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Abstract

The integration of artificial intelligence (Al) in education increases the need to transform teacher
training, aligning with the principles of Education 4.0, which emphasize flexible and personalized
learning environments supported by emerging technologies. This article presents a scoping review
of 62 Scopus-indexed studies examining the use of Communities of Practice (CoPs) in teacher
education. Following the PRISMA statement protocol, the findings were organized into seven
dimensions: Interaction, Learning, Teaching, Psycho-emotional, Technology, Research, and
Evaluation. Results indicate that CoPs effectively foster professional collaboration (30.46% of
positive aspects) and teacher learning (24.87%), encouraging knowledge sharing, pedagogical
reflection, and identity formation. Technological tools such as virtual platforms and social networks
enhance accessibility and continuous development. However, challenges persist. The primary
limitation is low sustained participation (36.67% of negative aspects), often due to time constraints,
lack of institutional support, unequal engagement, and resistance to change. This is followed by
technological barriers (16.11%), including poor connectivity and limited digital competence, while
psycho-emotional tensions—such as hierarchical dynamics and lack of motivation—also hinder
effectiveness. Within the framework of Education 4.0 and the rise of Al, CoPs are positioned as
crucial spaces for promoting digital literacy and collaboratively integrating new technologies. To
maximize their potential, it is essential to reinforce research components, employ inclusive
methodologies, and ensure that technological tools respond to teachers’ real needs. This review
offers actionable insights for educational institutions and policymakers aiming to implement CoPs
effectively in teacher training programs, especially in the face of ongoing digital transformation.

Keywords: Communities of practice, Teacher education, Education 4.0, professional
development, Educational Technology.

Introduction

The 21st century has witnessed a rapid technological evolution that is reshaping how people live,
work, and learn in virtually all spheres of life, including education (Tarman, 2016). According to
Masood et al. (2024), the Fourth Industrial Revolution, or Industry 4.0, has introduced advanced

technologies such as artificial intelligence (Al), robotics, and data-driven automation that are
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fundamentally transforming professional practices and production systems. These innovations
have prompted education systems to reconsider their aims, structures, and pedagogies, considering
rapidly changing technological landscapes and labour market demands (Ayanwale 2023; Bonfield
et al., 2020; Lekhu, 2023; Lubinga et al., 2023). In response, Education 4.0 has emerged as a
paradigm that seeks to align teaching and learning with these transformations, emphasizing
flexible and personalized learning environments, competency-based curricula, and the integration
of digital tools into pedagogical practice (Cabrita et al., 2020; Hussin, 2018; Kgosi et al., 2023;
Mlangeni et al., 2024; Vargas et al., 2024).

Within this broader transformation, teacher education and professional development occupy a
particularly critical position (Baas & Tsotetsi, 2023; Mashiane-Nkabinde et al., 2023; Nhlumayo,
2024). Teacher education programs are expected to prepare pre-service and in-service teachers to
teach with and about advanced technologies, to design learning experiences that leverage digital
resources and data, and to support students’ development of higher-order thinking and socio-
emotional skills in increasingly complex environments. According to Gonzéalez-Pérez and
Ramirez-Montoya (2022), Education 4.0 demands teachers to become designers of learning
experiences that incorporate digital tools, active methodologies, and collaborative knowledge-
building. However, many teacher education systems still struggle to keep up with the speed and
depth of change associated with Education 4.0. Structural constraints, fragmented professional
development initiatives, and limited opportunities for sustained collaborative inquiry mean that
teachers often encounter advanced technologies, including Al in isolated workshops rather than
as part of a coherent, practice-embedded learning trajectory (Bonfield et al., 2020; Cabrita et al.,
2020).

In this context, communities of practice (CoPs) have been increasingly proposed as a promising
mechanism for supporting teacher learning in the era of Education 4.0. In the early 90’s, Lave and
Wenger (1991) presented communities of practice as groups of practitioners who engage in a joint
enterprise, develop mutual engagement, and cultivate a shared repertoire of practices, tools, and
meanings over time. Building on this perspective, Wenger (2010) highlights how such
communities can function as key sites for identity formation, professional learning, and the
negotiation of meaning in organizational settings. In this review, we focus specifically on
professional communities of practice among teachers—including communities labelled as CoPs,

professional learning communities, networks, or similar constructs—that: (a) are intentionally
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organized around ongoing collaboration on pedagogical problems; (b) bring together pre-service
and/or in-service teachers and teacher educators; and (c) are situated in formal teacher education
and professional development settings, whether face-to-face, online, or hybrid. Rather than
addressing informal student communities or short, one-off events, the review concentrates on
structured, sustained communities in which teachers collectively negotiate meanings and practices
related to their professional work (Noble, 2021).

Despite the growing advocacy for such communities in policy and increased research debates on
Education 4.0, the evidence on how CoPs are actually designed, enacted, and sustained in teacher
education remains fragmented. Existing studies often report local initiatives that differ in their
goals, membership, facilitation, use of digital infrastructures, and links to institutional programs.
As aresult, it is still unclear what kinds of outcomes and mechanisms CoPs tend to generate across
key dimensions of teacher education—such as interaction patterns, professional knowledge
building, psycho-emotional support, technological appropriation, engagement with research, and
feedback practices—and what constraints and vulnerabilities limit their effectiveness and
sustainability (De Carvalho-Filho et al., 2020; Truscott & Barker, 2020). This lack of synthesis is
particularly salient in relation to social studies teacher education, where discipline-specific goals,
epistemologies, and classroom practices may shape how CoPs are organized and what kinds of
benefits and tensions they produce.

Moreover, the rapid diffusion of Al and related technologies in education intensifies the urgency
of understanding how teacher communities are functioning and evolving. Al-supported tools,
analytics dashboards, conversational agents, and platform-based environments are beginning to
reconfigure how teachers access resources, receive feedback, and collaborate across institutional
and geographical boundaries (Masood et al., 2024). At the same time, these developments amplify
concerns about workload, ethics, equity, and the depth of professional judgment required in a
context marked by volatility, uncertainty, increasing digital interconnection, and expanding uses
of Al (Gonzalez-Pérez & Ramirez-Montoya, 2022). In this scenario, professional CoPs for
teachers—whether digitally mediated or supported by Al—can no longer be treated as peripheral
add-ons; they have become central arenas where teachers make sense of technological change,
negotiate new pedagogical roles, and collectively test and stabilize emerging practices (Noble,

2021).
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To address these intertwined issues, this review systematically maps and synthesizes empirical
studies on CoPs in teacher education to examine their outcomes, challenges, and technological
mediations within the broader agenda of Education 4.0 and Al-related innovation. Guided by this
aim, three research questions were formulated to structure the search, screening, and synthesis
procedures:

RQ1. What outcomes and mechanisms do CoPs generate across seven dimensions (Interaction;
Learning; Teaching; Psycho-emotional; Technology; Evaluation & Feedback; Research design
and use), especially amongst social studies teacher education where reported?

RQ2. What challenges and constraints limiting CoP effectiveness and sustainability are
documented across these dimensions?

RQ3. How do digital and Al-mediated tools, together with facilitation roles, contribute to these
outcomes and constraints, and under what design features are stronger or weaker impacts
observed?

Thus, considering the potential results synthesized for these questions, the review seeks to report
on the design of teacher education and professional development initiatives that harness
communities of practice as a key mechanism for navigating Education 4.0, connecting local
professional learning with responsible uses of data and Al, and aligning technological innovation

with discipline-specific pedagogical goals.

Literature Review

Education 4.0 and Its Relation to Teacher Training

The transition to this new educational model has not been without challenges. One of the main
obstacles relates to the low efficacy of teacher training processes related to the incorporation of
technologies into educational practices (Indrajit et al., 2021). According to Tiwari et al. (2022),
one of the major issues with these processes is the low transfer rate of teachers' learning to their
classrooms, which poses significant barriers to the effective and sustained transformation of the
education system. According to Azevedo and Almeida (2021), this phenomenon has multiple
causes, including a lack of resources, resistance to change, and insufficient and irrelevant
continuous training for teachers. From this perspective, educational policies must focus on
providing adequate support and resources for teacher training, thus ensuring the successful

implementation of Education 4.0. Considering this, it is important to mention that following this



Medina Vargas et al.

path involves rethinking the traditional goals of teacher training and, among other things, adopting
new methodologies that integrate emerging technologies. This change is crucial to prepare
educators to develop the necessary competencies for the 21st century in their students, such as
innovation, creativity, collaboration, and the resolution of complex problems through a holistic
approach that combines technical knowledge with soft skills like effective communication and
emotional intelligence. According to Salmon (2019), these competencies are essential in an
increasingly digital and interconnected world. Additionally, it is crucial that teachers feel
comfortable using technologies from the fourth industrial revolution within their professional
practices.

Communities of Practice: Concept and Relevance

Now, within the framework of teacher training, it is highlighted that communities of practice
(CoPs) have emerged as a powerful tool for developing a wide range of capacities in teachers of
all levels and areas of knowledge. This concept, introduced by Jean Lave and Etienne Wenger in
the early 1990s, is based on the idea that learning is a social process that occurs through regular
interaction among individuals with common interests (Mercieca & McDonald, 2021). In this
regard, Hass et al. (2021), Koatz et al. (2024) and Sahn and Riesen (2024) refer to CoPs as a group
of engaged people who share a concern or passion for something they do and learn to do it better
through regular interaction. Viewed from this perspective, CoPs facilitate collaborative learning
and the construction of shared knowledge, which is essential for the continuous professional
development of teachers (Bagerius & Ekstrom, 2024). This learning is structured around three key
dimensions: the joint enterprise, which refers to the commitment to a common goal; mutual
engagement, which involves active interaction and collaboration among members; and the shared
repertoire, which includes tools, symbols, and practices that members develop and use together
(Godinho Soares et al., 2023). These dimensions not only foster a sense of belonging and
collaboration but also facilitate the exchange of knowledge and experiences, which is crucial for
improving pedagogical practices.

From a research perspective, Figure 1 shows that the use of communities of practice in teacher
training processes is a growing, albeit still emerging topic, given the minimal amount of research
published in indexed journals on this topic compared to research on teacher training in general and

teacher training mediated by digital technologies.
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Figure 1. Published research on Teacher training, CoP and ICT

Source: own elaboration based on Scopus data.

These data indicate that there is much to be explored regarding the articulation of the use of
communities of practice, the use of digital technologies (including those of the fourth industrial
revolution), and teacher training processes, which together form a highly relevant triad for
addressing the preparation of the teaching staff to adequately respond to the challenges imposed
by the era change in which we currently live.

Applications and Benefits in Teacher Training

In the field of teacher training, CoPs provide a platform for metacognitive reflection and the
development of new teaching strategies, supported by emerging technologies such as learning
management platforms, virtual learning environments, and social networks (Lopez et al., 2023).
In this way, CoPs not only support the professional development of teachers but also promote a
culture of innovation and continuous improvement in education. In teacher training, communities

of practice have proven to be an invaluable resource for fostering professional development and
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improving pedagogical practices, as they offer a space where teachers can share experiences,
exchange knowledge, and collaborate in solving common problems (Murtagh & Rushton, 2023).
This interaction facilitates the creation of a "shared repertoire" of resources and practices that
enrich teaching and learning (Falkner & Larsson, 2020). Additionally, CoPs allow teachers to
develop a collective professional identity, which reinforces their commitment to continuous
improvement and educational innovation. In the context of Education 4.0, CoPs seem especially
valuable due to the accelerated pace of technological change, a matter that will need to be explored
in depth.

This topic opens a set of questions about the relevance and effects the use of emerging and
disruptive technologies such as Al, and their potential to facilitate or enhance learning
management, collaboration, and knowledge exchange in an efficient and accessible manner, and,
in general, the enrichment of teachers' learning. In this regard, the literature indicates that the
benefits of CoPs are not limited to improving individual teachers' competencies but also contribute
to creating a culture of organizational learning within educational institutions, promoting
collaboration and the exchange of best practices (Duryan, 2023).

On the Sense of Urgency

Considering the above, the implementation of communities of practice in teacher training
represents a significant opportunity to improve the quality and effectiveness of education in the
context of the fourth industrial revolution. However, despite the demonstrated benefits, the
adoption of CoPs is not without challenges and limitations. Therefore, it is crucial to conduct a
comprehensive review of the existing literature to assess the positive and negative aspects of using
these communities in teacher training. Such a review will allow for the identification of effective
practices, as well as areas that require improvement, providing a solid foundation for future
research and educational innovation processes.

Moreover, in a world where artificial intelligence and other emerging technologies are rapidly
transforming the educational landscape, it is essential to evaluate how CoPs can be effectively
integrated into this new ecosystem. The urgency of this task should not be underestimated, as the
speed of technological change requires educational systems to be agile and adaptable and to
transform in sync with these changes. In this sense, the purpose of the literature review proposed

here aims not only to allow a better understanding of CoPs but also to identify strategies to
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maximize their positive impact on teacher training in a context of constant change, uncertainty,
increasing digital interconnection and use of Al

Now, to address these and other relevant issues in this field, we conducted a scope literature review
aimed at identifying: (1) the outcomes and mechanisms through which communities of practice
(CoP) support teacher development in Education 4.0 contexts, (2) the challenges that constrain
their effectiveness and sustainability, and (3) the roles of digital—including Al-mediated—tools
and facilitation conditions in shaping CoP processes and results.

Education 4.0, AI and teacher communities of practice

Education 4.0 frames the expectations placed on teachers and teacher education programs as they
respond to the demands of the fourth industrial revolution, characterized by data-intensive,
networked and Al-rich learning environments. According to Gonzalez-Pérez and Ramirez-
Montoya (2022), Education 4.0 requires the development of complex 21st-century skills through
active, technology-mediated pedagogies rather than through traditional transmissive approaches.
Recent reviews emphasize that Education 4.0 combines personalized learning, advanced digital
technologies and flexible learning ecologies to align educational provision with rapidly changing
social and economic demands (de Souza & Debs, 2024). In higher education, this paradigm is
increasingly used as a lens to redesign curricula, assessment and teacher development, so they
become more responsive to emerging technologies, including Al (Bonfield et al., 2020).

From a sociocultural perspective, teacher learning is understood as a situated, relational and
collective process that unfolds within communities engaged in shared practice. According to
Wenger (2010), communities of practice (CoPs) are characterized by mutual engagement, joint
enterprise and shared repertoires that make possible the negotiation of meaning about professional
problems. Subsequent work has shown that CoPs provide a powerful structure for teacher
professional learning, particularly when teachers work on authentic problems of practice over time
(Patton & Parker, 2017). Recent conceptualizations of professional learning highlight that such
communities create practice architectures that shape what and how teachers can learn in, from and
for their everyday practice (Salo et al., 2024).

In this review, we are interested in a specific type of community of practice: teacher education
CoPs oriented towards Education 4.0 and Al integration. These communities are composed of pre-
service, in-service or teacher educators who systematically explore how to redesign teaching,

curricula and assessment considering Education 4.0 demands. According to Patton and Parker
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(2017), teacher education CoPs can move beyond a culture of mere collaboration to become spaces
for critical inquiry into pedagogy and identity. More recent empirical studies report that CoPs
which intentionally integrate digital technologies and innovation agendas can foster sustained
changes in teachers’ beliefs and practices, as well as contribute to more equitable and future-
oriented forms of schooling (Mahlo et al., 2024; Vici¢ Krabonja et al., 2024).

The analytical framework used in this review connects the structural features of such CoPs with
their learning and change outcomes for teachers. We mobilize the idea that professional learning
must be understood simultaneously at the level of individual trajectories, collective practices and
wider institutional conditions (Salo et al., 2024). In line with recent reviews of continuing
professional development, effective CoP-based initiatives tend to articulate clear learning
trajectories, scaffold participation over time and align collaborative work with meaningful
problems of practice (Merino et al., 2025). At the same time, research addressing online and hybrid
communities of practice shows that the specific configurations of roles, tools and interaction
spaces influence the depth of collaboration and knowledge building (Nguyen et al., 2024).

Al intensifies these dynamics by transforming both the content and the modalities of teacher
professional learning. According to Celik (2023), Al tools can support teachers by automating
routine tasks, providing data-driven insights and opening new possibilities for formative
assessment, while also introducing new forms of workload, opacity and ethical tension. Systematic
reviews of Al in education indicate that Al-mediated environments are increasingly used to
personalize learning pathways and to support feedback, tutoring and predictive analytics, which in
turn require new competences and forms of professional judgement from teachers (Wang et al.,
2025). Recent work also stresses that Al-enabled learning environments reconfigure collaboration
patterns, making it necessary to rethink how communities of practice orchestrate human and non-
human actors in teaching and learning (Mariyono & Nur Alif Hd, 2025).

Building on these strands of literature, our conceptual model positions teacher communities of
practice for Education 4.0 as a key mediating structure between systemic demands (e.g., Al
adoption, digital transformation agendas) and teachers’ individual and collective learning.
According to Li et al. (2025), generative Al can become a powerful resource for teachers’ self-
directed professional development when it is embedded in coherent learning ecologies rather than
used as an isolated tool. In this review, we therefore examine how CoPs are designed, facilitated

and sustained to help teachers interpret Education 4.0 discourses, experiment with Al-enhanced
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pedagogies and negotiate the tensions that arise. In doing so, we use the theoretical framework
outlined above as a lens to analyse the kinds of CoPs that are emerging, the practices they enable

and the professional learning outcomes they are reported to generate.

Method

Research Design

There are a wide variety of methods to conduct a literature review (Kosztyan et al., 2021). This
study employed a scoping review and configurative evidence synthesis to map and interpret
empirical research on teacher communities of practice (CoPs) in the context of Education 4.0 and
emerging uses of Al. The review followed the PRISMA guidelines for transparent reporting of
identification, screening, eligibility and inclusion procedures, while adopting a theory-informed
and descriptive approach to synthesis (Okoli, 2015; Page et al., 2021). Rather than testing
predefined hypotheses, the design aimed to systematically characterize how CoPs are
conceptualized, how they are designed and enacted in teacher education and professional
development, and what outcomes, challenges and technological mediations they are reported to
generate. To achieve this, we combined bibliometric and descriptive analyses with directed content
analysis and the subsequent quantification of codes, treating quantitative and qualitative
information as complementary strands within a single configurative review rather than as separate
“mixed-methods” components. The steps and details of how this method was executed are

presented in Figure 2.
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Figure 2. Flowchart of the literature review method

Source: Own elaboration

Review Protocol Design

Determining the Review’s Purpose

Guided by the research questions, this review aims to generate a cumulative and practice-relevant
account of how communities of practice (CoPs) are designed, enacted, and sustained in teacher
education—particularly within social studies and in Al-powered Education. Specifically, the
purpose is to: (a) systematize evidence on CoP outcomes and the mechanisms by which they are
produced across interactional, learning, instructional, psycho-emotional, technological, and

evaluative dimensions; (b) delineate the organizational, temporal, facilitation-related, and
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technological constraints that limit effectiveness and sustainability; (c) examine the roles of digital
and Al-mediated tools and the design features associated with stronger or weaker impacts; and (d)
surface methodological gaps, equity considerations, and reporting practices that shape the current

evidence base.

Eligibility Criteria

Eligibility was operationalized using Population—Phenomenon—Context—Design—Outcome
(PPCDO) elements.

- Population. Pre-service and in-service teachers and/or teacher educators in formal education
systems (early childhood to upper-secondary) or teacher-education programs in higher education.
Studies focused exclusively on K-12 students or administrators without teacher learning outcomes
were excluded.

- Phenomenon. Communities of practice (CoPs), professional learning communities (PLCs), or
analogous collaborative teacher groups explicitly grounded in CoP/PLCs or aligned constructs
(e.g., shared repertoire, joint enterprise, mutual engagement). Initiatives branded as “communities”
but functioning solely as one-off workshops were excluded.

- Context. Teacher education and professional development settings, including school-based PD,
university coursework, induction/mentoring programs, and hybrid/online CoPs. No geographical
restrictions were applied.

- Design. Empirical primary studies employing qualitative, quantitative, or mixed methods (e.g.,
case studies, quasi-experimental, survey/correlational, design-based research). Non-empirical
articles (editorials, theoretical essays), conference abstracts without full articles, and dissertations
were excluded.

- Outcomes. Studies reporting data on teacher learning, practice, collaboration/interaction,
identity/agency, psycho-emotional variables, or implementation/technology processes. Purely
descriptive reports without empirical data were excluded.

- Time window and language. Searches covered 2000 to 2024. We included studies in English and
Spanish; languages outside this set were excluded at full-text if translation was not feasible within
project resources.

Availability. Full-text availability was required after reasonable retrieval attempts (institutional

subscriptions, author contact when appropriate).
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Information Sources

The primary information source was Scopus, selected a priori for its suitability to the review’s
scope and for reproducibility reasons. According to (Chaparro et al., 2016), Scopus offers broad,
multidisciplinary indexing across education, social sciences, and computing/engineering, which is
essential to capture work on communities of practice (CoPs) that sit at the intersection of teacher
education and technology-mediated/Al-mediated professional learning typical of Education 4.0.
In addition to education journals, Scopus indexes many outlets in educational technology and
learning analytics where CoP studies are frequently reported, thereby reducing the risk of
disciplinary silos.

Metadata quality and search functionality

Field-restricted queries and standardized metadata (document type, author and affiliation
disambiguation, DOIs, reference lists, cited-by counts, author and index keywords) enable precise,
transparent, and reproducible searches; they also facilitate efficient de-duplication and downstream
screening at scale. Regarding citation navigation, built-in cited-by and reference linking supports
systematic forward/backward citation chasing, which we used to surface seminal and recent
records that keyword searches alone might miss. Also, considering feasibility and auditability,
relying on a single, well-specified database simplifies full-record export with stable identifiers,
allows versioning of query strings and result counts, and improves the audit trail for independent
verification.

We acknowledge that single-database retrieval can miss items uniquely indexed in other sources
(e.g., ERIC or Web of Science), regional outlets, or grey literature. To mitigate this risk, we: (a)
piloted strings against a seed set and refined terms iteratively, (b) complemented Scopus retrieval
with backward/forward citation chasing from included studies, and (c) documented the limitation
explicitly in the Discussion, recommending future multi-database and grey-literature searches.
Given our focus on peer-reviewed empirical studies in teacher education, we limited results to the
article document type and the languages specified below; this increased comparability for quality

appraisal and synthesis while maintaining relevance to the Education audience.

Search Strategy
Once the guiding questions of the review were defined, we designed a search strategy to identify
empirical studies on teacher communities of practice in teacher education and professional

development. The primary search was conducted in Scopus, given its broad coverage of peer-
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reviewed journals in education and the social sciences. The core search string combined terms
referring to communities of practice and professional learning communities with terms related to
teachers and teacher education, using Boolean operators and wildcards. The final query took the
following general form: (“community of practice” OR “communities of practice” OR
“professional learning community” OR “professional learning communities” OR “teacher
community” OR “teacher learning community” OR “teacher network’) AND (teacher OR “teacher
education” OR “teacher professional development”).

No geographical restrictions were applied, and the search was limited to peer-reviewed journal
articles and conference papers written in English. The time span reflected the period in which CoPs
began to be reported systematically in teacher education research and extended to the date of the
search.

In addition to this primary query, and to probe the robustness of the findings related to Al (RQ3)
more specifically, we conducted a complementary search in Scopus that incorporated Al-related
descriptors. This supplementary query kept the same CoP and teacher education terms but added
the clause (“artificial intelligence” OR “AI”) to the search string. The complementary search was
run using the same document-type and language filters as the primary search and followed the
same screening and eligibility procedures. Its purpose was not to construct a separate corpus, but
to verify whether Al-specific CoP studies were being systematically missed by the original query.
After title-and-abstract screening and full-text assessment, the results of this complementary
search were consistent with those of the primary search and did not require substantive changes to
the set of included studies or to the patterns reported in the Results section.

Finally, the database searches were complemented by backward- and forward-citation chasing of
all studies that passed full-text screening. Reference lists and citing articles were scanned to
identify additional empirical work on teacher CoPs that met the PPCDO eligibility criteria but
might not have been retrieved by the keyword strategy. This iterative process helped to reduce the
risk of omitting relevant studies while maintaining a clear and auditable trail of inclusion decisions.

Literature Search and Study Selection

Identification
The Scopus strategy described above initially returned n=159 records. Search results were

exported with complete metadata (including DOIs and cited-by fields) and archived. To align the



Medina Vargas et al.

corpus with the aims of this review and the target outlet, we then applied Scopus filters in the
following order: first, Subject Area = Social Sciences; second, Document Type = Article. After
applying both filters, the retrieval set comprised n=95 peer-reviewed journal articles. No additional
records were identified through other databases at this stage; however, we planned
backward/forward citation chasing during eligibility to surface potentially relevant items not

captured by the keyword strategy.

Screening (title/abstract)

All n=95 records were imported into the MSExcel screening tool and de-duplicated (exact and
fuzzy matching), yielding the same n=95 unique records given the single-database source.
Reviewers independently assessed titles and abstracts against the a priori eligibility criteria
(Population, Phenomenon, Context, Design, Outcomes). Records were excluded when at least one
non-negotiable criterion was not met (e.g., not a teacher/teacher-educator population; not a
CoP/PLC phenomenon; not empirical; outside education). This stage reduced the set to n=63
candidate studies for full-text assessment. Inter-rater agreement was monitored across the review;
disagreements were collaboratively conciliated, triggering minor refinements to decision notes in

the codebook.

Eligibility (full text)

Full texts were sought through institutional subscriptions, open-access links, and (when necessary)
author contact. Of the n=63 records entering this stage, n= 62 full texts were successfully retrieved;
one article could not be obtained despite reasonable efforts, and was therefore excluded with the
reason coded as “Full text unavailable”. Each full text was independently assessed against all
eligibility criteria, with justifications recorded. Reasons for exclusion at this stage were coded
using the following categories: (1) population/design/phenomenon mismatch; (2) not empirical or
insufficient primary data; (3) intervention not aligned with CoP/PLC constructs (one-off workshop
or community label without CoP features); (4) outcomes outside scope (no
teacher-learning/practice/interactional or psycho-emotional indicators); (5) language outside
inclusion set; (6) duplicate publication; and (7) full text unavailable.

Data Extraction

We developed and piloted a structured extraction matrix capturing bibliographic metadata and

other relevant information regarding research questions and categories of analysis.
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To support synthesis, we applied a theory-informed codebook across seven analytic dimensions:
(1) Interaction & collaboration; (2) Teacher learning; (3) Instructional practice; (4)
Psycho-emotional; (5) Technology & infrastructures; (6) Research design & context; and (7)
Evaluation & evidence quality. The codebook includes operational definitions, inclusion/exclusion
rules, and coding examples. Extracted data were managed in a MS Excel spreadsheet, with tables
linking connecting claims to specific studies, quotations, and quantitative indicators.

Analytic dimensions and review variables

To structure the synthesis, we defined a set of analytic dimensions and review variables that
translate the theoretical framework on communities of practice and Education 4.0 into operational
categories for coding. At the study level, the extraction matrix captured descriptive variables such
as country or region, educational level (e.g., pre-service, in-service, mixed), institutional setting
(university-based, school-based, partnership arrangements), subject area (including the presence
or absence of an explicit social studies focus), type of community (e.g., CoP, professional learning
community, network), sample characteristics, research design, data collection methods and main
analytical approaches. These variables were used to map the field and to examine how CoP
configurations varied across contexts and study designs.

At the level of findings, we adopted seven analytic dimensions that specify how teacher CoPs
operate and what they appear to generate for their members in Education 4.0 contexts. The
Interaction dimension captures participation structures, conversational patterns and the distribution
of voice within communities, including indications of marginalisation or dominance. The Learning
dimension refers to the development of professional knowledge, skills and dispositions, paying
particular attention to how teachers make sense of disciplinary content and pedagogical approaches
in social studies and related fields. The Teaching dimension focuses on changes in classroom
practice, instructional design and the enactment of innovations that are attributed—explicitly or
implicitly—to CoP participation. The Psycho-emotional dimension encompasses emotions,
motivation, sense of belonging, professional identity and wellbeing. The Technology dimension
concerns how digital infrastructures, platforms and, where present, Al-related tools mediate
participation, access to resources and collaborative work. The Evaluation and Feedback dimension
examines how assessment practices, data use and feedback flows (peer, mentor, student or system-

generated) support or constrain learning within the community. Finally, the Research design and
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use dimension captures the role of inquiry and research-informed practice, including how CoPs
engage with evidence, practitioner research or design-based approaches.

During data extraction, each relevant finding reported in the included studies was coded into one
or more of these dimensions and assigned a polarity label (positive or negative) when the study
described the aspect as a strength, benefit or enabling mechanism, or conversely as a challenge,
constraint or adverse outcome. This polarity-sensitive coding allowed us to construct a nuanced
map of the mechanisms and outcomes associated with CoP participation across studies, and to
quantify the distribution of positive and negative evidence within and across the seven dimensions,
while preserving the qualitative richness of the original accounts.

Data Analysis

Data analysis followed a three-stage strategy that combined descriptive statistics with directed
qualitative content analysis and subsequent quantification of codes. The goal was to preserve the
richness of the qualitative evidence while producing an integrated, transparent synthesis across the
corpus of studies. Rather than constituting a separate mixed-methods design, these stages were
conceived as complementary components within a single configurative review.

Stage 1 — Bibliometric and descriptive analyses (quantitative). In the first stage, we conducted
bibliometric and descriptive analyses of the extracted study-level variables. This included counts
and cross-tabulations of publications over time, outlet types, geographical distribution, subject
areas, CoP configurations, research designs and data collection methods. Where available, we also
examined co-occurrence of keywords and author-provided descriptors to identify salient thematic
clusters related to CoPs, Education 4.0 and technology use.

Stage 2 — Directed qualitative content analysis with polarity. In the second stage, we undertook a
directed content analysis of the findings sections of the included studies, using the seven previously
described analytic dimensions as a guiding framework. Segments of text reporting outcomes,
mechanisms or challenges were coded to one or more dimensions and assigned a positive or
negative polarity label. Coding was iterative and reflexive, with regular checks to ensure
consistency in the application of the codebook and to refine dimension boundaries when necessary.
This process generated a structured, polarity-sensitive map of how CoPs were reported to influence
interaction, learning, teaching, psycho-emotional aspects, technology use, evaluation and

feedback, and research engagement.
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Stage 3 — Comparative descriptive analyses (quantitative). In the third stage, we converted the
coded qualitative data into frequency tables and simple comparative displays. We calculated the
number of positive and negative instances per dimension and examined how these distributions
varied across key study-level variables such as educational level, institutional setting, subject area
and CoP type. These comparative analyses were used to address the research questions and to
identify patterns and tensions in the evidence base, while avoiding over-interpretation of small
sub-groups or under-reported combinations. The results of the complementary Al-focused search
were incorporated into this stage using the same coding framework, and confirmed that the patterns

reported for Al-related aspects of CoPs were consistent with those observed in the broader corpus.

Synthesis methods

Given conceptual and methodological heterogeneity, we adopted a convergent integrated
synthesis. Quantitative indicators were textually transformed and integrated with qualitative
thematic findings across the seven dimensions. We avoided vote-counting by direction alone;
instead, we linked claims to evidence matrices and reported the number and design types of

contributing studies for each synthesized assertion.

Results

In the following section, the results are presented based on the question: What are the positive and
negative aspects of using communities of practice in teacher training? To answer this question,

data collection was carried out through the three phases, which will be presented below.

Relevant concepts associated with CoPs.
Within the reviewed articles, the occurrence of a group of words was observed, as shown in Figure

3.
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Figure 3. Main concepts related to CoPs over time

Source: Own elaboration

The graph shows that in the year 2000, the identified terms were scarcely mentioned in the
literature, suggesting that before this period, these concepts were either infrequently discussed in
specialized literature or considered less relevant within the context of teacher training research.
However, beginning in 2009, there is a notable increase in the use of terms such as "Communities
of Practice" and "Professional Development," indicating a growing interest within the academic
community to explore these areas further.

Additionally, it is important to highlight the presence of Mentoring as part of the purposes
associated with the use of CoPs in teacher education experiences, and Action Research as the main
approach through which researchers have sought to understand and strengthen daily teaching

practice through training processes.

Results regarding positive aspects of CoP use.
The analysis of the extracted data generated 7 distinct categories of positive aspects, as shown in

Figure 4.
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Figure 4. Categories of positive aspects of CoP use in teacher training

Source: Own elaboration

In this regard, Bergmark (2023), Lee et al. (2020), Allela et al. (2020), Falkner & Larsson (2020),
Summers & Turner (2011), and Gorozidis et al. (2020) agree that there are a significant number of
positive aspects to using communities of practice in teacher training. CoPs are considered a
valuable tool for fostering collaborative learning, the professional development of teachers, and
the professionalization of teaching and learning in the classroom.

Regarding the Interaction category (n=180; 30.46%), the positive aspects involve enhancing
relationships through collaboration and teamwork, enabling the exchange of knowledge,
resources, and practices, fostering participation and active dialogue, and strengthening
communication and networks. Summers & Turner (2011), Bergmark (2023), Yandell & Turvey
(2007), and Lee et al. (2020) agree that CoPs promote collaboration among their members through
joint work on projects or activities of shared interest, such as action-research projects, where

teachers and external researchers collaborate to improve educational practices. Summers & Turner
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(2011) further state that interaction through collaboration among community members contributes
to its construction and sustainability, helping to overcome individual barriers and promoting
collective work toward a common goal.

Communities of Practice not only enable collaboration among their members, but also facilitate
the exchange of knowledge, resources, and practices, which promotes meaningful learning.
Bergmark (2023) highlights that sharing elements related to pedagogical practice enriches
collective knowledge and allows these practices to be transferred to the classroom. Moreover,
CoPs encourage participation in events, forums, and seminars on pedagogical discussions, which,
according to Da Costa (2019), strengthens the construction of both individual and collective
teacher identity. This interaction helps teachers establish networks of professional support and
exchange, as seen in the “aecioTU” Network, a platform that facilitates peer collaboration (Lopez
et al., 2023).

Among the most notable aspects of CoPs is the impact on learning, a category representing almost
a quarter of the positive results (24.87%). Collaborative learning, personalized learning, problem-
solving, and innovation in teaching techniques are key subcategories (Bergmark, 2023; Falkner &
Larsson, 2020; Summers & Turner, 2011). This type of collaboration enriches teacher training by
fostering spaces for the exchange of knowledge and reflections on pedagogical practice. A relevant
example is the service-learning project described by Petersen & Henning (2018), where students
established ties with their peers and community members, generating a reciprocal exchange of
learning and pedagogical solutions.

Noble (2021), drawing on Lave and Wenger's situated learning framework, notes that knowledge
is generated through shared participation and interaction, reinforcing the role of CoPs as
facilitators of meaningful learning. Interactions within CoPs allow pre-service teachers to
collectively construct knowledge, promoting both professional and pedagogical development
(Summers & Turner, 2011). Through this exchange, teachers gain access to diverse perspectives
and resources, applying new pedagogical approaches in the classroom and fostering innovation,
self-reflection, and autonomous learning.

Teaching, another prominent category (15.06%), shows a close relationship with learning, given
that the way one learns directly influences how one teaches. Reflection on pedagogical practices
is a central subcategory, as CoPs engage teachers in collaborative action-research processes where

they share experiences and develop new perspectives on classroom issues (Gonzalez Alfaya et al.,
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2017), while allowing experimentation and constructive feedback, encouraging critical reflection
on pedagogical practices.

Additionally, Gonzalez Alfaya et al. (2017) highlight that CoPs enable teachers to critically
analyze both their performance and their colleagues’, generating more effective teaching
strategies. In this regard, Allela et al. (2020) show how interaction within CoPs helped pre-service
teachers rethink their pedagogical strategies, while Falkner & Larsson (2020) emphasize that
access to new technologies and approaches in CoPs directly impacts the improvement of their
classes, providing a safe environment for pedagogical experimentation.

The categories of Psychoemotional, Technology, Research, and Assessment and Feedback,
although less frequent in studies on Communities of Practice, present relevant aspects of 21st-
century teacher training processes. The Fourth Industrial Revolution has brought new technologies
into teaching and learning, allowing CoPs to become safe spaces where teachers can innovate and
experiment with new pedagogical techniques. Thus, Falkner & Larsson (2020) argue that these
environments stimulate creativity, teamwork, and the acquisition of new teaching strategies.

In the field of research and assessment, CoPs not only allow the transfer of knowledge but also
encourage the creation of new pedagogical practices that shape teachers' professional identity
(Falkner & Larsson, 2020). These interaction spaces facilitate the comprehensive development of
learning and peer feedback, reinforcing both personal and professional growth. Psychological
aspects also play an important role, as CoPs foster emotional and professional bonds that
strengthen the sense of camaraderie and commitment among participants.

Within the Psychoemotional category, four subcategories stand out: relationship building,
motivation and emotional support, identity and autonomy development, and the role of the tutor
and mentor. According to Gorozidis et al. (2020), Bergmark (2023), and Coles & Brown (2001),
CoPs encourage the development of collaborative relationships among colleagues, where the
exchange of knowledge and reflections enriches pedagogical practice. Furthermore, mutual
support within these communities helps pre-service teachers feel supported, especially in situations
of uncertainty or professional stress. This emotional support improves teachers' psychological and
personal well-being, shielding them from social isolation and fostering a sense of belonging.

On the other hand, Da Costa (2019) notes that CoPs allow teachers to develop a more autonomous
professional identity by making pedagogical decisions based on reflection on their practice. This

contributes to greater autonomy in their work, promoting the strengthening of their identity as
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'teacher-author.! These dynamics allow teachers to assume greater responsibility for their
educational work.

The Technology category, representing 9.48% of mentions, includes subcategories such as
accessibility and flexibility, communication and collaboration, and the use of digital tools in
education. Gorozidis et al. (2020) and Allela et al. (2020) highlight that CoPs promote the use of
technological platforms such as WhatsApp, Facebook, and Moodle for teacher training, enhancing
communication among colleagues and improving collaborative learning processes. These
technologies not only facilitate access to educational resources but also permit autonomous
interaction between teachers, boosting motivation and peer feedback. For instance, Allela et al.
(2020) note that the use of mobile technologies, such as WhatsApp, enables real-time
communication, fostering socialization and collaboration in flexible and accessible environments.
Furthermore, Murtagh & Rushton (2023) introduce the concept of Virtual Communities of Practice
(VCoPs), where platforms like blogs, social networks, and online forums facilitate the constant
exchange of pedagogical ideas and knowledge. These virtual communities strengthen the
individual and collective growth of teachers, which is later reflected in the improvement of
educational practices in the classroom.

Technology has also enabled the incorporation of tools for critical reflection and self-assessment
of teaching practices. Stevenson (2015) presents the 'video-stimulated recall' (VSR) technique,
where teachers record their classroom practices and then reflect on them with colleagues and
experts, creating feedback spaces that allow for the improvement of teaching methods.

The Research (3.55%) and Assessment and Feedback (2.88%) categories are related to the
development of pedagogical research and its implementation in the educational environment.
Bergmark (2023) argues that CoPs allow for the integration of research projects in the classroom,
creating connections between professional development and the teachers' working environment.
This research-focused approach promotes pedagogical reflection, the exchange of knowledge, and
the development of new educational strategies adapted to the specific contexts of classrooms.
Moreover, CoPs facilitate the sharing of findings and advancements in educational research,
encouraging teachers' participation in new projects (Nielsen et al., 2023).

Finally, within the category of Evaluation and Feedback, Fraser (2018) highlights the importance
of formative assessment in pedagogical processes. This type of evaluation, which focuses not only

on the content learned but also on how learning is acquired, is both motivating and comprehensive.
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Additionally, it encourages self-assessment as well as recognition of individual and collective
dynamics. Peer feedback, a crucial element within CoPs, not only strengthens the sense of
belonging and cohesion among members but also fosters critical reflection on pedagogical
practices. This process promotes commitment to learning and mutual support among participants,
as noted by Lee et al. (2020).

The role of the tutor or mentor in CoPs is also highly relevant in feedback and evaluation processes.
Their intervention directly impacts the professional development of pre-service teachers.
According to Fraser (2018), tutors are seen as feedback providers, counsellors, and role models
whose contributions not only improve teaching practices but also influence the construction of
teachers' professional identities. Both Lee et al. (2020) and Fraser (2018) agree that tutors should
guide critical reflection and support teachers in adapting to new educational challenges.

Results Regarding the Negative Aspects of CoP Use

This subsection presents the negative aspects identified in the literature review related to the use
of Communities of Practice (CoPs) in teacher education. The same categories as in the previous

section were used, as shown in Figure 5.
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Figure 5. Categories of negative aspects of CoP use in teacher education.

Source: Own elaboration
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Although CoPs are recognized for their ability to foster collaboration and experience sharing in
teacher education, the literature review shows that they also present several limitations that affect
their dynamics and effectiveness. Authors such as Bergmark (2023), Gorozidis et al. (2020), and
Lopez et al. (2023) have identified recurring issues in the implementation of these communities.
One of the main challenges is the lack of available time for members to actively participate in
proposed activities and discussions, which reduces commitment and limits the adoption of new
ideas and practices.

Within the Interaction category (n=66; 36.67%), problems related to lack of participation and
commitment, administrative and organizational difficulties, communication and collaboration
issues, and power dynamics were identified. According to Garcia-Monge et al. (2019) and
Summers & Turner (2011), differences in experience, knowledge, or authority within CoPs can
create inequalities in participation, with some members dominating discussions while others take
on more passive roles. Stevenson (2015) adds that in multicultural contexts, cultural and linguistic
barriers further complicate interaction.

Besides the above, the lack of time has been identified as a critical factor affecting participation in
CoPs. Backhouse (2022), Milara et al. (2020), and Lee et al. (2020) agree that the daily
responsibilities of teachers limit their availability to participate actively in CoP activities, which
negatively impacts planning and motivation to contribute. Furthermore, Cesareni et al. (2011)
mention that organizational difficulties, such as the lack of resources and limited institutional
support, can generate frustration and disinterest, jeopardizing the sustainability of CoPs.
Resistance to change is another identified obstacle. Defise (2013) and Perumal (2013) point out
that this resistance may be related to the lack of connection between teachers and the new
methodologies being proposed.

In the Learning category (n=30; 16.67%), four subcategories of problems have been identified:
challenges of collaboration and support, difficulties in designing learning strategies, cognitive and
psychological barriers, and participation limitations. Defise (2013) and Perumal (2013) agree that
the lack of alignment between the theories discussed in CoPs and the real needs of teachers
diminishes their motivation to actively participate. On the other hand, Garcia-Monge et al. (2019)
add that fears and insecurities arising from a lack of experience or knowledge in certain subjects
also limit participation. Lopez et al. (2023) warn that some members participate only to obtain

information without contributing meaningfully to collective learning.
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The Technology category (n=29; 16.11%) indicates that access and connectivity limitations, along
with a lack of technological skills, represent significant barriers to participation in CoPs. Lopez et
al. (2023) and Gorozidis et al. (2020) emphasize that in rural areas, the lack of internet access is a
key factor that hinders continuous participation. Additionally, the digital platforms used in many
CoPs present usability issues and are not always suitable for facilitating in-depth discussions. Tyrer
(2019) notes that although platforms like WhatsApp are popular, their structure does not allow for
meaningful interaction or proper organization of debates and information.

In the Psycho-emotional category (n=28; 15.56%), several issues have been identified, such as
power dynamics, negative emotions, lack of motivation, exclusion, and social conflicts. Although
CoPs are designed to promote socialization and mutual support, authors like Tyrer (2019),
Bergmark (2023), and Garcia-Monge et al. (2019) warn that stress and anxiety can arise when
members feel that their contributions are not sufficiently valued. Furthermore, the pressure to
actively participate in CoPs, combined with work responsibilities, can lead to emotional burnout.
Feelings of inferiority and exclusion also emerge when there is no adequate integration into the
community's dynamics, which can result in member attrition, as noted by Bergmark (2023).
Regarding teaching (n=15; 8.33%), Garcia-Monge et al. (2019) identify that teachers face
difficulties in adopting new methodologies when these conflict with their traditional beliefs, which
leads to resistance to change and tensions among CoP members. These tensions are heightened
when there is a disparity in levels of experience and knowledge, affecting pedagogical discussions
and the implementation of new practices.

The category of evaluation and feedback (n=8; 4.44%) indicates that peer feedback within CoPs
tends to be superficial, as participants avoid critical comments in order not to make others
uncomfortable. Lopez et al. (2023) point out that hierarchical feedback from tutors can create
dependence, reducing the autonomy of members. Additionally, there is a disconnection between
theory and practice in feedback, which makes it difficult to apply recommendations in the
classroom.

Lastly, in the Research category (n=4; 2.22%), Bergmark (2023) mentions that the lack of
familiarity with research processes within CoPs generates insecurity among members, hindering
collaborative research efforts. Furthermore, the disconnection between theory and practice is an
obstacle to the effective implementation of research in the classroom, as teachers struggle to

critically reflect on their pedagogical practices
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Discussion

The findings of this review paint a very positive picture of teacher communities of practice across
most of the analytic dimensions, particularly in relation to interaction, learning and teaching.
Positive mechanisms linked to interaction account for roughly one third of all positive instances,
highlighting how CoPs create structured opportunities for collegial exchange, shared problem-
solving and mutual support that are often missing in more individualised professional development
formats. In line with situated learning perspectives (Lave & Wenger, 1991; Wenger, 2010), these
communities appear to operate as social infrastructures that make it possible for teachers to
negotiate meanings about their practice, to appropriate new pedagogical tools and to construct
shared repertoires that respond to concrete classroom challenges (Lopez et al., 2023; Noble, 2021).
The learning and the teaching dimensions further reinforce this picture. Across the corpus, CoP
participation is associated with the development of new pedagogical strategies, greater confidence
in implementing innovative approaches and a closer alignment between professional development
activities and classroom enactment (Bergmark, 2023; Gonzéalez Alfaya et al., 2017; Nielsen et al.,
2023). Several studies report that when communities are sustained over time and supported by
mentors or facilitators, they contribute to deeper forms of reflection on practice and to more robust
links between educational theory, disciplinary content and classroom experimentation, including
in social studies where issues of citizenship, critical thinking and social justice are central. In this
sense, the results suggest that CoPs can function as a key mechanism for bridging the persistent
gap between formal teacher education and the complex realities of teaching in rapidly changing
educational environments.

At the same time, the review documents a substantial set of negative aspects and constraints that
temper this optimistic picture. Time pressure, workload and precarious working conditions
recurrently limit teachers’ ability to participate fully in communities, even when they value the
experience. Problems related to participation asymmetries, conflict and lack of continuity indicate
that CoPs can reproduce existing hierarchies and inequalities if they are not carefully designed and
facilitated (Bergmark, 2023; Garcia-Monge et al., 2019). In the technological dimension, the co-
existence of positive and negative instances points to a tension: while digital platforms and tools
can expand opportunities for collaboration and feedback, they also introduce access issues,

usability problems and new forms of fragmentation when infrastructures are unstable or when
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teachers receive little support to integrate them meaningfully into their professional learning
(Murtagh & Rushton, 2023).

The complementary Al-focused search conducted for this review confirms that, despite increasing
policy and research attention, there are still relatively few empirical studies that place artificial
intelligence at the centre of teacher communities of practice. Most of the evidence analysed
concerns more general forms of digital mediation or early-stage Al-related initiatives, rather than
mature, Al-intensive CoP designs. As a result, the claims made in this article about Al should be
read primarily as implications grounded in the broader technology-related evidence, rather than as
direct evaluations of Al-mediated CoPs. This does not diminish the relevance of Al for the future
of teacher professional learning; rather, it underscores a gap between conceptual and policy
expectations around Al and the current state of empirical research. The synthesis therefore points
to CoPs as a promising, but still under-explored, structure for supporting teachers as they confront

the opportunities and risks associated with Al in Education 4.0 contexts.

Study limitations

Several limitations of this review warrant consideration when interpreting its findings. The
exclusive use of Scopus as the primary database may have omitted relevant studies indexed
elsewhere, potentially limiting the comprehensiveness of the findings. Furthermore, the review's
timeframe may not fully capture the most recent developments in Al and education, given the rapid
pace of technological change. The categorization of positive and negative aspects, while necessary
for analysis, may oversimplify the complex interplay between various factors affecting CoPs'
effectiveness. Additionally, the review's methodology may not have captured all relevant studies
about technology integration in CoPs, particularly those focused on emerging Al applications in

education.

Directions for future research

Looking ahead, the patterns identified in this review suggest several avenues for future research
that are directly grounded in the evidence. First, there is a clear need for empirical studies that
examine Al-mediated CoPs in teacher education in a systematic way. Despite the complementary
Al-focused search, explicit cases in which Al tools—such as analytics dashboards, conversational

agents or generative Al systems—play a central role in the community’s work remain scarce.
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Future research should therefore design and document CoPs in which Al is intentionally integrated
into interaction, feedback and knowledge-building processes, and examine how such designs
influence the seven analytic dimensions identified in this review, including interaction patterns,
learning outcomes, teaching practices and psycho-emotional aspects, particularly in social studies
teacher education.

Second, the findings highlight the importance of investigating the conditions under which CoPs
are sustainable and equitable over time. Negative evidence related to workload, participation
asymmetries, emotional strain and uneven access to technology suggests that the benefits of CoPs
are contingent on robust institutional support, careful facilitation and attention to issues of power
and inclusion. Longitudinal and comparative studies across institutional types, regions and
resource conditions would help clarify how different configurations of support, leadership and
technological infrastructure contribute to or hinder the durability and impact of CoPs, including in
contexts where access to Al and advanced digital tools is limited or uneven. Such research could
also shed light on how CoPs mediate the distribution of professional agency and responsibility
among teachers facing the pressures of digital transformation.

Finally, future research should explore multi-level connections between CoP participation, teacher
learning and student outcomes, moving beyond self-reported changes and short-term perceptions.
Mixed-methods designs that combine ethnographic or design-based studies of community
practices with systematic analyses of teaching artefacts, classroom observations and, where
appropriate, student learning indicators could provide a more fine-grained understanding of how
CoP-generated innovations travel into everyday teaching and how they affect learners. In social
studies education, this might involve examining how CoPs support teachers in addressing
controversial issues related to Al, datafication and democracy, or in fostering students’ critical and
ethical engagement with digital technologies. By articulating these multi-level links, future work
can help consolidate CoPs—not only as spaces of collegial support—but as strategic
infrastructures for navigating Education 4.0 and for shaping more just and reflective uses of Al in

education.
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