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Abstract:

This study determined the learning gains of Grade 6 learners in Mathematics lessons using Concrete-Representational-
Abstract (CRA) approach. It was conducted in Matangpatang Elementary School, Schools Division of Malaybalay City,
Philippines during the school year 2018-2019, that was participated by twenty learners. One group pretest-posttest quasi-
experimental research design was used in the study. Lessons incorporating the CRA approach and researcher-made
performance test were validated by a panel of experts in terms of content and content accuracy, clarity, and appropriateness.
The results of their evaluation were taken into consideration in the revision of the developed lessons and test. Further, the
revised performance test was tested for reliability and the result was 0.863, which means that the instrument is consistent to
assess the performance of learners. The data gathered were analyzed and interpreted using appropriate statistical
technigques. Mean, standard deviation, frequency, percentage, and paired t-test were used. Results revealed that before Grade
6 learners were taught using CRA Approach, their academic performance was at Did Not Meet Expectations level. However,
after they were taught using Concrete Representational Abstract Approach, they reached Fairly Satisfactory level. In
addition, there is a significant difference in the learning gains of Grade 6 learners before and after they were taught using the
said approach.

Keywords: CRA lessons, learning gains, grade six mathematic

1. Introduction

The ability to move between different representations is key to develop conceptual mathematical thinking and
problem-solving skills (Dreher & Kuntze, 2015). Cognitive and educational psychologists, as well as mathematics
educators, have found that providing learners with multiple representations facilitates the development of schemas that
ultimately cause an increase in the later transfer of solving new problems. Introducing a formulated problem that includes
steps leading to a final solution provide learners with a mental model that can be used to form connections and facilitate
transfer (Chi & VanLehn, 2012). However, there is a need to strengthen these mental models through varied
representations during instruction.

Multiple representations-based instructions are one of the differentiated approaches in teaching. Learners are
given multiple options for taking in information in the varied representations. It is a process of visualizing and
concretizing abstract concepts or symbols in Mathematics, as well as seeing the relationship between symbols and objects
in different learning styles. In this approach, learners may be exposed to the construction of different alternative forms of
representations on mathematical concepts, which later increases learners' retention of the lessons. This instructional
approach encourages teachers to look for suitable representations that would fit learners’ capabilities to motivate and
help them understand the concept.

Considering learners’ difficulties and misconceptions about the concepts in Mathematics, researchers suggested
the use of multiple representations in the teaching and learning process (Tunc-Pekkan, 2015). The use of one mode of
representation of a mathematical idea is not enough in helping learners to develop meaningful understanding (Duval,
2006). Through the use of multiple representations and the teacher’s guidance, learners may be able to uncover abstract
mathematical concepts by constructing meanings and understandings (Ministry of Education in Singapore, 2012).

In the Philippines, the conceptual framework of the present K to 12 Basic Education Curriculum considers Mathematics as

a school subject that must be learned comprehensively and with much depth (Department of Education, 2016). The twin
goals, critical thinking, and problem-solving, are to be achieved in with a planned curriculum content, well-defined skills
and processes, desired values and attitudes, and appropriate tools suited to the diverse Filipino learners. However, the
present National Achievement Test (NAT) results signify that the performance of the learners in the national scene falls
below the target. The need to address this concern challenges the teachers to use effective strategies that may enhance
learner’s performance.
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As an elementary Mathematics teacher, the researcher witnessed many learners were having difficulty on
understanding Mathematics concepts. All the more on applying those concepts in solving word problems. Struggles were
evident at almost all grade levels. The various concepts of Mathematics seem hard to be grasped by elementary learners. In
the grade level where the researcher is currently assigned, the learners know the different mathematical operations,
however, their procedural knowledge did not lead them to answer the situational problems posed by the teacher. The link
between the procedural knowledge towards conceptual knowledge should be established by the teacher. To do that, there
is a need to make use of instructional approaches that would address the gap.

In Bukidnon, particularly in Malaybalay City Division, the mean percentage score results in Mathematics of the

2017 National Achievement Test in elementary level (Grade VI) was 34.05, which is in terms of three 21st century skills
namely problem solving, information literacy, and critical thinking. It falls short of the 75 mean percentage score goal of
the Department of Education. As observed, the performance of Grade VI learners in Matangpatang Elementary School in
the cited division was generally low. Teachers were challenged to find ways and means to address this problem and
provide effective teaching and learning practices towards the learners. An approach that will improve the problem-solving
skills, information literacy and critical thinking of learners, like Concrete-Representational-Abstract (CRA) approach, has
to be investigated to fully uncover the role played of its three stages (concrete, representation, and abstraction) in
developing the cited skills for the improvement of the NAT results.
In Singapore, one of the key instructional strategy in developing elementary Mathematics concepts is the concrete-
representational-abstract (CRA) approach, widely known as concrete-pictorial-abstract (CPA). It is very evident in the
varied textbooks used in Singaporean schools. Singaporean mathematics is well known in the world for its evident results
in Trends in International Mathematics and Science Study (TIMMS) and Programme for International Student Assessment
(PISA).

CRA approach is a sequential three-step instructional approach that has been found to be highly effective in
teaching Mathematics concepts. It has three stages: concrete, representational, and abstract. In the concrete stage, learners
physically manipulate concrete objects to understand concepts and solve problems. The representational stage uses
images to represent concrete objects for learners to further understand concepts and solve problems. On the abstract
stage, numbers and symbols replace the images of concrete objects. CRA is a discovery-learning strategy that involves
representation to help students’ transition from procedural knowledge to conceptual knowledge (Sealander et al., 2012).
At present, the use of CRA approach is widely encouraged in elementary school due to the learning gains it brought to the
Singaporean Mathematics classrooms fully documented as evident in there ranks in international Mathematics assessment
and competitions. A growing body of research revealed on CRA approach in teaching Mathematics is effective in enhancing
the performance of learners at risk of failure and those with learning disabilities (Hinton & Flores, 2019; Bouck et al.,
2016; Cook, 2013; Strickland & Maccini, 2012; Witzel et al., 2008). However, there were limited studies that investigated
the effects of CRA approach to regular elementary school learners.

Studies investigating the effectiveness of CRA approach through quasi-experimental designs found a significant

difference from pretest to posttest results (Salingay& Tan, 2018; Munawaroh & Priatna, 2017; Akinoso, 2015; Miller &
Kaffar, 2011). However, the clear process from initial exposure of representations to the eventual acquisition of the
mathematical concept was not documented in the existing literature (Ministry of Education in Singapore, 2012).
The mere presence of such representations during Mathematics lessons or the execution of the learning sequences cannot
be assumed to lead to an automatic acquisition of the desired mathematical concepts. With these, the research sought to
determine the learning gains brought by the CRA approach. It was conducted in a Grade VI Mathematics class in
Matangpatang Elementary School, Schools Division of Malaybalay City in the school year 2018 — 2019.

2. Framework of the Study

The study is anchored on Bruner's (1966) Theory of Instruction. He posited that for learners to be self-sufficient
problem-solvers, instruction should consist of a sequence of activities that increases their ability to grasp, transform and
transfer the learning. It was cited that the sequence moves on three modes of representations, which start from enactive
through iconic to symbolic stages. The enactive stage is more on manipulating objects like blocks, sticks, counters, and
rods. The iconic stage entails the use of pictures, images, and drawings to represent the concept. The symbolic stage covers
the abstract forms of the ideas presented. The concrete-representational-abstract approach evolved from the enactive-
iconic-symbolic representations.

Kolb’s (1984) four-stage cyclical Experiential Learning theory strengthens Bruner’s idea, which is an extension of
Dewey’s (1938) Learning by Doing. He postulated that learning is the process where knowledge is formed by the
transformation of experience, with four stages: (1) concrete experience; (2) observation and reflection; (3) forming
abstract concepts; and (4) testing in new situations. One may begin at any stage but has to follow the stages on the
sequence. Doing goes with the concrete experience, while observing happens in the reflective observation. Thinking
happens on the abstract conceptualization and planning takes place in the testing and active experimentation phase.
Tomlinson’s (2005) concept of differentiated instruction supports the theory of Bruner (1966). The proponent asserted
that differentiated instruction is rooted in the belief that there is variability among any group of learners and that teachers
need to adjust instruction accordingly (Tomlinson, 2005). In differentiating instruction, it is posited that learners learn
best when their teachers accommodate the differences in their readiness levels, interests and learning styles to engage the
students into meaningful learning. Tomlinson (2001) mentioned that lessons may be differentiated in terms of content,
process, and products. It encompasses the preparation and delivery of instruction, techniques in managing classrooms,
and prospects of learners’ performance that considers the diversity and varied levels of readiness, interests, and learning
profiles of the learners.
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Piaget's (1936) Cognitive Development Theory and Vygotsky's (1978) Zone of Proximal Development guided

Bruner's claim. The cognitive development theory suggests that learner's ability to construct knowledge conform to
cognitive developmental stages at their age. Preschool learners, usually at the pre-operational stage has the ability to
represent objects and events but are unable to reverse their thinking. Elementary school learners, on the concrete-
operational stage, has the ability to think logically but only in terms of concrete objects. On the other hand, secondary
school learners are at the formal operational stage that they can now solve abstract problems and can hypothesize.
The teaching of Mathematics on the elementary level has to consider Piaget's stages of cognitive development. In addition,
Vygotsky's concept of scaffolding is also necessary for this stage. Appropriate assistance must be given by the teacher or a
more significant other to assist the elementary learners to accomplish the tasks on the zone of proximal development. The
Concrete-Representational-Abstract (CRA) approach is one of the multiple representations-based instructions that is an
effective way to enhance conceptual understanding, increase fluency in computing and develop problem-solving skills
(Strickland & Maccini,2013; Flores, 2010; Witzel, 2005).

Research suggests that the CRA approach may serve as an intervention to enhance the performance of learners in
Mathematics (Hauser, 2004). It has three parts, the concrete, representational and abstract stages. In the concrete stage,
the teacher starts the lesson by using concrete objects to model mathematical problems. In the representational stage, the
teacher uses representations of objects like pictures, drawings, and images to model mathematical problems. In the
abstract stage, the teacher represents the mathematics concept through symbols, where students are able to use abstract
symbols to model mathematical problems.

3. Statement of the Problem
The study determined the learning gains of Concrete-Representational-Abstract (CRA) approach on Grade VI
learners’ performance in Mathematics. It was conducted at Matangpatang Elementary School, Schools Division of
Malaybalay City during the School Year 2018-2019. Specifically, the study sought to answer the following questions:
e Whatis the performance of Grade VI learners in Mathematics before and after they were taught usingthe Concrete-
Representational-Abstract (CRA) approach?
¢ Isthere a significant difference in the learning gains of Grade VI learners in Mathematics before and after they were
taught using the Concrete-Representational-Abstract (CRA) approach?

4. Review of Related Studies

CRA approach has been used as an instructional intervention in Mathematics. Several studies in Mathematics
using CRA approach were documented in various grade levels and has been very effective when used to teach individuals
with learning disabilities and learners at risk of failure in the United States of America.

In Michigan State University, researchers Bouck, Park and Nickell (2016) investigated the effects of using the CRA
approach to teach middle school students in a self-contained mathematics class focused on functional-based mathematics
to solve making change problems. Researchers used multiple probes across participants design to determine if a functional
relation existed between the CRA strategy and students' ability to solve making change problems. The study consisted of
five-to-eight baseline sessions, 9-11 intervention sessions, and two maintenance sessions for each student.Data were
collected on the percentage of making change problems students solved correctly. The CRA instructional strategy was
effective in teaching all four participants to correctly solve the problems; a functional relationship between the CRA
approach and solving making the change with coins problems across all participants was found that CRA instructional
approach can be used to support students with mild intellectual disability or severe learning disabilities in learning
functional-based mathematics.

In Washington D.C., a study conducted by Strickland and Maccini (2012) examined the effects of the CRA approach
on secondary school learners with learning disabilities ability to multiply linear algebraic expressions embedded within
contextualized area problems. A multiple-probe design across three participants was used. Results indicated that the
integration of the concrete manipulatives, sketches of manipulatives, and abstract notation with the support of a graphic
organizer was an effective strategy to improve students' conceptual understanding and procedural fluency of multiplying
two linear expressions.

Hinton and Flores (2019) investigated the effects of CRA instruction on the performance of elementary students
across varied areas of need related to poor conceptual understanding and proficiency in completing tasks related to
numbers and operations such as rounding, regrouping, and equivalent fractions. The researchers implemented multiple
baselines across behaviors design for two students who were at risk for mathematics failure. A functional relation was
found for CRA intervention and rounding, regrouping, and fraction concepts for the two students.

In a public high school in the southeast United States, Cook (2013) examined the effects of using concrete-
representational-abstract instruction on solving equations using inverse operations with high school students with mild
intellectual disability. Students participated in the intervention individually for approximately five 45- minute sessions.
Lesson times ranged from 20-minutes to 90-minutes. Using multiple probe experimental design, results indicated a
functional relation between the abstract sequence of the CRA and students’ ability to solve equations using inverse
operations. Findings indicated a functional relation between the abstract sequence of instruction and students’ ability to
solve inverse operations. All students exhibited an immediate change in level from baseline to intervention after receiving
the abstract lesson. During these lessons, students learn to move manipulatives and draw pictures to solve for unknown
variables and to use opposite operations.

In Africa, particularly in South Africa, Mudaly and Naidoo (2015) explored how master mathematics teachers use
the concrete-representational-abstract (CRA) sequence of instruction in mathematics classrooms. Data were collected
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from a convenience sample of six master teachers by observations, video recordings of their teaching, and semi-structured
interviews. Data collection also included focus-group interviews with learners. Master teachers, considered expert
teachers in their discipline, were selected by the Department of Education based on their many years of teaching
experience; in addition, these selected master teachers taught at six different Dinaledi schools in KwaZulu-Natal. A key
finding of this research demonstrated that the use of the CRA instructional sequence was paramount for the effective
teaching of mathematics. This instructional sequence was found to be predetermined as well as intuitive.

In Nigeria, Akinoso (2015) conducted a quasi-experimental study utilizing concrete-representational-abstract
instructional strategy in teaching Mathematics. The study adopted the pretest- posttest, control group design, participated
by 191 senior secondary Il students from four public schools purposively selected from two local government areas in
Ibadan municipality. The experimental group was exposed to CRA and the control to modified conventional teaching
strategy for 6 weeks. Instrument used was Students' Mathematics Achievement Test (r = 0.83). Two instructional guides
on CRA and modified conventional teaching strategy were also used. Data were subjected to analysis of covariance. It was
found out that the performance of the students taught with CRAIS improved significantly.

In Asian countries, like Indonesia, Munawaroh and Priatna (2017) determined the impact of the concrete-
representational-abstract approach and conventional for the mathematical connection ability of student at the 3rd grade
in elementary school in Bahasa. The study was experimental research using a quasi-experimental design with a
nonequivalent control group design. Results showed that the improvement of mathematical connection ability of students
using the CRA approach was better than students who get conventional learning. CRA approach may be used as an
alternative strategy to increase the mathematical connection ability of student in elementary school.

In the Philippines, Salingay and Tan (2018) inspected the effectiveness of the CPA approach to Grade 8 students of
Bukidnon National High School in terms of students' attitude and performance. A quasi-experimental research design was
used in this study, utilizing two intact classes. It was found out that students have a positive attitude towards success and
usefulness of Math and undecided on their anxiety level, motivation level and on their confidence in learning Math during
the pretest. During the post-test, all components remain the same instead to the confidence in learning Math of CPA group
of students wherein form neutral during the pretest, it becomes positive during the post-test. The study also found out that
the attitude of the students is comparable or has no significant difference. However, the performance in the post-test and
retention test of the CPA group of students is significantly higher than the performance of a non-CPA group of students.
Milton et al. (2017) investigated the effects of alternating concrete-representational-abstract (CRA) multiplication and
division instruction on students' mastery of unknown facts and on their conceptual understanding. Elementary learners
who had failed to master all multiplication facts participated in the study. The researchers used a mixed method design,
measuring accuracy and fluency of facts with multiple probes across students design and qualitative methods to capture
changes in students’ explanations of their computation. Qualitative results indicated differences in students'
understanding of the operations.

Miller and Kaffar (2011) investigated the effectiveness of using the concrete-representational-abstract (CRA)
teaching sequence with integrated strategy instruction for developing addition with regrouping competence among
students with learning difficulties in mathematics. A total of 16 lessons were provided to 24 students during a six-week
summer program. Students who received CRA with integrated strategy instruction out-performed comparison students on
both computation and fluency.

Witzel (2005) compared student achievement in solving linear algebraic functions across two procedural
approaches: a multisensory algebra model using a concrete-to-representational-to-abstract sequence of instruction (CRA)
and a repeated abstract explicit instruction model. Out of 231 students who participated, the students who learned
through the CRA model scored significantly higher on the post- and follow-up test. The success of the CRA model was
consistent for students with a history of low, medium, and high math achievement.

The various literature and studies enlightened the researcher in different areas to be considered in the study. Most studies
reviewed were useful in strengthening the researcher’s claim about the CRA approach. Each related study reviewed fill in
the missing link between learning gains and concrete-representational-abstract approach.

Methodology

This study utilized one group pretest- posttest research design. This type of research design that is most often
utilized by behavioral researchers to determine the effect of a treatment or intervention on a given sample (Allen, 2017).
This research design is characterized by two features: a single group of participants and assessment of a dependent
variable before and after treatment.

The study was conducted at Matangpatang Elementary School, one of the sitios located in the mountainous area of
Miglamin Malaybalay City. This study was participated in by Grade VI learners of Matangpatang Elementary School in the
school year 2018-2019. There was only one section for Grade VI in the said school. Only one intact class was involved in
the study and was composed of 20 learners. Fifty percent of the learners were 12 years old. Twenty-five percent comprises
the 14 years old. Fifteen percent were 11 years old, five percent for the 13 years old and five percent for the 10 years old.
The Grade VI learners in Matangpatang Elementary School had different levels of performance in Mathematics.

Lessons were developed by the researcher. The select five lessons were chosen on the least mastered skills in
Grade VI Mathematics as identified by Mathematics teachers. With the aid of Task Analysis Blueprint (TAB), the
development of lessons was guided accordingly. Lessons were written using the OSPEA format namely: Objectives, Subject
Matter, Procedure, Evaluation, and Agreement. The usual lesson planning was followed, however, the CRA approach was
incorporated in the lesson proper. It has three stages: concrete, representational, and abstract. A panel of experts, whose
qualifications were Ph.D. and Masters degree holders, composed of a language expert, content expert and instructional
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material development expert. They evaluated the content and content accuracy, clarity and appropriateness of the
developed lessons. Revisions were made in the developed lessons based on the experts' comments and suggestions.

The main research instruments used in the study was a researcher-made performance test. The researcher made a test to
determine the academic performance of Grade VI learners. The test developed had 30 multiple choice items. The test was
based on the Learning Competencies in the K to 12 Curriculum set by the Department of Education. The construction of the
test was guided by a constructed Table of Specifications. The test was evaluated by a panel of experts before it was
finalized. Experts' comments were utilized in the revision.A test try-out was conducted at Miglamin Annex National High
School situated in Miglamin, Malaybalay City. Upon the approval of the school principal, 40 Grade 7 students took the
performance test in Mathematics with the assistance of the Grade 7 Mathematics teacher. The reliability test result of the
academic achievement test was 0.836, which shows that the instrument is reliable, dependable and consistent to assess
the learner’s performance in Mathematics.

The scoring procedure followed the DepEd Order No. 8, s. 2015, also known as "Policy Guidelines on Classroom
Assessment for the K to 12 Basic Education Program". In the 30-item multiple choice researcher-made achievement test,
every correct answer was given one (1) point. The test was given as pretest and posttest. A pretest was administered
before all the lessons started, while the posttest was given after all the lessons were presented to the students.Using the
new guidelines in rating students’ achievement effective school year 2015-2016, the raw scores were converted to
percentage scores in order to ensure that the values are parallel to each other. To get the percentage score, divide the raw
score with the highest possible score and multiply to 100%. The percentage scores were transmuted using the
transmutation table prescribed by the Department of Education to get the academic performance grade of the students.
The scoring description follows:

Range | Scale Description Qualifying Statement

26-30 | 90-100 Outstanding Exceeds the core requirements in terms of knowledge, skills,

and understanding in Mathematics and can transfer them
automatically and flexibly through an authentic task.

23-25 | 85-89 Very Develop the fundamental knowledge, skills, and understanding

Satisfactory in Mathematics and can transfer them automatically and

flexibly through an authentic task.

21-22 | 80-84 Satisfactory Develop the fundamental knowledge, skills, and understanding

in Mathematics with little guidance from the teacher and can
transfer these understandings through an authentic task.

18-20 | 75-79 Fairly Possess the minimum knowledge, skills and core understanding
Satisfactory in Mathematics but needs help throughout the authentic task.
0-17 Below Did Not Meet Struggles with understanding the prerequisite and fundamental
75 Expectations knowledge and skills in Mathematics.
Table 1

Before the implementation of the study, the researcher first asked permission from the office of the Dean of the
College of Education of Bukidnon State University for the conduct of the lessons. Upon the approval of the dean, a letter
request addressed to the Schools Division Superintendent of DepEd- Malaybalay City for the conduct of the study was
submitted. The approved letter request was then endorsed to the School Head of Matangpatang Elementary School. With
the approval of the School Head, an orientation was conducted to the participants in the study.

The conduct of the lessons was personally done by the researcher. A pretest was conducted on the five lessons in
Grade VI Mathematics. It covers plane and solid figures, finding the nth term and surface area, and calculating speed,
distance, and time. In the implementation proper, the learners were taught in every lesson using the CRA approach.

The lesson proper starts with the concrete stage, where learners physically manipulated concrete objects to
understand concepts and solve problems. It is followed by the representational stage, where images were used to
represent concrete objects for learners to further understand concepts and solve problems. On the abstract stage, numbers
and symbols replaced the images of concrete objects. After a series of lessons, a posttest was given. The data were then
gathered for analysis and interpretation.

The data gathered were treated using appropriate statistical techniques. They were tabulated and organized into
tables. To answer problems number 1, descriptive statistics like mean, standard deviation, frequency, and percentage were
used to determine the performance of the learners in Grade VI Mathematics. To answer problem number 2, an inferential
statistic named paired t-test was utilized to test the significant difference in the pretest and posttest performance in
Mathematics of Grade VI learners.

5. Results and Discussions

Table 3 shows that the pretests mean score was lower than the posttest mean score result. However, their
respective standard deviations indicated that the pretest scores were more dispersed than the posttest scores. Looking at
the frequency, before the use of the CRA approach, the learners fall on the Did Not Meet Expectations and Fairly
Satisfactory levels. After the intervention, the majority of the learners’ performance met the expected competencies and
some moved towards Very Satisfactory level.
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Level of Proficiency Range of Results
Scores Pretest Posttest
f % f %

Outstanding 26-30 0 0% 0 0%
Very Satisfactory 23-25 0 0% 2 10%
Satisfactory 21-22 0 0% 3 15%
Fairly Satisfactory 18-20 2 10% 8 40%
Did Not Meet Expectations 0-17 18 90% 7 35%

2 11.85 18.45

SD 3.67 3.56

Qualitative Description Did Not Meet Expectations Fairly Satisfactory

Table 2: Performance of Grade VI Learners in Mathematics

The frequency and percentage of pretest scores show that before the conduct of the study, the learner-
participants least mastered the concepts. Pretest results indicate that the learners have poor academic achievement
scores. The results suggest the need for effective learning approaches that will aid the improvement of learners’ academic
performance. It can be stated that when teachers do not incorporate effective learning approaches in the teaching and
learning process, learners' academic achievement would be on the same level, which is low.

Usually, pretest results are low because they also experienced it most of the times in giving pretests. A similar

finding in the pretest scores was revealed in a study conducted by Salingay and Tan (2018), wherein the Mathematics
performance pretest scores are low. In terms of posttest, results presented using frequencies and percentages show that in
the posttest a greater number of percentages of the learners’ reached the Fairly Satisfactory level; while, thirty-five
percent still remained Did Not Meet Expectation. A bigger number of the learners in the pretest did not meet the
prescribed expectations; while, in the posttest majority successfully acquired the necessary expectations. Findings suggest
that there was an increase in their mean scores in the test, which is attributed to the CRA approach.
Results signify that the use of concrete representational abstract approach in teaching grade six mathematics learners
improved the learners’ performance. Studies conducted by Salingay and Tan (2018), Munawaroh and Priatna (2017),
Akinoso (2015), and Miller and Kaffar (2011) had similar findings with the present study. Based on learners’ interviews,
many claimed that they learn better because of the hands-on exercises using the manipulative. Learners did overcome
some of their difficulty in the lessons by enjoying the varied activities instead of asking questions from their classmates
and asking the teacher for more information.

As observed, all pupils participated in the lessons using the approach compared with the modular activities. The
variation of teaching techniques, starting from the concrete phase using the manipulatives in the introduction of the topic,
followed by a representational phase in the lesson proper and abstract phase using numbers and formulas and
computations. Moreover, the attention is higher in degree compared when having modular activities. The interest shown
by learners is more sustained when they enjoyed the varied activities. Pupils at first were hesitant with the changes in the
teaching-learning process. Nevertheless, later on, they enjoyed the way lessons were being presented using the concrete
representational abstract approach. A learner claimed that she is happy with the CRA stages. Such activities made her
develop her communication skills and allowed her to made use of her own analysis. A lot of students raised their hands to
say what'’s on their mind when compared before.

In every lesson, there were varied activities done on different stages. In the first lesson on plane figures, learners
roam around the classroom and even went outside to find plane figures around. Based on observation, learners
participated fully in the activity that they really touched and manipulated those objects they considered as plane figures.
They even shared those figures in front of the class and described them as plane figures with justifications. These activities
happened on the concrete stage. In the representation phase, learners made use of their drawing materials to illustrate the
plane figures they encountered in the first activity. They even counted the number of sides and angles of each drawn plane
figures. At the last part of the learning episode, abstraction stage, learners applied the concepts that they learned from the
previous learning stages to the problem-solving activity. Many leaners answered the problems correctly. When asked
about how they arrive with the answers, they shared that they were able to relate to the problems because they just draw
it to comprehend the problems.

On the lesson about spatial figures, learners explored first the surrounding in the concrete stage, to identify the
different objects that are a 3-dimensional figure present. They touched and pointed out the different parts of the spatial
figures like the base, height, length, width, and sides. They were sharing the different figures they are holding with the
group they were assigned. They tried their best to convince their groupmates that the objects they were holding were
really considered as a spatial figure. On the representation stage, learners illustrated and labeled the different figures they
considered as spatial figures. All of the illustrations presented by the learners were all correct. The learners were able to
delineate spatial figures from plane figures. Further, on the abstract stage, learners solved problems involving finding the
vertices, edges, and faces of the drawn spatial figures.

On surface area lessons, the learners brought three-dimensional figures in class and looked into if it has an area
and shared it in class. In the representation stage, the learners constructed paper-made spatial figures. They cut it on the
different edges and colored the different figures formed. They discovered that the colored figures represent the surface
area. In the abstraction stage, the learners were able to solve problems on the surface area using derived formula.
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Algebraic patterns in the concrete stage were done with matchsticks activity. Learners find the 5th term of the
given algebraic patterns. Using matchsticks, learners formed patterns from the first part up to the 5th term. In the
representation stage, the learners illustrated the different formations in the concrete phase. They counted the number of
matchsticks and tried to identify the sequence. In the abstraction stage, learners were able to formulate the nth term of the
algebraic pattern when given set of patterns.

Speed, distance, and time lesson were conducted outside on their classroom in the concrete stage. Learners were
given a task to throw stones on the designated area, then tally the distance traveled by stones and number of minutes it
reached the ground. Then, they were asked to divide the distance with the time consumed on its travel in order to get the
speed. On the representation phase, learners drew a map indicating their house and the location of the school. The path
they used to walk to school was indicated. Whenever they were far from the school vicinity, they illustrated the route that
public or private vehicle took. They had to indicate how many kilometers they had walked or passed by and the time they
started and reached the place. On the other hand, word problems on finding the speed, distance or time were given to the
learners to answer and use their abstraction.

The different stages of the CRA approach on the five lessons influenced an increase in their performance. Elia et al.
(2010) explored the effects of pictures on children's spontaneous mathematical cognitive engagement. The story-related
components of the pictures contribute to grasping the global story context of the text and the mathematics-related
components help to understand the mathematical content of the story. The pictures have a representational or an
informational function. The results showed that the picture book as a whole has the potential for cognitively engaging
children. However, the pictures with a representational function were found to elicit mathematical thinking to a greater
extent than the pictures with an informational function.

Table 2 shows the comparison results of the pretest and posttest results. It shows that there is a statistically
significant difference in the learning gains between the pretest and the posttest. The data show that the use of CRA
approach obtained a p-value which is lower than the significance level of 0.05; thus, the null hypothesis which states that
there is no significant difference in the academic performance in Mathematics of Grade VI learners when taught using the
Concrete Representational Abstract Approach. The difference must have resulted from the use of Concrete
Representational Abstract Approach. The use of manipulatives, blocks and concrete activities gave more improvement in
learners’ performance.

Pair t-value df p-value Remarks
Pretest - Posttest -8.581 19 0.000 Significant
Table 3: Comparison of Pretest and Posttest Performance Scores of Learners

The findings of the present study corroborated with the results of Hinton and Flores (2019), Bouck et al. (2016),
Milton et al. (2017), Mudaly and Naido (2015), Cook (2013), Strickland and Maccini (2012), Miller and Kaffar (2011) and
Witzel (2005). CRA approach was tested to increase the performance and produced learning gains activity. As observed,
the learners appreciated the activities, and with the use of manipulative materials they were able to broaden their
understanding. Hands-on learning experience helped the learners more ready to understand concepts and enhance their
self-confidence. It is easier for the learners to visualize math concepts and gain conceptual understanding using
manipulative tools. The use of tangible objects made learning in mathematics fun.

A realization of the learners was established when they learned that matchsticks are an effective tool for teaching
number facts. In addition, learning becomes interactive and engaging when learners are comfortable with their learning
style through active learning experiences. Using manipulative materials are an advantage for the learners to visualize the
concepts, construct meaning and integrate a more tangible understanding of abstract facts. Active learning experience
helps the learners learn more visible than abstract and conceptual instruction.

The researcher found that during the activity, learners who were slow readers, kinesthetic learners and learners
with limited English-language skills performed well on the activity. Their eagerness on the engagement was very obvious
and the more they performed the hands-on activity the more they enhance their critical thinking. While the researcher was
roaming around the activity venue, one academically struggling learner cited it is easier to learn algebraic patterns using
matchsticks, it means he has understanding, clarifying and applying the mathematical concept. Working with other
learners exposes learners to multiple ways of learning and working with mathematics.

On the representation stage, the learners experience the concrete stage bridge their understanding in the
representational stage. Even if the learners are having difficulty to draw, they still think about brilliant ideas that they can
use. Doing the representation stage, creativity was developed by the learners because they can interpret the problem. The
well-illustrated problem manifested that they learned the concept and developed critical thinking. Encouragement to
perform the mathematical operation is an important aspect that could help the learners love the subject. Through
illustration, learners learned the basic ideas and help the learners to apply information in a new situation. Manipulatives
provided another representation for the Mathematics being studied and can give learners ownership of their own learning.
It also supported student engagement and differentiation.

With the foundation concepts from the concrete phase activities, learners had better understand in the abstract
stage. Their learning already the basic concepts with the aid of the manipulatives in the concrete stage. In solving the
problems in the abstract stage, the learners find it easier because they just relate it to the manipulative used. They enjoyed
counting the matchsticks and discovered the concept of a sequence which is the opposite when the learning in a
conventional learning instruction. By using these tangible objects, a connection between concrete and abstract levels of
many Mathematics topics were established. Their motivation and willingness to ask questions, enthusiasm, and attention
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to the assigned task increased. Hands-on educational experiences moved learners beyond the traditional and passive
practices of teaching and learning by incorporating creation, expression, and presentation of ideas.

6. Conclusions and Recommendations

Based on the aforementioned results and findings of the study, it can be concluded that the Grade VI learners
possess the minimum knowledge, skills and core understanding in Mathematics but need help throughout the authentic
task. Concrete- Representational- Abstract approach can help improve the performance of learners in Mathematics.
Manipulatives, blocks and other concrete materials, as well as pictorial representations, may aid the learners to perform
better.

It is recommended that elementary teachers use the concrete-representational-abstract approach in facilitating the
teaching and learning process in Mathematics, especially on finding patterns and sequences, in order to help improve
learner’'s academic achievement. In-service training and LAC sessions on the use of differentiated concrete-
representational-abstract approach could be initiated so that teachers would be able to apply it in their classrooms.
Similar studies on the use of concrete representational abstract approach on least mastered lessons to improve learners’
achievement may be conducted on a larger scope, different Grade level, another subject area and on a variety of research
designs.
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