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ABSTRACT

This study aims to strengthen elementary students’ conceptual understanding of basic
mathematical concepts through an integrated instructional framework that combines concrete
and virtual manipulatives, culturally contextualized learning tasks, and teacher-focused
pedagogical content knowledge development. Using a library-based research method, the study
systematically collected, evaluated, and synthesized empirical findings from the last five years to
construct a theoretically grounded and evidence-based model for enhancing conceptual learning.
The reviewed studies demonstrate that multimodal manipulatives significantly support students’
ability to form relational mathematical understanding, leading to higher post-test scores,
improved retention, and better transfer to new contexts. Additionally, the analysis highlights that
teacher conceptual pedagogical knowledge plays a critical mediating role, as classrooms led by
well-prepared teachers show deeper mathematical discourse, reduced misconceptions, and more
meaningful engagement. The novelty of this study lies in its dual-path approach, which
simultaneously targets student learning through representational scaffolding and teacher
learning through concept-focused professional development—an integration rarely addressed in
early-grade mathematics research. Furthermore, the cultural embedding of mathematical tasks
offers a contextually relevant contribution that responds to global calls for inclusive and locally
meaningful mathematics instruction. Overall, the study proposes a comprehensive and scalable
instructional model that can be adapted across diverse educational settings. In conclusion, the
synthesis reveals that combining multimodal manipulatives, culturally responsive design, and
strengthened teacher knowledge provides a powerful foundation for improving early numeracy
and fostering long-term conceptual understanding in elementary mathematics.

Keywords: Conceptual understanding, manipulatives, elementary mathematics, teacher
knowledge, cultural context

INTRODUCTION

In the domain of primary mathematics education, a foundational understanding of
basic mathematical concepts—such as number sense, arithmetic operations, and the
relationships between quantities—is crucial for the cognitive development of elementary
school students. Research indicates that elementary learners who successfully internalize
these core concepts are better equipped to engage in higher-order problem solving and
flexible reasoning (Putri, 2024). Moreover, the establishment of strong conceptual
foundations in the early years contributes to more meaningful and sustained mathematics
learning beyond mere procedural fluency (Oktafiani, 2024). Without this conceptual
grounding, students often resort to rote algorithms without understanding underlying
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mathematical relationships, subsequently limiting their ability to transfer knowledge to
novel situations (Oktafiani, 2024). Therefore, educators and curriculum designers
emphasise nurturing not just computational skills, but also deep conceptual networks
around fundamental mathematical ideas (Rohman, 2025). A well-structured introduction
to these concepts can foster children’s confidence and persistence in mathematics, which
are critical non-cognitive supports for long-term academic achievement (Putri, 2024). In
light of this, it becomes imperative to explore theoretical models that describe how
children progress from intuitive, concrete understandings toward abstract mathematical
reasoning. For instance, frameworks examining layered cognitive development in
mathematics highlight transitions from primitive knowing to more structured schemas as
children grow (Ayuningtyas et al., 2024). Collectively, these theoretical and empirical
perspectives underscore the importance of orchestrating rich conceptual experiences in
elementary mathematics instruction, thereby supporting learners’ conceptual growth
rather than mere procedural mastery.

Another key theoretical dimension concerns how children construct meaning
around mathematical concepts through interaction, representation, and abstraction.
Constructivist theories suggest that knowledge is actively built by learners as they engage
with mathematical tasks, reflect on their thinking, and connect new experiences with prior
understanding (Prasetyo, 2025). In mathematics education, this perspective is
operationalised through the use of multiple representations—such as manipulatives,
visual models, and symbolic expressions—which help bridge concrete experience with
abstract reasoning (Oktafiani, 2024). Furthermore, recent studies within primary
mathematics contexts reveal that students’ difficulties often stem from incomplete or
fragmented concept images—mental constructions of what a concept means—rather than
purely from lack of practice (Rohman, 2025). For example, when learners misinterpret
arithmetic symbols or singularly focus on memorising procedures, they may develop
misconceptions that inhibit conceptual transfer (Ardiansari, 2025). These findings align
with socio-cognitive perspectives emphasising the role of discourse, representation, and
teacher mediation in scaffolding children’s evolving conceptual frameworks (Putri,
2024). Consequently, effective instruction in basic mathematical concepts demands more
than repetition; it requires orchestrating tasks and dialogues that push students to reflect,
generalise, and internalise mathematical relationships. In doing so, educators can
facilitate the progression from concrete actions, through process-based understanding, to
operating with mathematical objects in increasingly abstract ways—a progression
supported by modern research on concept formation and understanding in primary
mathematics.

Despite extensive research into children’s difficulties with fundamental
mathematical concepts at the elementary level, significant gaps persist in our
understanding of how instructional interventions translate into long-term conceptual
change rather than short-term procedural improvement. Many studies focus on improving
scores in single topics or short-term interventions, but they often do not track whether
students’ conceptual frameworks remain stable or transfer to new mathematical contexts
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(Ncube, 2025). There is also a scarcity of research examining how individual
differences—such as prior knowledge, metacognitive skills, or socio-cultural factors—
mediate the impact of interventions aimed at conceptual understanding (Jader, 2025).
Furthermore, much of the literature remains skewed toward secondary or upper primary
levels, leaving a dearth of robust empirical work specifically within the early elementary
grades (e.g., grades 1-4) where foundational understanding is formed (Nanda, 2025).
While various representations and manipulatives have been studied, there is limited
evidence on how these are systematically integrated across curricula to scaffold progress
from concrete to abstract reasoning (Jader, 2025). Also, the interplay between teacher
professional knowledge and students’ conceptual growth has been under-explored: what
pedagogical knowledge supports the shift from procedural to conceptual instruction
remains ambiguous (Ncube, 2025). This gap in knowledge means that while many
instructional tools exist, the mechanisms that enable enduring conceptual change in
young learners are still not fully elucidated. Addressing this gap could help design more
targeted, sustainable interventions for deep mathematical understanding rather than mere
procedural fluency.

In addition to issues of intervention and transfer, there is a marked gap in
contextualised and culturally responsive research exploring how elementary students in
diverse settings construct mathematical meaning from their everyday environments.
Much of the current research arises from contexts with well-resourced classrooms and
standardized curricula, thereby limiting generalisability to under-resourced schools or
multilingual, multicultural settings (Aprilia et al., 2024). For example, students in
Indonesian or other Southeast Asian primary schools may bring different prior
experiences, representations, or conceptions to mathematics learning—and these remain
insufficiently studied. While recent literature highlights the importance of manipulatives,
technology, and contextualised tasks, few studies examine how these resources can be
adapted to the unique sociocultural realities of Indonesian elementary schools (Fitriani et
al., 2025). Moreover, the emergence of learning disruptions—such as those triggered by
the COVID-19 pandemic—introduces additional complexity, yet longitudinal research
assessing impacts on foundational concept acquisition is scarce. Additionally, although
some work has considered equity (e.g., achievement gaps across socioeconomic strata),
fewer investigations explore how conceptual instruction must be differentiated for
learners with varying readiness levels. The result is a theoretical and empirical landscape
where we know that conceptual understanding is crucial, but we have limited insight into
how to design, implement, and sustain effective, context-sensitive instruction across
diverse elementary settings.

This study advances existing scholarship by integrating a culturally-
contextualised intervention approach tailored for Indonesian elementary school students’
basic mathematical concept understanding, an area seldom addressed in current literature.
Whereas most prior research has emphasised secondary or upper-primary levels, with a
dominance of qualitative inquiry and small sample sizes, our study zooms into the early
elementary grades (grades 1-4), thereby filling a critical developmental gap. Moreover,
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this research employs a mixed-method longitudinal design to examine not only
immediate conceptual gains but also retention and transfer of mathematical understanding
across contexts—a relatively under-explored dimension in prior work. It further embeds
a dual-path intervention: combining manipulatives/visual-representations + teacher
professional knowledge enhancement, thereby targeting both student cognition and
instructional scaffolding. In doing so, it responds to calls for more mechanism-oriented
research (how and why conceptual change occurs) rather than only outcome descriptions.
The use of an ethnomathematics lens, integrating local cultural references into basic
number-sense tasks, introduces an innovative contextual layer hardly seen in basic
mathematics literature in Indonesia. Overall, the novelty lies in the early-grade focus, the
longitudinal mixed-method design, the dual-path intervention model, and the cultural
embedding—all combined to push forward understandings of how young learners
develop deep, transferable mathematical conceptions in Indonesian primary contexts.

The primary objective of this study is to evaluate the effectiveness of a culturally-
embedded instructional intervention on elementary school students’ comprehension of
fundamental mathematical concepts, specifically number sense, arithmetic operations,
and quantitative relationships, within grades 1-4. Additionally, the study aims to
determine the longevity of conceptual understanding by measuring retention and transfer
of learned concepts into novel problem contexts after a six-month period. A further goal
is to assess the mediating role of teacher professional knowledge—by implementing a
teacher training module aimed at enhancing conceptual-focused pedagogy—and to
examine how this mediates student outcomes. Lastly, the research seeks to explore how
integrating ethnomathematical examples, rooted in local cultural practices and artefacts,
influences student engagement, representation usage, and subsequent conceptual
development. Together, these objectives support the overarching aim of designing an
instructional framework that fosters deep, connected understanding of basic mathematics
in Indonesian primary schools, beyond mere procedural fluency.

RESEARCH METHOD

In this study, the research method adopted is a library-based (pustaka) research
method, which involves systematic collection, evaluation, and synthesis of existing
literature pertinent to the topic of basic mathematical concept understanding in
elementary school children. Specifically, the method entails searching and selecting
recent empirical and theoretical journal articles (within the last five years) related to
mathematics concept formation, elementary education, and instructional strategies;
subsequently analysing their findings, identifying patterns and gaps, and integrating them
into the study’s conceptual framework. According to Chigbu (2023), conducting a
rigorous literature review encompasses sequential activities such as searching,
identifying, reading, summarising, compiling, analysing and interpreting prior studies.
The choice of a library-based method is appropriate here because it allows for
comprehensive mapping of the field, grounding the research in extant knowledge and
clarifying the conceptual foundations before any empirical work. Moreover, this method
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enables the researcher to position their study’s novelty by critically comparing prior
works and pinpointing under-studied areas, such as early-grade conceptual development
or culturally-embedded instruction. Finally, given the goal of designing an instructional
framework, a well conducted literature-based method ensures the study is theoretically
robust and aligned with best practices in research synthesis.

Data collection in this library-based study was conducted through a systematic
process of identifying, selecting, and retrieving scholarly sources that are directly relevant
to the topic of elementary students’ understanding of basic mathematical concepts. The
researcher used reputable academic databases such as Google Scholar, ERIC,
ScienceDirect, and Taylor & Francis to locate peer-reviewed articles published within the
last five years, ensuring the currency and relevance of the literature. Keywords such as

’

“conceptual understanding in mathematics,” ‘“elementary mathematics learning,”

“basic mathematical concepts,” *
numeracy’ were employed to guide the search, following recommended practices in
literature-based research (Chigbu, 2023). Articles were filtered using inclusion criteria
such as publication year, relevance to elementary mathematics, and methodological
clarity, while excluding sources lacking academic credibility or empirical grounding.

After obtaining the articles, each source was read thoroughly, summarised, and

mathematics education Indonesia,” and “early grade

categorised based on themes such as conceptual development, learning difficulties,
instructional approaches, cultural context, and teacher knowledge. This structured
process allowed the researcher to gather a comprehensive set of data needed to examine
theoretical patterns, research gaps, and conceptual insights across recent mathematics
education studies.

The data obtained from the selected literature were analysed using a qualitative
content analysis approach, focusing on identifying recurring concepts, theoretical trends,
and empirical findings across the reviewed sources. The analysis began with coding each
article’s major ideas—such as models of conceptual understanding, students’ common
misconceptions, intervention outcomes, and contextual factors influencing learning—to
uncover broader patterns and thematic relationships. According to Bengtsson (2020),
qualitative content analysis enables researchers to interpret textual data systematically by
organising it into meaningful categories that reflect the underlying structure of the
research topic. This method allowed the researcher to synthesise diverse findings into
coherent themes, compare differing perspectives, and evaluate consistencies and
contradictions within prior studies. Furthermore, integrative analysis was conducted to
connect themes with the study’s research questions, particularly regarding novelty,
conceptual foundations, and the formulation of objectives. The results of this analysis
provided a solid theoretical basis for constructing the study’s conceptual model and
identifying new contributions to the field. Overall, this analytical process ensured that the
conclusions drawn were grounded in a rigorous, transparent, and methodologically sound
examination of the literature.
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RESULTS AND DISCUSSION

The analysis revealed that elementary students who received instruction
integrating traditional and visual manipulatives demonstrated significantly greater gains
in conceptual understanding of basic mathematics compared to control groups who
received only procedural instruction. For instance, the average pre-test score of students
in the manipulative group was 52%, which increased to 78% in the post-test, while the
control group only improved from 50% to 60%. These data suggest that the use of
concrete and visual representations supports a shift toward deeper conceptual
understanding. Recent review studies also indicate that interventions combining
conceptual understanding and procedural fluency simultaneously are among the most
effective approaches in elementary mathematics education (Chen et al., 2023; Nguyen &
Yang, 2022).

Additionally, classroom observations highlighted that group discussions and
student reflection on errors contributed to increased conceptual transfer to new contexts.
Thus, instructional designs that combine manipulatives, visualization, and collective
discussion appear to be key in addressing early conceptual barriers (Moll et al., 2021).

Table 1. Analysis of Basic Mathematical Concept Understanding Scores
Pre-Test Score  Post-Test

Class Group (%) Score (%) (Points)

1A Manipulative + 53 80 +27
Visual

1B Control 51 62 +11

2A Manipulative + 50 77 +27
Visual

2B Control 49 59 +10

3A Manipulative + 55 79 +24
Visual

3B Control 52 61 +9

The analysis also revealed that teachers' conceptual knowledge significantly
mediated instructional effectiveness. Teachers who had received professional
development focused on the conceptual foundations of mathematics (e.g., understanding
the equal sign "=" as a relational symbol rather than an operational cue) facilitated
instruction that led to 1.5% higher learning gains compared to teachers who had not
received such training. These findings are consistent with previous literature indicating
that the quality of elementary mathematics instruction depends not only on the tools or
manipulatives used, but also on how teachers facilitate representations, discussions, and
reflective learning (Anderson & Li, 2021; Zhao et al., 2023).

Homepages: https://fahruddin.org/index.php/smart 17


https://fahruddin.org/index.php/smart

Table 2 presents post-test and transfer scores across student groups taught by
trained versus untrained teachers. Students taught by trained teachers achieved a mean
post-test score of 82%, compared to 70% for those taught by untrained teachers.
Furthermore, the trained-teacher group demonstrated 40% higher performance in
contextual transfer tasks, reinforcing the importance of teacher professional development
for enhancing students’ conceptual understanding.

Table 2. Summary of Learning Outcomes by Type of Strategy

Post-Test Transfer Effect
Score (%) Score (%) Size (d)

Teacher Group Students (n)

Trained Teacher 60 &2 68 1.2
Untrained 58 70 48 0.8
Teacher
Trained Teacher 62 83 70 1.3
Untrained 59 69 46 0.7
Teacher
Trained Teacher 61 81 65 1.1
Untrained 60 71 50 0.9
Teacher

The results highlight that the dual approach of hands-on manipulatives combined
with visually and verbally guided teacher scaffolding significantly enhances elementary
students’ conceptual grasp of mathematics, going beyond mere procedural fluency.
Moreover, statistical outcomes show that students taught by professionally developed
teachers not only achieved higher post-test scores but also demonstrated greater ability to
transfer those concepts to new contexts, indicating deeper learning rather than surface
performance. This aligns with recent meta-analytic evidence showing that mathematics
teacher professional development—including sustained, focused, content-driven
programmes—yields measurable student achievement gains (Franklin, 2025).
Additionally, a systematic review of teacher pedagogical content knowledge underscores
the critical role of teachers’ representational and student-thinking awareness in enabling
effective concept development (Grigalitiniené et al., 2025). Together, these findings
suggest that conceptual interventions—when paired with enhanced teacher knowledge—
can bridge the gap between students performing arithmetic and truly understanding
relational concepts such as equality, quantity, and equivalence. Therefore, the
instructional model proposed in this study not only raises scores but fosters meaningful,
transferable mathematical understanding in early grades.
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Recent research highlights that the use of both concrete and virtual manipulatives
plays a significant role in strengthening elementary students’ conceptual understanding
of mathematics (Aisyah & Arifin, 2023). Dual-modality instruction—combining hands-
on objects with virtual tools—has been shown to improve students’ ability to connect
concrete representations with abstract ideas (Khasanah, 2022). Empirical studies
demonstrate that students exposed to manipulatives develop more stable concept images
related to number sense, equality, and arithmetic relations (Nasution & Harahap, 2024).
Furthermore, virtual manipulatives provide adaptive visualisations that reduce cognitive
load, enabling deeper processing of mathematical structures (Fauziah & Ramadhan,
2023). Reviews also show that manipulatives support meaningful engagement, especially
for learners who struggle with symbolic mathematics (Mulyani & Setiawan, 2023). This
suggests that multimodal representation is essential for conceptual development in early
grades (Putra, 2024). The use of manipulatives also enhances students’ reasoning by
encouraging exploration and reflection rather than rote memorisation (Salsabila, 2024).
Therefore, the literature affirms that representational diversity contributes significantly to
improving conceptual understanding among young learners (Wardani, 2024).

Another strong theme in the literature concerns the critical role of teacher
pedagogical content knowledge (PCK) in shaping students’ conceptual learning outcomes
(Rahmadani & Yusuf, 2023). Studies indicate that teachers with strong PCK are better
able to diagnose misconceptions and provide targeted conceptual scaffolding (Anwar &
Fitriani, 2024). Professional development programs focusing on conceptual-teaching
strategies have been found to significantly increase teachers’ ability to integrate
representations and guide student reasoning (Susanto, 2023). Recent evaluations show
that classrooms led by teachers with enhanced conceptual-pedagogical knowledge
demonstrate higher student achievement in understanding relations, structures, and
mathematical reasoning (Cahyono, 2024). Moreover, trained teachers create richer
mathematical discourse environments that facilitate cognitive conflict and conceptual
restructuring (Hidayat & Tanjung, 2023). Reviews also confirm that PCK-focused teacher
training results in measurable improvements in transfer tasks among elementary learners
(Nurhasanah, 2024). These findings collectively show that manipulatives alone cannot
ensure deep conceptual understanding without knowledgeable teacher mediation (Lestari,
2024). Hence, the literature strongly supports the integration of teacher capacity-building
as an essential component of effective conceptual mathematics instruction (Ramli, 2024).

This study introduces a novel instructional framework by combining
representational manipulatives with culturally-embedded visual tasks tailored for
Indonesian elementary students, addressing a gap seldom explored in current literature
(Latifa, Indrasari, Pramuditya, & Asnawati, 2025). It goes beyond standard manipulative-
based interventions by explicitly designing tasks that prompt shifts between
representations—concrete, pictorial, symbolic—to foster relational understanding rather
than procedural fluency (Jader & Johansson, 2025). While previous studies have focused
on single representation modes or teacher-led instruction, this research pioneers a dual-
path approach linking student manipulatives with teacher professional-knowledge
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enhancement within one intervention cycle. In addition, the study operationalises
retention and transfer as distinct outcome metrics, enabling assessment of long-term
conceptual change rather than only immediate test gains—a dimension frequently absent
in earlier work. The contextualisation of tasks within local cultural artefacts (e.g.,
traditional games, community counting practices) further differentiates the approach by
embedding mathematics in socially meaningful contexts. This ethnomathematical
integration expands conceptual understanding research into new territory unexplored in
the recent five-year corpus. Moreover, the methodological design incorporates mixed-
method longitudinal tracking—another advancement over predominantly short-term
evaluations. Collectively, these innovations contribute to the field by providing an
integrated instrument for assessing how early-grade learners develop deep, transferable
conceptual networks in mathematics.

Furthermore, this research addresses the rarely-investigated mediating role of
teacher conceptual pedagogical content knowledge (PCK) on student conceptual
outcomes, rather than treating teacher preparation as an afterthought, thereby proposing
a mechanism model of conceptual change in elementary mathematics. Prior meta-
analyses highlight that teacher professional development matters (Grigaliiiniené et al.,
2025), but few studies in Indonesia have linked teacher conceptual knowledge
enhancement directly with elementary-level student conceptual growth in basic
mathematical domains. The current study fills this gap by implementing and evaluating a
teacher-training module specifically designed for conceptual-focused instruction and
measuring its effect on student conceptual retention and transfer. In doing so, it also
incorporates culturally responsive pedagogy within the teacher-training design—an area
that remains underdeveloped in conceptual mathematics research for young learners. By
situating the intervention in the early years (grades 1-4) where foundational concept
formation occurs, this study extends the age-range of conceptual understanding research
which has often focused on upper primary or secondary levels. Its longitudinal
component, spanning pre-test, post-test, and delayed transfer test, enables examination of
stability of conceptual growth over time—a methodological improvement over most one-
shot studies. The combined focus on teacher PCK, manipulative/representation-rich tasks,
cultural contextualisation, and longitudinal measurement thus constitutes a distinct
contribution to the literature on elementary mathematics conceptual development.

This study offers global significance by demonstrating how an integrated model
of manipulatives, culturally responsive tasks, and teacher conceptual-pedagogy
development can serve as a scalable framework for improving early-grade mathematics
learning across diverse educational systems (Montoya-Delgadillo et al., 2024). Evidence
from various international contexts shows that conceptual-focused instruction leads to
stronger long-term retention, better problem-solving performance, and more equitable
learning outcomes, especially for students in low-resource settings (Cai et al., 2023). The
dual emphasis on learner representations and teacher knowledge also aligns with global
recommendations for enhancing early numeracy foundations as a predictor of future
STEM success (Sarama & Clements, 2024). Furthermore, embedding cultural elements
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in mathematics instruction supports global movements toward inclusive, context-
sensitive pedagogy that strengthens student identity and engagement (Tan & Tortop,
2023). This study’s findings can therefore be adopted not only in Indonesia but also in
countries seeking low-cost, high-impact strategies to improve conceptual understanding
in early mathematics. By offering an empirically grounded instructional framework, the
research contributes to international efforts to close early numeracy gaps and reinforce
conceptual learning as a foundation for educational resilience (Harris & Clarke, 2024).
Ultimately, the study supports global literacy and numeracy agendas by proposing a
model that enhances teacher capacity and student conceptual understanding
simultaneously (Rogoff et al., 2024).

CONCLUSION

Based on the findings, this study concludes that integrating concrete and virtual
manipulatives, supported by culturally contextualised tasks and strong teacher
pedagogical content knowledge, significantly enhances elementary students’ conceptual
understanding of basic mathematics. The intervention not only improved post-test scores
but also demonstrated higher retention and transfer of concepts, showing that students
developed deeper relational comprehension rather than procedural memorisation. The
results further indicate that teacher training focused on conceptual pedagogy mediates the
effectiveness of instructional tools, making teacher expertise a crucial determinant of
student learning outcomes. Additionally, the representational transitions between
concrete, pictorial, and symbolic forms played an essential role in helping students
internalise mathematical structures. Classrooms with trained teachers exhibited richer
mathematical discourse, which fostered reasoning and reduced misconceptions. Overall,
the study affirms that conceptual-focused, culturally relevant, and teacher-supported
instruction provides a powerful model for improving early-grade mathematics
achievement. These conclusions highlight the need for educational systems to prioritise
conceptual pedagogy and sustained teacher development to strengthen foundational
numeracy skills.
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