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Abstract- This study attempted to determine the student’s
performance level in learning integral exponent of grade 8
students. The descriptive research method was used in this study
where a total population of 70 respondents was obtained using
cluster random sampling. The research instrument was validated
and tested using Cronbach’s Alpha. The descriptive analysis,
mean, and paired t-test were utilized for statistical analysis.

The main purpose of the study was to determine if there is
a significant difference between the student’s performance in the
pre-test and post-test assessment in learning integral exponents
with the aid of exponential manipulative chips. The mean and
paired t-test was used as the statistical treatment to determine if
there is a significant difference in their performance in the pre-test
and post-test.

The gathered data undergo statistical analysis with the use
of appropriate statistical tools and arrived with result that there is
a significant difference between the student’s performance in
learning integral exponent in the pre-test and post-test, with a p-
value of 0.007 less than the 0.05 alpha. Students also find the use
of manipulatives very useful having an overall rating mean on
their perception of 4.4 interpreted as very useful, thus an
exponential manipulative chip is an effective instructional tool in
learning integral exponents.

Index Terms- Integral exponent, mathematics’ performance,
Manipulative chip

I. INTRODUCTION

athematics plays an important role in human life. It gives a

foundation that is used in real-life situations for daily living.
The concept of mathematics has been introduced as an important
component of formal education at a very early age. It was then
offered as one of the subjects in the first grade of the learner as
they entered formal education. Mathematics was more abstract
that makes students have difficulties in learning mathematical
concepts. But our educational curriculum cannot disregard the use
and importance of learning mathematics in real life. It is then a
challenge for educators to developed varied instructional materials
that helped to aid the difficulties of students in learning the
concepts of mathematics. Learning Mathematics is very crucial
especially during secondary years, it serves as the child’s
foundation in preparation for college. Students during this period
must develop a conceptual understanding of the mathematical
concepts to build their foundation. Integral exponent was an
important mathematical concept introduced in secondary
education. It includes the application of rules and laws in
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simplifying algebraic expressions. Most secondary students
perceived exponent as challenging and complicated concepts that
are unnecessary and have no connection with everyday life,
(Senay 2002). This was originally due to a lack of exponential
number sense and difficulty to have a better conceptual
understanding of the abstract concept of the rules and laws of
exponents. Consequently, for the students to cope with the subject
it takes a lot of motivation to increase students’ interest in
mathematics specifically in learning integral exponent. It is,
therefore, one way to help overcome this learning problem is to
use instructional materials that can be interesting and stimulating
for the students in the classroom.

Accordingly, the use of manipulative as instructional
materials is one way for the students to cope up with their
difficulties in developing conceptual understanding of the abstract
ideas in mathematics, (Domino, 2010). The concrete nature of
manipulative means for the students to exert physical action which
made them be the active participant of learning, with this the
students were engaged in learning, (Cooper,2012). As the students
were actively engaged in the learning process, the more they learn
and were motivated on the subject. Thus, the use of manipulative
in mathematics helps them in understanding the concepts than
relying too much on worksheets and opportunities to control the
learning environment, and it helps to cater to the different learning
styles of the students (Mc Neil & Jarvin 2007). Manipulative also
provides students concrete experiences in learning the concepts,
which will result in the higher cognitive development of the child.
This helped students to discuss mathematical concepts and to
verbalize their mathematical thinking and ideas, (Ojose, 2008).

The researchers, therefore, decided to undertake this
research to determine the effect of using exponential chips as
manipulatives in learning integral exponent for the reason that it
may help the educators in delivering their lessons effectively.

Il. THEORETICAL FRAMEWORK

This study entitled “Exponential Manipulative Chips in
Learning Integral Exponent” was chosen by the researcher to
determine the effect of using manipulative such as exponential
chips in learning integral exponent.

This study was anchored on the theory of experiential
learning introduced by David A. Kolb. The theory of experiential
learning revolves around the idea that learning is enhanced when
students acquire knowledge through active processes that engage
them (Hartshorn and Boren, 1990). Experiential learning is a
method of educating through first-hand experience. Kolb’s
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experiential learning theory is a holistic perspective that combines
experience, perception, cognition, and behavior.

In this theory, Kolb believes that “learning is the process
whereby knowledge is created through the transformation of
experience” (Kolb, 1984, p.38). He also states that learning
involves acquiring abstract concepts that can be applied flexibly
in a range of situations. In Kolb’s theory, the impulse for the
development of new concepts is provided by new experiences, So,
effective learning is seen when a person progresses through a cycle
of four stages: (1) having a complete concrete experience followed
by (2) observation of and reflection on that experience which leads
to (3) the formation of abstract concepts (analysis) and
generalizations (conclusion) which are then (4) used to test a
hypothesis in future situations, resulting in new experiences.
Manipulative can be key in providing effective, active, engaging
lessons in the teaching of mathematics that will allow the students
to experience a new way of meaningful learning. Thus, in this
study, the students will experience a new way of teaching for them
to have interactive and meaningful learning.

The concept of manipulative also involves Piaget’s
theory on the stages of cognitive development (1977). Piaget
believed that students progress through four stages of development
beginning with the sensory-motor stage in infancy, the
preoperational stage in early childhood. Piaget’s theory as it
relates to mathematics instruction was summarized by Ojose
(2008) he describes how students need concrete experiences to
“lay the foundation for more advanced mathematical thinking” as
they move from the concrete operational stage to the formal

operations stage (p.28). In addition to helping students advance to
higher levels of cognitive development, manipulative can help
students who already possess the ability to think abstractly.
Modeling a mathematical concept with manipulative leads
students to think about mathematics differently and attain a higher
level of understanding (Cooper, 2012). Teaching with
manipulative incorporates a multi-representational approach to
mathematics which meets the needs of students with a variety of
learning styles (McNeil & Jarvin, 2007).

CONCEPTUAL FRAMEWORK:

This study rested on the concept that using exponential
chips as a manipulative affects learning integral exponent in grade
eight students. It is important for teachers nowadays to have a
variety of teaching strategies and methods to catch the attention of
the learners. One of the tools that can be used is manipulative.

In this study, the independent variable is the performance
of the respondents in integral exponent before introducing
exponential chips as Manipulative (pre-test) and the level of
perception of the respondents in exponential chips as
Manipulative, and the dependent variable is the performance of
the respondents in integral exponent after introducing exponential
chips as Manipulative (post-test). It shows how the use of
exponential chips as manipulative affects the learning
performance of the students about integral exponent. By this
variable, the researchers will be able to determine the effect of
exponential manipulative chips in learning integral exponent.

This schematic diagram that follows illustrates the interplay of the variance of this study.

Output

Independent Variable Dependent Variable
>
e Before Performance
(pre-test)

level in learning

integral exponent
o After

(post-test)

Instructional
materials in

integral exponent

Figure 1: The Schematic Diagram showing the independent and dependent variables.

I1l. RESEARCH METHODOLOGY

The descriptive method was used as the research design in
this study to achieve the objectives of the study. The descriptive
method was used as the survey technique, which was the most
appropriate method to be used in determining the student’s
perception of the use of exponential manipulative chips in learning
integral exponent. It is also used to describe the performance of
the respondents in the pre-test and post-test in learning integral
exponent.
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This study was conducted in Noli National High School at
Bayugan City, province of Agusan Del Sur, Philippines. It was just
one ride away from Ampayon, Butuan City and it takes 30-45
minutes ride of a bus or van as a means of transportation to arrive
at said school. It was located in the Barangay of Noli alongside the
National highway beside Noli Central Elementary School. Figure
2 shows the map of Noli National High School.

The main instrument that was used in this study was the
self-structured questionnaire designed based on the research
question. The questionnaire was composed of two questions. The
first one was the pre-test and post-test assessment in learning
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integral exponent, with and without the intervention of
exponential manipulative chips. The second was on the student’s
perception of the use of exponential manipulative chips in learning
integral exponent. The respondents were required to answer the
given questions of their own choice.

The self-made questionnaire by the researcher was
submitted to experts for validation purposes. The researcher then
conducted a pilot test of their instrument about 35 grade 8
respondents in Taligaman National High School. The result was
subjected to a reliability test index and 0.83 Cronbach’s Alpha was
obtained.

The researchers sent a letter to ask permission from the
principal of the selected school to allow them to conduct pre-test,
post-test in learning integral exponent of grade 8 students, and the
distribution of survey questionnaire on perception to the
respondents. After given permission, four days of pre-test and
post-test assessment were conducted. Before the conduct of the
post-test, the researcher administered a discussion on how
exponential manipulative chips work in learning integral
exponent, and then the post-test followed to assess students. After
the post-test, the researcher distributed the survey questionnaires
to the respondents to be answered with an allotted time to finish.
Before answering, a brief orientation is administered for the
instruction and clarification of the respondents about the
questionnaire to be answered. The researchers retrieved the
questionnaire right after the respondents answered all the items or
the question. The data was obtained, scored, tallied, and tabulated
for statistical analysis.

The gathering is quantified according to its level with
descriptive rating.

Students Perception on the use of Exponential Manipulative
Chips in Learning Integral Exponent

Scale Range
Verbal Description

4 1.00 -2.00
Strongly Disagree

3 2.01-3.00
Disagree

2 3.01-4.00
Agree

1 4.01-5.00
Strongly Agree

Students Perception on the use of Exponential Manipulative
Chips in Learning Integral Exponent’s Verbal Interpretation
of Overall Rating

Ranges Verbal Interpretation
1.00-1.80 Not Useful
1.81-2.60 Slightly Useful
2.61-3.40 Moderately Useful
3.41-4.20 Useful
4.20-5.00 Very Useful

Performance Level of Grade 8 Students in Pre-test and Post-
test Based on DepEd Rating System

Ranges Verbal
Interpretation

Below 75 Did not
meet expectation

75-79 Fairly Satisfactory

80-84 Satisfactory

85 -89 Very Satisfactory

90 - 100

Outstanding

The following statistical treatment was used in the study.

Cronbach Alpha. This tool was utilized to determine the
level of reliability of the questionnaire.

Mean. It was used to describe the responses of the
participants with regards to Exponential Manipulative Chips.

Paired t-test. This statistic was employed to determine
the difference between the Pre-test and Post-test performance of
the students.

Descriptive analysis. This tool was used to determine the
perception of the students on Exponential Chips as manipulative
in learning integral exponent in the classroom.

IV. PRESENTATION, ANALYSIS, AND
INTERPRETATION OF DATA

Problem 1. What is the performance level of the respondents
in terms of pre-test and post-test in learning integral
exponent?

Table 2 shows the performance of the Grade 8 students in the pre-
test and post-test.

Table 2. The performance level of grade 8 students in pre-test and post-test

Mean Rating Verbal Description
(%0)*
Section 1 Pre-test 49.13 Did not meet expectations
Post-test 84.40 Very Satisfactory
Section 2 Pre-test 30.33 Did Not Meet Expectations
Post-test 78.07 Fairly Satisfactory
Overall Pre-test 39.73 Did Not Meet Expectations
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Post-test 81.20

Satisfactory

*below 75 Did Not Meet Expectations; 75-79 Fairly Satisfactory; 80-84 Satisfactory; 85-89 Very Satisfactory; 90-100 Outstanding

Based on the DepEd rating system, the performance of the
students in the pre-test did not meet the expectations as reflected
in their below 75% means. However, the students’ post-test
performance reached the satisfactory rating with section 1 having
an 84.40% rating (Very satisfactory) and section 2 having a
78.07% rating (Fairly Satisfactory). Overall, the two sections got
an 81.20% rating with a Satisfactory performance. Boggan,
Harper, and Whitmire (2010), “manipulatives help students learn
by allowing them to move from concrete experiences to abstract
reasoning” (p.4). Manipulatives are an effective teaching tool

because teachers can use them to teach students how to bridge the
gap between concrete and abstract reasoning.

Problem 2. Is there any significant difference in the
performance level of the respondents between the pre-test and
post-test?

Table 3 shows the result of a Paired samples t-test on SPSS tested
at a 0.05 level of significance.

Table 3. Comparison of means between pre-test and post-test scores of grade 8 students

Mean P-Value* Remark
Section 1 Pre-test 7.37 0.002 Significant
Post-test 12.66
Section 2 Pre-test 4.55 0.001 Significant
Post-test 11.71
Overall Pre-test 5.96 0.007 Significant
Post-test 12.18

*tested at 0.05 level of significance using Paired Sample T-Test

The results show that there is a significant difference in
the scores of Section 1 and Section 2 students in pre-test and post-
test scores with a p-value of 0.002 and 0.001, respectively.
Overall, there is a significant difference in the pre-test and post-
test scores of Grade 8 students with a p-value of 0.007, having a
higher mean in the post-test compared to the pre-test.

Thus, it can be concluded that the use of exponential chips is
effective in improving the performance of the students in
simplifying expressions with integral exponent. Swan & Marshall
et. Al., (2010) majority of the findings on researches mathematics

resulting in better achievement and conceptual understanding than
of the traditional teaching technique.

Problem 3. What is the perception of the respondents in using

exponential manipulative chips in learning integral exponent?

Table 4 shows the perception of the grade 8 students in the use of
exponential chips as manipulative in learning integral exponent.

Table 4. Perception on the exponential manipulative chips of grade 8 students

Indicators Mean Rating* Interpretation

1. Exponential manipulative chips capture my interest in 4.51 Strongly Agree
learning integral exponents.

2. The wuse of exponential chips as conceptual 4.49 Strongly Agree
understanding in learning integral exponent.

3. Using exponential chips help my teacher to deliver the 4.36 Strongly Agree
lesson effectively.

4. ltis easy for me to simplify integers with exponent using  4.42 Strongly Agree
exponential chips.

5. | enjoy simplifying expressions using exponential 4.41 Strongly Agree
manipulative chips.

6. | can learn best on hands-on experiences like using 4.45 Strongly Agree
exponential manipulative chips.

7. 1 was able to visualize and answer the question easily 4.44 Strongly Agree

when using exponential manipulative chips.
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8. I learned while working during the class.

9. | feel motivated in learning integral exponents using

exponential chips.

10. 1 found exponential chips as a unique and creative way

in learning integral exponents.
OVERALL RATING**

4.38 Strongly Agree
4.44 Strongly Agree
4.48 Strongly Agree
4.44 Very Useful

It shows that in both sections, all of the indicators got a
mean rating of 4.1 and above which can be interpreted as strongly
agree. Moreover, the perception of the grade 8 students in using
exponential chips as manipulative in learning integral exponent
got an overall rating of 4.44 which can be interpreted as very
useful.

As revealed in the related literature McNeil (2009)
emphasized that manipulative brings not only new perspective in
the classroom but give additional resources to students to help
them draw on practical, real-world knowledge and understanding.
The result also supported in the study of Cockett (2015) that
students were more engaged when manipulatives were used rather
than when they were not used. He stated that the majority of
students enjoy mathematics concepts. The perception of students
is that mathematics manipulatives help them be more efficient in
their work, better understand their work and receive greater
enjoyment from the learning process.

Using manipulative as cognitive tools improved the
teaching and learning process, and encourages student reflections
on retaining the information. It has been claimed that the usage of
a manipulative not only increases student achievement but also
allows them to improve their conceptual understanding and
problem-solving skills. The use of manipulative can also promote
students to have a positive attitude towards mathematics. These
manipulatives provide a block of concrete, hands-on experience,
which can focus attention and overall increase motivation (Allen
2007). Thus, it can be concluded that the use of exponential chips
as manipulative will help the students improve their performance
in simplifying the expression with integral exponent.

Figure 3. Students working on exponential

chips
The figure shows the students working on exponential

chips as manipulative used to represent the concept of learning
integral exponent. The concrete manipulative creates an
opportunity for students to represent the abstract concept of
integral exponent which will help them to develop their conceptual
understanding of the math concept. Manipulative brings a new
perspective in the teaching-learning process in the classroom that
cannot be done by pen and paper alone, McNeil (2009). It allows
students to make use of their senses in learning as they explore
both visually and tactilely. Through manipulative students gets to
have hands-on experience which helps them to make connections
to what they are learning and their hand movements as they
interact with concrete objects. It has been claimed that the usage
of manipulative not only increases student achievement but also
allows them to improve their conceptual understand and problem-
solving skills, Allen (2007).

Figure 4. Exponential chips sustain student’s
interest

This publication is licensed under Creative Commons Attribution CC BY.
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The figure shows the student's interest in learning integral
exponent while working on exponential chips as manipulative.
They were more engaged in learning as they perceived exponential
manipulative chips as a new and interesting way of learning the
math concept. Thus, it helped them to have fun in the learning
process which will, later on, result in better achievement. Cockett
(2015) said that the majority of students enjoy the use of
manipulatives and manipulatives improve the development of
their mathematics concepts. The perception of students is that
mathematics manipulatives help them to be more efficient in their
work, better understand their work and receive greater enjoyment
from the learning process. Carbonneau et al. (2013) added that by
engaging students in learning through the use of manipulatives,
educators can get students to become active players rather than
passive bystanders of learning. And can promote students to have
a positive attitude toward mathematics. These manipulatives
provide a block of concrete, hands-on experience, which focus
attention and overall increase motivation.

The difference between figure 3 and figure 4 is that in
figure 3, students work on exponential chips to represent the
mathematical concept of integral exponent which will help them
to develop their conceptual understanding. While in figure 4 the
students were engaged on exponential chips to sustain their
interest while the facilitator helped them to achieve a conceptual
understanding. In general, the students were given the opportunity
on hands-on experience with exponential chips to both develop
their conceptual understanding and sustain their interest
throughout the discussion

V. CONCLUSIONS

Based on the results that we have gathered, the
researchers, therefore, concluded that the performance level of the
students got a satisfactory performance in post-test (simplifying
expressions using exponential chips) than in pre-test (without
using exponential chips), in which in pre-test it did not meet the
expectation based on the DepEd rating system. The researchers
also concluded that there is a significant difference between the
performances of the grade 8 students in pre-test and post-test. And
the post-test scores are significantly higher than the pre-test scores.
This means that using exponential chips helped the students
enhanced their performance in learning integral exponents. The
researchers also concluded that the grade 8 students perceived
exponential chips as very useful.
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SUMMARY

The main purpose of the study was to determine the
performance level of the respondents in learning integral
exponents with and without the aid of exponential manipulative
chips, and if there is a significant difference between the
performance level of the respondents in the pre-test and post-test.
It also seeks to answer what is the respondents’ perception in using
exponential manipulative chips in learning integral exponent. The
researchers hypothesized that there is no significant difference
between the performance level of the respondents in the pre-test
and post-test in learning integral exponent.

The descriptive method was used in this study in order to
achieve the objectives
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