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Abstract

The purpose of this systematic literature review is to explore the role of digital competencies in teacher professional
development and to identify research trends and future directions in this area, particularly in the context of the educational
potential of Information and Communication Technologies (ICT). The review adhered to the PRISMA Statement Guidelines
for Systematic Reviews and Meta-Analysis. It involved a comprehensive search of multiple databases, including ERIC,
PubMed, Web of Science, Scopus, Emerald, and Taylor & Francis. The initial pool consisted of 169 studies, from which 23
were selected based on specific inclusion and exclusion criteria, thematic relevance, and the removal of duplicates. The
majority of the selected studies utilized qualitative methodologies. The review revealed that digital competence is a
significant challenge within the educational landscape. Most studies highlighted inadequacies in teacher training and
insufficient ICT education, indicating a pressing need for enhanced digital competencies among educators. The findings
pointed to a growing demand for ICT training and support to effectively integrate technology into teaching practices. The
results suggest that educational institutions and policymakers should prioritize context-specific training and support for
teachers in ICT competencies. By addressing the identified gaps in teacher training and providing targeted resources, it is
possible to enhance the integration of technology in diverse learning environments, ultimately improving the quality of
education and learning outcomes for students.
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1. Introduction

With rapid technological advancements and digitalization, Information and Communication Technologies (ICT) are
increasingly important in enhancing the quality of life across various sectors. This is evident in different populations, where
ICT solutions offer avenues for promoting well-being and independence. ICT can address the diverse needs of adults,
including personalized healthcare, social inclusion, active aging, and independent living. This highlights the transformative
power of technology to support and enhance the quality of life [1]. In modern education, ICT has emerged as an important
enabler, offering innovative solutions to address traditional challenges and promote sustainable development goals in
developing countries. As studies by Seegolam, et al. [2] indicate, ICT can expand access to quality education for marginalized
populations, enhance teaching and learning through interactive and personalized approaches, facilitate collaboration and
communication among stakeholders, and foster the development of essential 21st-century skills [3].

In terms of enhancing teaching and learning processes, ICT has increased student engagement and motivation through
interactive tools, enabling differentiated instruction and personalized learning experiences. However, barriers to ICT
adoption, such as limited access to technology, inadequate teacher training, and resistance to change, can all hinder its
effective integration [4]. It was found that challenges to integrating ICT in language classrooms could include insufficient
technical support and infrastructure, lack of teacher training and confidence, time constraints and curriculum demands,
resistance to change, and equity issues. These obstacles reflect the challenges associated with ICT integration across
education [5]. For instance, Nchunge, et al. [6] revealed a concerning underutilization of ICT in Kenyan secondary schools.
This stems from limited ICT infrastructure and resources, inadequate teacher training and understanding of ICT's pedagogical
applications, financial constraints related to cost and maintenance, and resistance to change favoring traditional teaching
methods [6]. In addition, Gudmundsdottir and Hatlevik revealed that newly qualified teachers often face challenges related
to inadequate training in digital competencies. Teachers might not only struggle to adapt to evolving technologies and
methodologies but also lack confidence in their ability to effectively integrate ICT into their teaching [7].

Considering the important role of ICT in education and the factors associated with its integration in schools and teaching,
this systematic review examined the role of ICT integration in education, focusing on the role of digital competence and
teacher professional development. Recognizing that teacher preparedness is a decisive factor in the effective integration of
ICT, and given the growing academic interest in this field, this review aimed to identify insights and research directions on
this topic. This review aimed to understand how digital competence and teacher training were addressed in research, highlight
emerging trends in ICT education over the last decade, and identify gaps to guide future research efforts and improve the
effectiveness of technology integration in education across various settings.

2. Methods

The review was conducted following the principles of the Cochrane Handbook for Systematic Reviews of Interventions
and was reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [8].

2.1. Eligibility Criteria
2.1.1. Inclusion Criteria

The inclusion criteria for the systematic review were peer-reviewed journal articles published between 2014 and 2024,
written in English, focused on education, available in full text through ERIC, and open access.

2.1.2. Exclusion Criteria
Acrticles were excluded from the review if they met any of the following criteria: duplicates, incomplete data, or lack of
full-text information were grounds for exclusion. Additionally, publications such as reviews were excluded.

2.2. Search Strategy

The literature search was conducted across six databases—ERIC, PubMed, Web of Science, Scopus, Emerald, and
Taylor & Francis—to gather relevant studies on ICT training in education. Specific search strings and filters were applied to
ensure precision by excluding review articles and limiting results to English-language publications between 2014 and 2024.
In ERIC, the search used the string "ICT Training" AND Education with filters to exclude reviews in the title and limit results
to English. For PubMed, the search string was ((("ICT Training")) AND (Education)) NOT (review[Title]). In Web of
Science, the query was TS=("ICT Training" AND Education) NOT TI=(review). The Scopus search applied TITLE-
ABS("ICT Training” AND Education) AND NOT TITLE(review) with additional filters to exclude article reviews
(DOCTYPE: "ar") and limit the language to English. In Emerald, the search string was (content-type: article) AND ("ICT
Training" AND Education) - (title:"review"). Finally, the search in Taylor & Francis used [All: "ICT Training"] AND [All:
Education] AND NOT [Publication Title: review] with filters to focus on education-related articles, restrict the publication
type to articles, and set the publication date between 2014 and 2024.

2.3. Selection of the Studies

The processes of online searching, screening the titles and abstracts, as well as revising the full texts of relevant articles
were conducted by two authors. Any disagreements were resolved by consensus.
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Table 1.

Keywords and databases.
Database Keywords
ERIC "ICT Training" AND Education title: -Review language: english
PubMed ((("ICT Training')) AND (Education)) NOT (review [Title])

Web of Science (TS= ("ICT Training" AND Education)) NOT Tl=(review)

Scopus TITLE-ABS (“ICT Training" AND education) AND NOT TITLE (review) AND ( EXCLUDE (
DOCTYPE, "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English"))

Emerald (Content-type: article) AND ("ICT Training" AND (Education) - (title:"review™))

[All: "ict training”] AND [All: education] AND NOT [Publication Title: review] AND [All

Taylor & Francis | Subjects: Education] AND [Article Type: Article] AND [Publication Date: (01/01/2014 TO

12/31/2024)]

2.4. Data Extraction
Two authors independently extracted and recorded the following data: the study ID (author and year of publication),

country, study design, population, settings, and results.

2.5. Measured Outcomes
Changes in teachers' attitudes, beliefs, digital literacy, technical skills, and their ability to use various ICT tools for

pedagogical purposes.

2.6. Quality Assessment
We assessed the quality of the studies using the Critical Appraisal Skills Programme (CASP). The CASP checklist

included specific criteria tailored to different types of studies. Each checklist consisted of a series of questions that guided
users through the appraisal process, focusing on aspects such as study design, sampling, data collection methods, and ethical

considerations [9].

3. Results
The selection and screening process followed the principles and adhered to PRISMA guidelines. The initial search

yielded 169 relevant records based on keyword and MeSH term searches. After removing 11 duplicate records, the remaining
158 were screened based on their titles and abstracts. This initial screening excluded 100 records, resulting in 58 records for
full-text screening. All relevant studies were read in full text by the author. A detailed review of the full-text articles excluded
35 records due to not meeting the inclusion criteria. Finally, 23 studies were included in the systematic review. The process
of study screening through the PRISMA flowchart is illustrated in Figure 1.
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Figure 1.

PRISMA flowchart of the included studies.
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Table 2.
Characteristics of the included studies.
Ref. Aim Results
e Most participants used the internet for professional
To explore how in-service English development,_ W!th classroom practices being the most
teachers utilize the Internet for common app.llcatlon (p <0.05). . .
professional development, e Significant dlfferencgs were found_ in collaborative mfcernet use
Cosgun and | including the impact of teaching among .teachers at different teaching levels (e.g., primary vs.
Savag [10] | levels, ICT training, and the university). e
frequency of Internet use on e Teachers who used the Internetmore_frequently also utilized it
collaboration and classroom more effectively for classroom practices (p < 0.05).
practices. e |ICT training had a significant positive effect on teachers' use
of the Internet for overall professional development and
classroom activities (p < 0.05).
. | « Limited ICT tools, a lack of power outlets, poor internet
;rc%ca)g?tlg;:htehri challefgggs that\zise'g connectivity, and frequent power outages.
) integrating ICT into teaching and . Teaghers Iacked_ adequate ICT training, and some preferred
Nii, et al. learning _activities and propose traditional teaching methods.
[11] strategies to  address  these e Inadequate ratio of ICT tools to students, with students often
challenges. taking turns accessing equipment.
e Improper handling of ICT tools leads to damage and
malfunctions.
To explore teachers' perceptions of
Mrosso and | using ICT to enhance English | ¢  Grammar (30%)
Ndibalema | language fluency and identify the | ¢  Vocabulary (23.3%)
[12] challenges they face in integrating | ¢  Accurate pronunciation (20%)
ICT into pedagogy.
e ICT training is crucial for improving instructional delivery
among vocational educators in Enugu State universities.
To explore the ways of empowering | ¢  Key ICT skills identified as "very highly required” include
vocational educators for effective word processing (mean = 3.69), spreadsheet skills (mean =
Anorue, et | instructional  delivery  through 3.63), video conferencing skills (mean = 3.63), and creativity
al. [13] Information and Communication skills (mean = 3.72).
Technology (ICT) training in | ¢ Challenges constraining ICT training include limited network
tertiary institutions. accessibility (mean = 3.50), lack of qualified ICT personnel
(mean = 3.26), and infrastructural impediments such as
insufficient internet facilities and projectors (mean = 3.34).
o  26.1% of teachers felt effectively competent in using ICT.
e The highest competence was observed at the Entry level
To assess secondary school teachers' (40%), foIIo_wed by (;Adaptation (30.8%), and the lowest at
sense of competence regarding ICT Tran§format|on_ (.1 73 /0)_' ) .
Baytar, et | use and to explore the impact of . Co_nt_lnuous training (p = 0.013): Teachers Wh_o received ICT
al. [14] continuous training and the COVID- tralnlqg felt more competent than those_who did not.
19 pandemic on teachers 3 Learnl?g trfhadmiis (p < 0.001): Avid learners felt more
: : : competent than others.
perceptions of ICT integration. e Gender (p = 0.009): Males felt more competent than females.
e New hires (1-5 years) felt more competent than more
experienced teachers (16—25 years).
e Lack of institutional support, insufficient ICT training before
To analyze the perspectives of the pandemic, and challenges in balancing pedagogy and
Paraguayan  English  teachers technology. . .
regarding ICT integration in e Teachers with 0-5 years or 21+ years of experience
Canese, et language education, particularly in encountered fewer ICT-related problems than those with 6-20
al. [15] X years of experience.

the context of Emergency Remote
Teaching (ERT) during the COVID-
19 pandemic.

Preferred learning activities: Most teachers used a combination
of synchronous and asynchronous tools. The most used
platforms were Zoom and Google Meet, and WhatsApp was
widely used for communication.
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Ref. Aim Results
e Participants had a favorable opinion of ICT, acknowledging its
value in enhancing professional skills and improving the
To analyze the perception of ICT learning envirgnmentfor_individual_s with functional_d_iversity.
Gallardo- (Information and Communication | * However, their perception of their own ICT training was
Montes, et | Technologies) training among me.d'.u.m to IOV\." partlgulgrly In areas such as designing
al. [16]’ professionals working in the field of activities and using specialized educational software.
functional diversity in Granada. e Younger professionals (20-30 years old) demonstrated
significantly more favorable views and higher ICT
competence compared to older professionals (51-64 years
old).
To investigate the perception of e ICT Trainin_g Gaps: _Pre-ser_vice teagh_er_s feltunder_pr_epared for
digital training needs among pre- using ICT in teachm_g, w!th low initial IC_T_tral_nlng scores
service language teachers, focusing (mean = 2.83). The)_/ identified a Ia_ck of training in key areas
on their competence in usi,ng ICT in such as oral mter.actlon, pronunuatlpn, and medlatlon._ _
Hughes, et | language education and how . P_osmve Perception o_f ICT: De_splte _the gaps, pgrtlmpa_nts
al. [17]’ frequently they employ digital tools viewed ICT as e.ssentlal., recognizing its value in improving
in key areas of language teaching, as teacher-student interaction (mean = 4.43) and academic
outlined by the Common European performance (mean =4.23). . . .
Framework Companion Volume | ® Frequent Use mpomprehensmn Sk|II§: ICT-was often utilized
(CEFR). for oral and audio-visual comprehension, with mean scores of
4.03 and 4.17, respectively.
e The study proposed the use of ALT principles (self-concept,
Sasere and To examine how Adult Le_arning readin_ess to Iearn,_irjtrinsic motivation, e_tc.) for design_ing
Makhasane Theory (ALT) can be applied to effective ICT_ tral_nlng for educ_ators in South Africa.
[18] address I_CT skills gaps among Recommendations include reforming teacher development
educators in South Africa. policies, decentralizing ICT training, and conducting
comprehensive ICT needs assessments.
e 40.13% of the teachers showed positive attitudes toward the
To analyze secondary school use of AR in education.
Marin- teachers' attitudes toward _the o Statistical_ly significant differences were foynd in relation_ to
Marin et al. de_velopment of goo_d practices factors like age, ngmber of devices, time spent using
[19] ' using _augmentgd rgallty (AR) in technology, and teaching experience.
education and identify factors that | ¢  The analysis of various dimensions (e.g., satisfaction and
influence these attitudes. reliability) showed a strong correlation between satisfaction
and reliability in AR use.
To analyze teachers' perspectives on e 90,000 students dropped out of school in Ecuador due to lack
media education post-COVID-19 in of_ technologlc_al tools, and 200,000 students moved from
Mateus, et | Latin America and propose a critical private to public schools.
al. [20] agenda  for  addressing the . In_Peru, the school dropout rate reached 370,000 students, and
challenges of media literacy and private school enrollments decreased by 15%.
digital competencies in education. e In Argentina, approximately 1 million students have dropped
out of the education system.
e  Teachers who received ICT training had a higher likelihood of
Goémez- To analyze the factors that influence using ICT in class (odds ratio: 1.302 for 3rd year, 1.787 for 6th
Fernandez | teachers'  decisions to  use year, and 1.242 for 4th year). . -
and Information and Communication | ® Frgquent _ICT use at home by stude_nts increased the likelihood
Mediavilla | Technology (ICT) more or less of its use in the classroom (odds ratio: 3.234 for 3rd year, 9.582
[21] frequently in classrooms. for 6th ye?“_a“d 4'7.65 fqr Ath year), -
e Lack of digital devices in schools reduced the likelihood of
using ICT (odds ratio around 0.79 across levels)
e Training in ICT: Teachers need continuous ICT training to
To  determine  the  digital improve competencies such as digital literacy and effective
Mendoza andragogical (_:ompetencies _of communicat?on. _ N
etal. [22] " | Ecuadorian  higher  education | e  Use of ICT in education: Teachers must develop critical and

teachers during the COVID-19
pandemic.

constructive communication through the effective use of ICT.
Attitude toward ICT: Teachers should foster a positive attitude
toward ICT in higher education to enhance learning.
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Ref. Aim Results
e MS PowerPoint (mean:; 3.56), MS Word (mean: 3.85), MS
The study aimed to determine the Excel (mean: 3.78), Google (mean: 3.63), and YouTube
knowledge and practices of teachers (mean: 3.' 73) were used "always."_ .
_ in utilizing computer-based e  MSPublisher (mean: 3.17) and Windows Media Player (mean:
Paje, et al. technology  (CBT) in  science 3.37) were used "Often."
[23] e Microsoft Encarta (mean: 2.34) was used "Rarely".

instruction at two state-owned
secondary schools in Zambales,
Philippines.

Significant differences:

Presentation software usage varied by civil status and teaching
experience, while educational software usage differed based
on teaching position and educational attainment.

Hafifah and
Sulistyo
[24]

To investigate the ICT literacy
levels of teachers in English
Language Teaching (ELT) within
higher education in Indonesia.

The study found that over 60% of teachers have above-average
ICT literacy and frequently use ICT in teaching, although they
encounter challenges with internet access and limited ICT
training.

Garzon, et
al. [25]

To evaluate the level of digital
competence among teachers in
Lifelong Learning in Andalusia,
Spain, and to explore factors
influencing the development of
digital teaching skills.

The study found that teachers generally had low digital
competence, with the most significant deficiency in digital
content creation. Prior ICT training was linked to better
performance in communication, collaboration, and content
creation areas.

Age, teaching experience, and prior training were key factors
influencing digital competence. The findings suggest a need
for ongoing digital skill development in teacher training.

Fernandez-
Batanero, et
al. [26]

To assess the level of ICT
knowledge and training among
physical education teachers for
supporting students with disabilities
and to examine factors influencing
this training.

The study found that physical education teachers generally
have moderate knowledge of ICT for students with disabilities,
with notable deficits in areas related to accessibility and
support for visual impairments.

Factors such as gender, age, and years of teaching experience
significantly impacted perceived ICT competence, with
younger teachers and females reporting higher competence
levels. Most teachers (88.85%) reported this.

Rueda and
Cerero [27]

To identify the main barriers to ICT
teacher training related to disability
and to explore the perceptions of
educational professionals regarding
these barriers.

The results indicated that the perceptions of barriers to ICT
training were consistent across various types of educational
centers.

The study identified gaps in ICT skills among teachers and

Syahid and | To develop a training curriculum developed a structured training curriculum based on the
Nugraha structure for primary _school UNESEO ICT Framework for Tgeachers aimed at enhancin
[28] teachers to enhance their ICT skills. e - . " . g
teachers' abilities to utilize ICT in education effectively.
To investigate  the  factors
influencing the use of ICT in|e The study found that teacher characteristics, such as
. Spanish secondary school professional development needs, efficacy, collaboration, and
Gil-Flores, . . - : . Ll
etal. [29] clas§r00m§, focusing on the belle_fs regarding teac_hlng and learning, are more _s!gnlflcant
' relationship ~ between  teacher predictors of ICT use in classrooms than the availability of ICT
characteristics and ICT resources.
infrastructure.
e A significant correlation was found between teachers’
technology background, attitude, self-efficacy, and students’
To examine the relationship academic performance, with a Pearson correlation coefficient
Kazan and : ; -
EL-Daou between science teachers’ self- of r=0.6.
[30] efficacy and their attitudes towards | ¢  Teachers who underwent training demonstrated better ICT
the integration of ICT. knowledge and integration, as well as higher attitudes and self-
efficacy levels compared to those who were not adequately
trained.
To study the needs and training for | ¢  Most teachers lacked practical ICT skills, and current training
enhancing ICT competency among programs were ineffective in supporting ICT integration in
Akarawang, h in the basic educati hi
etal. [31] teachers in the basic education teaching.

system in Thailand.

Teachers expressed a preference for blended learning, which
combines online and traditional training.
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Ref. Aim Results

e Key training gaps included a lack of assessments, outdated
curricula, insufficient post-training support, and limited
budgets.

e A significant proportion of faculty members relies on self-
teaching and experimentation to develop ICT skills (79.4%).

o 70% reported limited formal ICT training, with low
participation in online or blended learning programs.

e Professors indicated challenges in keeping pace with evolving
technology, which led to gaps in the pedagogical use of ICT.

To describe and analyze the ICT
training received by faculty
members in Spanish faculties of
education.

Montoro, et
al. [32]

4. Qualificative Synthesis

The studies indicated the role of ICT in enhancing educational practices. A competency-based approach to teacher
training enabled educators to develop the necessary skills in ICT, communication, and pedagogy for effective virtual
education. However, many teachers reported low to moderate levels of ICT competency. Factors such as teachers' perceptions
of ICT's pedagogical usefulness, prior training, and demographic variables significantly impact their ICT use. Common
barriers, including insufficient training opportunities and resources, as well as negative attitudes toward technology, have
also affected ICT integration.

4.1. ICT Competencies and Teacher Training

The included studies converge on the critical role of ICT competency for educators in the 21st century. This competency
is not just about technical skills but encompasses knowledge, skills, and attitudes that enable educators to effectively use
technology for pedagogical purposes. This was evident by, Mendoza, et al. [22] and Syahid and Nugraha [28] who showed
that there is a need for a more focused understanding of ICT competency. In addition, the research underscored the significant
impact of well-designed ICT training on educators’ confidence, attitudes, and practices. For instance, Kazan and EL-Daou
[30] demonstrated the link between consistent ICT training and increased technology self-efficacy among teachers. However,
some limitations emerged from generic training approaches. Akarawang, et al. [31] identified several challenges in ICT
training, including a lack of needs assessment, inadequate resources, and insufficient post-training support [31]. It seems that
there is a persistent digital divide among educators, as some studies such as Garzén, et al. [25] revealed low levels of digital
competence among specific groups of teachers. This divide is further accentuated by factors such as gender, age, and years
of experience, as found by Gallardo-Montes, et al. [16]. It was found that there is a need to consider the specific context in
which ICT is being integrated. For instance, Hughes, et al. [17] explored the use of digital tools for language skills
development, highlighting the importance of aligning technology with pedagogical goals and learner needs [17]. Similarly,
Gallardo-Montes, et al. [16] focused on educators working with individuals with functional diversity and found that there is
a need for specialized training and resources to support inclusive practices [16]. It is worth noting that there is a shift from a
technical view of ICT to a more holistic perspective that recognizes the social, cultural, and ethical dimensions of technology
integration. Mendoza, et al. [22] highlighted the importance of "knowing how to be™ and "knowing how to live together™ in
the digital age, indicating the role of ICT in improving collaboration, communication, and ethical digital citizenship.

4.2. Impact Of COVID-19 on Education

The COVID-19 pandemic forced a rapid shift to remote learning, thrusting ICT into the forefront of educational practices.
This accelerated integration exposed both the potential and the limitations of technology in education. While ICT enabled
continuity of learning during school closures, it also revealed disparities in access, skills, and resources [12, 20]. The studies
underscored the link between ICT competence and teacher confidence in remote learning environments. Baytar, et al. [14]
found that around 26.1% of teachers felt effectively competent in ICT use, emphasizing the need for targeted training to
enhance teachers' digital skills and confidence [14]. In addition, Canese, et al. [15] revealed that prior ICT training and
teaching experience were significant factors influencing teachers' ability to adapt to remote teaching. Furthermore, the
pandemic exacerbated challenges in education in under-resourced contexts. For instance, Mateus, et al. [20] highlighted the
lack of training and increased workload faced by teachers in several Latin American countries. Additionally, Mrosso and
Ndibalema [12] indicated that similar challenges were found among the Tanzanian population, emphasizing the limitations
imposed by inadequate infrastructure and insufficient training.

4.3. Barriers to ICT Integration

Significant teacher-related barriers were discovered in the included studies. For instance, Nii, et al. [11]identified
inadequate training opportunities, lack of technical support, and negative attitudes toward ICT as key challenges faced by
elementary school teachers in Ghana. Similarly, Rueda and Cerero [27] found a lack of teacher awareness and preparation
regarding ICT use for students with disabilities in Spain. These two studies identified a lack of institutional support as a major
obstacle to ICT integration. In Ghana, this manifested in insufficient infrastructure and large class sizes, which hindered
effective technology use in classrooms. In Spain, the lack of institutional support was evident in the limited training
opportunities and resources available to teachers, particularly in the context of inclusive education. While both studies
identified the barriers, they also provided glimpses into the reasons behind these barriers. In Ghana, negative attitudes toward
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ICT may have stemmed from a lack of understanding of its pedagogical potential or fear of technology. In Spain, the lack of
awareness and preparation regarding ICT use for students with disabilities may have reflected a broader lack of focus on
inclusive practices in teacher training and education systems.

4.4. Teachers’ Perceptions and Attitudes Toward ICT

Regarding teachers’ perceptions and attitudes toward ICT, Gil-Flores, et al. [29] and Gomez-Fernandez and Mediavilla
[21] highlighted the significance of perceived pedagogical usefulness as a driver of ICT integration [21, 29]. When teachers
believed that technology could enhance their teaching and improve student learning outcomes, they were more likely to
embrace and use it in their classrooms. The availability of infrastructure and supportive school policies also played a role in
shaping teachers' perceptions and attitudes towards ICT. Gil-Flores, et al. [29] emphasized the positive association between
infrastructure availability and ICT use frequency. On the other hand, Gémez-Fernandez N. revealed that factors such as
teacher gender, years of experience, and prior ICT training also influenced technology use [21, 29].

Moreover, Marin-Marin, et al. [19] focused on the specific context of Augmented Reality (AR), finding that teachers
with higher levels of perceived self-efficacy, satisfaction with technology use, and digital competence were more prone to
have positive attitudes toward using AR in their teaching. In addition, Cosgun and Savas [10] demonstrated that teachers
recognized the value of using the internet for professional development, collaboration, and staying updated on pedagogical
practices [10]. Regarding professional needs, studies indicated the role of teachers as agents of change in driving ICT
integration. By providing teachers with access to diverse training opportunities and equipping them with the necessary skills,
technology can be used to enhance teaching and learning experiences. Montoro, et al. [32] revealed that faculty members
engaged with ICT training through various channels, including formal programs (b-learning and e-learning) and informal
learning experiences (self-teaching and experimentation). While technical skills were essential, they were not sufficient for
effective ICT integration. For instance, Sasere and Makhasane [18] emphasized the role of pedagogical strategies in
facilitating technology use in multigrade classrooms, advocating for professional development that addresses the specific
pedagogical needs of teachers in these settings. A significant knowledge deficit among Physical Education teachers was
discovered by Fernandez-Batanero, et al. [26] in Spain regarding the use of ICT with students with disabilities. While
teachers perceive themselves as moderately trained, they lack specific knowledge and skills necessary to effectively leverage
technology to support inclusive education practices. Interestingly, Ferndndez-Batanero, et al. [26] found that younger and
more experienced teachers reported greater knowledge about ICT use with students with disabilities.
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5. Discussion

This systematic review of the included 23 studies examined the integration of ICT in education across diverse
geographic, cultural, and institutional contexts. While ICT presented significant opportunities for enhancing teaching and
learning, the review revealed important enablers, barriers, and disparities. The studies highlighted that teacher training was
crucial for successful ICT integration. For instance, Gdmez-Fernandez and Mediavilla [21]; Syahid and Nugraha [28]; and
Baytar, et al. [14] found that prior ICT training increased teachers’ likelihood of using technology in classrooms, focusing
on the importance of continuous professional development. Interestingly, Mendoza, et al. [22] demonstrated that both training
and positive attitudes toward ICT significantly improved educators’ digital competence. Teachers trained for over 10 hours
experienced fewer ICT-related challenges [15], indicating that both the duration and frequency of training affect the
outcomes. This was consistent with findings from Kumar, P, which found that integrating ICT into teacher training resulted
in enhanced educational quality [10]. However, current training programs remain inadequate in many regions.

For instance, Akarawang, et al. [31] reported that ICT training often lacked practical relevance, as teachers in Thailand
expressed a preference for blended learning programs. Similarly, Montoro, et al. [32] noted that many educators resort to
self-teaching, as institutional training programs are outdated or insufficient. In addition, Syahid and Nugraha [28] stressed
the need for training aligned with frameworks such as UNESCO’s ICT Competency Standards to enhance effectiveness [28].
Access to ICT resources emerged as a factor influencing usage. Gémez-Fernandez and Mediavilla [21] found that frequent
ICT use at home increased its application in classrooms, but limited access to digital devices within schools reduced usage
across all levels. Studies conducted by Nii, et al. [11] and Hafifah and Sulistyo [24] also revealed persistent issues with
insufficient equipment, unstable internet connectivity, and frequent power outages, limiting the use of ICT. This was also
evident in another study conducted by Muriithi, which showed that a range of factors affected ICT adoption and use in
research collaborations, including access to resources, the nature of research work, the ICT and research environment in the
country and institutions, and the socio-cultural practices of researchers [11].

Moreover, the lack of equitable access had consequences for education. In Latin America, Mateus, et al. [20] reported
that inadequate technology access contributed to school dropouts, with Argentina, Ecuador, and Peru experiencing significant
declines in student enrollments. These findings highlighted that digital inequity exacerbated educational disparities. Teacher
characteristics, including age, gender, experience, and subject expertise, influence ICT adoption patterns. For instance,
Baytar, et al. [14] found that younger teachers (aged 20-40) reported higher ICT competence than older educators. This was
similarly observed by Fernandez-Batanero, et al. [26]. Gender differences were assessed, with males feeling more competent
in ICT use than females, while the opposite was true in physical education in Spain [14, 26]. In terms of experience, new
hires and less-experienced teachers exhibited higher confidence in ICT use [14, 15] due to exposure to newer technologies
during their training. These findings may suggest that specific demographic and subject needs could improve ICT adoption
rates.

Furthermore, infrastructural, policy, and institutional challenges limit the effective use of ICT. Teachers in Ghana Nii,
et al. [11] and Tanzania [12] reported issues such as outdated software, poor connectivity, and insufficient digital devices.
Additionally, Canese, et al. [15] found that the lack of institutional support, especially during the pandemic, hindered the
integration of digital tools into teaching practices. This was also evident in the work of Fernandez-Batanero, et al. [26], who
noted a severe lack of ICT training tailored for students with disabilities, with 88.85% of teachers receiving no formal
preparation in this area. It was found that policy frameworks were also misaligned with educators’ needs. For instance,
Akarawang, et al. [31] identified several gaps, such as the absence of needs assessments and insufficient post-training support,
which limit the effectiveness of training programs Akarawang, et al. [31]. Sasere and Makhasane [18] recommended
decentralizing ICT training in South Africa and aligning it with adult learning principles to foster teacher engagement.
Without supportive policies and adequate resources, teachers face difficulties balancing technology integration with their
pedagogical responsibilities [15, 32].

This was consistent with findings by Ertmer PA et al., which indicated that the biggest barriers to technology integration
practices and the strongest enablers were internal (attitudes, beliefs, knowledge) [12]. Despite these challenges, many studies
highlighted the positive impact of ICT on teaching practices and student outcomes. Teachers reported that ICT enhanced
learning by improving student engagement, retention, and comprehension [12, 17]. Specifically, tools like Zoom, Google
Meet, and WhatsApp facilitated both synchronous and asynchronous learning [15]. Several studies also emphasized the value
of ICT in improving language skills. Mrosso and Ndibalema [12] found that ICT tools significantly improved students'
grammar, vocabulary, and pronunciation. Similarly, Hughes, et al. [17] found that ICT was used to develop oral and
audiovisual comprehension, although there was limited use for enhancing interaction skills. Furthermore, studies discussed
emerging technologies that might further enhance education. Marin-Marin, et al. [19] explored the use of augmented reality
(AR) and found that teachers’ satisfaction and reliability with AR tools were strongly correlated. However, only 40.13% of
teachers expressed positive attitudes toward AR, indicating a need for further training and resource development in this area.
Future research should explore the use of innovative tools such as AR and artificial intelligence (Al) to bridge existing
pedagogical gaps.

6. Conclusion

This review highlighted the multifaceted role of ICT in education and the factors influencing its integration. While ICT
offered significant pedagogical benefits, its effectiveness depended on the availability of training, infrastructure, and policy
support. A key finding highlighted in the majority of the selected studies is the inadequacy of teacher training and insufficient
ICT education. Addressing disparities in access and ensuring continuous professional development are essential to achieving
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equitable and effective ICT use. Future efforts should focus on emerging technologies such as AR and Al to bridge existing
pedagogical gaps and enhance teaching and learning.
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