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Abstract

This study examines the effectiveness of the Concrete-Representational-Abstract (CRA) approach, grounded in Jerome
Bruner’s cognitive development theory, in enhancing students’ performance among Grade 7 students at St. Christine
National High School, Lianga, Surigao del Sur, Philippines. Using a quasi-experimental design, two groups—
experimental (CRA) and control (conventional approach)—were assessed via pre- and post-tests on operations of
integers, simplifying numerical expressions, and identifying the absolute value of an integer and its meaning. The CRA
group progressed through three stages: hands-on manipulatives (concrete), visual representations (representational),
and symbolic problem-solving (abstract), while the control group received traditional/conventional approach. Initial
pre-test scores were comparable (Control: M = 15.22, SD = 3.97; Experimental: M = 15.75, SD = 5.02), but post-tests
revealed a marked divergence: the experimental group achieved a mean score of 24.22 (SD = 6.62), reflecting an 8.47-
point improvement, whereas the control group scored 21.28 (SD = 8.73), with a 6.06-point gain. This 39.8% greater
improvement in the CRA group underscores its efficacy in fostering deeper conceptual mastery and reducing
performance variability, attributed to structured scaffolding that bridges tangible experiences to abstract reasoning.
The results demonstrate the effectiveness of the CRA approach in improving Grade 7 learners' mathematics
performance, underscoring its value in enhancing mathematics education and addressing educational challenges faced
by Filipino learners.
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1. Introduction

This study explores the effectiveness of the Concrete, Representational (Pictorial), Abstract model (CRA) in enhancing
students' understanding of mathematical concepts. This is grounded in Jerome Bruner's theory of cognitive
development, which posits that learning progresses through three stages: enactive (action-based), iconic (image-
based), and symbolic (language-based). By leveraging this progression, the CRA approach facilitates learning through a
structured sequence, beginning with hands-on experiences using concrete objects, followed by visual representations,
and culminating in abstract symbolic notation.

The author emphasizes the impact of the CRA approach in selected topics in mathematics for grade 7 learners. This
method not only aids students in grasping mathematical concepts but also addresses significant learning gaps. Research
indicates that hands-on experiences and systematic interventions are crucial for improving students' understanding
and retention of mathematical concepts, particularly for those facing learning difficulties. By employing concrete
materials initially, students can build a solid foundation before transitioning to more abstract representations, thus
enhancing their overall mathematical competence.
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Identified gaps in the study include the insufficient mastery of basic mathematical skills among Filipino students, who
are reportedly lagging five to six years behind their peers in learning competencies, according to the Department of
Education (DepEd) based on the 2022 PISA results. They scored substantially below the OECD average in mathematics,
with only 16% achieving at least Level 2 proficiency, compared to the OECD average of 69%. The research highlights
the necessity for targeted interventions and effective teaching strategies that can bridge these educational disparities.
Last school year, the Mean Percentage Score (MPS) for grade 7 mathematics at St. Christine National High School was
51.19. The analysis revealed a need for remediation, as only 1 student (0.58%) was proficient, while 91 were low
proficient and 79 were nearly proficient. Addressing these issues is crucial to ensure students develop necessary skills
in mathematics.

Ultimately, this study contributes valuable insights into effective teaching strategies that can enhance mathematical
understanding among students. By focusing on the CRA model, it provides educators with a framework for teaching
fundamental operations involving integers, thereby fostering improved conceptual understanding and procedural
skills. The evidence supporting the CRA approach's effectiveness in enhancing knowledge retention and addressing
learning gaps reinforces its potential impact on creating a more competent and innovative society. As such, this research
not only aims to improve individual student outcomes but also seeks to contribute to broader educational reforms in
the Philippines.

2. Literature review

Many middle school students who have difficulties with mathematics struggled in their earlier grades. However, some
students who had been reasonably adept at mathematics may begin to struggle as they work with increasingly difficult
content involving rational numbers, including integers. As students work on middle school mathematics problems, they
may rely on rules that no longer apply (Bryant, D. P,et.al, 2020).

This struggle with mathematical concepts contributes to broader issues in student performance. The poor performance
of students in mathematics has become a concern for many. Despite numerous solutions proposed by experts, the issue
persists. Many believe that a lack of foundational knowledge in basic mathematics is a primary cause of this problem.
Integer operations are fundamental in mathematics, and proficiency in these operations is essential before advancing
to more complex topics. However, students often struggle with learning integer operations (Zainudin et al., 2022).
Consequently, finding effective teaching methods is crucial.

However, this study aims to provide a strategy to enhance student’s performance in Mathematics. And the author uses
integer chips as manipulative during the concrete stage. Manipulatives are real-world materials or objects that students
can physically interact with to develop mathematical concepts. Incorporating these into mathematics instruction can
spark and maintain students' interest, foster active participation, and enhance learning outcomes. Algebra tiles are a
particularly effective type of manipulative for teaching algebra, offering a visual representation of operations involving
variables and numbers (Abdul-Karim, H., et.al,, 2023).

Moreover, Mathematical ideas are abstract mental constructs. To help students grasp these ideas, they must be
represented in a more concrete way using external representations. These external representations take the place of
the abstract, mental concepts, and they embody the key properties of the concepts (Gallo-Toong, N., 2020). To assist
students in acquiring a conceptual understanding of Mathematics, several strategies have been developed. One such
strategy is the Concrete-Representational-Abstract method of instruction.

Concrete-Representational-Abstract (CRA) framework addresses multiple learning styles and utilizes multisensory
input to get students a true understanding of math concepts. It also supports the development of mathematical skills in
students of all learning types at all levels (Alj, S., 2022). During each phase the instructor first models the skill using the
phase-specific manipulatives (i.e., blocks, tallies, or numbers), then guides students through one or two problems, and
finally asks them to solve a few problems on their own. Once students reach a certain level of mastery on the
independent practice problems, they move to the next phase (Ebner, S., etal.,2025).

CRA has its roots in the work of Bruner and Kenney (1965), who defined learning through “Stages of Representation:”
Enactive, or learning through movement and action, Iconic, or learning through pictures, and Symbolic, or learning
through abstract symbols. The CRA instructional sequence/ approach provides a graduated, conceptually supported
line of work to create meaningful connections among concrete, representational, and abstract levels of understanding.
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3. Methodology

This research employed a quasi-experimental, pretest-posttest control group design to evaluate the efficacy of the
Concrete-Representational-Abstract (CRA) approach in enhancing the mathematics performance of Grade 7 learners.
The study aimed to address identified learning gaps in key mathematical concepts, including integer operations,
numerical expression simplification, and absolute value, as highlighted by PISA 2022 results and low Mean Percentage
Scores (MPS).

The participant pool consisted of two intact Grade 7 sections from St. Christine National High School, each comprising
32 students. One section was designated as the experimental group, which received instruction utilizing the CRA
approach, while the other served as the control group, receiving instruction through conventional teaching methods.
The researchers developed and utilized a suite of materials, including lesson exemplars, pretest-posttest instruments,
and quiz activities. These instruments underwent rigorous validation by a mathematics specialist and a Master Teacher
to ensure validity and reliability, followed by pilot testing with a separate Grade 7 section to verify clarity and
appropriateness.

Prior to the intervention, formal permissions were obtained from the school principal, District Supervisor, and Division
Superintendent. The intervention, spanning four weeks from January 27 to February 21, 2025, involved the
experimental group receiving instruction using the CRA approach, which progressively introduced concepts through
concrete materials, representational methods, and abstract symbols. Conversely, the control group received instruction
using conventional methods, such as lectures. Pretests and posttests were administered to both groups, and quiz
activities were employed throughout the intervention.

The collected data were statistically analyzed using descriptive statistics, such as mean and standard deviation, to
summarize student performance. Independent samples t-tests were performed to compare the mean scores of the
experimental and control groups on the posttest, testing the null hypothesis at a 5% significance level. These analyses
will provide insights into the effectiveness of the CRA approach compared to Conventional or traditional instruction in
enhancing the mathematics performance of Grade 7 learners.

4, Result and discussion

This section presents the results, analysis and interpretation of data gathered in the study. The sequence of the
discussion was based on the objectives and hypothesis of the study.

Table 1 Pretest and Posttest scores of the Learners

Group Pretest Post test
Mean | Sd Mean | Sd
Control 15.219 | 3.974 | 21.28 | 8.73

Experimental | 15.75 | 5.016 | 24.22 | 6.62

The analysis reveals a noteworthy difference in performance between the control and experimental groups. While both
groups started with similar pretest scores (Control: M=15.22, SD=3.97; Experimental: M=15.75, SD=5.02), the
experimental group demonstrated a more substantial improvement in the posttest (M=24.22, SD=6.62) compared to
the control group (M=21.28, SD=8.73). The experimental group not only gained 8.47 points, exceeding the control
group's gain of 6.06 points by 39.8%, but also exhibited more consistent outcomes, as indicated by a decrease in
standard deviation. A concerning trend, however, is the substantial increase in variability within the control group's
posttest scores, warranting further investigation. While these descriptive statistics point towards a positive effect of the
experimental intervention, further analysis, including significance testing and normality checks, is recommended for
definitive conclusions.
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Table 2 Test of Normality

groups Kolmogorov-Smirnovb | Shapiro-Wilk

Statistics df | Sig. Statistics | df | Sig.
scores | Control 153 32 |.054 | 944 32| .094
experimental | .129 32 |.190 | .959 32 | .259

The Kolmogorov-Smirnov and Shapiro-Wilk tests were conducted to assess the normality of data from a control group
and an experimental group, both using a significance level () of 0.05. The null hypothesis for these tests is that the data
are sampled from a population with a normal distribution. Since all p-values (Control group: p=0.054 and Experimental
group: p=0.190 for Kolmogorov-Smirnov; Control group: p=0.094 and Experimental group: p=0.257 for Shapiro-Wilk)
are greater than 0.05, we fail to reject the null hypothesis for both groups in both tests, indicating no significant evidence
to conclude that the data deviate from normality. Given these results, the scores for both the control and experimental
groups can be considered normally distributed, making parametric statistical methods, which assume normality,
appropriate for further analysis of these data. The Shapiro-Wilk test is generally considered more reliable for smaller
sample sizes.

Table 3 Significant difference in the learner’s pretest and posttest between two groups

Sources of Variation | Computed t | P-value | Decision Conclusion
Pretest 0.49 0.626 Failed to reject null hypothesis | Not Significant
Posttest 2.06 0.048 reject null hypothesis Significant

The pretest analysis comparing the control group (mean = 15.22, SD = 3.97) and experimental group (mean = 15.75, SD
=5.02) revealed no statistically significant difference in baseline performance between the two groups. This conclusion
is supported by a t-value of 0.49 and a p-value of 0.626, which exceeds the conventional significance threshold of 0.05.
The negligible t-value indicates that the observed difference in pretest means (a mere 0.53-point gap) is likely
attributable to random sampling variability rather than a meaningful, systematic advantage for either group.

The similarity in starting scores (15.22 vs. 15.75) further underscores that both groups began the study with
comparable levels of knowledge or skill, a critical precondition for valid post-intervention comparisons. While the
experimental group exhibited slightly greater variability in pretest scores (SD = 5.02 vs. 3.97), this difference was
insufficient to produce a statistically meaningful distinction between the groups. These results confirm the baseline
equivalence of the groups, thereby strengthening the validity of subsequent posttest comparisons and reducing
concerns about pre-existing disparities influencing the study’s outcomes. In practical terms, this alignment ensures that
any performance differences observed after the intervention can more confidently be attributed to the experimental
treatment rather than initial imbalances.

The posttest analysis revealed a statistically significant difference between the experimental and control groups, as
evidenced by a t-value of 2.06 and a p-value of 0.048. Because this p-value falls below the conventional significance
threshold of 0.05, this result allows us to reject the null hypothesis, indicating that there is a significant difference in
student scores between the two groups. Specifically, the experimental group, which received the Concrete-
Representational-Abstract (CRA) intervention, achieved a substantially higher posttest mean score of 24.22 compared
to the control group's 21.28, reflecting a 2.94-point advantage. This difference, combined with the experimental group's
lower posttest standard deviation of 6.62 compared to the control group's 8.73, implies more consistent outcomes
among participants who received the CRA approach. Therefore, the data strongly supports the conclusion that the CRA
intervention had a meaningful and positive impact on student learning.

These findings collectively suggest that CRA Approach is not only improved performance but also reduced variability in
results, highlighting its potential as an effective strategy.
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5. Conclusions

Summary

This study investigated the impact of an instructional intervention, specifically the Concrete-Representational-Abstract
(CRA) approach, on the academic performance of Grade 7 mathematics learners. The research was conducted at St.
Christine National High School in Lianga, Surigao del Sur. The analysis centered on a comparative examination of pre-
test and post-test scores between control and experimental groups.

Initially, both groups demonstrated statistically similar pre-test scores, establishing baseline equivalence. This allowed
for valid comparisons of post-test performance. Following the intervention, the experimental group exhibited a
statistically significant and practically meaningful improvement in post-test scores compared to the control group. The
experimental group not only achieved a higher mean score but also demonstrated reduced variability in their results,
indicating more consistent learning outcomes.

Statistical analyses, including t-tests and normality tests, confirmed these findings. The t-test revealed no significant
difference in pre-test scores between the groups, while a significant difference was found in post-test scores. Normality
tests indicated that data from both groups were normally distributed, validating the use of parametric statistical
methods.

Furthermore, these analyses, when considered alongside the experimental group's significant improvement and
reduced variability, underscore the potential of the CRA approach. However, the unexpected increase in variability
within the control group's post-test scores warrants further investigation.

Conclusions

Based on the results of the study, the initial analysis revealed that both groups exhibited statistically similar pre-test
scores, establishing a crucial baseline equivalence. The experimental group demonstrated significant post-test
improvement, with higher mean scores and reduced variability, validated by t-tests and normality tests. This establishes
the CRA approach effectiveness in enhancing student performance in Mathematics. Therefore, the null hypothesis is
rejected, indicating a significant difference in student scores between the two groups.

These findings collectively demonstrate the effectiveness of the CRA approach in improving Grade 7 learners' academic
performance in mathematics. Specifically, the study indicates that the manipulatives employed during the concrete
stage, such as algebra tiles and integer chips, are appropriate and effective. Furthermore, the representational tools,
including diagrams and number lines, successfully prepared learners for the abstract stage, where they solved
mathematical problems and equations using symbolic notation. In essence, this study provides valuable insights into
effective teaching methodologies, highlighting the importance of structured progression from concrete to abstract
learning in mathematics education.

Recommendations

In light of the study's findings, the following recommendations are presented.

First, given the demonstrated effectiveness of the Concrete-Representational-Abstract (CRA) approach in enhancing
Grade 7 learners' academic performance, educators may integrate this methodology into their instructional practices,
particularly in mathematics. Specifically, algebra tiles or integer chips are recommended as concrete manipulatives
within the CRA approach for teaching topics such as operations with integers, simplifying numerical expressions, and
understanding absolute value.

Educators should also explore and utilize a variety of other concrete materials during the concrete stage, ensuring
alignment with the CRA framework's principles.

Furthermore, given the approach's success, educators are encouraged to extend the application of the CRA methodology
to other topics within mathematics and across various subject areas, where appropriate.

To facilitate effective implementation, the development and distribution of CRA-based instructional resources,

including detailed lesson plans and activity guides, are essential. Educational institutions may actively promote data-
driven decision-making, utilizing assessment data to inform instruction and evaluate intervention effectiveness.
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Finally, to ensure successful adoption of the CRA approach, providing teachers with adequate professional development
and training on its implementation and the utilization of concrete manipulatives is essential.
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