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ABSTRACT

Probability is one of the fundamental yet abstract topics in the Grade 11 Probability and Statistics curriculum. Many students struggle to understand its concepts due to its theoretical and symbolic nature. This action research aimed to determine the effectiveness of using concrete manipulatives such as dice, coins, playing cards, and colored balls in improving the probability performance of Grade 11 Franklin Automotive students during the Second Semester of School Year 2025–2026. Seventeen (17) students participated in a two-week intervention employing hands-on experiments and guided discovery activities. A 20-item teacher-made test was administered before and after the intervention to measure students’ learning gains. Results revealed that the mean score increased from 8.35 (42% Mean Percentage Score) in the pre-test to 15.47 (77% Mean Percentage Score) in the post-test, reflecting a significant improvement of 35 percentage points. The findings suggest that integrating manipulatives in teaching probability enhances conceptual understanding, engagement, and overall academic performance. The study recommends the regular use of concrete materials in teaching abstract mathematical concepts. 
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Chapter 1
INTRODUCTION
Context and Rationale
Mathematics gives students the logical reasoning, analytical thinking, and decision-making skills they need for real life. Probability is a vital part of this training because it helps people make predictions and good choices when things are uncertain. In senior high school, students specifically need to interpret chances, analyze risks, and use probability in daily life like in games and weather forecasts. However, teachers often introduce probability using only symbols and formulas. This approach makes the topic abstract and difficult, so students end up memorizing rules instead of truly understanding them. Consequently, this study focuses on how using concrete tools inside the classroom can change students' understanding of probability.
To address this issue, this research looks at how tangible objects like coins, dice, playing cards, and colored balls help students see random events and outcomes. Through hands-on activities, students can build meaning from their own experiences instead of just listening to a lecture. In addition, this intervention lets the teacher present probability in a way that mirrors real-life situations. Students record their own experimental results and compare them to mathematical theories. This process encourages them to reason, predict, and analyze rather than plug numbers into formulas.
Looking at the theory behind this method, Bruner’s theory of instruction states that people learn best when lessons move from action-based experiences to symbolic ideas. Similarly, Piaget’s constructivist theory shows that knowledge is built through interaction with the environment. When students handle physical objects, they spot patterns and relationships that help them understand abstract concepts. This means concrete experiences form the foundation for symbolic reasoning in math education. Physical experiments give students the chance to grasp probability concepts deeply instead of relying on rote learning.
Past research also shows the benefits of using physical tools in math class. For instance, Sowell (1989) noted that long-term use of these materials leads to higher math achievement. Furthermore, Carbonneau, Marley, and Selig (2013) found in their meta-analysis that concrete tools boost conceptual understanding, especially for topics dealing with ratios and uncertainty. These studies clearly show that students learn abstract ideas better when they can interact with physical models. 
Local studies in the Philippines show similar results. Ballado (2019) found that senior high school students got better marks in statistics when they used hands-on activities. Reyes (2017) also noticed higher engagement and better retention among Filipino students who used physical tools in math class. These examples prove that experiential learning helps local students succeed and belongs in the classroom.
Using student-centered methods matches the goals of the K to 12 Basic Education Curriculum under Republic Act No. 10533, which focuses on critical thinking and problem-solving. The Department of Education also calls for interactive and contextualized lessons to keep learning meaningful. Physical tools support these goals by letting students build their own knowledge instead of just receiving facts.
Despite these official goals, classroom observations in Grade 11 Franklin Automotive showed that students kept struggling with probability. Many were confused by sample spaces, mutually exclusive events, and experimental probability. In fact, a diagnostic test given before the study showed that most students scored below expectations, landing at a "Beginning" proficiency level. Class participation was also low, and students often guessed answers instead of explaining their math logic. These issues pointed to a clear gap between how the topic was taught and how well students understood it.
Thus, the teacher introduced hands-on tools to improve how students learn probability to resolve these challenges. Guided experiments and reflection helped students connect math theory with real outcomes. As a result, the project aimed to boost classroom participation, improve understanding, and raise test scores. This study offers a practical, inclusive teaching method for future math classes.
Research Questions
This study aimed to determine the effectiveness of using concrete manipulatives in improving the probability performance of Grade 11 Franklin Automotive learners in the subject Probability and Statistics during the Second Semester of School Year 2025–2026.
It also sought to answer the following questions:
1.	What is the learners’ level of probability performance before and after the utilization of concrete manipulatives?
2.	Are concrete manipulatives effective in improving the probability performance of the learners?
Intervention
The manipulative-based learning activities utilize concrete materials such as coins, dice, playing cards, and colored balls to provide learners with hands-on experiences in understanding probability concepts. This instructional strategy combines experiential learning with guided mathematical reasoning, allowing students to observe actual outcomes and connect them to theoretical probability. The process involves learners performing controlled experiments, recording results, analyzing frequencies, and comparing experimental and theoretical probabilities while completing competencies prescribed in the Probability and Statistics Most Essential Learning Competencies (MELCs). This approach allows learners to interact directly with random events instead of relying solely on symbolic computations, thereby reducing misconceptions and improving conceptual understanding.
Pre-implementation
Before the intervention was conducted in the Probability and Statistics class, the teacher-researcher prepared the necessary instructional materials and secured approval from the school head. Orientation was conducted to inform learners about the purpose of the activities, expected behavior, and proper handling of the manipulatives. The teacher-researcher designed lesson plans integrating manipulative-based activities aligned with the MELCs covering simple events, sample space, experimental probability, theoretical probability, and compound events.
The teacher-researcher prepared sets of coins, dice, decks of cards, and bags containing colored balls to be used during the activities. Learners were grouped to ensure equal participation and access to materials. A pre-assessment test was administered to determine learners’ prior knowledge and served as the baseline data for comparison. The pre-assessment contained problem-solving and conceptual questions regarding probability.
The activities prepared for the intervention included the Coin Toss Experiment, Dice Rolling Investigation, Card Event Identification Activity, and Colored Ball Sampling Activity. During the Coin Toss Experiment, learners repeatedly tossed coins and recorded outcomes to observe relative frequency. In the Dice Rolling Investigation, students listed sample spaces and computed probabilities based on actual trials. In the Card Event Identification Activity, learners classified events as mutually exclusive or not mutually exclusive. In the Colored Ball Sampling Activity, learners predicted probabilities and verified them through repeated draws.
Implementation
In the identified class, learners were grouped and provided with manipulatives during scheduled Probability and Statistics periods. The teacher-researcher explained the mechanics of each activity and demonstrated proper procedures before experimentation. Learners then performed the experiments, recorded their results in activity sheets, and computed probabilities based on gathered data.
The teacher-researcher integrated the manipulatives primarily during the Activity and Application phases of the lesson. Learners were encouraged to make predictions before conducting experiments and explain discrepancies after comparing theoretical and experimental probabilities. The teacher facilitated discussions allowing learners to verbalize reasoning and justify answers.
The intervention lasted for two (2) weeks. Throughout the implementation, the teacher-researcher documented observations regarding participation, misconceptions, and learner engagement. Notes were recorded to monitor behavioral changes and conceptual development while learners were exposed to the intervention.
Post-implementation
After the completion of the intervention period, a post-test parallel to the pre-test was administered to measure improvement in probability performance. The assessment consisted of twenty (20) items covering simple probability, compound probability, and interpretation of experimental results. The scores obtained before and after the intervention served as the basis for determining learners’ performance level and the effectiveness of the manipulative-based instruction.
The results were analyzed and shared with the school head and fellow mathematics teachers. The findings were used to identify possible improvements and determine whether the intervention could be recommended for adoption in other mathematics classes. The results may also serve as reference for future classroom-based research and instructional enhancement.
















Chapter 2
RESEARCH METHODOLOGY
Design
This study employed a quasi-experimental one-group pretest–posttest design using a written assessment to evaluate the learners’ probability performance before and after the use of concrete manipulatives in classroom instruction. The intervention involved the use of coins, dice, playing cards, and colored balls in structured activities designed to demonstrate probability concepts. The effects of the intervention on learners’ conceptual understanding of probability were measured by comparing pretest and posttest results. This research design was selected because it allowed the teacher-researcher to determine the effectiveness of manipulative-based instruction and observe measurable learning gains among learners. Without the pre-assessment, determining improvement would be difficult and conclusions would not be reliable.
Participants 
The participants of this research were the Grade 11 learners of the Franklin Automotive section enrolled in the subject Probability and Statistics during the Second Semester of School Year 2025–2026. The class consisted of seventeen (17) learners who were selected because classroom assessment results indicated difficulty in understanding probability concepts.
In this study, purposive sampling technique was used in selecting the participants. The identified section showed the greatest number of low-performing learners based on the diagnostic test administered prior to the intervention and their previous mathematics performance records. The learners were aged 16–18 years old and were considered capable of participating in guided classroom activities. Learners who were absent during major sessions of the intervention were not included in the final data analysis to ensure consistency of exposure to the instructional strategy.
Data Gathering Procedure
The teacher-researcher secured permission from the school head prior to the conduct of the study. Learners were informed about the purpose of the research and participation was explained as part of instructional improvement. The teacher administered a pre-assessment to measure the learners’ prior knowledge on probability concepts including simple events, sample space, theoretical probability, experimental probability, and compound events.
After the pretest, the manipulative-based activities were implemented for two weeks. The learners were grouped and provided with coins, dice, playing cards, and colored balls. The teacher-researcher explained the mechanics of each activity and guided learners in conducting experiments, recording outcomes, and computing probabilities. Observations were documented throughout the intervention to monitor participation and conceptual understanding.
The post-assessment parallel to the pretest was administered after the intervention period. The assessment tools were constructed following standard test construction guidelines and aligned with the competencies being taught. The test was reviewed by mathematics teachers to ensure content validity before administration.
The data gathered from the pretest and posttest were consolidated, tabulated, compared, analyzed, and interpreted. The learners’ scores served as the basis for determining whether the manipulative-based instruction was effective.

Data Analysis 
The performance scores derived from the pre-assessment and post-assessment were used to determine the probability performance of learners before and after the implementation of the intervention. The mean and mean percentage score were computed to identify improvement.
The results from the pretest and posttest were compared using mean gain scores to determine whether the use of manipulatives was effective. The comparison indicated whether learners’ conceptual understanding improved after exposure to hands-on probability activities.
Ethical Consideration
Informed Participation
The participants were informed that the activities were part of classroom instruction intended to improve learning. They were assured that their participation would not negatively affect their grades and that the results would only be used for research purposes.
Confidentiality
The teacher-researcher ensured the confidentiality of the learners’ personal information. Names were replaced with codes during data recording and reporting. All documents were stored securely and accessed only by the researcher.
Data Privacy
The study adhered to Republic Act 10173, also known as the Data Privacy Act of 2012. Any personal data collected were used solely for academic research purposes and were not disclosed to unauthorized individuals.

Chapter 3
DISCUSSION OF RESULTS AND REFLECTION
	This chapter presents the results and reflections based on the data gathered from the seventeen (17) Grade 11 Franklin Automotive learners enrolled in Probability and Statistics during the Second Semester of School Year 2025–2026. The findings determine whether the use of concrete manipulatives improved learners’ understanding of probability concepts.
Results
	The learners’ performance scores derived from the pre-assessment and post-assessment were gathered and tabulated. The table below shows the learners’ probability performance before and after the use of manipulatives.
Table 1. Learners’ Probability Performance Before and After the Use of Manipulatives
N = 17		
	Descriptor

	Score

	Before
	

	
	
	Frequency
	Percentage (%)
	Frequency
	Percentage (%)

	Advanced
	18 – 20
	0
	0
	5
	29.41

	Proficient
	15 – 17
	1
	5.88
	8
	47.06

	Approaching Proficiency
	11 – 14
	3
	17.65
	3
	17.65

	Developing
	6 – 10
	8
	47.06
	1
	5.88

	Beginning
	0 – 5
	5
	29.41
	0
	0

	TOTAL
	20
	17
	100
	17
	100



	Before the use of manipulatives, most learners belonged to the Developing level with eight learners or 47.06%. Five learners or 29.41% were classified under Beginning level. Only one learner reached the Proficient level and none reached the Advanced level.

After the implementation of manipulative-based activities, eight learners or 47.06% reached the Proficient level and five learners or 29.41% reached the Advanced level. Only one learner remained in the Developing level and none remained in the Beginning level. This indicates a noticeable shift of learners toward higher proficiency levels.
To determine whether the manipulatives were effective, the mean scores before and after the intervention were computed.
Table 2. Difference Between Learners’ Probability Performance After the Use of Manipulatives
N = 17

	
Variable
	Mean
	Mean Difference
	Percentage Increase
	
Interpretation

	
	Before
	After
	
	
	

	Probability Performance
	
8.35
	
15.47
	
7.12
	
35.00%
	Manipulative-based activities are effective in improving the probability performance of the learners.



	From the table above, the mean difference in learners’ probability performance after the intervention is 7.12 with a percentage increase of 35%. This shows that the use of concrete manipulatives contributed to improved understanding of probability concepts.
The result supports previous findings of Ballado (2019) and Reyes (2017) that hands-on learning enhances conceptual understanding because learners directly observe outcomes rather than relying on memorization.



Reflections
	Based on the increase in mean score from 8.35 to 15.47, the learners’ performance in probability significantly improved after exposure to manipulative-based activities. The learners were able to visualize events, predict outcomes, and explain their answers more confidently.
The improvement may be attributed to learners’ active participation during experimentation. Observing actual results from coin tossing, dice rolling, card drawing, and ball sampling allowed them to understand theoretical probability through experience. Learners also showed greater interest and collaboration during activities, making learning more meaningful and engaging.
Since learners tend to learn effectively when they manipulate objects and discover patterns themselves, the use of manipulatives helped reduce misconceptions and increased comprehension of abstract mathematical concepts.
Recommendations
	Adhered on the prior results and reflections, the following proposals are extended:
1.	Teachers may integrate manipulatives in teaching abstract mathematical concepts such as probability and statistics.
2.	Schools may support classroom mathematics laboratory activities to promote experiential learning.
3.	Future researchers may conduct longer interventions to measure retention of learning.


Chapter 4
IMPLEMENTATION PLAN
	Concrete learning experiences improve understanding of abstract mathematical ideas. The integration of manipulatives allows learners to observe actual outcomes and develop logical reasoning skills.
Rationale	
	Manipulative-based probability activities are designed to help learners understand concepts such as sample space, simple events, and compound events through actual experimentation. The intervention promotes inquiry-based learning and strengthens problem-solving skills. Lessons become meaningful and engaging when teachers allow learners to experience randomness directly.
Objectives
	The integration of manipulative-based instruction aims to:
1.	Provide learners with experiential learning opportunities in probability;
2.	Improve conceptual understanding of probability concepts; and
3.	Increase learner participation and engagement during mathematics instruction.









Implementation Scheme
Table 1. Implementation Scheme
	Activities
	Target Date
	Persons Involved
	Resources Needed
	Budgetary Requirements
	Expected Outcome

	Pre-implementation
	 
	 
	 
	 
	 

	1. Ask permission from the school head
	Jan-26
	School Principal, Teacher-Researcher
	Action Research Proposal
	None
	Got official approval to start the study

	2. Choose the student participants
	Jan-26
	Teacher-Researcher, Grade 11 Students
	Student math records, diagnostic test results
	None
	Picked 17 low-performing students from the Franklin Automotive section

	3. Set up student groups and run orientation
	Jan-26
	Teacher-Researcher, Grade 11 Students
	Guidelines for proper handling of tools
	None
	Prepared students for activities and set clear behavior rules

	4. Give the written pre-assessment
	Jan-26
	Teacher-Researcher, Grade 11 Students
	Printed pre-test copies
	School maintenance fund (for printing)
	Gathered baseline test scores on prior probability knowledge

	Implementation
	 
	 
	 
	 
	 

	1. Teach probability using hands-on math tools
	Feb-26
	Teacher-Researcher, Grade 11 Students
	Coins, dice, playing cards, colored balls, math lesson plans
	Teacher's personal funds (for buying tools)
	Delivered two weeks of interactive math activities

	2. Run active math experiments
	Feb-26
	Teacher-Researcher, Grade 11 Students
	Printed student activity sheets
	School maintenance fund (for printing)
	Students flipped coins, rolled dice, sorted cards, and drew balls

	3. Observe and track student learning
	Feb-26
	Teacher-Researcher
	Observation notebook, pen
	None
	Documented student engagement and cleared up math mistakes

	Post-Implementation
	 
	 
	 
	 
	 

	1. Give the parallel post-assessment
	Feb-26
	Teacher-Researcher, Grade 11 Students
	Printed post-test copies
	School maintenance fund (for printing)
	Gathered final math test scores to measure student growth

	2. Grade, analyze, and interpret the data
	Mar-26
	Teacher-Researcher
	Student test sheets, calculator
	None
	Computed mean, mean percentage scores, and total math gains

	3. Share research findings with school staff
	Mar-26
	School Principal, Math Teachers, Teacher-Researcher
	Final research report copies
	None
	Presented the study results and shared recommendations
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Appendix
Research Instrument
PRE-TEST / POST-TEST QUESTIONNAIRE
Probability and Statistics
Grade 11 – Franklin Automotive
Name: _______________________
Score: ____________
Date: _______________________

Directions: Read each question carefully and choose the letter of the correct answer.

1. A coin is tossed once. What is the probability of getting heads? 
A. 0
B. 1/4
C. 1/2
D. 1
2. What is the probability of rolling a 4 on a fair die? 
A. 1/3
B. 1/6
C. 1/2
D. 1/5
3. What is the probability of getting an even number when rolling a die? 
A. 1/2
B. 1/3
C. 2/3
D. 1/6
4. What is the probability of drawing a heart from a standard deck of cards? 
A. 1/2
B. 1/13
C. 1/4
D. 1/52
5. Two coins are tossed. What is the probability of getting two heads? 
A. 1/2
B. 1/4
C. 1/3
D. 1/8
6. What is the probability of drawing a red card from a deck of cards? 
A. 1/2
B. 1/4
C. 1/13
D. 1/26
7. Two dice are rolled. What is the probability of getting a sum of 7? 
A. 6/36
B. 1/12
C. 1/18
D. 1/36
8. What is the probability of drawing a face card from a standard deck of cards? 
A. 12/52
B. 3/52
C. 4/52
D. 1/52
9. A bag contains 3 red balls and 2 blue balls. What is the probability of drawing a red ball? 
A. 3/5
B. 2/5
C. 1/5
D. 4/5
10. What is the probability of an impossible event? 
A. 0
B. 1
C. 1/2
D. 2
11. If the probability of event A is 0.3, what is the probability of not A? 
A. 0.3
B. 0.5
C. 0.7
D. 1.0
12. Which formula is used for mutually exclusive events? 
A. P(A) × P(B)
B. P(A) + P(B)
C. P(A) – P(B)
D. P(A) ÷ P(B)
13. Which formula is used for independent events? 
A. P(A) + P(B)
B. P(A) × P(B)
C. P(A) – P(B)
D. P(A) ÷ P(B)
14. Experimental probability is based on: 
A. Formula only
B. Guessing
C. Actual experiment results
D. Opinion
15. What is the sample space when tossing one coin? 
A. {1,2}
B. {H,T}
C. {Head}
D. {Tail}
16. What is the probability of NOT getting 6 when rolling a die? 
A. 1/6
B. 5/6
C. 6/6
D. 4/6
17. Two coins are tossed. What is the probability of getting at least one head? 
A. 1/4
B. 1/2
C. 3/4
D. 4/4
18. What is the probability of getting an odd number when rolling a die? 
A. 1/6
B. 2/6
C. 3/6
D. 4/6
19. What is the probability of a certain event? 
A. 0
B. 1/2
C. 1
D. 2
20. What is the difference between theoretical and experimental probability? 
A. Theoretical probability is based on actual experiments
B. Experimental probability is based on formulas only
C. Theoretical probability uses possible outcomes while experimental probability uses actual results
D. There is no difference between them























Answer Key
	1.
	C

	2.
	B

	3.
	A

	4.
	C

	5.
	B

	6.
	A

	7.
	A

	8.
	A

	9.
	A

	10.
	A

	11.
	C

	12.
	B

	13.
	B

	14.
	C

	15.
	B

	16.
	B

	17.
	C

	18.
	C

	19.
	C

	20.
	C

















Computations
LEARNERS’ RESPONSES
Table 4. Individual Learners’ Scores Before and After the Use of Manipulatives
(20-item test)
	Learner
	Before
	After
	Descriptor Before
	Descriptor After

	1
	9
	15
	Developing
	Proficient

	2
	8
	14
	Developing
	Approaching Proficiency

	3
	7
	15
	Developing
	Proficient

	4
	10
	16
	Developing
	Proficient

	5
	8
	15
	Developing
	Proficient

	6
	12
	19
	Approaching
	Advanced

	7
	7
	15
	Developing
	Proficient

	8
	5
	14
	Beginning
	Approaching

	9
	6
	13
	Developing
	Approaching

	10
	9
	16
	Developing
	Proficient

	11
	9
	16
	Developing
	Proficient

	12
	10
	17
	Developing
	Proficient

	13
	5
	15
	Beginning
	Proficient

	14
	10
	17
	Developing
	Proficient

	15
	8
	15
	Developing
	Proficient

	16
	7
	14
	Developing
	Approaching

	17
	9
	16
	Developing
	Proficient




COMPUTATION FOR MEAN
Before the Use of Manipulatives
	Descriptor
	Scores
	f
	Midpoint
	f × midpoint

	Advanced
	18–20
	0
	19
	0

	Proficient
	15–17
	1
	16
	16

	Approaching
	11–14
	3
	12.5
	37.5

	Developing
	6–10
	8
	8
	64

	Beginning
	0–5
	5
	2.5
	12.5

	Total
	
	17
	
	130



Mean = 130 ÷ 17
Mean = 8.35

After the Use of Manipulatives
	Descriptor
	Scores
	f
	Midpoint
	f × midpoint

	Advanced
	18–20
	5
	19
	95

	Proficient
	15–17
	8
	16
	128

	Approaching
	11–14
	3
	12.5
	37.5

	Developing
	6–10
	1
	8
	8

	Beginning
	0–5
	0
	2.5
	0

	Total
	 
	17
	 
	263.5



Mean = 263.5 ÷ 17
Mean = 15.47
