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Abstract 
Mathematical literacy is a key competency in mathematics education, requiring learners to formulate, employ and 
interpret mathematics in authentic real-world contexts. Although Problem-Based Learning (PBL) has demonstrated 
potential to support mathematical learning, evidence on how cultural contexts are integrated into PBL to foster 
mathematical literacy remains fragmented. This systematic literature review examined research trends in culturally 
responsive PBL, identified approaches for integrating cultural and ethnomathematical elements into PBL, analyzed how 
these approaches support mathematical literacy and developed an evidence-informed conceptual framework for future 
research. Following PRISMA 2020 guidelines, the search covered studies published from January 2018 through March 
2026 and was conducted in Scopus and Web of Science. The search identified 1,847 records. After removal of duplicates, 
1,312 records were screened, 287 full-text articles were assessed for eligibility and 198 were excluded, resulting in 89 
studies for the final synthesis. Bibliometric analysis and thematic synthesis identified three major research themes: 
problem-based mathematics learning, culturally responsive and ethnomathematics-based instruction and 
mathematical literacy development. The synthesis also identified three levels of cultural integration in PBL, ranging 
from cultural representation to cultural transformation. Deeper integration showed greater potential to support 
students’ abilities to formulate, employ and interpret mathematics. Based on these findings, the review proposes the 
Culturally Responsive Problem-Based Mathematical Literacy (CR-PBML) Framework, which conceptualizes culturally 
meaningful problem contexts as a pedagogical mechanism linking learners’ sociocultural experiences with 
mathematical literacy development. The framework offers theoretical guidance for future research and practical 
implications for curriculum development and mathematics instruction. 

Keywords: Culturally Responsive Pedagogy, Ethnomathematics, Mathematical Literacy, Mathematics Education, 
Problem-based Learning, Systematic Literature Review. 
 

Introduction 

Mathematical literacy is a central goal of 

contemporary mathematics education, enabling 

learners to formulate, employ and interpret 

mathematics in meaningful situations (1). Beyond 

procedural proficiency, it involves connecting 

mathematical knowledge with reasoning, problem 

solving, communication and decision-making in 

relevant contexts. PISA and other international 

assessment frameworks position mathematical 

literacy as an essential competency for 

participation in complex social and technological 

environments (2–4). However, many learners 

struggle to transfer classroom mathematics to 

unfamiliar contextual problems, particularly those 

from disadvantaged backgrounds. This challenge 

highlights the need for learning environments that 

connect mathematical ideas meaningfully with 

learners’ experiences and the contexts in which 

mathematics is used (5). 

Problem-Based Learning (PBL) offers a suitable 

pedagogical structure by engaging learners with 

authentic, often ill-structured problems that 

require investigation, collaboration, mathematical 

reasoning and solution construction. Evidence 

suggests that PBL can support mathematical 

achievement, problem solving, conceptual under-

standing and engagement (6). However, problem 

authenticity involves more than complexity or 

real-world resemblance (7). Problems may be 

formally authentic yet culturally unfamiliar, 

limiting meaningful formulation and interpreta-

tion when disconnected from learners’ community 
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practices and prior experiences (8). Thus, the key 

issue is not merely whether PBL uses real-world 

problems, but whose realities are represented and 

how learners’ cultural knowledge informs mathe-

matical inquiry. 

This issue brings culturally responsive pedagogy 

and ethnomathematics into closer dialogue with 

PBL. Culturally responsive approaches recognize 

learners’ cultural knowledge, identities, values and 

community experiences as resources, while 

ethnomathematics highlights mathematical ideas 

embedded in cultural activities and social contexts. 

Thus, culture should function not merely as an 

attractive context but as a resource through which 

learners identify problems, formulate mathema-

tical questions, negotiate meanings and interpret 

solutions (9). This perspective is particularly 

relevant to mathematical literacy, as formulation 

and interpretation require connections between 

mathematical representations and meaningful 

contexts (10). Culture therefore serves as an 

interpretive lens for negotiating and constructing 

mathematical meaning (1, 3). making culturally 

meaningful PBL a promising approach for 

connecting formal mathematics with learners’ 

identities and lived experiences (7). 

Although research on PBL, mathematical literacy, 

ethnomathematics and culturally responsive 

mathematics education has expanded, these 

strands of scholarship have largely developed as 

partially separate bodies of knowledge. A recent 

systematic review of PBL in K–12 mathematics 

primarily examined instructional characteristics 

and learning outcomes, while reviews of 

ethnomathematics have emphasized patterns of 

cultural integration in mathematics teaching and 

learning (7). Research on mathematical literacy 

has likewise examined its influencing factors and 

development, but cultural responsiveness has 

received comparatively less attention as a 

pedagogical mechanism within problem-based 

learning (4). Studies of culturally responsive 

mathematics teaching have further highlighted 

teachers’ practices and the challenges of 

implementing equitable instruction, but they have 

not yet provided a sufficiently integrated account 

of how cultural resources become part of the 

processes through which learners formulate, 

employ and interpret mathematics. Reviews 

examining culturally responsive pedagogy in 

mathematics classrooms similarly tend to 

emphasize teachers' perceptions and practices 

rather than the pedagogical mechanisms linking 

cultural responsiveness to measurable literacy 

outcomes (10). 

Consequently, the literature provides substantial 

evidence for each perspective individually, but less 

evidence explaining how they operate together 

within a coherent pedagogical design (11). 

Although research on PBL, mathematical literacy, 

ethnomathematics and culturally responsive 

mathematics education has expanded, these areas 

have largely developed as separate bodies of 

knowledge. Recent reviews have examined PBL 

characteristics and outcomes, ethnomathematical 

integration and factors influencing mathematical 

literacy, but cultural responsiveness remains 

underexplored as a pedagogical mechanism within 

PBL (7). Research on culturally responsive mathe-

matics teaching has also focused mainly on 

teachers’ practices and implementation challenges, 

with limited attention to how cultural resources 

support learners in formulating, employing and 

interpreting mathematics (10). Thus, although 

each perspective is well established, their 

integration within a coherent pedagogical design 

remains insufficiently understood (12–14). Finally, 

no systematic review has comprehensively 

synthesized these interconnected domains while 

developing an integrative framework to explain 

their relationships and guide future instructional 

innovation. Addressing this gap is essential for 

advancing theory and evidence-informed practice. 

The present systematic literature review 

addresses these gaps by examining the field at 

structural and conceptual levels. It maps 

publication patterns and thematic relationships 

while synthesizing how cultural and ethnomathe-

matical resources are integrated into PBL and 

related to mathematical literacy processes (9, 10). 

Its distinctive contribution is identifying relation-

ships among PBL, culturally responsive pedagogy, 

ethnomathematics and mathematical literacy to 

explain how culturally situated problem solving 

may support literacy development. Based on the 

synthesized evidence, the review develops the 

Culturally Responsive Problem-Based Mathema-

tical Literacy (CR-PBML) Framework, positioning 

cultural experiences as potential epistemic 

resources for problem formulation, investigation, 

modeling, interpretation and transfer. The 

framework is evidence-informed rather than a 
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validated causal model and provides a basis for 

future empirical testing and refinement. 

Accordingly, this systematic literature review 

examines research published from January 2018 

through March 2026 to address four questions:  

RQ1: What are the publication trends, geogra-

phical distributions and thematic patterns of 

research on culturally responsive PBL and 

mathematical literacy?  

RQ2: How are cultural, ethnomathematical and 

culturally responsive elements integrated into PBL 

in mathematics education?  

RQ3: Through what pedagogical mechanisms does 

culturally responsive PBL support mathematical 

literacy, particularly the processes of formulating, 

employing and interpre-ting mathematics?  

RQ4: What conceptual relationships emerging 

from the literature can inform an integrative 

framework for culturally responsive Problem- 

Based Mathematical Literacy?. 
 

Methodology 
Review Design 
This study employed a systematic literature 

review (SLR) guided by the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses 

(PRISMA 2020) statement to ensure methodolo-

gical transparency, reproducibility and 

comprehensive reporting (15). A systematic 

review was selected to synthesize empirical 

evidence, identify recurring research patterns and 

develop an integrative conceptual framework 

concerning culturally responsive Problem-Based 

Learning (PBL) and mathematical literacy. To 

strengthen methodological rigor, the review 

integrated bibliometric analysis with qualitative 

thematic synthesis following recent methodolo-

gical guidance that recommends an explicit, staged 

combination of quantitative mapping and 

qualitative synthesis (16–18). This integrated 

approach enables the intellectual structure of the 

research field to be examined quantitatively while 

its conceptual, pedagogical and contextual 

dimensions are analyzed qualitatively  (19, 20). 

Bibliometric analysis was used to examine the 

structural development of the field, including 

publication trends, geographical distribution, 

author collaboration and keyword co-occurrence 

(21–23). Thematic synthesis complemented the 

bibliometric analysis by examining pedagogical 

characteristics, cultural integration strategies and 

the mechanisms through which culturally 

responsive PBL may support mathematical literacy 

development (24). The integration of these 

analytical approaches enabled the review to 

capture both the evolution of the research 

landscape and the conceptual relationships 

emerging across the selected studies (25). 

Before data collection, a review protocol was 

established a priori to define the research 

objectives, search strategy, eligibility criteria, 

screening procedures, quality appraisal and 

analytical methods. Establishing the protocol 

before the review helped minimize potential 

selection bias and maintain methodological 

consistency throughout the review process, 

consistent with recommended practices for 

rigorous systematic and bibliometric-systematic 

reviews (15, 16). 

Search Strategy and Eligibility Criteria 
A comprehensive literature search was conducted 

in Scopus and the Web of Science (WoS) Core 

Collection, which provide broad multidisciplinary 

coverage and structured bibliographic metadata 

suitable for systematic and bibliometric review 

research (26). Combining both databases was 

intended to enhance retrieval comprehensiveness 

and reduce coverage bias associated with relying 

on a single bibliographic source, as Scopus and 

WoS differ in journal coverage, regional 

representation and disciplinary scope (20, 26). 

Restricting the database search to these two 

sources also provided a consistent basis for 

bibliographic screening, metadata analysis and 

subsequent synthesis. 

The search covered studies published from 

January 2018 through March 2026. This period 

was selected to capture contemporary 

developments in mathematical literacy, culturally 

responsive pedagogy, ethnomathematics and 

Problem-Based Learning, consistent with the 

recent growth of research in culturally responsive 

mathematics education and PBL (7). The search 

was conducted initially in January 2026 and 

subsequently updated in March 2026 to capture 

publications indexed during the review period. 

Searches were performed across the title, abstract 

and keyword fields using combinations of 

controlled vocabulary and Boolean operators. The 

primary search strategy was as follows: 

("problem-based learning" OR "problem based 

learning") 
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AND 

("mathematical literacy" OR "mathematics 

education" OR "mathematical reasoning") 

AND 

("ethnomathematics" OR "local wisdom" OR 

"cultural context" 

OR "culturally responsive teaching" 

OR "culturally responsive pedagogy" 

OR "situated learning") 

To maximize retrieval comprehensiveness, 

backward citation tracking (snowballing) was 

conducted for relevant and influential publications 

identified during the database search. This 

supplementary strategy was used to identify 

potentially relevant studies that might not have 

been retrieved through the predefined keyword 

search and to reduce the risk of omission 

associated with terminology-dependent database 

retrieval (16). Studies were considered eligible 

when they: 

(a) investigated Problem-Based Learning or a 

problem-based instructional approach within 

mathematics education; 

(b) incorporated cultural contexts, 

ethnomathematics, or culturally responsive 

pedagogy as central instructional components; 

(c) examined mathematical literacy, mathematical 

reasoning, or related mathematical competen-

cies; 

(d) were published as peer reviewed journal 

articles; and 

(e) were written in English or Indonesian.  

Studies were excluded if they were conference 

proceedings, dissertations, theses, editorials, book 

chapters, reports, or other forms of grey literature, 

consistent with quality-control recommendations 

for systematic and bibliometric systematic reviews 

that emphasize the use of peer-reviewed sources 

for evidence synthesis (16, 26). Publications 

focusing primarily on non-mathematics disciplines  

or on cultural issues unrelated to mathematics 

education were also excluded to maintain 

conceptual consistency throughout the review. 

Study Selection 
The study selection process followed the four 

stages recommended in PRISMA 2020: identifica-

tion, screening, eligibility and inclusion (15). All 

records retrieved from Scopus and Web of Science 

were exported to a reference management system, 

where duplicate records were identified and 

removed through a combination of automatic and 

manual procedures before screening. This data-

cleaning procedure was consistent with standard 

practices for integrating bibliographic databases in 

systematic and bibliometric-systematic reviews 

(16). 

Titles and abstracts were independently screened 

by two reviewers using the predefined eligibility 

criteria. This dual-reviewer procedure was 

adopted to minimize selection bias and improve 

the reliability of the screening process (16, 27). 

Disagreements between reviewers were resolved 

through discussion until consensus was reached. 

Records that met the initial screening criteria were 

subsequently subjected to full-text assessment to 

determine their eligibility for inclusion in the 

review. 

The database search identified 1,847 records from 

Scopus and Web of Science. After removal of 

duplicate records, 1,312 unique records remained 

for title and abstract screening. During this stage, 

1,025 records were excluded because they did not 

meet the predefined eligibility criteria. The 

remaining 287 articles were assessed through full-

text review. Following the full-text eligibility 

assessment, 198 articles were excluded because 

they did not satisfy one or more inclusion criteria, 

resulting in 89 studies included in the final review 

and synthesis. The numerical progression of the 

study selection process is presented in Table 1 and 

follows the PRISMA 2020 reporting structure (15).
 

Table 1: PRISMA 2020 Study Selection Process 

PRISMA Phase Activity Records 

Identification Records identified through Scopus and WoS 1,847 

Identification Records after duplicate removal 1,312 

Screening Records excluded after title and abstract screening 1,025 

Eligibility Full-text articles assessed 287 

Eligibility Full-text articles excluded 198 

Included Studies included in the final synthesis 89 
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Quality Appraisal 
The methodological quality of the included studies 

was assessed using the Mixed Methods Appraisal 

Tool (MMAT), Version 2018, which provides 

design-specific criteria for appraising qualitative, 

quantitative and mixed-methods studies (27). 

MMAT was selected because the studies included 

in this review employed heterogeneous 

methodological designs, making a design-sensitive 

appraisal approach appropriate for the synthesis. 

Its application is also consistent with recent 

education-focused systematic reviews that assess 

evidence from diverse methodological approaches 

(7). 

Each included study was independently assessed 

by two reviewers using the five MMAT criteria 

corresponding to its methodological design. For 

the purposes of this review, the number of criteria 

satisfied by each study was summarized as a 

percentage to provide a consistent descriptive 

indicator of methodological quality across the 

heterogeneous body of evidence. A 50% threshold 

was applied as the predefined quality criterion for 

inclusion in the thematic synthesis. Studies that did 

not meet this threshold were excluded from the 

thematic synthesis but retained in the bibliometric 

analysis so that their publication characteristics 

could still contribute to the mapping of the 

research landscape. This procedure allowed the 

review to distinguish between the assessment of 

the structural development of the field and the 

quality-sensitive synthesis of substantive findings 

(16). 

Inter-rater agreement between the two reviewers 

was assessed using Cohen’s kappa coefficient, 

yielding κ = 0.81, which indicates strong 

agreement between reviewers (28–30). The 

agreement estimate provides evidence of 

consistency in the reviewers’ application of the 

predefined appraisal criteria. 

Data Analysis 

Data analysis was conducted through four 

complementary stages: data extraction and 

analytical mapping, bibliometric analysis, thematic 

synthesis and conceptual framework development. 

These stages were organized to correspond to the 

research questions and to provide a systematic 

progression from descriptive mapping of the 

literature to qualitative synthesis and evidence-

informed conceptual development, following the 

analysis synthesis–theory development logic 

recommended for combined bibliometric-

systematic literature reviews (16). 

First, data extraction and analytical mapping were 

conducted to organize the evidence reported 

across the included studies. Relevant information 

was systematically extracted from each study, 

including bibliographic characteristics, study 

context, participants, Problem-Based Learning 

characteristics, cultural or ethnomathematical 

elements, mathematical content, mathematical 

literacy processes or competencies, reported 

pedagogical mechanisms and major findings. The 

extracted information was organized into an 

analytical mapping matrix to facilitate comparison 

across studies and to provide a transparent basis 

for subsequent bibliometric and thematic analyses. 

This stage also supported the identification of 

recurring concepts and relationships relevant to 

the development of the CR-PBML Framework. 

Second, bibliometric analysis was performed using 

VOSviewer (31) and the Bibliometrix package in R 

(32, 33) to examine publication trends, 

geographical distribution, collaboration networks 

and keyword co-occurrence. The analysis followed 

established performance-analysis and science-

mapping procedures for identifying the structural 

and intellectual characteristics of a research field 

(20). The resulting bibliometric maps were used to 

characterize the development and thematic 

structure of research on culturally responsive PBL 

and mathematical literacy and to address RQ1. 

Third, thematic synthesis was conducted following 

established procedures for qualitative evidence 

synthesis (34). Full-text studies were inductively 

coded to identify recurring concepts related to 

cultural integration, instructional design, 

mathematical content, mathematical literacy 

processes and reported learning outcomes (7). 

Initial codes were compared across studies and 

progressively organized into descriptive themes. 

These descriptive themes were subsequently 

interpreted and synthesized into higher-order 

analytical themes that explained how cultural 

contexts and PBL processes were connected to 

mathematical learning and mathematical literacy 

development. This stage addressed RQ2 and RQ3. 

Finally, the analytical themes and cross-study 

relationships were integrated to construct the 

Culturally Responsive Problem Based 

Mathematical Literacy (CR-PBML) Framework. 

Framework development followed an established 
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concept-building approach (35), complemented by 

guidance for theory development in bibliometric-

systematic reviews (16). Recurring concepts, 

pedagogical processes, cultural dimensions and 

mathematical literacy mechanisms identified 

across the included studies were compared, 

organized and synthesized into a coherent 

conceptual structure. The resulting framework 

identifies relationships among learners’ cultural 

experiences, culturally meaningful problem 

formulation, collaborative investigation, mathe-

matical modeling, cultural reflection and 

interpretation and the transfer of mathematical 

literacy to authentic contexts. The framework was 

developed as an evidence-informed conceptual 

framework rather than a validated causal model 

and therefore provides a basis for future empirical 

testing, refinement and curriculum development. 

This stage addressed RQ4. 
 

Results 
Research Landscape: Publication 

Trends and Geographic Distribution 
The bibliometric analysis of the 89 included 

studies revealed an overall increase in research at 

the intersection of culturally responsive Problem-

Based Learning (PBL) and mathematical literacy 

during the review period. Publication activity 

increased particularly from 2020 onward, 

indicating growing scholarly attention to the 

relationship between problem-based mathematics 

learning, cultural contexts and mathematical 

literacy. 

The geographical distribution of the included  

studies was concentrated in Southeast Asia (38%), 

with Indonesia (n = 24) and Malaysia (n = 10) 

representing the largest national contributions 

within the region. Studies from Sub-Saharan Africa 

accounted for 22%, while South America 

accounted for 15% and North America and Europe 

combined accounted for 25%. This distribution 

indicates a substantial contribution from regions 

in which cultural and ethnomathematical 

perspectives have been actively incorporated into 

mathematics education research. 

The most frequently represented journals included 

ZDM Mathematics Education, Educational Studies 

in Mathematics, the International Journal of 

Science and Mathematics Education and the 

Journal on Mathematics Education. The author 

collaboration network revealed two prominent 

research communities: a Southeast Asian cluster 

characterized by research on ethnomathematics 

and culturally contextualized curriculum design 

and a broader international cluster associated with 

mathematical literacy assessment and PBL 

effectiveness. 

Keyword Clusters and Research 

Themes 
VOSviewer keyword co-occurrence analysis 

identified three dominant thematic clusters across 

the 89 included studies. Table 2 presents these 

clusters and their representative keywords, 

highlighting three interconnected research orien-

tations: problem-based mathematics learning, 

cultural and ethnomathematical mathematics 

education and mathematical literacy development. 

 

Table 2: Keyword Co-occurrence Clusters 

Cluster Central Keywords Core Focus 

Cluster 1: PBL in 

Mathematics 

Inquiry-based learning; collaborative problem 

solving; critical thinking; STEM; self-directed 

learning 

Problem-based instructional design 

and learner-centered mathematical 

investigation 

Cluster 2: Cultural 

Mathematics 

Ethnomathematics; indigenous knowledge; local 

wisdom; cultural artifacts; community 

mathematics 

Integration of cultural knowledge 

and community practices into 

mathematics learning 

Cluster 3: 

Mathematical Literacy 

PISA framework; mathematical modeling; 

reasoning; formulating; interpreting 

Development and assessment of 

mathematical literacy competencies 
 

The three clusters indicate that the literature has 

developed around three complementary 

dimensions. Cluster 1 emphasizes the instructional 

processes associated with PBL; Cluster 2 focuses 

on the cultural and ethnomathematical founda-

tions of mathematics learning; and Cluster 3 

centers on mathematical literacy, particularly 

mathematical modeling, reasoning and the 

processes of formulating and interpreting 

mathematical situations. The co-occurrence 

pattern therefore suggests an intellectual structure 

in which instructional design, cultural context and 

mathematical literacy constitute interconnected 

but distinguishable strands of research. 



Yuza et al.,                                                                                                                       Vol 7 ǀ Issue 4 

 

1593 

 

Models of Cultural Integration in PBL 

Mathematics 

The thematic synthesis identified three levels of 

cultural integration in PBL-based mathematics 

learning. The levels form a progressive typology 

based on the role assigned to culture within the 

learning process, ranging from the use of cultural 

elements as representational resources to their 

use as epistemic resources that shape 

mathematical inquiry and reasoning. 

Level 1: Cultural Representation 

At Level 1, cultural elements are primarily used as 

visual, contextual, or physical representations to 

illustrate mathematical concepts. Examples 

include traditional textiles, architectural patterns, 

cultural artifacts and locally familiar measurement 

tools. In this configuration, the cultural element 

provides a recognizable context or motivational 

support, while the underlying mathematical task 

remains largely unchanged. Studies classified at 

this level reported outcomes primarily related to 

student engagement, contextual familiarity and 

procedural mathematical performance. 

Level 2: Cultural Contextualization 

At Level 2, cultural practices and community 

activities constitute the source of the mathematical 

problem situation. Students investigate problems 

derived from contexts such as traditional market 

transactions, agricultural planning, weaving 

patterns, or other locally meaningful practices. The 

cultural context therefore becomes part of the 

problem structure rather than merely an 

illustrative resource. 

Within this level, students are expected to 

formulate mathematical representations, select 

appropriate mathematical tools and apply 

mathematical concepts to culturally meaningful 

problems. The reviewed studies associated this 

form of integration with mathematical reasoning, 

problem-solving dispositions and perceptions of 

mathematics as relevant to students' everyday 

lives. 

Level 3: Cultural Transformation 

At Level 3, culture functions as an epistemic 

resource for mathematical inquiry. Cultural 

knowledge does not merely provide the context for 

a problem; it shapes how mathematical 

relationships are explored, represented, reasoned 

about and interpreted. Students engage in 

ethnomathematical inquiry to examine how 

mathematical ideas and practices are 

conceptualized within their communities and 

connect these understandings with formal 

mathematical knowledge. Although fewer studies 

were identified at this level, the reviewed 

literature associated this deeper form of cultural 

integration with broader mathematical literacy 

processes, including the capacity to formulate, 

interpret and communicate mathematical ideas 

across contexts. As summarized in Table 3, this 

level represents the most substantive form of 

cultural integration identified in the reviewed 

literature, in which cultural knowledge functions 

as an epistemic resource within mathematical 

inquiry.

 

Table 3: Cultural Integration Typology in PBL Mathematics Environments 

Integration Level Role of Culture PBL Design Feature Dominant 

Mathematical 

Literacy Process 

References 

Level 1: Cultural 

Representation 

Cultural artifact or 

representation used as a 

motivational or 

illustrative resource 

Mathematical problems 

remain largely conventional, 

with cultural elements 

providing contextual or visual 

support 

Employing (36, 37) 

Level 2: Cultural 

Contextualization 

Cultural practice serves 

as the source of an 

authentic mathematical 

problem 

Problems are formulated 

from culturally meaningful 

practices and investigated 

through PBL 

Formulating + 

Employing 

(38, 39) 

Level 3: Cultural 

Transformation 

Cultural knowledge 

functions as an epistemic 

resource for 

mathematical reasoning 

Ethnomathematical inquiry 

shapes problem investigation, 

representation and 

interpretation 

Formulating + 

Employing + 

Interpreting 

(40, 41) 
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Impact on Mathematical Literacy 

Competencies 
The thematic synthesis further identified 

relationships between culturally responsive PBL 

activities and the three primary mathematical 

literacy processes reflected in the PISA framework: 

formulating, employing and interpreting. Across 

the reviewed studies, the activities associated with  

these processes could be organized into four broad 

pedagogical functions: exploring culturally 

situated problems, conducting mathematical 

investigation and modeling, critically reflecting on 

and communicating solutions and comparing 

mathematical ideas across cultural contexts. Table 

4 summarizes these four pedagogical functions 

and their relationships with the corresponding 

mathematical literacy processes. 
 

Table 4: Culturally Responsive PBL Activities and Mathematical Literacy Processes 

Culturally Responsive 

PBL Activity 

Mathematical Literacy 

Process 

Example Competency Developed 

Exploring culturally 

situated problem contexts 

Formulating Translating community situations into mathematical 

representations and identifying relevant mathematical 

variables 

Mathematical investigation 

and modeling 

Employing Selecting and applying mathematical concepts, 

procedures, representations and models to culturally 

situated problems 

Critical reflection and 

communication 

Interpreting Evaluating mathematical solutions in relation to cultural 

meanings and real-world conditions 

Cross-cultural 

mathematical comparison 

Formulating + Employing 

+ Interpreting 

Recognizing both the common mathematical structure and 

cultural specificity of mathematical ideas 
 

The synthesis indicates a progression from 

contextual engagement to mathematical 

representation, application, interpretation and 

transfer across contexts. Exploring culturally 

situated problems primarily engages the 

formulation process because students must 

identify and represent the mathematical structure 

embedded in a meaningful situation. Mathematical 

investigation and modeling emphasize the 

employing process through the selection and 

application of mathematical concepts and 

procedures. Critical reflection and communication 

extend the process toward interpretation by 

requiring students to evaluate mathematical 

results against contextual and cultural 

considerations. Cross-cultural comparison poten-

tially integrates all three processes by requiring 

students to examine mathematical ideas across 

different cultural settings. 

Notably, studies involving Levels 2 and 3 of 

cultural integration showed a stronger association 

with the formulating process than studies 

operating primarily at Level 1. In these deeper 

forms of integration, students encounter 

mathematical problems that originate from 

culturally meaningful situations and are therefore 

required to translate situated experiences into 

mathematical representations. This pattern 

suggests that cultural familiarity may provide 

contextual resources for engaging with the 

formulation stage of mathematical literacy, 

although the reviewed literature does not by itself 

establish a causal relationship between cultural 

familiarity and improved formulation 

performance. 
 

Discussion 
Principal Findings 
This systematic literature review synthesized 

evidence from 89 peer-reviewed studies to 

examine how culturally responsive Problem-Based 

Learning (PBL) relates to mathematical literacy 

across diverse educational contexts. In relation to 

RQ1, the bibliometric analysis indicates growing 

scholarly attention to the intersection of PBL, 

cultural and ethnomathematical perspectives and 

mathematical literacy. The literature is 

geographically diverse, with particularly strong 

contributions from Southeast Asia. The keyword 

co-occurrence analysis further identified three 

interconnected research strands: problem-based 

mathematics learning, cultural and ethnoma-

thematical mathematics education and 

mathematical literacy development. Regarding 

RQ2, the thematic synthesis identified three levels 

of cultural integration: Cultural Representation, 

Cultural Contextualization and Cultural 

Transformation. These levels distinguish culture 
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according to its functional role in the learning 

process. At Level 1, cultural elements primarily 

provide illustrative or motivational support; at 

Level 2, cultural practices become sources of 

authentic mathematical problems; and at Level 3, 

cultural knowledge functions as an epistemic 

resource that contributes to mathematical inquiry, 

representation, reasoning and interpretation. This 

distinction provides a more precise account of 

cultural integration than treating culturally 

responsive instruction as a single, homogeneous 

approach. 

Regarding RQ3, the synthesis indicates that 

culturally responsive PBL can engage the three 

mathematical literacy processes of formulating, 

employing and interpreting. Culturally situated 

problems provide opportunities for learners to 

identify mathematical structures within 

meaningful situations, construct and apply 

mathematical representations and evaluate 

solutions in relation to contextual conditions. 

Studies involving deeper cultural integration were 

associated with a broader range of mathematical 

literacy processes, although this pattern should be 

interpreted as an association rather than evidence 

of causality. Regarding RQ4, the relationships 

identified across the literature informed the 

development of the Culturally Responsive 

Problem-Based Mathematical Literacy (CR-PBML) 

Framework. The framework integrates six 

interconnected components: Cultural Experience, 

Authentic Problem Formulation, Collaborative 

Investigation, Mathematical Modeling, Cultural 

Reflection and Interpretation and Literacy 

Transfer. Together, these findings suggest that 

cultural experience can function not merely as a 

context for applying mathematics but as a 

meaningful resource for initiating and interpreting 

mathematical inquiry. 

Interpretation in Relation to Previous 

Research 
The findings extend previous research by bringing 

together research traditions that have often 

examined PBL, ethnomathematics, culturally 

responsive pedagogy and mathematical literacy 

separately. Previous research has highlighted the 

potential of PBL to support inquiry, problem 

solving, collaboration and learner-centered 

mathematics learning, while research on 

ethnomathematics has emphasized the 

importance of connecting mathematical ideas with 

cultural practices and community knowledge (7–

9). The present synthesis suggests that these 

perspectives can be connected through culturally 

situated problem formulation, investigation, 

modeling and interpretation. 

The three-level cultural integration typology 

provides a more differentiated interpretation of 

this relationship. At Level 1 (Cultural 

Representation), cultural artifacts or familiar 

situations primarily support the presentation of 

mathematical concepts. At Level 2 (Cultural 

Contextualization), cultural practices become 

sources of authentic mathematical problems, 

requiring students to connect contextual situations 

with mathematical representations. At Level 3 

(Cultural Transformation), cultural knowledge 

assumes a deeper epistemic role in shaping how 

mathematical problems are explored, represented, 

reasoned about and interpreted. This progression 

is consistent with broader arguments that 

culturally responsive mathematics education 

should move beyond the superficial inclusion of 

cultural examples toward more substantive 

engagement with learners' knowledge and 

experiences (10). 

The findings also provide a more specific 

interpretation of the relationship between cultural 

integration and mathematical literacy. At lower 

levels of integration, cultural contexts may 

primarily support the employing of established 

mathematical concepts and procedures. At deeper 

levels, learners are more directly involved in 

identifying mathematical structures, constructing 

representations and interpreting mathematical 

solutions within the contexts from which problems 

emerge. This interpretation is compatible with 

perspectives that conceptualize mathematical 

literacy as the meaningful use of mathematics in 

authentic situations rather than procedural 

competence alone (3, 4). 

The role of cultural familiarity provides another 

possible explanation for these patterns. Familiar 

situations may give learners contextual knowledge 

that helps them recognize relevant quantities, 

relationships and problem structures before 

formal mathematical modeling begins. This 

interpretation complements PBL research 

emphasizing the importance of prior knowledge, 

task design and problem characteristics in learning 

(5). It is also compatible with research suggesting 

that greater contextual or cognitive congruence 
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between learning tasks and learners' existing 

knowledge may influence how learners process 

problem-solving information (42). Nevertheless, 

this interpretation requires caution. The reviewed 

evidence does not establish that cultural 

familiarity directly reduces cognitive load or 

causes improvements in mathematical literacy. 

Rather, it suggests a plausible pedagogical 

mechanism through which familiar cultural 

situations may support the transition from 

contextual understanding to mathematical 

representation. This distinction is important 

because the heterogeneity of the reviewed studies 

does not permit strong causal conclusions. 

Theoretical Contributions 
The first theoretical contribution of this review is 

the conceptualization of culture as an epistemic 

resource for mathematical learning. The synthesis 

suggests that cultural knowledge can contribute 

not only to the contextualization of mathematical 

content but also to the processes through which 

learners identify, formulate, investigate and 

interpret mathematical problems. This perspective 

extends culturally responsive mathematics 

education by emphasizing the potential 

knowledge-producing role of learners' cultural 

experiences (10). The second contribution is the 

three-level cultural integration typology. The 

distinction between Cultural Representation, 

Cultural Contextualization and Cultural 

Transformation provides a conceptual tool for 

examining the depth and function of cultural 

integration within PBL-based mathematics 

learning. Rather than assuming that any inclusion 

of cultural content constitutes culturally 

responsive practice, the typology directs attention 

to what culture actually does within the 

mathematical learning process. 

The third contribution is the connection between 

cultural integration and the three mathematical 

literacy processes of formulating, employing and 

interpreting. The synthesis suggests that deeper 

cultural integration may create opportunities for 

learners to move beyond applying predetermined 

mathematical procedures toward constructing 

mathematical representations and interpreting 

solutions in relation to meaningful contexts. This 

provides a more integrated conceptualization of 

mathematical literacy within culturally diverse 

learning environments (3, 4). 

Taken together, these contributions support a 

view of culturally responsive PBL as an integrative 

pedagogical process in which cultural experience, 

inquiry, collaboration, modeling and reflection 

interact rather than operate as isolated 

instructional techniques (7). The contribution of 

the present review is therefore primarily 

conceptual: it identifies relationships across 

previously connected but partly separate strands 

of research. 

CR-PBML Framework 
Building on the cross-study synthesis, this review 

proposes the Culturally Responsive Problem-

Based Mathematical Literacy (CR-PBML) 

Framework as an evidence-informed conceptual 

framework linking cultural experience, PBL 

processes and mathematical literacy. The 

framework does not simply combine PBL, 

culturally responsive pedagogy, ethnomathe-

matics and mathematical literacy as separate 

constructs. Its principal contribution is to specify 

relationships among these dimensions and to 

position cultural experience as a potential starting 

point for mathematical problem formulation and 

inquiry. 

The framework comprises six interconnected 

components: Cultural Experience, Authentic 

Problem Formulation, Collaborative Investigation, 

Mathematical Modeling, Cultural Reflection and 

Interpretation and Literacy Transfer. Cultural 

Experience represents learners' existing 

knowledge, community practices and sociocultural 

experiences that provide meaningful entry points 

into mathematical inquiry (8). These experiences 

inform Authentic Problem Formulation, through 

which culturally meaningful situations are 

transformed into mathematical problems. 

Collaborative Investigation provides opportunities 

for learners to exchange perspectives, negotiate 

interpretations and examine mathematical 

relationships through shared inquiry (43). 

Mathematical Modeling then enables learners to 

construct representations, select mathematical 

tools, test relationships and refine solutions. 

The framework further incorporates Cultural 

Reflection and Interpretation, through which 

learners examine mathematical solutions in 

relation to the cultural and practical conditions 

from which problems emerge. This extends 

mathematical activity beyond obtaining a 

mathematically valid answer by encouraging 
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consideration of whether a solution is meaningful 

and appropriate within its context. Literacy 

Transfer represents the extension of mathematical 

competencies to new or unfamiliar situations, 

particularly the ability to formulate, employ and 

interpret mathematics beyond the original 

learning context. 

The six components should not be interpreted as a 

rigid linear sequence. Collaborative investigation, 

mathematical modeling and cultural interpreta-

tion may occur recursively as learners revise their 

mathematical representations and deepen their 

understanding of the problem context. This 

interpretation is consistent with the inquiry-

oriented and iterative character of PBL identified 

in previous research (7). Accordingly, the 

framework represents interconnected pedagogical 

functions rather than six mandatory chronological 

stages. 

The distinctive advancement of the CR-PBML 

Framework lies in treating culture as an epistemic 

starting point rather than merely a contextual 

backdrop. Existing research has addressed 

important dimensions of PBL, ethnomathematics, 

culturally responsive pedagogy and mathematical 

literacy, but these strands have often developed in 

parallel (7). The present synthesis connects them 

by proposing that learners' cultural experiences 

can inform problem formulation, shape inquiry 

and modeling, contribute to contextual 

interpretation and support the transfer of 

mathematical literacy. 

Importantly, the CR-PBML Framework is an 

evidence-informed conceptual framework rather 

than a validated causal model. Its proposed 

relationships should therefore be tested, refined, 

or potentially rejected through future empirical 

research rather than treated as established causal 

mechanisms. 

Practical Implications 
The findings have implications for curriculum 

development, classroom instruction, teacher 

education and educational policy. For curriculum 

developers, the three-level typology provides a 

practical basis for evaluating whether cultural 

elements function merely as representations or 

contribute substantively to mathematical problem 

formulation and inquiry. A culturally responsive 

curriculum therefore does not necessarily require 

every mathematical task to originate from a 

cultural practice; rather, it should consider the 

functional role assigned to culture within the 

learning process (10). 

At the classroom level, the CR-PBML Framework 

can guide teachers in designing culturally 

responsive PBL activities. Teachers can identify 

learners' cultural experiences and community 

practices, transform relevant situations into 

mathematically meaningful problems, facilitate 

collaborative investigation and guide learners 

toward mathematical modeling and contextual 

interpretation (43). This approach can help move 

beyond superficially contextualized word pro-

blems toward tasks in which cultural knowledge 

has a substantive role in mathematical inquiry. 

The framework also has implications for teacher 

education and professional development. Teachers 

need opportunities not only to develop PBL 

competence but also to investigate mathematical 

practices within the communities they serve and 

translate those practices into mathematically 

rigorous learning tasks. Professional development 

may therefore incorporate ethnomathematical 

inquiry, community-based investigation, culturally 

responsive task design and reflection on 

relationships between local knowledge and formal 

mathematics (10). Such preparation can support 

teachers in maintaining mathematical rigor while 

making learning more meaningful and responsive 

to students' experiences (4). 

At the policy level, implementation requires 

alignment among curriculum resources, teacher 

support and assessment practices. Curriculum 

policy alone may be insufficient when teachers lack 

the resources and professional preparation 

needed to enact culturally responsive PBL (44). 

Assessment should also provide opportunities for 

learners to demonstrate mathematical compe-

tence through meaningful contextual problem 

solving rather than relying exclusively on 

decontextualized procedural measures. Such 

alignment can help ensure that cultural 

responsiveness becomes an integral feature of 

mathematics learning rather than a purely 

symbolic addition to the curriculum (10). 

Limitations 
Several limitations should be considered when 

interpreting the findings. First, the review was 

limited to studies indexed in Scopus and Web of 

Science, meaning that relevant studies indexed in 

other databases may not have been captured. 

Second, the inclusion of studies published in 
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English and Indonesian may have introduced 

language-related selection bias. Third, the review 

covered publications from January 2018 through 

March 2026 and studies published after the search 

period were therefore outside the scope of the 

synthesis. 

Fourth, the identification of relevant studies was 

partly dependent on the terminology and search 

terms used to describe PBL, cultural 

responsiveness, ethnomathematics and mathema-

tical literacy. Terminological variation across 

disciplines may therefore have resulted in 

potentially relevant studies being missed. The 

supplementary use of citation tracking may have 

reduced this risk but does not eliminate it. 

Fifth, the included studies showed substantial 

heterogeneity in research design, educational level, 

cultural setting, mathematical content and 

outcome measures. This heterogeneity limits 

direct comparison across studies and makes 

quantitative aggregation inappropriate for the 

present synthesis. Finally, the CR-PBML 

Framework was developed through conceptual 

synthesis and has not yet been empirically 

validated. Its proposed relationships should 

consequently be interpreted as theoretically 

informed propositions rather than established 

causal mechanisms. 

Future Research Directions 
Future research should move from conceptual 

description toward empirical testing of the 

relationships proposed by the CR-PBML 

Framework. Experimental and quasi-experimental 

studies could examine whether different levels of 

cultural integration are associated with differences 

in students' mathematical literacy, particularly 

their abilities to formulate, employ and interpret 

mathematics. Further research should also 

examine the six framework components 

individually and in combination, particularly 

Authentic Problem Formulation, Mathematical 

Modeling and Cultural Reflection and Interpre-

tation, which represent potentially important 

connections between cultural experience and 

mathematical literacy. Studies should determine 

whether these components operate sequentially, 

interactively, or recursively. 

Cross-cultural and comparative research is also 

needed to examine whether the framework 

operates similarly across different communities, 

educational levels and cultural settings. Such 

research would be particularly valuable for 

distinguishing principles that may be broadly 

applicable from those that are dependent on 

specific cultural or educational contexts. 

Longitudinal studies could further investigate 

whether sustained engagement with culturally 

responsive PBL supports the long-term 

development and transfer of mathematical literacy 

beyond the original learning environment. Future 

research should also develop and validate 

indicators or instruments for measuring the depth 

of cultural integration and the enactment of CR-

PBML in classroom settings. Ultimately, empirical 

testing of these propositions will determine 

whether the CR-PBML Framework can be 

strengthened into a more robust explanatory 

model of culturally responsive mathematical 

learning. 
 

Conclusion 
This systematic literature review synthesized 

evidence from 89 peer-reviewed studies to 

address four research questions concerning the 

development of culturally responsive Problem-

Based Learning (PBL) and mathematical literacy. 

Regarding RQ1, the bibliometric findings indicate a 

growing research interest in the intersection of 

PBL, cultural and ethnomathematical perspectives 

and mathematical literacy, particularly since 2020. 

The literature is geographically diverse but shows 

a strong contribution from Southeast Asia, 

especially Indonesia and Malaysia. The keyword 

analysis further reveals three interconnected 

research strands: problem-based mathematics 

learning, cultural and ethnomathematical 

mathematics education and mathematical literacy 

development. These patterns suggest that the field 

is developing across related but previously 

fragmented research traditions. 

Regarding RQ2, the thematic synthesis identified 

three levels of cultural integration in PBL-based 

mathematics learning: Cultural Representation, 

Cultural Contextualization and Cultural Transfor-

mation. The levels differ according to the 

functional role of culture in the learning process. At 

the first level, culture primarily provides 

illustrative or contextual support. At the second, 

cultural practices become sources of authentic 

mathematical problems. At the third level, cultural 

knowledge functions as an epistemic resource that 

influences mathematical inquiry, representation, 



Yuza et al.,                                                                                                                       Vol 7 ǀ Issue 4 

 

1599 

 

reasoning and interpretation. This typology 

provides a more precise way of distinguishing 

superficial cultural inclusion from deeper forms of 

culturally responsive mathematics learning. 

Regarding RQ3, the synthesis indicates that 

culturally responsive PBL can engage the three 

core mathematical literacy processes of 

formulating, employing and interpreting. 

Culturally situated problems create opportunities 

for learners to translate familiar situations into 

mathematical representations, apply mathema-

tical concepts and models and evaluate solutions in 

relation to contextual and cultural meanings. The 

evidence also suggests that deeper cultural 

integration, particularly Levels 2 and 3, is 

associated with a broader range of mathematical 

literacy processes than cultural representation 

alone. However, these associations should not be 

interpreted as evidence of direct causality. 

Regarding RQ4, the relationships identified across 

the literature informed the development of the 

Culturally Responsive Problem-Based Mathema-

tical Literacy (CR-PBML) Framework. The 

framework connects six interrelated components: 

Cultural Experience, Authentic Problem 

Formulation, Collaborative Investigation, Mathe-

matical Modeling, Cultural Reflection and 

Interpretation and Literacy Transfer. Rather than 

treating these components as a fixed sequence, the 

framework conceptualizes them as interconnected 

functions through which learners' cultural 

experiences can inform problem formulation, 

mathematical inquiry, interpretation and the 

transfer of mathematical literacy to new contexts. 

Overall, the review suggests that the contribution 

of culturally responsive PBL lies not simply in 

adding cultural examples to mathematics 

instruction, but in using learners' cultural 

experiences as meaningful resources for 

mathematical inquiry. The CR-PBML Framework 

therefore offers an evidence-informed conceptual 

basis for connecting cultural responsiveness, PBL 

and mathematical literacy. Because the framework 

has not yet been empirically validated, future 

research should test its components and proposed 

relationships across different learners, cultural 

settings and educational levels. 
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