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Development and Summative Evaluation of Play – Based Mathematics Instructional Materials for Multigrade Computational 
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ABSTRACT: Classroom engagement is a crucial indicator of effective teaching and meaningful learning, particularly in elementary education where foundational academic behaviors and attitudes are developed. This study examined the level of classroom engagement of learners exposed to learner-centered pedagogical practices at Andabuen Elementary School–Main using a quantitative descriptive research design. Classroom engagement was measured across behavioral, emotional, and cognitive dimensions using a validated survey questionnaire administered to 100 elementary learners from Grades 4 to 6. Descriptive statistical measures, including mean and standard deviation, were employed to analyze the data. Results revealed that learners demonstrated high levels of engagement across all dimensions, with cognitive engagement obtaining the highest mean score. The findings suggest that learner-centered pedagogical practices contribute to active participation, positive emotional involvement, and deeper cognitive engagement among elementary learners. Implications for instructional practice and school-level support for learner-centered pedagogy are discussed.
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INTRODUCTION



The cognitive development of learners through mathematics instruction enabled students to improve their logical reasoning abilities and problem-solving skills and their overall academic performance. Numerous international studies showed that early mathematics education which included teaching basic computation skills served as the best predictor of students’ academic achievement throughout their educational career. Children who developed strong foundational numeracy skills during the early grades were more likely to demonstrate higher achievement in advanced mathematical concepts and other related academic disciplines. Traditional teacher-centered instructional methods which educators used for teaching young learners failed to achieve their educational goals because these methods did not successfully engage learners. This failure resulted in learners losing their motivation and developing only partial understanding of concepts while their mathematics skills suffered (National Council of Teachers of Mathematics [NCTM], 2000).
To address these challenges, educators worldwide increasingly integrated play-based instructional approaches in early mathematics education. Play-based learning used games and manipulatives as well as interactive activities to help learners learn mathematical concepts through active participation in hands-on activities. Learners used playful activities to discover patterns and resolve problems while working with their classmates, which helped them grasp concepts better. Research showed that learners who used these methods to study mathematics began to develop positive attitudes toward mathematics because they found the subject enjoyable and approached it with less fear of its complicated nature (Hirsh-Pasek et al.,2009).
International research studies demonstrated that play-based educational resources improved learners’ mathematics performance. Sarama and Clements (2009) discovered that early childhood mathematics instruction combined with play activities, practical exploration, and manipulatives promoted mathematical thinking and problem-solving skills among young learners. Likewise, Ramani and Siegler (2008) found that structured number board games improved learners’ understanding of numerical magnitude and arithmetic skills. Their findings revealed that learners who engaged in interactive and enjoyable activities demonstrated better mathematical understanding and increased motivation to learn.
Play-based instructional methods proved particularly effective in multigrade classrooms commonly found in rural and geographically isolated communities. In multigrade settings, teachers handled multiple grade levels simultaneously while dealing with limited instructional time and insufficient teaching materials. These conditions created significant challenges in delivering quality mathematics instruction. According to Little (2006), game-based and activity-centered learning strategies supported multigrade instruction by encouraging collaboration, peer learning, and differentiated learning experiences that addressed learners’ varying needs. The use of manipulatives, movement-based 


activities, and collaborative games enabled teachers to create inclusive learning experiences within shared classroom settings.
Global education initiatives also emphasized the importance of contextualized and low-cost learning materials in improving mathematics instruction in rural schools. UNESCO (2015) reported that activity-centered and play-based teaching approaches were highly effective in multigrade and resource-limited classrooms because they increased learner participation and strengthened peer interaction. These approaches enabled teachers to create meaningful and engaging learning experiences despite limited educational resources.
In the Philippine educational setting, play-based teaching methods have also shown positive outcomes. Local studies revealed that games and interactive activities in mathematics classes improved learner engagement and academic performance. Adora (2018) found that Grade 1 learners exposed to play-based mathematics instruction performed better and showed greater interest in mathematics compared to learners who received traditional instruction. Similarly, Abad and Mallari (2019) reported that game-based teaching strategies improved learning outcomes and learner motivation in teaching integer operations. Despite these positive findings, teachers in multigrade classrooms still experienced challenges in implementing play-based instruction because of limited teaching materials and diverse learner needs (Department of Education [DepEd], 2016).
Regional educational assessments also revealed deficiencies in learners’ mathematics skills. According to the Department of Education–Cordillera Administrative Region (2023), learners in the Cordillera Administrative Region achieved a median mathematics score of 84%, categorized as “Satisfactory,” although many learners had not yet attained the required mastery level. Results from the Rapid Mathematics Assessment indicated that many learners did not reach the 75% mastery level in computational skills (Department of Education, 2021). Furthermore, approximately 9.5% of schools in the Cordillera Administrative Region implemented the multigrade classroom model, requiring teachers to maximize available resources while facing instructional difficulties (Department of Education–Cordillera Administrative Region, 2023).
Calayucay Elementary School faced significant challenges because a single teacher handled learners from different grade levels with limited educational resources. These conditions highlighted the need for innovative and context-sensitive teaching strategies that addressed learners’ needs and improved mathematics achievement. Berry (2011) emphasized that learner-centered and context-embedded interventions contributed to improved academic performance in multigrade classrooms by creating inclusive and interactive learning experiences.


Although studies on play-based mathematics instruction have increased, limited research has focused on its effectiveness in improving the computational skills of learners in multigrade classrooms within rural schools in the Cordillera Administrative Region. Existing literature suggested the need for more context-specific studies for resource-limited educational settings.
Elementary school is a crucial stage in which learners begin to develop their attitudes toward mathematics. Moreover, in a rapidly changing world where technology and innovation influence many careers, integrating engaging instructional approaches into education becomes increasingly important. The lack of play-based instructional materials specifically designed for multigrade learners contributes to low understanding and poor performance in mathematics. Hence, this study focused on developing play-based instructional materials for Grades 1 and 2 multigrade learners to improve their computational skills and mathematics learning outcomes. The study examined the effectiveness of these materials in enhancing learners’ mathematical operations skills in a multigrade setting and identified cost-effective and context-sensitive strategies for improving early-grade mathematics instruction through the use of the Rapid Mathematics Assessment Tool (RMAT).
Statement of the Problem

	The study aimed to develop and validate play-based mathematics instruction in multigrade teaching for 
Grades 1 and 2 at Calayucay Elementary School using the Rapid Math Assessment Tool (RMAT). Specifically, this study seeks to answer the following questions:
1. What play – based mathematics instructional material may be developed to enhance the computational skills of multi-grade learners?
2. What is the validation rating of the developed play – based mathematics instructional material as evaluated by experts in terms of:
a. content?
b. format?
c. presentation and organization?
d. accuracy and up – to – datedness of information?
3.    What is the level of computational skills of multi – grade learners before and after the implementation of the play – based mathematics intervention as measured by the Rapid Math Assessment Tool (RMAT)?

METHODS

Research Design
This study utilized a Developmental Research Design in developing and validating the play-based mathematics intervention intended to improve the computational skills of multigrade learners. To determine the effectiveness of the developed intervention, the study also employed a Quasi-Experimental Design, specifically the One-Group Pretest–Posttest Design. The pupils’ computational skills were assessed before and after the implementation of the play-based mathematics activities using the Rapid Math Assessment Tool (RMAT). The pretest determined the learners’ initial level of computational skills, while the posttest measured their improvement after exposure to the intervention.
The difference between the pretest and posttest results revealed the effectiveness of the play-based mathematics instruction in enhancing pupils’ computational skills. This design provided a systematic way of measuring learning progress and evaluating the impact of the intervention on learners’ performance. Furthermore, the findings contributed to improving instructional strategies in multigrade classrooms by providing evidence that play-based approaches can enhance learners’ engagement and mathematical understanding, as supported by previous studies showing that interactive and game-based learning improves early mathematics skills and learner motivation (Ramani & Siegler, 2008).

Research Locale
The study was conducted in Calayucay Elementary School, Calayucay, Luna, Apayao, which presents a specific educational setting for multi – grade classes. Situated in the far-flung municipality of Luna within the province of Apayao, the school serves as a representative example of educational institutions which likely reflects the challenges and opportunities present in such locales, including potential issues such as limited resources, diverse student populations, and unique cultural contexts. 
Research Respondents
The respondents of this study consisted of Grade 1 and II learners with a total enrolment of 13 learners enrolled in Calayucay Elementary School located in Barangay Calayucay, Municipality of Luna, Province of Apayao, for the school year 2025–2026.

Research Instrument
To gather data, the researcher used instruments to measure the computational skills of multi-grade learners and evaluate the developed instructional material. These included the Rapid Math Assessment Tool (RMAT), the play-based instructional material, and evaluation tool for print materials 
RMAT: A pretest and posttest were administered to assess learners’ computational skills in addition, subtraction, multiplication, and division. The results provided quantitative data on learners’ improvement.
Play-Based Instructional Material: Served as both a teaching tool and research instrument, engaging learners in hands-on mathematical activities and allowing observation of their participation and skill application.
Evaluation Checklists: Experts reviewed the material for accuracy, clarity, and appropriateness. Their feedback was used to refine the instructional material before the initial tryout.
Scope and Delimitation
This study focused on the development of a play-based mathematics instructional material to enhance the computational skills of multi-grade learners. The study was limited to competencies in the 4th quarter of Grade 1 and Grade 2 that could be effectively taught through play-based instruction. Only competencies that were aligned between the two grade levels were included in the instructional material. Due to time constraints and the workload of the learners and teachers, the study produced five lesson plans as the final output. The study did not cover competencies outside the 4th quarter, nor those that could not be integrated into play-based activities. Furthermore, the effectiveness of the material was assessed only through the initial tryout with the selected learners, and long-term retention or transfer of skills was not within the scope of this research. 
Data Gathering Procedure
The researcher conducted the necessary procedures to gather needed data or information during the study.
Initially, formal permission was sought through written requests addressed to the Schools Division Superintendent (SDS), Public Schools District Supervisor (PSDS), and the School Head of Calayucay Elementary School. Approval from these authorities ensured that the conduct of the study adhered to institutional and ethical standards. 
After securing the approvals, the researcher proceeded with the preliminary activities. The study employed a systematic approach to develop, validate, and evaluate the effectiveness of a play-based mathematics instructional material aimed at enhancing the computational skills of multi-grade learners. The data gathering process was conducted in four distinct phases: Design, Development, Validation, and Initial Tryout.
The design phase involved identifying the fourth quarter learning competencies in Mathematics based on the Matatag Curriculum Guide prescribed by the Department of Education Curriculum and Instruction Strand. These competencies served as the basis for developing the instructional materials for multi-grade learners in Grades 1 and 2. During the development phase, the play-based material was created based on the design framework. The researcher prepared engaging play-based activities, worksheets, and manipulatives to support computational skills development. The materials were designed to cater to the cognitive levels and learning styles of multi-grade learners, emphasizing hands-on and interactive experiences. The initial draft of the play-based material was then assembled in a structured format, including instructions for both teachers and learners.
Once the material was developed, it underwent a validation process to ensure content accuracy, instructional quality, and appropriateness for the target learners. Experts in mathematics education and multi-grade teaching were consulted to review the material. They assessed the content for clarity, accuracy, relevance, and effectiveness of the play-based activities in enhancing computational skills. Their feedback and recommendations were carefully analyzed and incorporated to refine and improve the intervention material.
The initial tryout involved the implementation of the validated instructional material with a group of multi-grade learners. Pretests were administered to assess the learners’ existing computational skills. The play-based mathematics activities were then conducted under the supervision of the researcher and classroom teachers. Following the intervention, posttests were administered to determine the learners’ progress and improvement in computational skills. Observations, interviews, and learners’ outputs were also collected to provide additional qualitative data regarding engagement, participation, and learning outcomes. The findings from this phase informed the final adjustments to the developed play-based material.
Treatment of the Data The data gathered in this study were analyzed using appropriate statistical tools to determine the effectiveness of the developed instructional material in enhancing the computational skills of multi-grade learners. Frequency and percentage were used to describe the distribution of learners according to their levels of computational skills based on the pretest and posttest results. The mean was used to determine the average scores of the learners in the Rapid Math Assessment Tool (RMAT) before and after the intervention. A paired sample t-test was applied to determine if there was a significant difference between the pretest and posttest scores after the use of the instructional material. The level of significance was set at 0.05.
Ethical Considerations
The study observed proper ethical considerations to ensure the protection and respect of all participants. Permission was sought from the school head prior to the conduct of the study. Informed consent was obtained from the parents or guardians of the pupils, ensuring that their participation was voluntary. The identities and responses of the pupils were kept confidential and were used solely for research purposes. Furthermore, the researcher ensured that all play-based activities were safe, age-appropriate, and did not disrupt the learners’ regular classes.
RESULTS AND DISCUSSION
The instructional materials which were created through play-based learning methods were designed to help multigrade learners who are in Grade 1 and Grade 2 to develop their mathematical computational abilities. The instructional materials were created based on selected Learning Competencies in Mathematics which were suitable for play-based teaching methods from the fourth quarter. The learning materials were created to deliver interactive educational experiences which help learners who study multiple grade levels to learn effectively. The educational program used important play activities to develop learners’ basic computational abilities which include fractions, number sense, recognizing money and time and problem-solving skills.
[image: ]Table 1. The developed play-based instructional materials
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The developed play-based instructional materials were also validated in terms of content, format, presentation and organization, and accuracy and up-to-datedness of information. Furthermore, the materials were examined to ensure that they were free from conceptual, factual, grammatical, computational, obsolete information, and typographical errors, making them suitable and effective for enhancing the computational skills of multigrade learners.
Table 2. Summary of Rating of the Master Teacher, School Head and Mathematics College Instructor on the Validated Instructional Materials using the Evaluation Tool CO Form 7.6 Evaluation for the Development of New Print Resources
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Table 2 shows that the math instructional materials have been passed all evaluated criteria demonstrating quality as validated by a master teacher, school head and Mathematics college instructor. The mean scores for content factor (27.06), format factor (71), and presentation and organization factors (17) reflects strong approval, while the perfect score for the absence of errors (24) confirms accuracy and up-to-datedness of information. The evaluations highlight the material strengths in content, format, presentation and organization. Overall, the material meets the standards set by the Department of Education.

Table 3. Level of Computational Skills of Multigrade Learners Before and After the Implementation of the Play-Based Mathematics Intervention as Measured by the Rapid Math Assessment Tool (RMAT)
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Table 3 shows that the level of computational skills of multigrade learners before and after the implementation of the play-based mathematics intervention as measured by the Rapid 
Math Assessment Tool (RMAT). The results revealed that Grade 1 learners obtained a pretest mean score of 22.60 described as “Average,” which increased to 31.00 described as “High” in the posttest. This reflected a mean gain of 8.40 points. Similarly, Grade 2 learners obtained a pretest mean score of 11.25 described as “Low,” which improved to 19.38 described as “Average” after the intervention, resulting in a mean gain of 8.13 points. These findings indicated that both Grade 1 and Grade 2 learners demonstrated improvement in their computational skills after exposure to the play-based mathematics intervention. The shift of Grade 1 learners from Average to High suggested that the intervention was highly effective in enhancing their mathematical performance, while the improvement of Grade 2 learners from Low to Average showed that learners who initially had lower computational skills were still able to significantly improve through the intervention.
The results further showed that the computed t-values for Grade 1 and Grade 2 were 5.47 and 10.94, respectively, which were both higher than their corresponding critical values of 2.776 and 2.365 at the 0.05 level of significance. This led to the rejection of the null hypothesis, indicating that there was a statistically significant difference between the pretest and posttest scores of the learners. The significant increase in the learners’ scores implied that the play-based mathematics intervention effectively improved the computational skills of multigrade pupils. The close mean gains between Grade 1 and Grade 2 further suggested that the intervention consistently enhanced learners’ performance across both grade levels.
CONCLUSION
Based on the findings of the study, the following conclusions were drawn:
1. The developed Play-Based Instructional Materials for computational skills were effective, appropriate, and well-aligned with the selected Grade 1 and Grade 2 mathematics competencies, particularly in strengthening learners’ foundational skills in fractions, number sense, money, and time through engaging and interactive activities. 
2. The validation ratings of the experts confirmed that the instructional materials were of high quality in terms of content, format, presentation and organization, and accuracy and up-to-datedness of information, indicating that the materials are suitable for classroom use and free from conceptual, factual, and technical errors. 
3. The results of the summative evaluation showed that the play-based intervention significantly improved the computational skills of multigrade learners, as evidenced by the increase in posttest mean scores and the statistically significant differences between pretest and posttest results for both Grade 1 and Grade 2 learners.
RECOMMENDATIONS
Based on the conclusions of the study, the following recommendations are made:
1. Teachers should develop and implement play-based mathematics instructional materials aligned with Grade 1 and Grade 2 competencies to enhance the computational skills of multigrade learners in fractions, number sense, money, and time through engaging and interactive activities. 
2. Educators and school administrators should adopt, utilize, and continuously improve the validated instructional materials to ensure quality in terms of content, format, presentation and organization, and accuracy and up-to-datedness of information. 
3. Teachers should consistently apply play-based and learner-centered strategies in mathematics instruction to strengthen learners’ computational skills and sustain the significant improvements shown in the RMAT pretest and posttest results.
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format, presentation and organization. Overall, the material meets the standards set
by the Department of Education.

Level of Computational Skills Before and After the Intervention

Table 4. Level of Computational Skills of Multigrade Learners Before and After
the Implementation of the Play-Based Mathematics Intervention as Measured by
the Rapid Math Assessment Tool (RMAT)

Grou | Test Mean | Descriptio | Mea | t- Critica | Deci
P Scor ' n n compute | | Value
e d value
Pretest | 22.60 | Average 547 2.776 | Statisticall
Posttes | 31.00 | High

y
t Significant
Pretest | 11.25 | Low 3 10.94 2.365 | Statisticall

Posttes | 19.38 | Average Yy
t Significant

Significant at a = 0.05

Table 4 presents the level of computational skills of multigrade learners before
and after the implementation of the play-based mathematics intervention as measured
by the Rapid Math Assessment Tool (RMAT). The results revealed that Grade 1
learners obtained a pretest mean score of 22.60 described as “Average,” which
increased to 31.00 described as “High” in the posttest. This reflected a mean gain of
8.40 points. Similarly, Grade 2 learners obtained a pretest mean score of 11.25
described as “Low,” which improved to 19.38 described as “Average” after the
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