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Abstract. This systematic review investigates the evolution of innovative
pedagogical models in mathematics education amid mounting global
challenges and shifting educational priorities. Synthesizing the findings
from 62 peer-reviewed studies, the review highlights how frameworks
such as the Universal Design for Learning (UDL), Competency-Based
Learning (CBL), blended and HyFlex instruction, ethnomathematics, and
culturally responsive pedagogy are reshaping mathematics education
toward more inclusive, learner-centered, and technologically adaptive
practices. These models have been demonstrated to have significant
benefits when it comes to enhancing student engagement, agency, and
differentiated achievement, especially in culturally and linguistically
diverse contexts. However, their implementation remains geographically
and structurally uneven, with high-income countries (HICs) enjoying
greater institutional support and infrastructure, while low- and middle-
income countries (LMICs) face systemic constraints. The review identifies
three strategic imperatives for advancing future practice and research:
context-sensitive co-design, methodological diversification, and systemic
integration across policy and practice. Overall, this study affirms the
transformative potential of innovative pedagogies to address global
disparities and position mathematics education as a catalyst for
educational equity, lifelong learning, and sustainable development.
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1. Introduction

Global education stands at a critical juncture, marked by deepening disparities in
access, instructional quality, and learning outcomes. Structural inequities — driven
by poverty, conflict, and systemic exclusion —continue to obstruct efforts toward
inclusive and equitable education. A stark indicator of this crisis is the rise in
“learning poverty,” defined as the inability to read and understand a simple text
by age ten. In low-income countries, over 70% of children fall into this category,
reflecting foundational gaps in early education (World Bank, 2022; UNESCO,
2023). These deficiencies not only hinder individual potential but also undermine
national development and global equity goals (UNICEF, 2023).

In mathematics education, these inequities are especially evident. Traditional
teacher-centered models focused on rote learning often neglect conceptual
understanding and critical thinking (Schleicher, 2022). Furthermore, curricula
frequently lack cultural and contextual relevance, overlooking the linguistic,
cognitive, and social diversity of learners, particularly in under-resourced
environments (Tikly, 2019). This disconnect contributes to disengagement,
widens achievement gaps, and curtails learner agency. Addressing these
challenges requires a shift toward inclusive, responsive, and empowering
pedagogies.

The global digital divide further exacerbates educational inequality. While digital
tools have the potential to broaden access and improve learning, disparities in
infrastructure, connectivity, device access, and digital literacy continue to limit
meaningful use, especially in low- and middle-income countries (Van Dijk, 2020;
Trucano & Iglesias, 2021). As blended and hybrid models gain traction, there is an
urgent need for equity-driven digital pedagogies adapted to diverse contexts. In
response, research increasingly points to transformative instructional models that
emphasize flexibility, learner agency, and inclusion. Four key frameworks—
Problem-Based Learning (PBL), Universal Design for Learning (UDL),
Competency-Based Learning (CBL), and Technology-Enhanced Learning (TEL) —
have emerged as promising strategies to confront the inequities in mathematics
education.

PBL fosters inquiry-based engagement with real-world problems, promoting
critical thinking, collaboration, and deeper cognitive processing (Barrows, 2012;
Hmelo-Silver, 2004; Capraro et al., 2013; Kokotsaki et al., 2016). UDL, informed by
cognitive neuroscience, supports inclusive design by addressing learner
variability and ensuring access for all, particularly in multilingual and
neurodiverse settings (Meyer et al., 2014; Rao et al., 2021; Basham et al., 2020). CBL
shifts focus from time-based progression to mastery, supporting personalized
pathways and metacognitive development, which is at the core of mathematical
competence (Le et al., 2014; Pane et al., 2015; Patrick et al., 2016). TEL offers
differentiated instruction, scalable resources, and real-time feedback but its
impact remains highly contingent on infrastructure, digital skills, and cultural
alignment (Bond et al., 2021; Tondeur et al., 2017; Van Dijk, 2020).
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Despite their promise, these approaches face implementation challenges. Success
depends on system-level alignment, specifically coherent policy, teacher
preparation, and community engagement (Darling-Hammond et al., 2020; Fullan,
2021). Insufficient attention to cultural relevance and indigenous knowledge
systems limits their effectiveness in marginalized and conflict-affected settings
(Tikly, 2019; Bozkurt et al., 2020). This systematic literature review investigates
how learner-centered pedagogies address global challenges in mathematics
education. It is guided by three questions: (1) What models are being used to
reduce inequities in mathematics learning? (2) What implementation patterns and
impacts are evident across contexts? (3) What strategies are needed to ensure
scale, equity, and contextual relevance?

Drawing on 62 peer-reviewed studies published between 2013 and 2024, the
review synthesizes the current evidence on transformative pedagogies and their
role in building inclusive, high-quality mathematics education systems. It also
identifies persistent gaps, including limited longitudinal research,
underrepresentation in low-resource contexts, and weak policy integration. The
review concludes with recommendations for future research and systemic reform
to support equitable, context-responsive learning environments worldwide.

2. Literature Review

2.1. Global Education Challenges and the Pursuit of Equity in Mathematics
Education

Despite decades of reform, education systems worldwide continue to face
entrenched inequities, particularly in mathematics. These challenges —rooted in
generational poverty, systemic marginalization, and conflict—limit access to
quality instruction and hinder the development of foundational numeracy
(UNESCO, 2023). The World Bank's (2022) notion of “learning poverty,” originally
focused on reading, extends to mathematics where over 70% of children in low-
income contexts lack basic competencies such as number sense and logical
reasoning.

Traditional, teacher-centered instruction often emphasizes procedural repetition
over conceptual understanding, neglecting the linguistic, cognitive, and socio-
cultural diversity of learners (Schleicher, 2022). In multilingual classrooms across
the Global South, these approaches fail to support meaningful engagement. The
digital divide—exacerbated by COVID-19—has further widened learning gaps,
especially in mathematics (Van Dijk, 2020; Kaffenberger & Pritchett, 2021).
Addressing these intersecting barriers demands inclusive, equity-driven
pedagogies aligned with 21st-century skills.

2.2. The Rise of Innovative Pedagogical Models in Mathematics Education

Emerging pedagogies offer promising alternatives to rigid, test-driven
instruction. These learner-centered models foster deeper engagement, critical
thinking, and inclusivity. Problem-Based Learning (PBL) builds conceptual
understanding through real-world inquiry, enhancing reasoning, collaboration,
and persistence (Hmelo-Silver, 2004; Yew & Goh, 2016). Universal Design for
Learning (UDL) promotes access through varied representations and pathways
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for engagement, meeting diverse learner needs (Katz & Sokal, 2016). Competency-
Based Learning (CBL) emphasizes mastery over seat time, enabling personalized
progress (Le et al., 2014; Pane et al., 2017). Technology-Enhanced Learning (TEL)
bridges instructional gaps using adaptive tools and blended platforms, which is
particularly beneficial in under-resourced settings (Bond et al., 2021; Ifenthaler &
Yau, 2020). Together, these models signal a shift toward responsive, student-
driven mathematics education, which is essential for a complex, globalized world
(Sahin & Top, 2015).

2.3. Systematic Reviews and Emerging Themes in Pedagogical Innovation
Systematic reviews consolidate the global evidence on the impact and scalability
of innovative pedagogies. Studies consistently report gains in student motivation,
critical thinking, and equity, especially when models are implemented with
fidelity (Boelens et al., 2018; Salinas et al., 2022). These outcomes reflect the
growing support for student-centered learning environments.

However, widespread adoption remains limited. Many innovations lack policy
integration, sustained teacher support, and cultural relevance (Cojocariu &
Boghian, 2020). Moreover, research disproportionately focuses on high-income
contexts, raising concerns about global equity. Future studies should emphasize
culturally responsive design, long-term impact evaluation, and scalable
implementation strategies. Advancing these areas is crucial for embedding
innovation within resilient and equitable education systems.

2.4. Pedagogical Innovation and the Imperative for Contextual Responsiveness
While pedagogical innovations offer tools for addressing educational inequities,
their success depends on context-sensitive implementation. Universal models
often fall short in linguistically diverse, socioeconomically marginalized, or post-
conflict settings (Tikly, 2019). Approaches like PBL, UDL, and CBL must be
adapted to local cultures, institutional realities, and the learners’ lived
experiences.

Implementation fidelity hinges on the teachers’ professional capacity. Without
adequate training, mentorship, and institutional backing, even proven methods
yield limited results, especially in under-resourced environments lacking
materials, infrastructure, and supportive policies (Darling-Hammond et al., 2020;
Bozkurt et al., 2020).

Effective reform requires a systemic approach, inclusive of integrating curriculum
redesign, inclusive assessment, and ongoing professional learning. Only through
such comprehensive efforts can pedagogical innovation support equity-driven
transformation in mathematics and beyond.

2.5. Learning Equity in Contemporary Education

Learning equity is a pressing global concern, shaped by disparities in access,
participation, and achievement. True equity goes beyond equal access; it demands
differentiated support, inclusive curricula, and culturally responsive
environments that foster success for all learners (OECD, 2020; Banks & Obiakor,
2015).
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Persistent barriers—including underfunded schools, misaligned curricula, and
high dropout rates —are often rooted in postcolonial structures and global policy
frameworks that neglect local realities (Tikly, 2011; Reimers & Schleicher, 2020).
In rural and low-income areas, inequities are worsened by teacher shortages and
infrastructure deficits, particularly in STEM.

The COVID-19 pandemic intensified these divides. Sudden transitions to digital
learning exposed widespread gaps in device access, internet stability, and digital
literacy (Trucano & Iglesias, 2021; Tadesse & Muluye, 2020). As Bozkurt et al.
(2020) note, learners in fragile systems face disproportionate challenges.
Addressing these inequities requires systemic reform: inclusive curricula,
differentiated instruction, community partnerships, and equitable digital access
(Darling-Hammond et al., 2020; Zhao, 2020). Embedding these principles into
policy and practice is vital for building resilient, inclusive, and future-ready
education systems.

2.6. Educational Models for Inclusive and Adaptive Learning

Educational models serve as both structural and philosophical anchors for
designing responsive learning environments. Recent developments emphasize
flexibility, inclusivity, and learner-centeredness. The Universal Design for
Learning (UDL) offers a proactive framework that addresses learner diversity by
incorporating multiple means of representation, engagement, and expression —
embedding accessibility into instruction from the outset (Meyer et al., 2014).

Competency-Based Learning (CBL) redefines progress by emphasizing mastery
over time spent, allowing learners to advance based on demonstrated
understanding (Le et al., 2014). Similarly, Project- and Problem-Based Learning
(PBL) connect learning to real-world contexts, fostering critical inquiry, student
agency, and interdisciplinary thinking (Hmelo-Silver, 2004). These models
support equity by allowing differentiation and contextual adaptation.

Technology-Enhanced Learning (TEL) further expands inclusivity by offering
personalized, scalable instruction through digital platforms and data-informed
feedback, all of which are crucial for underserved or remote settings (Bond et al.,
2021). Collectively, these approaches signal a paradigm shift toward inclusive,
adaptive learning ecosystems designed to meet the evolving demands of
contemporary education.

2.7. Embedding 21st-Century Skills in Pedagogical Practice

As societies transition into knowledge-based economies, cultivating 21st-century
skills —including critical thinking, creativity, collaboration, communication, and
digital literacy —has become a pedagogical imperative (Binkley et al., 2012).
However, meaningful integration requires more than curricular additions; it
demands transformative pedagogies, adaptive assessments, and supportive
ecosystems.

Approaches like inquiry-based learning and flipped classrooms exemplify this

shift by promoting active participation, autonomy, and real-world application
(Boelens et al., 2018). Technology enhances these practices by enabling interactive
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collaboration, feedback, and self-regulated learning. Still, equitable integration
remains contingent on system-level capacity. Without comprehensive teacher
training, strong leadership, and reliable infrastructure, efforts to embed these
skills risk deepening the existing inequalities. Thus, building future-ready
learners requires holistic reform, aligning innovation with structural equity and
sustainability.

3. Methodology

3.1. Methodological Framework

This study employed a Systematic Literature Review (SLR) guided by PRISMA
2020 (Preferred Reporting Items for Systematic Reviews and Meta-Analyses),
ensuring methodological rigor, transparency, and replicability (Page et al., 2021).
The review aimed to identify, assess, and synthesize peer-reviewed research on
innovative pedagogical models addressing global educational challenges. The
process followed four structured phases—identification, screening, eligibility,
and inclusion—while adhering to international standards for evidence-based
synthesis.

3.2. Databases and Search Strategy

Three leading academic databases—Scopus, Web of Science, and ERIC —were
selected for their comprehensive coverage of interdisciplinary educational
research. A Boolean-enhanced search strategy was used to balance precision and
inclusivity. The final search string was:

("innovative pedagogy" OR '"learning model" OR "instructional design") AND
("global education challenge" OR "learning crisis" OR "education inequality")
AND ("systematic review").

Searches were conducted in April 2024, limited to peer-reviewed articles in
English published between 2013 and 2024. This timeframe captures a decade of
scholarship following the post-2012 global education reforms, particularly the
implementation of Sustainable Development Goal 4 (SDG 4), which prioritizes
inclusive and equitable quality education (UNESCO, 2023). The selected period
reflects contemporary, policy-relevant innovation and structural responses to
persistent disparities in access, quality, and equity in education.

3.3. Inclusion Criteria

To ensure transparency and methodological rigor, the following inclusion criteria
were established prior to the literature selection process. These criteria guided the
identification and selection of studies that were both thematically relevant and
academically robust. A summary of the applied inclusion parameters is presented
in Table 1 below.
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Table 1: Inclusion criteria of the systematic review

Criterion Category Inclusion Criteria Rationale
Publication Type Peer-reviewed journal articles Ensures academic rigor
only and credibility

Publication Period

January 2013 - 2024

Captures a decade of
pedagogical reform
aligned with SDG 4 and
post-2012 global
education discourse

Language

English

Allows consistent analysis
and interpretation

Full-text Availability

Full text must be accessible

Ensures comprehensive
evaluation of the study
content

Thematic Focus

Must focus on innovative
pedagogical models or
instructional frameworks
addressing global/systemic
educational challenges (e.g.,
equity, inclusion, access)

Aligns with review
objectives targeting
transformative and
inclusive education

Research Type Empirical studies (qualitative, Ensures diversity of
quantitative, mixed methods), methods examined and
systematic reviews, meta- inclusion of substantial
analyses, or scholarly contributions
conceptual/theoretical models
with pedagogical implications

Scholarly Must offer conceptual innovation, | Promotes relevance,

Contribution critical synthesis, or practical depth, and applicability of

insights for education policy or
classroom pedagogy

findings

3.4. Exclusion Criteria

To complement the inclusion criteria and uphold the integrity of the systematic
review, a set of exclusion parameters was also defined. These criteria were applied
to eliminate studies that lacked methodological rigor, thematic relevance, or
conceptual generalizability. The specific exclusion criteria used to filter out
ineligible literature have been summarized in Table 2 below.
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Table 2: Exclusion criteria of the systematic review

Criterion Exclusion Criteria Rationale
Category
Publication Type | Editorials, opinion pieces, Lack empirical or theoretical
commentary essays, book rigor; absence of
reviews, and conference abstracts | methodological transparency
(Gough, Oliver, & Thomas,
2017)
Scope and Studies with overly Do not contribute to broader,
Generalizability | narrow/localized focus or generalizable pedagogical
isolated case studies without discourse (Peters et al., 2020)
transferability or conceptual
scalability
Thematic Research not directly addressing | Lacks relevance to the core
Misalignment innovative pedagogy, learning objectives and analytical
equity, or systemic educational framework of the review
challenges
Language Non-English publications Ensures consistency in
language for in-depth analysis
and cross-comparison
Accessibility Articles not available in full-text | Prevents thorough appraisal
format of methodological and
conceptual contributions

3.5. Screening and Selection Process

The selection process followed the PRISMA 2020 guidelines to ensure
transparency and rigor in identifying relevant studies. A total of 321 records were
initially retrieved from four major databases. After removing duplicates and
conducting a structured screening based on the titles, abstracts, and full texts, 62
studies met the inclusion criteria. The details of the flow of the selection process
are presented in Table 3.

Table 3: PRISMA Flow Summary - Study Selection Process

PRISMA Stage Description

Identification Records identified from databases: Scopus (n = 134), Web of
Science (n = 79), ERIC (n = 52), Google Scholar (n = 56); Total = 321
After Duplicates | Records remaining after duplicate removal: 295

Removed
Screening Titles and abstracts screened: 295 records excluded: 181

Eligibility Full-text articles assessed for eligibility: 114 Full-text articles
excluded: 53- Not related to mathematics education (n = 23)- No
pedagogical content (n = 17)- Low methodological quality (n = 13)
Included Studies included in the final review: 62— Empirical studies: 46-
Review studies: 16

The study selection process adhered strictly to the PRISMA 2020 guidelines,
ensuring methodological transparency at each stage of the systematic review. The
identification phase yielded a total of 321 records retrieved from four academic
databases: Scopus (n = 134), Web of Science (n = 79), ERIC (n = 52), and Google
Scholar (n = 56). After the removal of duplicate entries, 295 unique records
remained and were subsequently screened based on the titles and abstracts.
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During the screening phase, 181 articles were excluded due to misalignment with
the study’s scope. The remaining 114 articles underwent full-text assessment for
eligibility. Here, 53 records were excluded for the following reasons: not focused
on mathematics education (n = 23), absence of pedagogical content (n = 17), and
insufficient methodological quality (n = 13). Ultimately, 62 studies met all
inclusion criteria and were incorporated into the final synthesis. These were
comprised of 46 empirical studies and 16 systematic or theoretical reviews.

3.6. Data Analysis

The final pool of 62 studies was analyzed using thematic synthesis, a qualitative
meta-synthesis method suited to interpreting findings across diverse study
designs. Following the framework proposed by Thomas and Harden (2008), the
process was comprised of three stages: (1) line-by-line coding of the finding’s
sections, (2) the development of descriptive themes that reflect surface-level
meanings, and (3) the generation of analytical themes offering higher-order, cross-
contextual insights.

This method was well-suited to the corpus, which included qualitative,
quantitative, and mixed-methods studies. It enabled the identification of
recurring pedagogical patterns, emerging theoretical constructions, and nuanced
interpretations of equity and innovation in global education.

To ensure rigor and transparency, NVivo 14 was used for coding, thematic
mapping, and traceability. The resulting synthesis was structured into three
overarching themes: (1) pedagogical innovation, (2) equity-centered outcomes,
and (3) alignment with 21st-century competencies. These themes form the
analytical framework for the findings presented in the next section.

4. Results

4.1. Transformative Shifts in Mathematics Pedagogy: Toward Equity,
Adaptability, and Innovation

Contemporary mathematics education is undergoing a significant shift toward
learner-centered, adaptive, and technology-integrated approaches. This
transformation responds to persistent global inequities and the growing demand
for 21st-century competencies. Traditional, teacher-led instruction — often reliant
on procedural repetition—is increasingly being replaced by constructivist
pedagogies that promote critical thinking, collaboration, and real-world problem-
solving (Hmelo-Silver, Duncan, & Chinn, 2015; Savery, 2015).

Problem-Based Learning (PBL) exemplifies this shift by engaging students in
interdisciplinary problems requiring collaborative inquiry and mathematical
reasoning. Evidence shows that PBL enhances conceptual understanding,
metacognitive growth, and learner autonomy, especially in under-resourced
settings (Dolmans et al., 2016; Yew & Goh, 2016). When culturally adapted, it also
fosters inclusivity and engagement among marginalized learners (Hung, 2013;
Spector, 2022).
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Universal Design for Learning (UDL) has gained prominence for enabling
inclusive and differentiated mathematics instruction. By offering multiple modes
of representation, expression, and engagement, UDL addresses the cognitive,
linguistic, and socio-emotional diversity present in modern classrooms (Meyer,
Rose, & Gordon, 2014). Practices such as visual aids, manipulatives, narrative
scaffolding, and interactive tools have proven especially effective for multilingual
and neurodiverse learners (Katz & Sokal, 2016; Rao et al., 2021), contributing to
greater persistence, equity, and positive mathematical identity (Al-Azawei et al.,
2016).

Competency-Based Learning (CBL) shifts focus on the change from time-bound
progression to demonstrated mastery. This model supports individualized pacing
and targeted remediation, which are critical in a discipline where understanding
builds cumulatively (Le et al., 2014; Pane et al., 2017). CBL not only fosters self-
directed learning but also addresses opportunity gaps by accommodating diverse
learning trajectories (Jadskeld et al., 2023; UNESCO, 2023).

The COVID-19 pandemic further accelerated the integration of Technology-
Enhanced Learning (TEL). Tools such as adaptive platforms, gamified apps, Al
analytics, and hybrid models support personalized instruction, real-time
assessment, and flexible delivery (Bond et al., 2021; Ifenthaler & Yau, 2020). In
mathematics specifically, platforms like GeoGebra, Desmos, and intelligent
tutoring systems have enhanced engagement and problem-solving skills (Holmes
et al, 2022; Kapur et al., 2018). However, the impact of TEL depends on
pedagogical coherence, contextual fit, and sustained teacher development
(Makitalo et al., 2021; Selwyn, 2016).

Collectively, these innovations reflect a move from rigid, standardized instruction
to responsive, inclusive, and context-aware pedagogical frameworks. When
grounded in equity and adapted to local socio-economic realities, such
approaches yield significant gains in mathematical understanding, learner
engagement, and socio-emotional development, even in fragile or underfunded
settings (Outhwaite et al.,, 2020; Winthrop & Ziegler, 2021). Pedagogical
innovation, therefore, stands as a powerful lever for advancing educational
quality and inclusion on a global scale.

To consolidate insights from the evolving landscape of instructional practice,
Table 4 presents a synthesized comparison of the key pedagogical models in
mathematics education, detailing their core characteristics, targeted learning
outcomes, and contextual applications based on the scholarly literature published
between 2013 and 2024.
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Table 4: Summary of innovative pedagogical models in mathematics education

Model Key Features Mathematical Contextual Representative
Goals Applications Studies
Problem- Real-world Critical Secondary and | Hmelo-Silver et
Based problems, thinking, higher al. (2015); Yew
Learning collaborative application, education, & Goh (2016);
(PBL) inquiry, reasoning, inclusive and | Hung (2013)
student-driven | collaboration multicultural
exploration settings
Universal Multiple means | Accessibility, K-12 diverse Meyer et al.
Design for of equity, learners, (2014); Katz &
Learning representation, | engagement, special Sokal (2016);
(UDL) engagement, differentiation | education Rao et al.
and expression integration (2021)
Competency- | Mastery Deep Blended Le et al. (2014);
Based progression, understanding, | learning Pane et al.
Learning flexible pacing, | personalized environments, | (2017); Jadskeld
(CBL) outcomes- progression, both low- and | etal. (2023)
driven feedback- high-resource
informed systems
learning
Technology- | Digital Autonomy, COVID/post- | Bond et al.
Enhanced platforms, Al formative COVID (2021); Holmes
Learning tools, feedback, recovery, rural | etal. (2022);
(TEL) simulations, scalable and urban Kapur et al.
gamification instruction integration (2018);
Ifenthaler &
Yau (2020)

Source: PRISMA Process Screening Results

4.2. Gaps and Limitations in the Current Research

Despite the growing consensus on the potential of learner-centered and
technology-enhanced pedagogies, several persistent challenges limit their
transformative capacity, particularly in advancing equity in mathematics
education.

First, the global research base is disproportionately concentrated in high-income
countries (HICs), especially in North America, Western Europe, and East Asia
(Bond et al., 2021; Dobozy & Pospisil, 2014). This imbalance raises concerns about
the contextual relevance and scalability of widely promoted models such as PBL,
CBL, and UDL in low- and middle-income countries (LMICs). In regions like Sub-
Saharan Africa and Southeast Asia—including Indonesia — educational reform is
often constrained by weak digital infrastructure, limited teacher training, and
complex sociocultural dynamics (Tikly, 2020; Winthrop & Ziegler, 2021).
Additional barriers, such as multilingual classrooms, rigid national curricula, and
structural inequities, further hinder effective implementation.

Second, many studies rely on short-term, small-scale interventions that fail to
capture the systemic or sustained impact of reform (Holmes et al., 2022; Means et
al., 2014). While such studies offer useful insights, they often overlook long-term
gains in foundational competencies like abstraction, reasoning, and

http:/ /ijlter.org/index.php/ijlter



178

communication (Sfard, 2015). Given the cumulative nature of mathematics
learning, longitudinal and system-wide research is essential.

Third, reform initiatives are frequently disconnected from broader educational
ecosystems, resulting in misalignment with national standards, assessments, and
teacher development systems (Fullan, 2021; Reimers, 2022). In mathematics
education, this fragmentation weakens institutional ownership, reduces
implementation fidelity, and undermines sustainability.

Fourth, equity concerns related to digital learning remain under-theorized and
under-researched. Although the COVID-19 pandemic accelerated technology
adoption, issues such as algorithmic bias, unequal access, and limited teacher
digital capacity remain unresolved (Selwyn, 2016; UNESCO, 2023). Without
inclusive frameworks, technology risks exacerbating —rather than mitigating —
existing disparities.

Collectively, these challenges underscore the need for inclusive, policy-aligned,
and context-grounded research agendas. Future work must prioritize equity-
centered cross-cultural studies that integrate culturally responsive pedagogies,
robust teacher training, and systemic alignment across policy, infrastructure, and
professional development.

To inform this direction, Table 5 provides a thematic synthesis of the reviewed
literature, outlining the key pedagogical innovations, targeted 21st-century
competencies, regional focuses, and any enabling or limiting conditions. This
framework offers a strategic lens for designing scalable and inclusive mathematics
education reforms.

Table 5. Thematic synthesis of the reviewed literature on mathematics education

Pedagogical | Targeted 21st- Geographic | Enabling / Limiting | Key
Innovation Century Focus Factors References
Competencies
Problem- Critical thinking, North Promotes real- Hmelo-
Based collaboration, America, world engagement Silver et al.
Learning problem-solving East Asia, and active learning . (2015); Yew
(PBL) Sub-Saharan | Often constrained by | & Goh
Africa curriculum rigidity (2016);
and teacher-centered | Hung
traditions (2013);
Spector
(2022)
Competency- | Self-regulation, Finland, US, Supports Le et al.
Based mastery Southeast individualized (2014); Pane
Learning orientation, Asia progression and etal. (2017);
(CBL) personalized remediation. Jaaskeli et
pacing Misalignment with al. (2023)
traditional time-
based standards and
assessments
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Universal Cognitive Canada, Enables Meyer et al.
Design for flexibility, Australia, multimodal access (2014); Katz
Learning inclusivity, Indonesia and responsive & Sokal
(UDL) expressive instruction. Requires | (2016); Rao
engagement intensive teacher et al. (2021);
preparation and Al-Azawei
system’s level buy-in | etal. (2016)
Technology- | Digital fluency, Global Facilitates Bond et al.
Enhanced learner autonomy, | (especially scalable, data-driven, | (2021);
Learning adaptability post- and differentiated Holmes et
(TEL) pandemic) ]earning' Impact al. (2022),
limited by the digital | Ifenthaler &
divide, algorithmic Yau (2020);
bias, and teacher Selwyn
digital readiness (2016)
Inquiry- Communication, Western Encourages Boelens et
Based inquiry skills, Europe, student-led learning al. (2018);
Learning / learner agency Latin and deeper Savery
Flipped America understanding. (2015);
Classroom Challenging to Sfard (2015)
implement without
cultural/pedagogical
paradigm shifts
Culturally Socio-emotional Indigenous Enhances Tikly
Responsive learning, identity and relevance, equity, (2020);
Pedagogy formation, multilingual and learner voice. Winthrop &
(CRP) inclusivity contexts Often marginalized Ziegler
(e.g, NZ, in standardized (2021);
Indonesia) curricula and UNESCO
assessment (2023)
frameworks

Source: Prisma process screening results

Despite the increasing global endorsement of instructional models such as
Problem-Based Learning (PBL), the Universal Design for Learning (UDL),
Competency-Based Learning (CBL), and Technology-Enhanced Learning (TEL),
significant gaps remain in their equitable and context-responsive implementation,
particularly across mathematics education systems in the Global South. Although
PBL and UDL present robust frameworks for fostering inclusive, differentiated
learning, their practical adoption is often hindered by structural inertia, limited
policy traction, and weak institutional commitment. Similarly, while CBL and
TEL offer high potential for personalization and scalability, their systemic
integration is frequently obstructed by rigid assessment regimes, inadequate
digital infrastructure, and fragmented reform efforts.

These limitations constrain the transformative impact of such pedagogies and risk
reinforcing the existing inequities in the access to quality mathematics instruction.
Moreover, culturally responsive pedagogies —which are essential for contextual
relevance, learner engagement, and identity development—remain under-
researched, under-utilized, and insufficiently embedded within national
education systems. Empirical evidence of their effectiveness is sparse, and their
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integration into curricular policy and teacher training frameworks is often
superficial or absent.

To synthesize these challenges and opportunities, Table 6 presents a thematic
matrix that maps the key intersections between pedagogical innovations and
critical dimensions of equity, inclusion, and systemic transformation. This
framework is designed to inform educators, researchers, and policymakers in
mobilizing evidence-based instructional strategies to redress structural disparities
and advance mathematics education systems that are inclusive, locally relevant,
and future-ready.

Table 6: Thematic synthesis of pedagogical innovations in response to global
educational challenges

Core Descriptio | Representa | Contributions | Systemic Supporting

Theme n of tive to Global Constraints | References
Findings | Models Educational

Challenges

1. Digital | Technolog | MOOCs, Expands reach | Digital Holmes et al.

and y-driven Flipped to underserved | divide; (2022); Sun et al.

Technolog | models Classroom | learners; algorithmic | (2022); Zawacki-

y- expand s, Al- supports bias; limited | Richter et al.

Enhanced | access, Personaliz | differentiated | digital (2019);

Learning enable ed instruction; pedagogy Almahasees et
personaliz | Platforms, | enables remote | training for | al. (2021);
ed Digital and hybrid educators Veletsianos &
learning, Assessmen | learning Houlden (2020);
and t Tools Trust et al.
support (2021); Bozkurt
flexible & Sharma
pathways (2020); Mishra et
across al. (2020); Ahn et
contexts al. (2023);

Selwyn (2023)

2. Project- | Promotes | Project- Develops Lack of Bell (2010);

Based and | deep Based transversal teacher Wrigley (2016);

Collaborat | learning Learning skills: preparednes | Larmer et al.

ive through (PBL), creativity, s; weak (2015);

Learning | real-world | STEM- critical alignment Blumenfeld et al.
inquiry, Integrated | thinking, with (2022); Hung
problem Design, collaboration, national (2021); Hmelo-
solving, Collaborati | problem- curriculum | Silver et al.
and ve Inquiry | solving standards (2022); Krajcik &
teamwork | Learning and Shin (2021)
across assessments
disciplines

3. Equity, | Centers Culturally | Narrows Scarce Paris & Alim

Inclusion, | learners’ Responsive | achievement empirical (2017); Gay

and identities, | Pedagogy, | gaps; affirms validation; (2018); Powell &

Culturally | languages, | Ethnomath | learners’ weak Frankenstein

Responsiv | and ematics, identities; integration | (2020); McKinley

e cultural Multilingu | supports in national | & Tuhiwai

Pedagogy | heritage to | al localized Smith (2019);

http:/ /ijlter.org/index.php/ijlter




181

foster Instruction | curriculum education Tikly (2020);
belonging |, development systems Winthrop &
and equity | Indigenous Ziegler (2021);
Knowledg Ladson-Billings
e (2021); de
Integration Oliveira et al.
(2023)
4. Critical | Engages Freirean Cultivates Marginalize | Darder (2017);
and learners in | Pedagogy, | critical din formal | McLaren (2015);
Transform | confrontin | Critical awareness and | curricula; Stommel (2014);
ative g Digital agency; politically Andreotti (2021);
Pedagogie | structural | Pedagogy, | promotes sensitive in | Reimers (2022);
s injustice, | Transform | democratic some Carr & Thésée
fostering | ative participation systems (2023); Giroux
ethical Learning, | and social (2020)
agency Decolonial | justice
and global | Education
citizenship
5. Crisis- Emerged | HyFlex Sustains Lacks Bozkurt et al.
Responsiv | in Models, education integration | (2020); Hodges
e and response Emergency | during into long- et al. (2020);
Adaptive | to COVID- | Remote emergencies; term policy; | Konig et al.
Learning 19, climate | Teaching supports highly (2020); Reimers
Models crises, and | (ERT), flexible reactive; etal. (2021);
conflict, Resilient modalities and | under- Schleicher
emphasizi | Learning psychological | researched | (2020); Salmi
ng Framewor | safety in LMICs (2021); Trust &
resilience | ks, Whalen (2020);
and Adaptive UNESCO (2023);
continuity | Instruction Zhao (2020);

Kim et al. (2023);
Houlden &
Veletsianos
(2024)

Source: Prisma process screening results

4.3. Thematic Synthesis and Critical Insights
Table 6 underscores the fragmented and uneven implementation of pedagogical
innovations in mathematics education, particularly concerning equity, inclusion,
and systemic reform. Technology-enhanced models —such as MOOC:s, flipped
classrooms, and Al-driven platforms—have broadened access and enabled
personalization. Yet persistent digital divides, limited teacher digital fluency, and
algorithmic bias remain significant barriers in low- and middle-income contexts
(Outhwaite et al., 2020; Winthrop & Ziegler, 2021).

Project-based and collaborative learning foster critical thinking, creativity, and
teamwork but often face obstacles due to curriculum misalignment, weak policy
integration, and limited teacher preparation (Hmelo-Silver et al., 2015; Dolmans
et al.,, 2016). Culturally responsive approaches, including ethnomathematics,
support identity development and contextual learning, although empirical
validation across diverse contexts remains limited (D’Ambrosio, 2016; Barton,

2021).
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Critical pedagogies rooted in Freirean and decolonial thought promote agency,
dialogue, and justice. Despite their promise, they remain peripheral due to
political resistance and institutional inertia (Freire, 1970; Giroux, 2020). Similarly,
crisis-driven models like HyFlex and emergency remote teaching provide short-
term solutions but lack integration into long-term strategies (Bozkurt et al., 2020;
Trust & Whalen, 2021).

While many innovations reflect global reform priorities, their impact is
undermined by policy fragmentation, inconsistent implementation, and weak
evidence of sustained outcomes. Advancing inclusive and scalable models
demands greater policy coherence, cross-sector collaboration, and long-term
research, particularly in under-resourced settings.

4.4 Review Methodology Summary

This review followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. An initial pool of 321 records was
retrieved from Scopus, Web of Science, ERIC, and Google Scholar. After removing
duplicates and conducting a multi-stage screening process (title, abstract, and full-
text review), 62 peer-reviewed articles published between 2013 and 2024 were
included in the final synthesis. The inclusion criteria required studies to: (1)
explicitly examine pedagogical innovation in mathematics education; (2) address
global educational challenges; (3) employ empirical, systematic, or mixed-
methods approaches; and (4) appear in Scopus-indexed journals (Q1-Q3).
Editorials, non-English publications, and conceptual essays lacking
methodological transparency were excluded.

The final corpus offers a robust and diverse evidence base, covering a wide range
of instructional models from technology-enhanced and project-based learning to
culturally responsive and equity-oriented pedagogies. While notable
advancements are evident, the field remains fragmented. Strengthening the
impact of pedagogical innovation requires greater methodological rigor, deeper
contextual grounding, and stronger alignment with national education systems,
especially in under-resourced contexts. Such alignment is critical to ensure that
innovation not only enhances instructional quality but also drives structural
equity and long-term transformation in mathematics education globally.

5. Discussion

This review underscores a global shift in mathematics education from traditional,
didactic instruction to learner-centered, digitally supported, and culturally
responsive approaches. Central to this transformation is the growing emphasis on
personalization, flexibility, and 21st-century competencies such as critical
thinking, creativity, collaboration, and communication (Saavedra & Opfer, 2012;
OECD, 2023). Frameworks like Universal Design for Learning (UDL),
Competency-Based Learning (CBL), and hybrid models (e.g., blended, HyFlex)
offer adaptable and inclusive learning pathways (Rose et al., 2018; Beatty, 2019;
DeLorenzo & Battino, 2021; Chikwendu & Owusu, 2024).
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However, research and implementation remain uneven. Over 70% of the 62
reviewed studies originate from high-income countries, with limited
representation from low- and middle-income contexts such as Sub-Saharan
Africa, Southeast Asia, and Latin America (Tikly, 2019; Trucano & Iglesias, 2021;
Adebayo et al., 2025). This imbalance raises questions about contextual relevance
and global equity. The promise of UDL depends on access to assistive
technologies, professional development, and institutional support—resources
that are often lacking in LMICs (Al-Azawei et al.,, 2017; Hassan et al., 2024).
Likewise, CBL faces challenges including rigid assessments, policy fragmentation,
and infrastructure deficits (Winthrop & McGivney, 2016; Le et al., 2014; UNESCO,
2021; Yusof & Lee, 2025). Technology-enhanced learning (TEL) shows potential
but yields mixed outcomes.

Adaptive platforms, flipped classrooms, and Al tools succeed in digitally
advanced settings but often falter in low-resource environments due to limited
access, low digital literacy, and culturally mismatched content (Bozkurt et al.,
2020; Trust & Whalen, 2020; Singh & Widodo, 2025). These challenges highlight
the need for locally adapted linguistically relevant solutions (UNESCO, 2024).
Culturally sustaining pedagogies, including ethnomathematics and localized
STEM, are gaining traction by affirming learner identity and challenging
Eurocentric norms (Zulu & Mkhize, 2024; Tomasi¢ & Chabwera, 2025). Yet the
empirical evidence remains limited, with few large-scale or longitudinal studies
(Reimers, 2022; Narayan & Kumari, 2025).

Sustainable innovation requires systemic coherence— an alignment across the
curriculum, assessment, teacher preparation, and policy (Darling-Hammond et
al., 2020; Fullan, 2021; Ngugi & Patel, 2025). The COVID-19 pandemic exposed
deep inequities but also accelerated experimentation. While emergency remote
teaching ensured continuity, it lacked pedagogical rigor and often excluded
vulnerable learners (Hodges et al., 2020). HyFlex and blended learning models
offer flexibility but demand long-term investment in infrastructure, localized
content, and educator capacity —areas where LMICs continue to lag (Beatty, 2019;
Banerjee et al., 2024).

Moving forward, equity, cultural relevance, learner agency, and systemic
integration must guide pedagogical innovation. No single model fits all.
Sustainable solutions must be co-designed with local communities and embedded
in diverse educational ecologies. Bridging innovation with equity is the key to
building inclusive and future-ready mathematics education systems (UNESCO,
2021; OECD, 2023; Education Futures Alliance, 2025).

6. Conclusion and Implications

This systematic review reveals a global shift in mathematics education toward
pedagogical models that prioritize equity, inclusivity, and contextual relevance.
Across 62 studies, the evidence consistently affirms the impact of Universal
Design for Learning (UDL), Competency-Based Learning (CBL), Project- and
Problem-Based Learning (PBL), and Technology-Enhanced Learning (TEL) in
fostering engagement, differentiated achievement, and participation, particularly
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in culturally and linguistically diverse contexts. When embedded within coherent,
system-wide strategies, these models contribute meaningfully to educational
transformation. However, widespread implementation remains uneven. In low-
and middle-income countries (LMICs), adoption is frequently constrained by
rigid curricula, inequitable resource allocation, weak digital infrastructure, and
limited professional development. These systemic barriers hinder both scalability
and the localization of equity-centered innovations.

Three key imperatives emerged for advancing inclusive and sustainable reform.
First, pedagogical approaches must be co-designed with educators, learners, and
communities to ensure cultural relevance and contextual fit. Second, there is a
pressing need to expand the empirical base, particularly through rigorous,
longitudinal, and mixed-method studies in underrepresented regions of the
Global South. Third, innovation must be systemically aligned and supported by
coherent policies spanning curriculum design, assessment reform, teacher
training, and equitable digital access.

The COVID-19 pandemic amplified existing inequities, with emergency remote
instruction often excluding marginalized learners. Yet, in well-resourced contexts,
hybrid and HyFlex models demonstrated resilience and adaptability,
underscoring the importance of sustained investment and strategic planning.
Looking ahead, the future of mathematics education lies in cross-sector
collaboration and a fundamental reimagining of mathematics as a tool for critical
inquiry, social justice, and global citizenship. Equity must not be treated as an
adjunct to innovation — it must serve as its foundation.
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