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Abstract

The high rate of the use of artificial intelligence (AI) in education is changing how teachers
teach, how they are trained, and how institutions are managed. While many studies ex-
plore the use of Al in teaching and learning, there is a lack of research on how it supports
capacity building for special education pre-service teachers in rural South African univer-
sities. This review examines existing studies on how Al can develop skills and knowledge
in pre-service teacher education for inclusive teaching. Using the AI-Capacity-Content In-
teraction Model and a structured scoping review method, relevant peer-reviewed studies
were selected from major academic databases. The findings reveal that Al supports capac-
ity building through improved teaching methods, the use of data for decision-making,
hands-on learning, and collaboration. It also helps teachers address diverse learner needs.
However, the study also identifies key challenges in rural universities, such as limited
infrastructure, lack of resources, weak policy support, digital inequality, and insufficient
training for lecturers. These barriers limit the effective use of Al in teacher education. The
study highlights the need for better digital infrastructure, ongoing professional develop-
ment for pre-service teachers, and policies that consider local contexts. These steps are
important for ensuring fair access to Al and improving teacher education in rural areas.

Keywords: artificial intelligence (Al); capacity building; higher education; special
education pre-service teachers; South African universities; teacher preparation

1. Introduction

The preparation of pre-service teachers in special and inclusive education remains a
central concern in educational contexts, particularly in rural areas seeking to advance eq-
uity, diversity, and educational access [1]. Teacher education programmes are expected
to cultivate both foundational pedagogical knowledge and specialized competencies that
enable future educators to respond effectively to diverse learner needs [2]. In special ed-
ucation, this includes expertise in differentiated instruction, inclusive assessment, behav-
ioural support, and the use of assistive technologies [3]. However, the development of
these competencies is often shaped by institutional conditions, resource availability, and
broader socio-economic realities. Evidence from the broader Global South indicates that
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rural higher education institutions frequently face persistent challenges, including inade-
quate digital infrastructure, limited internet connectivity, insufficient institutional sup-
port, and socio-economic inequalities [4,5].

In South African rural universities, the preparation of pre-service special education
teachers is frequently constrained by structural and systemic challenges. The challenges,
which include the limited access to resources and training of pre-service teachers in edu-
cational technology [6], create significant barriers to their academic success. These institu-
tions often operate with limited infrastructure, insufficient access to specialized personnel,
and restricted exposure to inclusive teaching resources and technologies [7]. Although the
South African inclusive education policies advocate for equitable, high-quality education
[8], their implementation within rural teacher education contexts remains inconsistent. As
a result, pre-service teachers may have limited opportunities to engage with true inclusive
practices, such as working with learners with disabilities or utilizing assistive and adap-
tive technologies [9] for supporting their diverse needs. This disconnect between policy
and practice raises concerns about pre-service teachers’ readiness, particularly in under-
resourced school environments.

Recent studies indicate that pre-service teacher education in many global south coun-
tries, including South Africa, continues to prioritize theoretical foundations over sus-
tained experiential and practice-based learning opportunities [10,11]. While inclusive ed-
ucation is strongly embedded in policy and coursework, evidence suggests that its trans-
lation into meaningful practice remains uneven. For instance, research by [6] highlights
that although pre-service teachers are introduced to inclusive education frameworks, their
opportunities for structured engagement with a real inclusive learning environment re-
main limited. This gap is particularly pronounced in rural and historically disadvantaged
contexts, where resource constraints, limited mentoring support, and limited access to as-
sistive or innovative teaching tools further restrict opportunities for applied learning [12].

In the backdrop of these challenges, the growing integration of digital technologies
in education offers new possibilities for enhancing pre-service teachers’ preparation. Ar-
tificial intelligence (AI), in particular, has attracted significant attention for its potential to
transform teaching and learning [13]. Within pre-service teachers’ education, generative
Al tools are increasingly used for lesson planning, resource development, and the creation
of adaptive learning environments [14,15]. Literature also confirms that these technologi-
cal tools support pre-service teachers’ reflective practice by offering data-driven insights
into pedagogical approaches. The relevance of Al in educational research is especially
pronounced in special and inclusive education. Literature suggests that Al-enabled tools
can facilitate personalized learning pathways, enhance communication for learners with
speech and language challenges, and support targeted cognitive and behavioural inter-
ventions [16]. Assistive technologies powered by Al such as speech recognition systems,
intelligent tutoring platforms, and emotion-recognition tools, can also help reduce barri-
ers to participation in mainstream classrooms [17]. These capabilities align with the core
principles of inclusive education, which emphasize flexibility, responsiveness, and
learner-centred pedagogy, which are essential for adapting to diverse learning needs.

Despite this potential, the adoption of Al in teacher education is far from being fully
realized, particularly in rural contexts. Rural universities face persistent challenges, in-
cluding unreliable internet connectivity, limited access to digital devices, and inadequate
institutional support [12,18], while both pre-service teachers and teacher educators often
demonstrate limited digital literacy and minimal exposure to Al-related pedagogical
training. These constraints hinder the effective integration of Al and reinforce existing
inequalities in teacher preparation [19]. In South Africa, disparities between urban and
rural institutions further complicate Al integration, as some universities have begun in-
corporating advanced digital tools, whereas many rural institutions continue to face

https://doi.org/10.3390/higheredu5030072


https://doi.org/10.3390/higheredu5030072

Trends High. Educ. 2026, 5, 72

3 of 17

significant technological and capacity-related barriers [18]. This discrepancy directly af-
fects the preparedness of pre-service teachers in special education.

Given these challenges, there is a growing need to examine how Al can support ca-
pacity building among pre-service teachers in special and inclusive education within rural
contexts. Although existing literature highlights the potential of Al in education [13,15],
there is limited synthesis focusing specifically on its role in preparing pre-service special
education teachers in under-resourced settings. This scoping review therefore provides a
valuable approach to mapping current knowledge, identifying emerging trends, and
highlighting gaps in the literature. This review examines how Al is utilized to support
capacity building in the training of pre-service special education teachers in rural South
African universities. Using the Al-Capacity-Content Interaction Model, it aims to deepen
understanding of how technological innovations can be aligned with context-specific
needs, thereby informing future research, policy, and the development of more inclusive
and responsive teacher education programmes. This scoping review synthesizes evidence
on Al-enabled capacity building for special education pre-service teachers across the
Global South to identify practices, opportunities, and challenges that can inform policy,
curriculum development, and teacher preparation in South African rural universities.

2. The AI-Capacity-Content Interaction Model

This review uses the Al-Capacity-Content Interactive Model as a guide for analysis.
The model brings together Al tools and the environment in which they are used to im-
prove decision-making and the use of resources [20]. It is especially helpful in areas like
arts and culture, where Al can support human creativity [21]. The study adopted this
model to provide a comprehensive lens for examining how artificial intelligence adoption
is shaped by the interaction between technological capabilities, individual and organiza-
tional capacities, and the broader contextual environment. This also based on the reason
that it is used to assess whether people understand how to use Al properly and responsi-
bly in specific tasks and industries.

While several educational technology frameworks, such as the Technological Peda-
gogical Content Knowledge (TPACK) framework, the Substitution, Augmentation, Mod-
ification, and Redefinition (SAMR) model, and the Technology Acceptance Model (TAM),
provide valuable perspectives on technology integration, they do not fully capture the
dynamic interaction between artificial intelligence capabilities, disciplinary content, and
pedagogical decision-making in higher education. The AI-Capacity-Content Interaction
(ACCI) Model extends these perspectives by explicitly recognizing artificial intelligence
as an active educational capability rather than merely a technological tool [22]. This model
conceptualizes teaching and learning as the interaction between Al capacities, the nature
of disciplinary content, and educators’ pedagogical choices. This interaction-oriented per-
spective provides a more suitable lens for investigating how Al supports curriculum de-
livery, assessment, student engagement, and learning outcomes within current higher ed-
ucation contexts.

In this study, the AI-Capacity-Content Interaction Model, as illustrated in Figure 1,
conceptualizes capacity building as emerging from the intersection of three interdepend-
ent spheres: teacher capacity, Al technology, and content. As highlighted by [23], the
model helps organize the findings and keeps the analysis consistent. Rather than treating
these components as separate or linear inputs, the model emphasizes their overlapping
and mutually constitutive relationships. For instance, Al technologies such as generative
systems occupy one sphere, representing the expanding range of tools that can support
differentiated instruction, adaptive assessment, and personalized learning in special edu-
cation [3,16]. Teacher capacity forms the second sphere, encompassing the evolving
knowledge, skills, and dispositions required to meaningfully integrate Al into inclusive
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pedagogical practices [24]. The third sphere reflects the situated conditions under which
teaching and learning occur, including institutional resources, curriculum demands, and
socio-economic realities [20]. Capacity building is therefore located not within any single
domain, but in the overlapping spaces where these spheres interact and co-evolve.

The central intersection of all three spheres represents the optimal zone of Al-enabled
inclusive practice [22], wherein pre-service teachers demonstrate the technological capa-
bility to critically select, integrate, and apply Al tools to support inclusive pedagogy. The
model also draws attention to partial intersections, which are equally analytically signifi-
cant. For instance, the overlap between Al technology and content highlights how infra-
structural limitations such as those found in rural or under-resourced universities mediate
access to and functionality of Al tools [18]. Similarly, the intersection between teacher ca-
pacity and content highlights how professional learning opportunities and institutional
culture shape teachers’ ability to adopt Al effectively [7]. In addition, the overlap between
teacher capacity and Al technology reflects the practical representation of skills such as
prompt design, critical evaluation of outputs, and ethical Al use [25]. By foregrounding
these layered interactions, the model conceptualizes capacity building as a dynamic, con-
text-sensitive process that is continuously negotiated, rather than a fixed outcome. This
framing allows for in-depth analysis of how Al integration in special education teacher
education is enabled, constrained, and transformed across diverse settings.

Teacher ‘ Al Technology
Capacity

\J

Figure 1. Al-Capacity-Content Interaction Model.

3. Materials and Methods

3.1. Research Design

This study employed a scoping review methodology to identify, map, and synthesize
existing literature on the role of artificial intelligence (Al) in capacity building for special
education pre-service teachers in rural South African universities. A scoping review is
particularly appropriate for examining emerging fields, as it allows for a comprehensive
exploration of the breadth, nature, and scope of available evidence while identifying key
concepts, gaps, and trends within the literature [26]. Unlike systematic reviews, which
focus on narrowly defined questions and often emphasize evidence comparison, scoping
reviews adopt broader inclusion criteria to enable a more expansive and exploratory anal-
ysis of diverse sources [27]. Guided by established methodological frameworks, this re-
view followed a structured and transparent approach to ensure rigour and replicability in
the identification, selection, and synthesis of relevant studies [28,29]. This review followed
a four-stage process: (i) problem identification, involving the clear articulation of the re-
search purpose and questions; (ii) literature search, using a systematic and comprehensive
search strategy; (iii) study selection and evaluation, guided by predefined inclusion and
exclusion criteria; and (iv) data analysis, involving the synthesis of findings through the-
matic and inductive approaches [30].
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3.2. Data Sources and Search Strategy

Peer-reviewed studies were retrieved from several major academic databases to en-
sure comprehensive coverage of literature. The search was conducted across Scopus, Web
of Science, ERIC, EBSCOhost, Google Scholar, and Research Gate, to ensure comprehen-
sive coverage of the available literature. The use of multiple databases enabled a broad
and inclusive identification of relevant studies, thereby enhancing the depth and scope of
the review [29]. The searches were conducted using database-specific search syntax while
maintaining a consistent combination of keywords and Boolean operators across all data-
bases. The complete search strategies, including the exact search strings, database-specific
syntax, search dates, screens applied, and the number of records retrieved from each da-
tabase, are presented in Table 1 to facilitate transparency and reproducibility.

The search strategy was developed around four key concepts underpinning the re-
view: artificial intelligence, special or inclusive education, pre-service teacher education,
and capacity building. The primary search string comprised the following terms: (“artifi-
cial intelligence” OR AI) AND (“special education” OR “inclusive education”) AND
(“pre-service teacher” OR “teacher trainee”) AND (“capacity building” OR “professional
development” OR training). Synonymous terms were combined using the Boolean oper-
ator OR, while the major concepts were linked using “AND” to maximize the retrieval of
relevant studies while maintaining specificity. Where available, searches were limited to
peer-reviewed journal articles published in English within the predefined publication pe-
riod. This approach ensured consistency in study selection and strengthened the credibil-
ity of the review [28]. The study selection process followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR,
2020) guidelines to ensure a transparent and reproducible review process. A completed
PRISMA-ScR checklist is provided as Appendix A, and the study identification, screening,
eligibility assessment, and inclusion process is illustrated in the PRISMA-ScR flow dia-
gram Figure 2. As this review did not involve primary data collection or intervention
studies, protocol registration was not undertaken.

Table 1. Complete search strategies used across electronic databases.

Boolean
Database Search Date Database-Specific Search Strategy Operators  Screens Applied
Used
TITLE-ABS-KEY/((“artificial intelligence” OR AlI) . .
Y ) ., e ) Peer-reviewed journal
7 Februar AND (“special education” OR “inclusive educa- articles: Enelish lan
Scopus Y tion”) AND (“pre-service teacher” OR “teacher AND, OR ’ g .
2026 guage; Publication

education”) AND (“capacity building” OR “pro-

fessional development” OR training)) years: 2010-2025

TS = ((“artificial intelligence” OR AI) AND (“spe-

cial education” OR “inclusive education”) AND Articles; English lan-

Web of Science 12 March 2026(“pre-service teacher” OR “teacher education”) AND, OR  guage; Publication

AND (“capacity building” OR “professional de-
velopment” OR training))

years: 2010-2025

ERIC 20 March 2026(“pre-service teacher” OR “teacher education”) AND, OR

(“artificial intelligence” OR AI) AND (“special

. : . . Peer-reviewed; Eng-
education” OR “inclusive education”) AND &

lish language; Educa-
tion source; Publica-

AND (“capacity building” OR “professional de- tion years: 2010-2025

velopment” OR training)

EBSCOhost

27 April 2026 (“special education” OR “inclusive education”) AND, OR

TX (“artificial intelligence” OR AI) AND TX . .
Peer-reviewed jour-

AND TX (“pre-service teacher” OR “teacher nals; English

https://doi.org/10.3390/higheredu5030072


https://doi.org/10.3390/higheredu5030072

Trends High. Educ. 2026, 5, 72

6 of 17

education”) AND TX (“capacity building” OR language; Publication

“professional development” OR training) years: 2010-2025

“artificial intelligence” AND (“special education”

OR “inclusive education”) AND (“pre-service English language;
Google Scholar 28 April 2026 teacher” OR “teacher education”) AND (“capac- AND, OR  Publication years:

ity building” OR “professional development” OR 2010-2025

training”)

“artificial intelligence” AND “special education” Research articles; Eng-

Research Gate 29 April 2026 AND (“pre-service teacher” OR “teacher educa- AND, OR lish language; Publica-

tion”) AND (“capacity building” OR training) tion years: 2010-2025

3.2.1. Inclusion Criteria

The review included studies that focused on the use of artificial intelligence (Al) in
capacity building within teacher education, particularly in relation to special education
and inclusive teaching practices. To be eligible for inclusion, studies had to explicitly ad-
dress pre-service teachers, with a specific emphasis on those preparing to teach in special
or inclusive education contexts. Given the contextual focus of the study, priority was
given to research conducted in rural, under-resourced, or developing contexts, including
but not limited to South Africa. Only studies that examined the application, integration,
or impact of Al technologies in educational settings were considered. Eligible sources in-
cluded empirical research articles employing qualitative, quantitative, or mixed methods
designs. To ensure academic rigour and relevance, only peer-reviewed journal articles
published in English between 2010 and 2025 were included in the review.

3.2.2. Exclusion Criteria

The review excluded studies that did not focus on the use of artificial intelligence (AI)
in teacher education or capacity building contexts. Studies that explored general percep-
tions or attitudes towards Al without demonstrating its application in educational prac-
tice or capacity development were not considered. Papers describing Al initiatives with-
out reporting on any educational, pedagogical, or professional development outcomes
were also excluded. Additionally, studies focusing on Al use in disciplines outside edu-
cation, or those targeting in-service professionals without relevance to pre-service teacher
preparation, were not included. Research conducted in highly resourced or non-compa-
rable contexts without implications for rural or under-resourced settings was also ex-
cluded. Furthermore, studies that focused solely on technological development, tool vali-
dation, or system design without a clear educational application were not considered.
General exclusion criteria included conference abstracts, opinion papers, book chapters,
editorials, commentaries, theses, dissertations, and review articles, as these do not provide
primary empirical evidence required for this study.

3.3. Data Extraction

Following the removal of duplicate records, titles and abstracts were screened against
the predefined eligibility criteria by the two independent reviewers. Full-text articles
meeting the inclusion criteria were subsequently assessed independently by the same re-
viewers for eligibility. To enhance methodological rigour, the eligibility criteria were es-
tablished and applied consistently throughout the screening process. Any discrepancies
regarding study inclusion were resolved through discussion and agreement, and where
agreement could not be reached, a third reviewer was consulted. Data extraction was con-
ducted using a standardized data extraction form that captured study characteristics
which included citation details, country or study context [31]. Additional contextual in-
formation, including whether studies were conducted in rural or under-resourced settings,
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together with reported educational and professional development outcomes associated
with Al integration, was also recorded. The data extraction form was also pilot-tested on
a small sample of studies to ensure consistency and completeness before full data extrac-
tion was undertaken. Any uncertainties encountered during screening or data extraction
were discussed with the two research authors to ensure consistency in decision-making.
To enhance the reliability of the synthesis, the extracted data were reviewed iteratively for
completeness, consistency, and accuracy before being organized into thematic categories
aligned with the review objectives.

3.4. Data Synthesis and Analysis

A qualitative synthesis approach was employed to analyze the extracted data. The
data gathered from the included studies were analyzed using a thematic analysis ap-
proach, which enabled the identification of recurring patterns, concepts, and relationships
across the literature [32]. This process was guided by the six-step framework for thematic
analysis as outlined by [33]. The analysis began with familiarization with the data, involv-
ing repeated reading of the extracted information to gain a comprehensive understanding
of the studies. This was followed by the generation of initial coding patterns, where rele-
vant features of the data were systematically identified and labelled. The next step in-
volved identifying recurring themes by grouping similar codes into broader categories.
These themes were then interpreted in relation to the research objectives, ensuring align-
ment with the focus on artificial intelligence (Al) in capacity building for pre-service teach-
ers in special and inclusive education contexts.

The process further involved ongoing analysis and refinement of specific themes to
ensure coherence, consistency, and depth of interpretation [17]. Through this iterative ap-
proach, themes and sub-themes were developed to reflect key dimensions of Al-sup-
ported capacity building. These themes correspond directly to the guiding research ques-
tions of the review and provide a structured understanding of how Al-enabled capacity
building is conceptualized, operationalized, and constrained within special education
teacher preparation, particularly in rural South African contexts. Content analysis was
also applied to examine the frequency and prominence of identified themes across the
studies, providing insights into dominant trends within the literature [34]. The synthesis
process resulted in a coherent narrative account of how Al contributes to capacity build-
ing, the competencies developed among pre-service teachers, and the contextual oppor-
tunities and challenges identified. Inductive thematic analysis of the included studies gen-
erated three overarching themes and associated sub-themes [35]. Any discrepancies that
arose during coding and theme development were resolved through discussions between
two authors, thereby enhancing the credibility and trustworthiness of the findings.

4. Results

A total of 2040 articles were identified across all selected databases and imported into
Zotero. After removing all duplicates 1030, 1010 articles remained for title and abstract
screening. Following this stage, 250 articles were retained for full-text review. Finally, 50
studies met the inclusion criteria and were included in this scoping review (Figure 2).
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Figure 2. The flow diagram of the study selection protocol adapted from [36] (p. 5).

A summary of the characteristics of the included studies, along with the emerged
themes, sub-themes, and supporting literature on Al-enabled capacity building in special
education teacher education, is presented in Table 2. The majority of the studies were
published within the last decade, reflecting the growing scholarly attention to artificial
intelligence (Al) in teacher education. Geographically, most studies were conducted in
Global South contexts, with a limited but emerging body of research situated in African
contexts, including South Africa. In terms of educational settings, the studies primarily
focused on higher education institutions, particularly teacher education programmes, with
a subset explicitly addressing rural or resource-constrained university environments. Re-
sults across the studies largely comprised pre-service teachers, with some studies including
teacher educators and institutional stakeholders. Regarding methodological approaches,
the reviewed studies reflected a diversity of designs. A significant proportion employed
qualitative methodologies, including interviews, focus group discussions, document analy-
sis, and reflective narratives. Mixed-methods approaches were also evident, combining
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surveys with qualitative insights, while a smaller number utilized quantitative designs fo-

cusing on perceptions, readiness, or competence development related to Al integration.

Table 2. Emerged themes, sub-themes, and supporting literature on Al-enabled capacity building

in special education teacher education.

Themes Sub-Themes Descriptions References
. . Capacity building is conceptualized
Holistic professional develop- X . ..
as integration of digital compe- [2,37-39]
ment
tence.
Themel: Conceptualisa- Context responsive . e
Al- 1 1
tions of Al-enabled capac- & culturally grounded ap- enabled capacity building is [8,40-43]

ity building. proaches

framed as context-sensitivity.

Lifelong learning
& adaptive orientation

Continuous professional develop-
ment as essential tool for adaptive [14,43-46]
learning.

Enhanced pedagogical differen- Al supports personalized learning

Theme 2: Mechanisms
linking Al integration into Development of data literacy
teacher professional devel-& reflective practice

tiation & enable pre-service teachers to [6,18,38,47,48]
& inclusion meet diverse learners needs.

Al enables evidence-based teaching

& reflective professional practice.

Al supports pre-service teachers in
Simulation & Experiential developing evidence-based deci-  [49-53]

opment.
Learning opportunities
for professional development.

sion-making skills, strengthening
their professional judgement and
reflective capacities

Infrastructure & resource limi-

Theme3: Structural con- tations

Limited technological infrastructure[5,24,53-55]

straints shaping Al adop- Lack of institutional readiness
tion in rural South African & policy gap

Lack of Al-specific policies [7,18,56-58]

universities. Lecturer preparedness &

professional support

Limited Al training for pre-service

teacher [6,48,53,59,60]

5. Presentation of the Results and Discussions

This study’s synthesis of the included literature, interpreted through the Al-Capac-
ity-Content Interaction Model [57], highlights the complex and dynamic interplay be-

tween technological innovation, professional learning, and contextual realities in shaping

Al-enabled capacity building within special education teacher preparation. The findings

within the theme “Conceptualizations of Al-enabled Capacity Building” indicate that ca-

pacity building is increasingly understood as the integration of digital competence, peda-

gogical adaptability, and inclusive teaching, where Al supports responsive and differen-

tiated instruction rather than replacing teachers’ professional judgement [37]. Capacity

development therefore emerges as a multidimensional and contextually situated process

rather than a purely technical acquisition of digital skills [39].

Across the reviewed studies, capacity building integrates pedagogical knowledge,

technological fluency, and inclusive teaching orientations [61]. This aligns with broader

scholarship in pre-service teacher education, which emphasizes that meaningful technol-

ogy integration requires the alignment of digital tools with pedagogical purpose and

learner diversity [38,44]. Beyond confirming previous research, these findings suggest a

broader shift in how teacher preparation is conceptualized across the Global South. Rather

than treating Al literacy as an additional digital competency, the reviewed studies increas-

ingly position Al as a catalyst for rethinking inclusive pedagogical practice. This shift
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reflects growing recognition that the effectiveness of Al depends less on the sophistication
of the technology itself than on teachers’ ability to critically evaluate, adapt, and contex-
tualize Al-supported instructional strategies. As a result, institutions that emphasize tech-
nological proficiency without corresponding pedagogical and ethical preparation may
produce graduates who are technically competent but insufficiently prepared to address
the complex realities of inclusive classrooms.

Within the AI-Capacity-Content Interaction Model, the perspective reflects the ca-
pacity dimension, where professional competence is continuously shaped through en-
gagement with Al tools [25,46]. Significantly, the reviewed studies consistently reject de-
terministic assumptions that Al can replace teachers, instead describing Al as an augment-
ative resource whose educational value depends on informed human decision-making.
This challenges technology-centred narratives that often dominate Al discourse and in-
stead highlights the enduring importance of teacher expertise, particularly in special ed-
ucation where professional judgement, empathy, and contextual responsiveness remain
indispensable.

The emphasis on context-responsive and culturally grounded approaches, particu-
larly within African and other Global South settings, further strengthens the content di-
mension of the model. Studies conducted in resource-constrained environments demon-
strate that Al-enabled capacity building cannot be separated from socio-cultural realities,
institutional readiness, or infrastructure limitations [41,42]. This finding is particularly
significant because much of the existing Al literature is derived from well-resourced edu-
cational systems whose assumptions are not always transferable to the Global South. The
reviewed literature therefore suggests that effective Al implementation requires adapta-
tion to local epistemologies, available resources, language diversity, and educational pri-
orities rather than the replication of models developed in high-income countries [40,43].

Although the reviewed studies were drawn from diverse Global South contexts, they
reveal structural challenges that closely resemble those experienced by many rural South
African institutions, including uneven digital infrastructure, limited access to specialized
expertise, and resource constraints. Consequently, Al-enabled capacity-building initia-
tives within South African universities should prioritize contextually responsive imple-
mentation strategies rather than adopting externally developed models without adapta-
tion. Such an approach is likely to enhance both sustainability and relevance while sup-
porting the preparation of special education teachers capable of responding effectively to
diverse learner needs.

The findings from the second theme, “Mechanisms Linking Al Integration to Profes-
sional Competence Development,” demonstrate that Al supports the development of pro-
fessional competence by enabling pre-service teachers to design personalized and inclu-
sive learning experiences. Al-driven adaptive technologies, learner analytics, and virtual
simulations strengthen pedagogical differentiation, evidence-based decision-making, and
reflective practice, particularly within special education contexts where responsiveness to
learner diversity is essential [47,49,50]. Within the Al-Capacity-Content Interaction Model,
these findings reinforce the interaction between technology and teacher capacity, illustrat-
ing that Al functions as an enabler of professional learning rather than a substitute for
teachers’ pedagogical expertise [5,24,48,54]. However, the review also indicates that the
effectiveness of these mechanisms depends on teachers’ ability to critically interpret Al-
generated information and adapt it to diverse educational contexts [51,52]. This suggests
that Al-enabled competence is shaped by institutional readiness, educator support, and
ethical use of Al rather than technology alone. For Global South institutions, where infra-
structure and resource constraints remain common, these findings underscore the im-
portance of integrating Al literacy, reflective practice, and contextualized pedagogical
training into teacher education programmes. For South African rural universities, this
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implies that Al initiatives should prioritize sustainable capacity building that comple-
ments existing pedagogical practices while addressing local contextual realities.

Despite the potential benefits of Al, the findings from the third theme reveal signifi-
cant structural constraints that limit the adoption and effectiveness of Al-enabled capacity
building across the Global South [12]. Limited digital infrastructure, unreliable internet
connectivity, inadequate access to technological resources, and institutional policy gaps
consistently emerged as barriers to Al integration [7,18,53,62]. Within the Al-Capacity-
Content Interaction Model, these findings reinforce the content dimension, demonstrating
that Al cannot improve teacher preparation without supportive institutional environ-
ments, appropriate policies, and sufficient technological infrastructure. The review fur-
ther highlights that inadequate lecturer preparedness and limited professional develop-
ment reduce opportunities for modelling effective Al integration, thereby constraining
pre-service teachers’ capacity to apply Al meaningfully in inclusive education [6,48]. These
findings suggest that successful Al-enabled capacity building depends on strengthening the
interaction between technology, professional learning, and contextual readiness rather than
investing in technology alone. Across the Global South, institutions require coordinated
strategies that combine infrastructure development, institutional support, and continuous
professional learning for teacher educators. For South African rural universities, these
findings imply that Al implementation should be guided by context-sensitive policies that
address existing resource constraints while strengthening educator capacity to support in-
clusive and sustainable Al integration within teacher education programmes.

6. Limitations of the Study

This review demonstrates several strengths, notably the inclusion of a diverse range
of studies across in global south contexts and interventions, which enhances the potential
transferability of the findings to varied educational settings. The application of valid in-
clusion criteria and a systematic approach to analysis further strengthens the credibility
and reliability of the synthesized evidence. Although a formal critical appraisal of meth-
odological quality was not undertaken, consistent with the objectives of a scoping review,
the characteristics of the included studies provide important insights into the strength of
the available evidence. Nevertheless, this review has certain limitations, such as the gen-
eralizability of the findings, which is constrained by the scope of the search strategy and
inclusion criteria. In addition, the included studies employed diverse methodologies and
were conducted across varied contexts, including well-resourced and under-resourced
environments, which may limit direct comparability. Variations in methodological quality
and, in some cases, insufficient reporting of research procedures also pose challenges to
the consistency and depth of interpretation. These limitations suggest the need for cau-
tious interpretation of the findings and highlight the importance of further empirical re-
search in this area.

7. Conclusions and Recommendations

This review indicates that while Al offers significant opportunities to enhance pre-
service professional development, its impact remains fragmented due to structural condi-
tions. The findings in this study highlight the importance of context-sensitive and system-
level approaches to Al integration, particularly in under-resourced settings. This review
aims to offer an integrated, context-sensitive understanding of Al-enabled capacity build-
ing in special education teacher preparation through the AI-Capacity-Content Interaction
Model. It moves beyond technology-centred perspectives to show that the effectiveness
of Al depends on its interaction with professional competencies and contextual realities,
positioning Al as part of a broader teaching and learning ecosystem. Empirically, it
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consolidates evidence on Al's role in enhancing pedagogical differentiation, data-in-
formed decision-making, reflective practice, and collaboration, while also highlighting
structural constraints such as infrastructure and inequality, particularly in rural South Af-
rican contexts. Methodologically, the inductive thematic synthesis provides a clear frame-
work for organizing diverse literature and guiding future research. Overall, the review
underscores that the value of Al in teacher education lies not in the technology itself, but
in how it is embedded within supportive, equitable, and contextually responsive systems.
Although the reviewed evidence originates from diverse Global South contexts, the find-
ings provide valuable insights for South African rural universities.

The review recommends further efforts to prioritize within rural-based universities
regarding context-sensitive implementation of Al in teacher education by:

e Aligning technological tools with pedagogical goals, investing in infrastructure and
institutional readiness, and providing sustained professional development for both
lecturers and pre-service teachers.

¢  Emphasis should also be placed on bridging the digital divide to ensure equitable
access, while embedding data literacy, reflective practice, and inclusive teaching
strategies within Al-enabled training to maximize its impact across diverse and re-
source-constrained educational contexts.

e  The review further recommends that rural-based universities adopt the implementa-
tion of the Al-Capacity-Content Interactive Model. This involves actively engaging
pre-service teachers and lecturers in the co-design and contextual adaptation of Al-
driven teaching and assessment practices. Such an approach ensures that Al integra-
tion is not only technically viable but also contextually relevant to the institutional
needs.
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was not prepared.
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