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ABSTRACT: 

The deployment of educational technologies (EdTech) in low- and middle-income countries constitutes one of the 

most significant contemporary challenges in global educational transformation. Despite growing recognition of 

its potential to democratize access to knowledge, implementation processes face deeply rooted structural, cultural, 

and technological limitations. This study seeks to answer the question: Does network analysis of terms allow the 

identification of challenges in EdTech implementation in low- and middle-income countries? Through a 

bibliometric co-occurrence network analysis of 1,191 conceptual terms defined by 548 authors, the results reveal 

four clusters: Cluster 1: Technology acceptance models and individual factors in EdTech adoption; Cluster 2: 

Health education and structural challenges in EdTech implementation within clinical and healthcare contexts; 

Cluster 3: Educational innovation, digital literacy, and technological planning in developing countries; and Cluster 

4: Gamification, assessment, and competency development in emerging digital educational environments. These 

findings create new research gaps that require further exploration using advanced techniques such as factor 

analysis and structural equation modeling to transform the clusters into conceptual constructs 
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INTRODUCTION 

 

The adoption of educational technologies (EdTech) has emerged as a strategic pillar in global educational 

transformation processes. These tools hold the promise of democratizing access to knowledge, narrowing learning 

gaps, and fostering innovative approaches to teaching and assessment aligned with the challenges of the 21st 

century. However, in low- and middle-income countries (LMICs), the implementation of EdTech faces a range of 

complex and multidimensional obstacles, rooted in both structural limitations and deeply embedded sociocultural 

and pedagogical factors [1], [2]. 

 

In contrast to contexts with high technological availability, LMICs must contend with profoundly unequal starting 

conditions. Limited connectivity, lack of digital infrastructure, low household purchasing power, and deficiencies 

within the educational system converge as structural barriers that hinder the effective deployment of educational 

technologies [3], [4]. Moreover, the increasing reliance on external platforms often developed without 

consideration for the cultural or linguistic contexts of the regions in which they are implemented undermines both 

their effectiveness and their acceptance by the educational community [5], [6]. 

 

On the other hand, human and cultural factors play a critical role. Resistance among some educators to adopt new 

digital methodologies whether due to insufficient training or fear of losing control over the educational process 

constitutes a significant barrier [7], [8]. This is further compounded by the lack of comprehensive public policies 

that ensure the development of digital competencies, provide technical support, and promote continuous 

evaluation of the implemented programs. 

 

In many cases, the adoption of EdTech in LMICs has been driven by isolated initiatives, lacking coordination 

among educational, health, and social stakeholders, which hinders both sustainability and scalability. The pressure 
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to digitalize educational processes particularly during and after the COVID-19 pandemic accelerated the 

implementation of solutions that were not always appropriate or effective in vulnerable settings [2]. As a result, 

there has been a noticeable increase in fragmented interventions, with a greater emphasis on technological 

deployment than on actual educational outcomes [9]. 

 

Within this framework, the present bibliometric study analyzes a substantial body of recent publications in order 

to identify the main thematic clusters that shape the challenges of EdTech implementation in LMICs. Through a 

co-occurrence analysis of conceptual terms defined by various authors, four critical problem areas are identified: 

(1) digital divides and limited infrastructure, (2) cultural resistance and pedagogical challenges, (3) lack of 

contextualization of platforms and content, and (4) limited evaluation of impact and sustainability. Addressing 

these issues is not only essential to ensuring the right to quality education, but also fundamental for advancing 

toward a more equitable, sustainable, and technologically inclusive form of development. 

 

Digital Divides and Limited Infrastructure 

One of the most evident structural challenges in the implementation of educational technologies in LMICs is the 

persistent digital divide. This manifests on multiple levels: from unequal access to connectivity and devices to the 

lack of maintenance and technical support. The reviewed literature highlights how inadequate technological 

infrastructure particularly in rural areas hinders the functioning of educational platforms, disrupts virtual classes, 

and restricts student participation [10]. 

 

In many contexts, the limited availability of electricity or internet renders technology an intermittent resource, 

making its systematic integration into instructional planning difficult. For example, studies conducted in rural 

school settings report that only a fraction of educational centers have functional equipment, and that students often 

have to share devices among multiple household members [11]. 

 

Moreover, the cost of accessing technologies such as mobile devices, computers, and data plans represents a 

significant barrier for low-income households, further exacerbating educational inequality. In this context, the 

ideal of equitable digital education is undermined by structural conditions that demand not only investment in 

infrastructure, but also the implementation of affordable and sustainable connectivity policies [12], [2]. 

 

Cultural Resistance and Pedagogical Challenges 

Beyond technological barriers, there are cultural, attitudinal, and pedagogical obstacles that hinder the effective 

adoption of EdTech in LMICs. Numerous studies emphasize that many educators particularly those with 

traditional training exhibit either active or passive resistance to the integration of digital tools in the classroom 

[7]. This attitude is influenced by a lack of confidence in technology, limited training, or the perception that digital 

methods are incompatible with established pedagogical frameworks. 

 

Likewise, families and communities play an ambivalent role: while some view technology as an opportunity for 

progress, others perceive it as a source of distraction, risk, or cultural identity loss particularly when digital content 

is not aligned with their values [5]. 

 

On the other hand, the active, student-centered methodologies promoted by many EdTech platforms require a 

paradigm shift in teaching that is not always understood or supported. The absence of a pedagogical digital culture, 

combined with a lack of institutional support, limits the transformative potential of these technologies [9], [13]. 

 

Lack of Contextualization of Platforms and Content 

One of the most frequently cited issues in the literature is the limited local adaptation of EdTech solutions 

implemented in LMICs. Many of these platforms have been designed in high-income countries and superficially 

translated, without taking into account the cultural, linguistic, or curricular characteristics of the regions where 

they are applied [5], [6]. This cultural disconnect can lead to student disengagement and teacher resistance, as 

neither group sees themselves reflected in the content or in the proposed learning dynamics. 

 

Moreover, rural and intercultural contexts require materials that respect and promote cultural diversity. However, 

most available digital resources fail to incorporate local elements, which reduces community ownership and limits 

the pedagogical potential of the platforms [14]. 
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In addition, the lack of co-creation among developers, educators, and educational communities hinders the 

development of truly inclusive and context-sensitive technological solutions. The literature consistently 

emphasizes that effective EdTech implementation requires participatory planning grounded in real needs 

assessments rather than standardized models [3]. 

 

Limited Evaluation of Impact and Sustainability 

A fundamental challenge identified in most studies is the absence of robust monitoring and evaluation mechanisms 

to assess the real impact of educational technologies implemented in PIBM [13]. Many EdTech interventions are 

presented as innovative solutions, yet they lack solid empirical evidence demonstrating their effectiveness in terms 

of learning improvement, gap reduction, or school retention. 

 

Moreover, evaluation approaches often focus on usage indicators such as the number of users or time spent online 

without considering the quality of interactions, the relevance of the content, or the long-term pedagogical effects 

[12]. This lack of in-depth evaluation hinders the identification of best practices, the correction of shortcomings, 

and the scaling of successful projects. 

 

It has also been observed that many programs lack financial sustainability, as they depend on external cooperation 

funds or one-time donations, without a continuity model. As a result, once funding ends, platforms become 

obsolete or fall into disuse, and the initial effort is lost [11], [15]. 

 

Finally, the literature underscores the need to develop digital educational governance models in which public, 

private, and community stakeholders work collaboratively in the planning, implementation, and evaluation of 

sustainable and inclusive educational technologies [16]. 

 

Applications of the PRISMA Methodology in the Field of EdTech  

The PRISMA methodology (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) has become 

a key approach for the systematization of knowledge in the field of educational technologies (EdTech), 

particularly in contexts marked by accelerated digital transformation. In recent literature, PRISMA has been 

applied to identify thematic patterns, rigorously evaluate the methodological quality of studies, and establish 

inclusion and exclusion criteria that allow for an objective and reproducible analysis of research on EdTech in 

low- and middle-income countries [17]. 

 

Its use has facilitated the identification of critical thematic areas, such as digital accessibility, technological 

literacy, the impact of immersive platforms, and teacher training in virtual environments [18]. Thanks to this 

methodology, researchers can synthesize scattered evidence and construct analytical frameworks that reveal not 

only progress, but also gaps and contradictions in the implementation of technological solutions in education [19]. 

Moreover, the PRISMA approach has made it possible to highlight the diversity of methodological approaches 

used in EdTech research, ranging from experimental studies to qualitative inquiries and public policy analyses. 

This is particularly valuable for developing countries, where digital educational interventions must be adapted to 

fragile infrastructure conditions and diverse sociocultural realities [20], [21]. 

 

Applications of Bibliometrics in EdTech 

The use of bibliometrics in the field of educational technologies (EdTech) has enabled the precise mapping of the 

scientific and thematic development of an area in constant transformation. Through co-occurrence network 

analysis, country-level production, institutional collaboration, and thematic evolution, bibliometric studies have 

provided a solid empirical foundation for understanding the research dynamics surrounding EdTech and its 

multiple applications in global educational contexts [22, p. 1], [23], [24]. 

 

One of the main advantages of bibliometrics in this field is its ability to identify emerging trends. Several studies 

have highlighted the growth of areas such as gamification-based learning, the use of artificial intelligence for 

personalized education, adaptive assessment, and the integration of immersive platforms all driven by the 

accelerated digitalization of educational processes [25], [26]. Through the analysis of keywords and thematic 

clusters, researchers have been able to group scientific production into categories such as “digital accessibility,” 

“teacher competencies,” “interactive platforms,” and “inclusive online education” [27, pp. 2010–2024]. 

 

In addition, bibliometrics has been used to evaluate the scientific productivity of regions and countries, making it 

possible to highlight the concentration of knowledge in high-income countries and the relative scarcity of research 
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output from developing regions [28]. This asymmetry has been documented as a structural factor that limits the 

global representativeness of EdTech approaches, highlighting the need to promote more inclusive editorial 

policies and interregional collaborations [29]. 

 

At the methodological level, bibliometric research in EdTech has employed tools such as VOSviewer, 

Bibliometrix, and CiteSpace, which enable the generation of co-occurrence maps, international collaboration 

networks, and longitudinal analyses of keywords [30]. These tools have also facilitated the evaluation of the most 

impactful journals, the most frequently cited authors, and the most active institutions in the field, providing 

researchers with a clear overview of where and how the most influential knowledge is being produced [31]. 

 

Another important contribution of bibliometrics has been the identification of research gaps. Through thematic 

frequency analysis, it has been shown that critical subtopics such as the use of EdTech in populations with 

disabilities, intercultural approaches, and digital gender equity remain underexplored compared to more 

established areas like STEM education and digital teacher training [32]. 

 

Finally, some studies have used bibliometrics to link EdTech with the Sustainable Development Goals (SDGs), 

showing how digital technologies can contribute, for instance, to improving the quality of education (SDG 4) and 

reducing inequalities (SDG 10), while also warning of the risk of exacerbating existing gaps if the structural 

conditions affecting their implementation in low-resource countries are not properly addressed [33]. 

 

In summary, bibliometrics has become an indispensable methodology for understanding, evaluating, and 

projecting the impact of EdTech in contemporary education. Its application enables the articulation of knowledge, 

the identification of priority research areas, and the provision of key evidence for designing more equitable, 

inclusive, and data-driven public education policies. 

 

Interquartile Level in Scientific Publications and Its Relationship with EdTech 

In bibliometric studies applied to the field of educational technologies (EdTech), the analysis of interquartile level 

has become a key tool for evaluating the visibility, quality, and impact projection of scientific publications. The 

interquartile level, which classifies scientific journals indexed in Scopus or Web of Science into quartiles (Q1 to 

Q4), enables the ranking of sources based on their impact as measured by citation metrics, and is commonly used 

to identify the most influential dissemination channels within a given field of study [34]. 

 

In the case of EdTech, studies have shown that a significant portion of the scientific output is concentrated in 

journals ranked in Q1 and Q2, reflecting the consolidation of this field as a line of research with high international 

relevance [35]. This prominent presence in higher quartiles also highlights the interest of journals in education, 

computer science, and technology in topics such as artificial intelligence applied to teaching, immersive learning 

platforms, gamification, and the development of teachers’ digital competencies. 

 

However, it has also been observed that placement in higher quartiles does not necessarily guarantee the inclusion 

of diverse or contextually relevant perspectives. In particular, studies analyzing EdTech implementations in low- 

and middle-income countries tend to be underrepresented in Q1 journals, raising questions about editorial or 

linguistic barriers that hinder their publication in high-impact outlets [36]. This situation may lead to thematic 

concentration, where the most visible research focuses on privileged settings, while studies addressing digital 

inequality, inclusion, and intercultural approaches are relegated to the background. 

 

Another important finding concerns the relationship between journal quartile and the type of EdTech being 

investigated. Studies focusing on emerging platforms, educational big data, or machine learning tend to be more 

frequently published in high-quartile journals, whereas those centered on basic digital literacy, rural access, or 

low-cost technologies are more commonly found in mid- or lower-quartile publications [37]. This suggests an 

implicit hierarchy of topics based on their degree of technological innovation, which reduces the visibility of 

approaches that although fundamental to educational equity do not always align with the priorities of the most 

prestigious publications. 

 

Therefore, this document aims to address the following research question: Can term co-occurrence network 

analysis be used to identify the challenges of EdTech implementation in low- and middle-income countries? The 

following hypothesis is proposed accordingly: 
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H1: There are clearly differentiated thematic clusters within the term co-occurrence network that reflect the 

contextual challenges such as infrastructure, teacher training, and digital access in the adoption of EdTech in low- 

and middle-income countries. 

The growing adoption of educational technologies (EdTech) in low- and middle-income countries (LMICs) has 

generated a substantial body of scientific literature focused on contextual challenges, ranging from infrastructural 

limitations to insufficient teacher training and digital access gaps. This phenomenon can be effectively analyzed 

through advanced bibliometric methods particularly term co-occurrence analysis which enables the identification 

of semantic and conceptual patterns in recent academic literature. 

 

The hypothesis is supported by the fact that network maps generated through co-occurrence term analysis often 

reveal thematic groupings or clusters that encapsulate areas of concern or development. In the case of EdTech in 

developing contexts, it is expected that these clusters will reflect categories such as: (i) technical and connectivity 

limitations, (ii) barriers to teacher training for the pedagogical use of technology, and (iii) sociocultural conditions 

that hinder the equitable adoption of digital platforms. The identification of these thematic nuclei not only 

validates the existence of structural and operational challenges, but also informs decision-making regarding public 

policies and technological implementation strategies tailored to local contexts. 

 

Additionally, co-occurrence analyses in this field often employ metrics such as centrality, modularity, and 

semantic density, which enhance the ability to detect robust thematic communities. These communities enable the 

establishment of correlations between recurrent concepts such as “digital divide,” “teacher training,” “ICT 

infrastructure,” and “policy implementation” all of which are essential for understanding the complexity of 

integrating EdTech in resource-constrained settings. 

 

Therefore, the present hypothesis posits that the bibliometric analysis of co-occurrence networks constitutes not 

only a valid methodological tool, but also a means to empirically systematize the challenges of technological 

implementation in education across the Global South. Confirming this hypothesis would validate the use of 

scientometric tools to support strategic interventions in the educational domain. 

 

METODOLOGÍA 

 

Document Selection 

The document selection process followed the recommendations of the PRISMA methodology (see Figure 1). 

Scopus and Web of Science were selected as the primary databases due to their high reputation and rigorous 

publication standards (see Table 1).  

Figure 1. Flow diagram PRISMA 
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Table 1. Search equation 

Data base Search Equation T. Doc 

Scopus TITLE-ABS-KEY ( "educational technology" OR edtech OR "digital learning" OR 

"technology in education" OR "ICT in education" ) AND TITLE-ABS-KEY ( "low- and 

middle-income countries" OR LMIC OR "developing countries" OR "global south" OR 

"emerging economies" ) AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) 

300 

Web Of 

Science 

"educational technology" OR edtech OR "digital learning" OR "technology in 

education" OR "ICT in education" (All Field) And "low- and middle-income countries" 

OR LMIC OR "developing countries" OR "global south" OR "emerging economies" (All 

Fields) Document Types: Article 

245 

 Total 545 

 

Workflow Developed for Bibliometric Analysis 

To design and analyze the network of conceptual terms defined by the authors, the following workflow was 

implemented: 

1. Records from each of the selected databases were downloaded and stored in .bib format, corresponding to 

each source. 

2. A Python script was developed to merge the .bib files and remove duplicates, resulting in a single consolidated 

file. 

3. To select articles published in Q1-ranked journals, a custom Python script was created, yielding a total of 177 

selected articles. 

4. Bibliometrix version 5 (R language) was used to analyze the main bibliometric indicators. 

5. VOSviewer version 1.6.20 was employed to design the network comprising 1,191 conceptual terms defined 

by 548 authors. 

6. To extract the quartile data from the term network, the information was exported in .json format, and a Python 

script was developed to classify the articles according to journal quartile.  

 

RESULTS 

 

Analysis of Key Bibliometric Indicators 

The bibliometric analysis encompassed a total of 177 documents published between 1973 and 2025, distributed 

across 91 scientific sources (see Figure 2), reflecting a relatively concentrated body of literature. However, the 

annual growth rate of 5.83% indicates a sustained increase in academic interest in the implementation of 

educational technologies (EdTech) in low- and middle-income countries (LMICs). 

 

The average age of the documents is 7.41 years (see Figure 3A), indicating that much of the relevant production 

is recent aligned with the expansion of digital policies, the rise of mobile connectivity, and the urgent need to 

address technological gaps exacerbated during and after the COVID-19 pandemic. Moreover, the average impact 

of the publications, measured by citations per document (11.71) (see Figure 3B), reflects moderate reception 

within the scientific community, further reinforcing EdTech's relevance as an emerging field of research in the 

context of educational equity. 

 

Regarding thematic content, 809 Keywords Plus (ID) and 1,191 author-declared keywords (DE) were identified 

(see Figure 3C), indicating a broad conceptual and terminological diversity within the field. This semantic breadth 

supports the hypothesis that differentiated thematic clusters exist, centered on dimensions such as technological 

infrastructure, teacher training, and digital accessibility key elements in characterizing implementation challenges 

in low-resource regions. 

 

The analysis also identified the involvement of 548 authors, 25 of whom produced single-authored documents. 

Scientific collaboration was notable, with an average of 3.54 co-authors per document.  

 

Finally, a total of 4,643 bibliographic references were recorded, indicating a robust theoretical and empirical 

foundation in the field. This volume of references supports the feasibility of applying co-occurrence and semantic 
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network analysis techniques, enabling the precise identification of the structural and contextual challenges faced 

in the implementation of EdTech across the Global South. 

 

Figure 2. Medias bibliometricas 

 
Figure 3.  

A B 

  

C 

 

Note: A) Annual Scientific Production. B) Average Citations Per Year. C) WordCloud 

Co-occurrence Term Network  

The co-occurrence term network was constructed based on 1,191 terms defined by 548 authors (see Figure 4). 

From this network, four clusters were identified, each concentrating a distinct group of co-occurring terms. The 

first cluster was labeled: Technology Acceptance Models and Individual Factors in EdTech Adoption. The second 

cluster was defined as: Health Education and Structural Challenges in EdTech Implementation in Clinical and 

Healthcare Contexts. The third cluster was named: Educational Innovation, Digital Literacy, and Technological 

Planning in Developing Countries. Finally, the fourth cluster was titled: Gamification, Assessment, and 

Competency Development in Emerging Digital Learning Environments. The following section provides a 

literature-based review and definition of each of these clusters.  
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Figure 4. Red de co-occurrencia de terminos 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cluster 1: Technology Acceptance Models and Individual Factors in EdTech Adoption 

Collectively, the terms reflect an analytical focus on understanding user behavior in relation to EdTech adoption 

a key line of research for addressing implementation challenges in resource-limited settings (see Figure 5). 

Bibliometric analysis reveals a first cluster centered on technology acceptance models and individual factors 

influencing the adoption of educational technologies (EdTech), particularly in the context of low- and middle-

income countries. This cluster encompasses studies that, although they do not always explicitly reference models 

such as TAM (Technology Acceptance Model) or UTAUT (Unified Theory of Acceptance and Use of 

Technology), do explore key elements such as attitudes toward platform usage, personal motivation, digital 

literacy, access to resources, and the sociocultural conditions that mediate the relationship between users and 

technology. 

 

For example, digital competencies and technological literacy are highlighted as key determinants in the adoption 

of EdTech, particularly in contexts where access to devices or connectivity is limited. These individual factors are 

closely linked to the potential for technological appropriation by teachers and students within ICT-mediated 

teaching and learning processes. This framing offers a perspective on the phenomenon grounded in personal and 

cultural skills necessary for the effective integration of educational technology [14]. 

 

Similarly, some studies emphasize how generational differences, levels of prior education, and cultural beliefs 

regarding technology influence either the acceptance or resistance to using digital platforms. In this regard, user 

experience becomes a central node within the cluster, as factors such as user-friendly interfaces, perceived 

usefulness, and trust in the system critically shape the intention to use EdTech solutions [38]. 

 

Another aspect identified within this cluster is the role of teachers as either facilitators or barriers in the adoption 

of EdTech. Teachers’ attitudes toward innovation, their technical training, and their openness to change are 

personal variables that directly impact the implementation of technologies in the classroom, as demonstrated by 

studies on pedagogical integration in rural or marginalized areas [39]. 

 

Finally, several studies examine the affective dimension of technology-enhanced learning, emphasizing that 

intrinsic motivation, perceived self-efficacy, and a sense of autonomy influence the sustained use of EdTech. 

These findings underscore the importance of user-centered approaches that integrate psychological and 

sociocultural factors into the design and dissemination of technological solutions for education in vulnerable 

contexts [40]. 
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Cluster 2: Health Education and Structural Challenges in EdTech Implementation in Clinical and 

Healthcare Contexts 

This thematic group reflects a specific focus on how the challenges of EdTech implementation manifest uniquely 

in the context of medical education, teaching hospitals, and healthcare systems in developing countries. The 

barriers in this cluster are not only technological, but also organizational, curricular, and related to the shortage of 

qualified personnel calling for comprehensive solutions to enable the effective adoption of educational 

technologies in the health sector (see Figure 5). 

 

Cluster 2 identified in the bibliometric analysis focuses on the integration of educational technologies (EdTech) 

into training processes related to health, and on the multiple structural challenges that condition their adoption in 

clinical and healthcare environments. The studies grouped within this cluster reflect a growing concern with 

enhancing the digital competencies of healthcare personnel, promoting health literacy among the population, and 

strengthening the responsiveness of health systems through the use of educational technological resources. 

 

A recurring line of research involves the use of digital platforms for training healthcare professionals in resource-

limited settings. These solutions which range from mobile applications to virtual clinical simulators enable real-

time knowledge updates with spatial flexibility, effectively breaking down geographic and informational access 

barriers [5]. In particular, tele-education has emerged as a valuable strategy for sustaining continuous training in 

emergency contexts, as was the case during the COVID-19 pandemic [41]. 

 

However, the implementation of EdTech in these settings faces serious structural limitations. The lack of digital 

infrastructure such as stable connectivity, adequate equipment, and technical support is one of the main barriers 

to its sustainable adoption [42]. These challenges are compounded by institutional difficulties, such as the absence 

of regulatory frameworks that support the integration of digital technologies into medical science curricula, as 

well as the limited digital training of instructors themselves [43]. 

 

Additionally, cultural tensions regarding the use of technological tools in healthcare are evident. Some 

communities or healthcare institutions express resistance to change, particularly when technologies are perceived 

as dehumanizing clinical care or imposing educational models that are disconnected from local realities [44]. In 

this regard, the cultural and linguistic relevance of digital content becomes crucial for effective implementation, 

and several studies emphasize the need to involve community stakeholders in the design of contextually 

appropriate educational resources [41]. 

 

A significant gap is also identified between the availability of technologies and their effective utilization. In many 

rural or peripheral contexts, even when technological devices are available, their use is limited due to insufficient 

staff training resulting in a phenomenon of “educational underutilization” [45]. This highlights that the challenges 

are not exclusively technical, but also social and organizational in nature. 

 

Finally, the studies in this cluster emphasize the need to establish monitoring and evaluation systems to assess the 

impact of EdTech on clinical training, professional performance, and population health outcomes. Without clear 

indicators and feedback mechanisms, technology adoption risks becoming a superficial solution with no real long-

term effects [46]. 

 

Cluster 3: Educational Innovation, Digital Literacy, and Technological Planning in Developing Countries 

This cluster represents the challenges associated with bringing innovative technologies to geographically and 

socially diverse contexts, where technological implementation must take into account structural limitations, digital 

competencies, and strategic planning. The presence of terms such as Colombia, Sub-Saharan Africa, and 

developing economies reinforces the regional and contextual focus of the analysis (see Figure 5). 

 

Cluster 3 brings together research addressing the intersection of educational innovation, digital literacy, and 

technological planning in the context of developing countries. This thematic axis has gained momentum due to 

the growing need to transform educational systems through inclusive digital strategies tailored to the socio-

technical realities of the most disadvantaged regions. The analyzed abstracts reveal a strong concern about the 

digital divide as a structural factor that limits equitable access to education and hinders the effective 

implementation of EdTech [47]. 
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Several studies emphasize that digital literacy should not be reduced to the technical ability to operate devices, 

but rather understood as a set of critical, communicative, and cognitive competencies that enable students and 

teachers to actively participate in digital environments. This critical perspective on access to technology becomes 

a central axis for pedagogical innovation, especially in regions where technological inequality persists in a 

structural manner [8]. 

 

The cluster also reveals that in many developing countries, technological implementation plans often lack a long-

term vision. Planning is frequently reactive driven by emergencies or temporary funding without adequately 

considering factors such as sustainability, ongoing teacher training, or the infrastructure required to support digital 

learning environments [48]. This has resulted in fragmented public policies and weak coordination between the 

education and technology sectors, which is reflected in uneven outcomes in the effective adoption of digital 

platforms [49]. 

 

Another key finding relates to the role of educational innovation as an adaptive response to changing contexts. 

The initiatives analyzed propose flexible and hybrid models that combine online resources, context-specific 

teacher training, and content tailored to local realities [50]. These strategies help overcome structural limitations 

and even strengthen educational resilience in the face of crises such as pandemics, forced displacement, or armed 

conflict. 

 

In this regard, technological planning in education emerges not only as a tool for modernizing teaching, but also 

for democratizing knowledge and addressing long-standing gaps in exclusion. The most robust proposals within 

the cluster incorporate collaborative, cross-sectoral, and participatory approaches that enable the co-construction 

of meaningful technological solutions for educational communities [43]. 

 

Finally, an emerging trend is the linkage of digital literacy with other components of sustainable development, 

such as gender equity, youth employability, and digital citizenship. These connections reveal that educational 

innovation must be approached as part of a comprehensive ecosystem that integrates technology, pedagogy, and 

social justice in developing countries [51]. 

 

Cluster 4: Gamification, Assessment, and Competency Development in Emerging Digital Learning 

Environments 

The terms in this cluster reflect an interdisciplinary approach that explores how educational technologies 

particularly those based on games and mobile applications can influence competency development, student 

motivation, and professional preparedness in contexts where social and technological conditions remain limited. 

At the same time, the cluster highlights challenges related to objective assessment, playful implementation, and 

the responsible use of adaptive intelligent systems (see Figure 5). 

The fourth cluster identified in the bibliometric analysis brings together a set of studies focused on three 

fundamental axes: gamification as an innovative educational strategy, the transformation of assessment processes 

in digital contexts, and the development of key competencies in students who engage with virtual learning 

environments. These studies, primarily situated in countries undergoing active educational digitalization 

processes, highlight how emerging technologies are reshaping traditional pedagogy and redefining the role of 

students within the expanded classroom [49]. 

 

Educational gamification defined as the incorporation of game elements into non-game environments has become 

a powerful tool for motivating students, increasing their engagement, and promoting more meaningful learning 

experiences. Recent studies show that the use of virtual rewards, badges, levels, progressive challenges, or 

personalized avatars stimulates active participation and supports sustained engagement in digital educational 

platforms, even in contexts characterized by initially low levels of motivation [52]. This strategy is particularly 

useful for overcoming the emotional distancing that often characterizes remote learning, fostering a sense of 

belonging and dynamism within the virtual community [53]. 

 

On the other hand, assessment processes in digital environments have undergone significant evolution. Far from 

being limited to traditional digitized tests, current platforms allow for the implementation of adaptive, analytical, 

and personalized evaluation systems capable of providing real-time feedback and tracking individual student 

progress. These systems not only assess cognitive performance but also enable the evaluation of soft skills such 

as collaboration, time management, and decision-making in simulated scenarios [43], [54]. Several studies within 
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the cluster indicate that the integration of gamification and assessment strengthens student autonomy and promotes 

a metacognitive approach to learning [55]. 

 

The development of transversal competencies represents the third pillar of this cluster. Emerging digital learning, 

environments are placing new demands on educational systems, where the transmission of knowledge alone is no 

longer sufficient. It has become essential to cultivate digital citizens who can adapt to changing contexts. Among 

the most frequently promoted competencies are digital literacy, creativity, resilience, critical thinking, problem-

solving, and technology-mediated collaborative work [41]. These competencies are reinforced through active 

strategies and interactive environments that offer continuous challenges, tailored to each student's level and 

aligned with defined learning objectives [53]. 

 

It is important to note that the effectiveness of these innovations largely depends on proper pedagogical planning 

and teacher training. The reviewed literature emphasizes that it is not enough to incorporate technology or game-

based dynamics; it is essential that these elements be integrated into a robust instructional design grounded in the 

principles of active, inclusive, and meaningful learning [49], [52]. Teacher training in the critical use of these 

tools, as well as the evaluation of their impact at the curricular, institutional, and individual levels, are necessary 

conditions to ensure the quality and equity of emerging digital educational processes. 

 

Finally, the cluster underscores that the integration of gamification, digital assessment, and competency 

development should not be viewed as a pedagogical trend, but rather as a structural response to the cultural and 

technological transformations shaping the global educational landscape. In this sense, virtual environments 

emerge as living laboratories of innovation spaces where data, emotions, interactions, and learning converge, 

demanding to be understood through a comprehensive and interdisciplinary lens. 

 

Figure 5.  

Clúster 1 Clúster 2 

  

Clúster 3 Clúster 4 

  

Note: Cluster 1: Technology Acceptance Models and Individual Factors in EdTech Adoption, Cluster 2: Health 

Education and Structural Challenges in EdTech Implementation in Clinical and Healthcare Contexts, Cluster 3: 

Educational Innovation, Digital Literacy, and Technological Planning in Developing Countries, Cluster 4: 

Gamification, Assessment, and Competency Development in Emerging Digital Learning Environments. 
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CONCLUSION 

The implementation of educational technologies (EdTech) in low- and middle-income countries (LMICs) 

represents a complex challenge that goes beyond the purely technological and extends into structural, 

sociocultural, pedagogical, and governance dimensions. This bibliometric study has enabled the identification and 

systematization of the main challenges through the co-occurrence analysis of conceptual terms, revealing four 

interrelated thematic clusters that reflect both the magnitude and specificity of the issues faced in these contexts. 

First, digital divides and limited infrastructure remain foundational obstacles, particularly in rural or peripheral 

areas where connectivity, access to devices, and technological sustainability are severely compromised. Second, 

cultural resistance and pedagogical challenges highlight a disconnect between technological proposals and 

traditional educational practices, exacerbated by insufficient teacher training and limited community involvement 

in the design of solutions. Third, the lack of contextualization of platforms and content results in a mismatch 

between available digital resources and the cultural, linguistic, and curricular realities of local communities, 

thereby limiting both the appropriation and pedagogical effectiveness of the tools implemented. Finally, the 

absence of robust evaluation and sustainability models threatens the continuity and improvement of EdTech 

initiatives, as systematic mechanisms to monitor their impact and scalability are often lacking. 

 

By combining PRISMA and bibliometric methodologies, this study validates the hypothesis that the challenges 

surrounding EdTech adoption in LMICs can be mapped through differentiated thematic clusters in co-occurrence 

networks, enabling the identification of semantic and conceptual patterns that guide both research and decision-

making. Furthermore, bibliometrics has not only revealed knowledge gaps such as the limited representation of 

intercultural or gender-focused studies but also exposed the concentration of academic discourse in high-income 

countries, reinforcing the need for more inclusive editorial policies and South–South collaborations. 

 

In conclusion, ensuring a fair and effective digital educational transformation in LMICs requires moving beyond 

fragmented interventions toward integrated models that combine infrastructure development, teacher training, 

cultural contextualization, and continuous evaluation. This systemic and evidence-based approach is essential for 

educational technologies to move from being isolated tools to becoming true catalysts for equity, inclusion, and 

quality education in the Global South. 
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