear-By-Linear Association Test (32.665; 42.114; And 20.798) Show Statistical Significance (P <
0.05), Which Allows Us to Reject the Null Hypothesis (Hy) And Accept the Research Hypotheses. This Confirms the Existence of a
Direct Relationship Between the Variables VT1 (UNESCO AI Framework), VT2 (Application of ICT Knowledge In Rural and
Supranational Contexts), And VT3 (Use of AI In Teaching Practice).

These results indicate that there is a statistically
significant association among the respective
variables analysed. Accordingly, it can be stated that,
for all three hypotheses, the null hypothesis (Hy) is
rejected, and the research hypothesis is accepted.
Likewise, it should be noted that the significant
values obtained from the Linear-by-Linear
Association (32.665; 42.114; and 20.798) indicate a
direct relationship between the variables studied.

5. DISCUSSION

With respect to the general hypothesis, which
states: “The level of development of digital
competencies among teachers in public educational
institutions in the Sabana de Occidente region is
positively associated with the implementation of
UNESCO’s Al Competency Framework for
Teachers,” the hypothesis is accepted. Firstly, results
showed that 93.8% of teachers achieved at least an
intermediate level of digital competence, reflecting a
favourable outlook in terms of technological
appropriation. Secondly, the statistical tests
applied —namely the Chi-square test and the Linear-
by-Linear Association—yielded significant values
(32.665; 42.114; and 20.798), with a significance level
of p < 0.05. These results confirm the existence of a
direct and positive relationship among the variables
considered, implying that the implementation of
UNESCO’s AI Competency Framework for Teachers
is significantly associated with the level of
development of teachers’” digital competencies.

The findings of this study are consistent with the
theoretical = references reviewed, particularly
regarding the development of digital competencies
in rural and subregional contexts. As Tituafia et al.
(2025) and Ochoa et al. (2024) indicate, the
consolidation of these competencies not only
enhances pedagogical management but also expands
opportunities for inclusion, innovation, and
curricular adaptation. In this sense, the results from
Sabana de Occidente—showing that 93.8% of
teachers have at least an intermediate level of
performance —confirm the positive trend described
in previous studies and highlight the relevance of

reference frameworks such as DigCompEdu and
UNESCO’s Al Competency Framework for Teachers.

The persistence of gaps in ICT access and use is
consistent with the findings of Uribe-Zapata et al.
(2023) and Lopez et al. (2023), who warn that the lack
of technological infrastructure in rural areas limits
the pedagogical use of digital tools. Indeed, while
40% of the teachers analysed achieved a high level of
Al use, the majority remain at an intermediate level,
with a minority experiencing serious difficulties in
integration. This situation also reinforces what Mora
(2024) and Ramirez (2022) suggest regarding the
impact of territorial disconnection on teachers’
digital empowerment.

Furthermore, the progressive appropriation of Al
by teachers analysed in this study aligns with
Nyaaba (2024) and Gil et al. (2024), who emphasise
the urgency of Al literacy that combines instrumental
use with an ethical and civic perspective. The results
suggest that the group of teachers with high
performance may serve as institutional and territorial
benchmarks, leading initiatives in educational
innovation and peer support. This is consistent with
Ramirez and Bernal (2023), who underline the
importance of ongoing and collaborative training. In
sum, the findings confirm that international
frameworks —particularly that of UNESCO—
provide relevant guidance for the development of
teachers’ digital competencies in rural contexts.
However, the effectiveness of their implementation
largely depends on targeted policies, the provision of
minimum infrastructure conditions, and the creation
of continuous training opportunities that
acknowledge territorial realities.

6. CONCLUSIONS AND
RECOMMENDATIONS

This study made it possible to highlight the
current state of digital competency development and
the appropriation of Artificial Intelligence (Al)
among teachers in public institutions in the Sabana
de Occidente region. Based on the statistical analysis
of data obtained through a Likert-scale survey
administered to 145 teachers, it was found that more
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than 93.8% of participants demonstrated
intermediate or high levels of digital competence.
This indicates a strong potential for technology-
supported educational transformation in the
territory. A solid appropriation of UNESCO’s ICT
Competency Framework for Teachers was identified,
which  translates into  technology-mediated
pedagogical practices, the management of virtual
learning environments, and participation in
professional communities of practice. At the same
time, the study reveals persistent challenges,
particularly in terms of access, infrastructure, and
continuous training—factors that condition the
consolidation of an inclusive digital culture. With

Based on these findings, several
recommendations can be made. Although significant
progress has been made in developing digital
competencies and integrating Al into teaching
practice, gaps remain that require attention. It is
therefore recommended to strengthen continuous
training programmes with an emphasis on the
pedagogical appropriation of ICT and Al in rural and
subregional contexts. Likewise, further empirical
evidence should be sought to strengthen diagnosis,
thereby encouraging institutional policies that
promote equitable access to technological resources.
Finally, fostering teacher support networks can help
drive leadership, innovation, and the establishment

regard to the integration of Al into teaching practice, of benchmarks in the educational field.
most teachers are still at intermediate levels.
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