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Abstract

This study investigates the effectiveness of using abstract puzzle tangrams as an instructional tool to
improve the performance of Grade 7 students on operations operation of integers. Recognizing the
challenges students face in understanding abstract mathematical concepts such as integers, the research
aims to determine whether abstract puzzle tangram manipulatives can enhance mastery in addition,
subtraction, multiplication, division, and problem-solving skills. The hypothesis posits that there will be
a significant improvement in students’ performance after using the intervention material. Employing a
descriptive- comparative research design, the study involved 122 Grade 7 learners from Tomas Avila
Andaya Sr. National High School, with data collected through validated teacher-made assessments
administered before and after the intervention. Guided by the following theories: Vygotsky’s scaffolding
theory, Thorndike’s stimulus-response theory, the zone of proximal development, and Gagné’s theory of
design. Conclusions revealed a substantial increase in students’ performance, with pre-test scores
indicating beginning levels and post-test scores showing approaching proficiency. Statistical analyses,
including paired t-tests, confirmed a highly significant difference (p < .001), with a large effect size
(Cohen’s d = 5.00), demonstrating the intervention’s effectiveness. Integrating manipulatives in teaching
enhances student engagement and achievement in mathematics. Recommendations include adopting
tangram activities as a regular instructional tool and conducting further studies to explore long-term
impacts and applicability across different educational settings.
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Introduction

Mathematics education plays a crucial role in developing learners' critical thinking, problem-solving, and
spatial reasoning skills vital for everyday life and future careers. However, many students encounter
difficulties understanding abstract concepts such as integers, which involve positive and negative numbers.
Traditional teaching methods often rely on verbal explanations and symbolic representations that may not
effectively engage learners or foster deep understanding. To address this, educators can incorporate hands-
on activities, such as using number lines or integer chips, to provide a tangible representation of integer
concepts. Additionally, incorporating real-world examples and applications can help students see the
relevance and importance of mathematical concepts. Through combining these approaches, educators can
create a more engaging and effective learning environment that helps learners develop a deep and lasting
understanding of integers and other mathematical concepts.
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The performance of operations on integers typically refers to how efficiently basic arithmetic operations
(like addition, subtraction, multiplication, and division) are performed on integers, especially in terms of
time complexity and system architecture. The exploration of integers, encompassing all whole numbers
both positive and negative is fundamental to the field of mathematics. Mastering and grasping the
mathematical ideas gave more complex and practical used in everyday life. Thus, adaptability and
significance made key factors and framework in mathematics education.

Recent educational research highlights the significance of using visual and manipulative tools, such as
games and puzzles like tangrams to enhance student engagement and understanding of mathematical
concepts. Tangrams, in particular, are recognized for their ability to develop spatial reasoning and problem-
solving skills through tactile and visual learning experiences Carter (2022). Additionally, Garcia et al.
(2022) and Ahmed and Liu (2023) demonstrate that digital and tactile manipulatives improve
comprehension and engagement, especially in remote and elementary settings. Zhang and Kumar (2024)
further found that augmented reality manipulatives boost spatial reasoning and motivation among middle
school students. Moreover, Lee et al. (2025) emphasize the importance of culturally responsive
manipulatives in promoting inclusivity and equitable access to mathematics learning.

In the Philippines, the challenge of mathematics education is particularly pronounced, as the subject is
often perceived as one of the most difficult. Research indicated that students' difficulties in mathematics
basically, the operations of integers are influenced by various factors, including cognitive and instructional
challenges. Santos et al. (2019) emphasized that the use of contextualized problems and real-life
applications can significantly improve students’ understanding of integer operations, making abstract
concepts more relatable. Meanwhile, Reyes and Cruz (2020) found that interactive teaching methods, such
as peer tutoring and group activities, contribute positively to students' mastery of integer addition and
subtraction. Addressing these diverse instructional strategies is essential for national educational
improvement.

In Tomas Avila Andaya Sr. National High School Grade 7 students find it difficult to develop a deep
understanding of integers, leading to misconceptions, low confidence, and poor problem-solving skills
that affect their academic performance and real-world application. It means that there is an urgent need for
research and the development of more effective instructional methods to improve students’ mastery of
integers. The current study aims to evaluate the effects of abstract puzzle tangram on the performance of
Grade 7 learners at Tomas Avila Andaya Sr. National High School during the school year 2024- 2025.
The results could inform more engaging teaching approaches aligned with national goals, including
enhancing numeracy skills.

Theoretical and Conceptual Framework

The study anchored with four interrelated theories that collectively explain the significant difference of
student’s performance when using a manipulative. The Scaffolding theory is the main theory, and the sub
theories are Stimulus-Response theory, Zone of Proximal Development and the Theory of Design.
Integrating these theoretical perspectives, the study comprehensively explain how manipulative-based
instruction can bridge learning gaps, foster active engagement, and lead to improved academic outcomes
among students.
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The conceptual paradigm illustrated the framework for investigating the effects of the Abstract Puzzle
Tangram on the performance of Grade 7 learners in operations of integers. The IPO paradigm provides a
structured framework to understand how the intervention (Abstract Puzzle Tangram) influences learners'
performance in operations of integers. It delineates the flow from initial assessment through instructional
process to final outcomes or output.

Figure 1: Conceptual Paradigm

Abstract Puzzle Tangram: Effects on Performance

of Operations of Integers
INPUT PROCESS OUTPUT
Pre-test Intervention Phase Abstract Puzzle Tangram
Performance status of  —» Amnalysis — Post-test
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Methodology

This study employed a descriptive-comparative research design to evaluate the effects of an abstract
puzzle tangram on the performance of Grade 7 learners at Tomas Avila Andaya Sr. National High School
during the 2024-2025 school year. The research involved assessing students' understanding of integer
operations through teacher-made pre- and post-tests, which were validated for content, reliability, and
validity. Total enumeration was used to include all 122 respondents across three sections, ensuring
comprehensive data collection without sampling. The intervention, designed using the ADDIE model,
aimed to improve students’ mastery of integer operations and was implemented systematically. Data
analysis focused on comparing pre- and post-test results to determine significant differences and measure
the intervention's effectiveness.

The data gathering process involved administering validated teacher-made tests, with the initial pre-test
establishing students’ baseline knowledge, followed by the intervention, and then a post-test to measure
improvements. The teacher-made instrument was carefully constructed, validated, and pilot tested, with
statistical analyses confirming its reliability and validity. To evaluate the intervention's acceptability, an
expert evaluation checklist was used, and the results informed revisions to enhance clarity and
effectiveness. The entire procedure was systematic, including preparation, validation, administration, and
analysis, to ensure accurate measurement of changes in students' performance attributable to the abstract
puzzle tangram intervention.
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Results And Discussion

This section presents the analyzed data derived from the validated scores in pretest and post test and
evaluation checklist administered to the respondents. The findings are organized according to study’s
specific objectives, with each table followed by a detailed examination of the results. The discussion
integrates interpretations, conclusions and alignment with existing literature, and theories to provide a
comprehensive understanding of the effectiveness of Abstract Puzzle Tangram on the performance of
operation of integers. This analysis aims to determine whether the use of Abstract Puzzle Tangram
significantly improves students' accuracy and efficiency in solving integer operations.

Status of Operations of Integers of Learners

The data in Table 2 presents the Performance Status of Learners in Integer Operations. It offers a detailed
overview of their abilities across different integer skills. The table highlights areas of strength and those
needing improvement among the learners. The overall performance of the learners in integer competencies
was struggling to demonstrate proficiency with a mean score of 9.50 out of 40, and corresponding
proficiency level of 23.75. Specifically, learners were developing their skills in addition, with a mean
score of 2.61, standard deviation of 1.23 and a proficiency level of 26.15. However, their performance in
subtraction, multiplication and division, and solving worded problems is even more alarming, with mean
scores of 2.49, 2.25, and 2.14, respectively, and corresponding proficiency levels of 24.92, 22.54, and
21.39, all indicating a beginning level of understanding. This data highlights the need for targeted support
and intervention to help learners build a stronger foundation in integer operations.

Table 2
Performance Status of Learners in Integer Operations
Integer Competencies Items Mean | SD PL Int
Addition 10 2.615 | 1.20 | 26.15 D
Subtraction 10 2492 | 1.23 | 24.92 B
Multiplication & Division 10 2254 | 1.50 | 22.54 B
Solving Worded Problems 10 2.139 | 1.39 | 21.39 B
Overall 40 9.50 |2.79 | 23.75 | Beginning

Note. SD refers to Standard Deviation, PL refers to Proficiency Level, and Int refers to Interpretation of
Proficiency Level. Thus, the Int is based on the following range 75.0 to 100 is Proficient (P), 50.0 to 74.9
is Approaching Proficiency (AP),25.0 to 49.9 is Developing (D), and 0 to 24.9 is Beginning (B).

The result revealed that student performance in addition is the most well- understood operation, with the
highest mean score and proficiency level, indicating that students are closer to mastery in this area.
Conversely, multiplication, division, and word problems show lower scores and higher variability,
highlighting these as more students are closer to mastery in this area. Conversely, multiplication, division,
and word problems show lower scores and higher variability, highlighting these as more challenging areas
for learners. The wide standard deviations across the competencies indicate significant differences in
individual student performance, with some students progressing while others lag. The overall proficiency
level below achieved of most students are still in the early stages of mastering integer operations. The
disparities in scores point to inconsistent instructional effectiveness, prior knowledge gaps, and varying
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engagement levels among learner This suggest that targeted instructional strategies tailored to students’
varying needs should be implemented. Differentiated teaching approaches, such as small group
instruction, using of manipulatives, personalized practice, can help address specific skill gaps.
Incorporating more hands-on activities, manipulatives and real-world word problems may also enhance
understanding and engagement. Regular formative assessments can identify learners who need additional
support, allowing for timely interventions. Finally, reinforcing foundational skills in addition, subtraction,
and extending to multiplication and division and solving worded problems will help elevate students
toward mastery and reduce the performance gap across competencies.

The Development of Intervention Material

The creation of the specialized manipulatives was a research driven process aimed addressing the
beginning proficiency level of grade 7 students on operation of integers. The ADDIE Model was used as
the structure and realization of the output Abstract Puzzle Tangram. This model was facilitated a
systematic development through its phases of Analysis, Design, Development, Implementation, and
Evaluation, ensuring the manipulatives were tailored to students' specific learning needs. This structured
approach

helped ensure the manipulatives were engaging, effective, and aligned with educational objectives to
enhance students' understanding of integer operations.

Analysis Phase. This phase starts with pre-test results that provide insights into

what learners already know and what gaps exist. This helps the researcher that all the operation of integer
including problem solving are unmastered competencies. The researcher uses abundant resources of
tangrams sets to be modified and applied as an

intervention material. The focus group discussion in math department confirms that the intervention
material can be possibly used to enhance operations of integers to Grade 7 learners.

Design Phase. The Abstract Puzzle Tangram was designed, to aim positive

development to uplift the beginning proficiency level on integer operation. The abstract puzzle tangram
used in integer operations typically consists of geometric parts that can be rearranged to represent different
mathematical concepts. The parts are a set of seven flat pieces, called tans, which include various triangles,
a square, and a parallelogram, designed to fit together in multiple configurations. These pieces can be
manipulated to form various shapes, enabling learners to visualize and manipulate integers through spatial

arrangements. The content of the puzzle focuses on illustrating integer operations such as addition,
subtraction, multiplication, and division as well as solving worded problems through representing positive
and negative values, and the equations with different shapes or colors, thereby facilitating an
understanding of integers' relationships.

Development Phase. This involved the draft of Abstract Puzzle Tangram. It

underwent the evaluation and dry run. The final output achieved Very Highly Acceptable rating with the
overall weighted mean of 3.90 ensuring that the Abstract Puzzle Tangram is accepted as an intervention
material. The researcher developed 122 abstract puzzle tangram that will be used during intervention.
Implementation Phase. This includes the step-by-step process on the

implementation of the manipulatives in the intervention class. The Abstract Puzzle Tangram was used to
the three sections from day 1 to day 15 every 4 to Spm, Monday

to Friday within 3 weeks duration with the help of intervention teacher. Every Abstract

Puzzle Tangram set with 3 patterns, solved by each student daily, then every day the
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students exchanged it to their classmates so that everyday different pattern of puzzle should be solved.
This exchanged process was used in order the students master the competencies. The teacher's assistance
and guidance were provided to ensure that students understood the correct procedures and strategies for
solving the puzzles. The exchange process also allowed for the teacher to monitor the students' progress
and adjust the instruction accordingly to meet the needs of the students.

Evaluation Phase. After the full underwent in 3 weeks of the intervention

implementation of the Abstract Puzzle Tangram on operations of integers, the students were not informed
that they will take a post test, the researcher conducted the posttest of 40 items following the table of
specifications. Then again, the researcher also gathers students’ suggestion and recommendation to further
improved the intervention material-Abstract Puzzle Tangram on operations of integers right after the
data analysis on post-test. This allowed for the refinement of the Abstract Puzzle Tangram on operations

of integers to better meet the needs of the students.

Performance Level of Learners in Integer Operations after the Implementation of Intervention
Material

The Table 3 illustrates the performance level of learners in various integer operations, including addition,
subtraction, multiplication & division, and solving worded problems. Presenting the number of items,
mean scores, standard deviations, proficiency levels, and rankings for each competency. These metrics
serve to evaluate the learners’ mastery and consistency across different mathematical skills.

The overall performance across all competences showed that learners scored highest in addition, with a
mean score of 7.43 and a proficiency level of 74.34, subtraction follows closely with a mean of 6.80 and a
proficiency level of 68.03. Multiplication and division have a mean score of 6.79 and a proficiency level
of 67.87, solving worded problems received a mean score of 6.72 and a proficiency level of 67.21. The
overall mean score is 27.83 out of 40 items interpreted as “Approaching Proficiency” including all the
integer competencies.

Table 3
Performance Level of Learners in Operation of Integers after the Implementation of Intervention
Material

Integer Competences Items Mean SD PL Int

Addition 10 7.434 1.38 74.34 AP

Subtraction 10 6.803 1.46 68.03 AP

Multiplication & Division 10 6.787 1.53 67.87 AP

Solving Worded Problems 10 6.721 1.77 67.21 AP
Overall 40 27.83 3.80 69.57 Approaching
Proficiency
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The results indicated that learners perform best in addition, which may be due to its foundational nature and
frequent practice in classroom instruction. The slight decline in scores for subtraction, multiplication &
division, and solving worded problems indicated increasing difficulty as tasks become more complex or
application based. The standard deviations showed some variability in performance, especially in solving
word problems, implied that some students were more confident than others. The overall proficiency levels
showed that most students were developing competence but have not yet achieved mastery. This variability
highlighted the need for differentiated teaching strategies to support all learners effectively.

From these findings, it can be inferred that while learners were generally progressing in their
understanding of integer operations, certain skills like multiplication & division and solving word
problems still pose challenges. The data underscored the importance of providing more targeted practice
and scaffolding in complex operations and contextual problems. These insights point to the necessity of
instructional approaches that emphasized both procedural fluency and conceptual understanding.
Continuous formative assessments can help tailor instruction to meet individual learner needs more
effectively.

This pattern aligned with the study of Johnson and Lee (2019), scaffolding and formative assessments
were crucial in developing students’ problem-solving skills. Similarly, research by Martinez and Nguyen
(2018) highlights that differentiated instruction tailored to individual needs can significantly improve
students’ abilities to interpret contextual problems. Furthermore, the variability observed aligns with
findings by Smith and Johnson (2017), who noted that diverse skill levels among students require targeted
instructional approaches to foster comprehensive understanding. Therefore, integrating these strategies
into teaching practices is supported by current literature and research, underscoring their importance in
improving learners’ mastery of worded problems.

Significant Difference between the Level of Performance on Integer Operations of Learners
Revisited the pre-test result to be compared with the post test result after the full implementation of the
Abstract Puzzle Tangram on operation of integers. Paired t-test was applied to determine the significant
difference between the tests before and after the implementation. Tabular presentation of the results is
reflected in this section, while the computation and other attachments are reflected in the appendices.
The table summarizes the key statistics from the paired t-test, including the t-value, degrees of freedom,
and p-value. It provides a clear comparison of the mean scores before and after the intervention,
highlighting the significance of the observed change. The t-value of -55.2 indicated a significant difference
between the two sets of scores. The p-value being less than .001 showed that this difference was statistically
significant.

Table 4

Significant Difference between the Level of Performance on Integer Operations of Learners

Assessments t-statistic degree of freedom p-value Interpretation

Pre Test 121 <.001 Significant
Post Test -55.2 g

Note. H, uMeasure 1 - Measure 2 <0
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The strength of the evidence supporting a real difference between pre-test and post- test results. The large
absolute value of the t-statistic emphasized the robustness of this difference. The results from the paired
t-test demonstrate a substantial difference between pre-test and post-test scores. The extremely high
magnitude of the t-value suggests a very large effect size, indicating a notable change in scores following
the intervention. The p- value confirms that this difference is highly unlikely to be due to chance,
establishing statistical significance.

Findings implied that the intervention or condition introduced had a strong effect on the measured variable.
These results highlighted the potential of the intervention material used to produce measurable
improvements or changes. The significant effect size and robust t-statistic values suggest that the
intervention was impactful and effective in achieving the desired outcomes, warranting consideration for
future implementation or scaling up. This support claimed that manipulative and visual learning strategies
significantly influence student achievement.

For instance, Smith and colleagues (2022) highlight that interactive tools increase engagement and
facilitate understanding of complex concepts such as integer operations (Smith et al. 2022). Similarly,
according to Lee and Kim (2023), hands-on activities

promote active participation, leading to improved test scores in mathematics. Furthermore, studies by
Johnson and Brown (2022) emphasize that tactile learning experiences reduce cognitive overload, making
abstract topics more accessible. Hence, these recent studies reinforce the current findings that interactive
strategies positively impact student learning outcomes.

Effectiveness of the Intervention on the Level of Performance

Table 5 presented the results of a study examining the effectiveness of a developed Abstract Puzzle
Tangram on students' performance in solving integer operations. It compared the pre-test and post-test
scores of respondents who participated in the

intervention. The data provided a clear overview of the changes in performance before and after the
intervention, highlighting its potential effects.

Table S
Effectiveness of the Intervention on the Level of Performance on Integer Operations of Learners

Assessments Mean difference  p-value Cohen'sd Interpretation
Pre Test

18.3 <.001 5.000 Very Large

This revealed the effects of the intervention materials to learners’ performance inoperation of integers,
which yielded a mean difference of 18.3, and a Cohen’s d value of 5.000. The effects of intervention
material to the learner’s performance on operation of integers was interpreted as very large effect. This
means that the intervention materials had a profound impact on learners' understanding and ability to
operate with integers.

It can be analyzed that, the intervention materials significantly improved learners' performance on
operation of integers, as evidenced by a mean difference and a standard error. The Cohen’s d value,
highlighting the effectiveness of the intervention. This indicates that the instructional approach was highly
effective in enhancing learners' understanding and skills in this mathematical area. The pronounced
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improvement demonstrates that the intervention materials played a critical role in facilitating better
mastery of integer operations among the participants.

This suggest that the intervention materials were highly effective in enhancing learners' understanding
operations of integers. Additionally, this study demonstrates the potential of targeted instructional
approaches in improving learners' mastery of integer operations and highlight the importance of investing
in effective teaching materials to support student learning outcomes. This study provides evidence of the
positive effect of intervention materials on learners' performance and has significant implications for the
development of effective instructional strategies in mathematics education.

These findings were consistent with recent literature that advocates for innovative, manipulative-based
approaches to improve student achievement (Smith et al., 2022; Garcia & Santos, 2024). Integrating similar
tools into curricula could substantially enhance learning outcomes. The importance of using manipulatives
like Tangram to boost student motivation and problem-solving skills. Garcia and Santos (2024)
highlighted that puzzles like the Tangram positively influence conceptual understanding and problem-
solving capabilities. Moreover, Patel and Nguyen (2024) found that manipulatives increase motivation
and engagement among learners across various grade levels. These findings demonstrate that interactive
tools foster collaborative learning environments, as suggested by Chen and Liu (2025), which further
improve academic achievement. Therefore, the results of this study align with recent literature
emphasizing the vital role of manipulative- based strategies in advancing mathematics education.
Additionally, Gagne’s Theory of design aligned this study through the importance of structured,
systematic, and goal-oriented instruction to facilitate effective learning. According to Gagné, learning
occurs through a sequence of events that include gaining attention, informing learners of objectives,
stimulating recall of prior knowledge, presenting the content, providing guidance, eliciting performance,
giving feedback, assessing performance, and enhancing retention and transfer. The significant mean
difference points on the pre-test and post-test assessments, along with the very large effect size suggests
that the intervention was highly effective in improving learners' performance on integer operations. This
success can be attributed to the systematic application ofGagne’s principles, which likely involved
clear learning objectives, engaging presentation of concepts, guided practice, immediate feedback, and
opportunities for reinforcement. The structured design of the intervention ensured that learners were
actively involved in their learning process, leading to substantial gains in their understanding and
operational skills with integers, as reflected in the significant and large effect size observed in the results.

Conclusion

The challenges in teaching abstract concepts such as integers to students can be attributed to the reliance
on traditional teaching methods that primarily use verbal explanations and symbolic representations. These
methods may not be effective in engaging learners or fostering a deep understanding of integer concepts.
Research suggests that incorporating hands-on activities, such as using number lines or integer chips, can
provide a tangible representation of integer concepts, making them more accessible to students. Through
utilizing these visual aids, educators can help learners develop a concrete understanding of integer
operations, such as addition, subtraction, multiplication, and division, which can be transferred to more
abstract representations.

Furthermore, incorporating real-world examples and applications of integers can also enhance students'
understanding and engagement. Showing learners how integers are used in everyday life, such as in

[JSAT260210579 Volume 17, Issue 2, April-June 2026 9



https://www.ijsat.org/

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e \Website: www.ijsat.org e Email: editor@ijsat.org

finance, science, and technology, educators can demonstrate the relevance and importance of integer
concepts.

The use of manipulatives, like tangram puzzles, can also be an effective strategy in teaching integer
concepts. Tangram puzzles, which involve using geometric shapes to create geometric patterns, can help
learners develop spatial reasoning and problem-solving skills. Applying integer concepts to tangram
puzzles, educators can create a more engaging and interactive learning experience that promotes deep
understanding and retention of mathematical concepts.

Recommendations

To address the beginning level of students understanding in operations of integers, mathematics teachers
should transition from traditional lectures to hands on activities, use of intervention tools or manipulatives
and with active learning environment. Continue using the abstract puzzle tangram as an instructional tool
to further enhance the performance of grade 7 learners in integers operations. Emphasizing activities that
strengthen multiplication, division, and word problem-solving skills can help students achieve full
proficiency. Integrating similar manipulatives and engaging activities can sustain and improve learning
outcomes in these areas. Regular assessment and targeted support should be maintained to ensure
continuous progress toward mastery.

Considering the significant difference in the performance of students before and after the used of Abstract
puzzle Tangram, the mathematics department should implement the used of manipulatives in teaching and
learning process. The Department of Education, specifically the Ragay District 1, should officially adopt
the Abstract Puzzle Tangram as a core supplementary teaching and learning tool or intervention tool to
provide mastery of competencies. To ensure the tool remain effective, the Department Head should
establish a feedback loop were the teachers report on student engagement and improvement, allowing for
iterative improvement based on the ADDIE model of instructional design.
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