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Abstract. This action research studied on how the use of manipulative in the teaching and
learning of integers could affect students’ performances in adding and subtracting integers,
involving Year 9 students from two mixed ability classes of the same government secondary
school in Brunei. The intervention lessons used different colored counters to represent
different signs of integers, followed by the adding and removal actions of these counters to
mirror the addition and subtraction operations, with the added concept of zero-pair. Any
improvement or beneficial outcome of the prior lesson was used to adapt the initially prepared
following lesson as part of the Design Research process. The data collection consisted of pre-
test and post-test. With the use of descriptive statistics and Wilcoxon Signed Ranked Test, this
study concluded that there was the significant improvement on students’ performances in the
post-test and the effect size showed that the intervention gave big impact towards students’
learning. Item analysis indicated that the intervention improved correct attempts in questions
involving both addition and subtraction, with the more significant increase in the latter. The
overall mean scores of correct attempts in the post-tests also showed that students scored
higher on the addition of integers (89.7%) compared to subtraction of integers (81.0%).

1. Introduction

The poor performance of students in mathematics has become a source of worry to many. Many
experts proposed several solutions to this problem, yet the problem persisted, believing that poor
knowledge in basic mathematics among students is the key root to the problem [1-3].

One problem that students are facing when dealing with integers is that they are confused with
signs and operations of the integers, which make them struggle in computing the integers [3]. Students
taught using number line model can easily get confused with which direction to move when adding or
subtracting integers since students always thought that adding means going forward and subtracting
means going backward. It is not always true when the second addend involved negative integers [4].
However, it is unfortunate that this model has been widely used by teachers in Brunei [4]. Using
algorithm as a teaching pedagogy is also popular yet ineffective, as some students could not remember
the algorithm [4].
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Researches revealed that students faced problems in understanding the concept in adding and
subtracting integers [5-9]. A lack of foundation in mathematics, which includes the computations of
integers, caused many Brunei upper secondary students unable to solve algebraic equations [10].
Moreover, a local study discovered that more than 50% of the Year 7 students in one government
school failed in the computation of integers’ pre-test [4].

The instructional approach that emphasised only on the mathematics procedural skills was one of
the causes to the failure of computing integers among Bruneian students [11-13]. Brownell stated that
repetition or computational drill does not lead to understanding [14]. Conceptual understanding plays a
vital role in developing procedural skills. Through constructivist perspective, using manipulatives can
actually enhance students’ mathematics conceptual understanding. Through concrete representation
that the manipulatives offer, it provides students the concrete experience in building the abstract
concepts of mathematics [15].

Several researches, which made use of counters and zero-pair effect in the teaching and learning of
integers, have proven to be effective in improving students’ achievement [4, 16, 17]. Zero-pair effect
involves neutralization or cancellation of positive with negative integers. Take red and blue counters
as an example to represent positive and negative integers respectively. If a red counter and a blue
counter come together, the positive and the negative signs cancel each other, creating zero. This means
that if there are six red and six blue counters, it will result in zero, despite total twelve counters.

When doing subtraction, it involves the removal of positive or negative integers. If there are not
enough positive or negative integers to be subtracted, zero-pair needs to be added in since zero pair
will not cause any effect to the equation. For example, in —3 — (—9), there are initially three blue
counters but since there are not enough blue counters to remove 9 of the blue counters, 6 zero-pairs
need to be added in order to have enough blue counters to be removed. If students are already familiar
with the manipulation of integers, they can advance themselves in computing the integers [18].

A previous research on the teaching and learning on the four computations of integers (addition,
subtraction, multiplication and division) was done to a lower secondary school in Brunei [4]. The
study used jar model as a teaching pedagogy in computing integers, which is similar concept of using
counters, and made use of zero-pair effect. The result revealed that students significantly improved in
adding and subtracting integers but not for multiplying and dividing integers. This study, stemmed
from that research, is fine-tuned and expanded as follows:

e The study involved upper secondary students concentrating only on addition and subtraction of
integers.

o |t focused on the computation of single and two digit integers.

o [t differentiated and emphasised on the terms ‘positive’ and ‘negative’ for signs, and ‘plus’ and

‘minus’ for operations.

The general purpose of this study is to investigate the effectiveness of using manipulatives in the
teaching and learning of integers by measuring students’ performances on the addition and subtraction
of integers. Hence, the research question used to guide this study: How does the teaching and learning
of integers using manipulatives affect students’ performances on addition and subtraction of integers?

2. Method

This study adopted quantitative method, with convenient sample of fifty students from two Year 9
classes from a co-ed Brunei government school in Brunei-Muara district. All students attempted the
pre-test and post-test, and attended all the intervention lessons to be part of the data in this study.

Both pre-test and post-test consisted the same open-ended twenty-five items, covering different
combinations of operation and signs of the two numbers (Table 1). However, addition and subtraction
of zero integer were not included in the test item but covered in the intervention exercise. Calculators
were not allowed in both tests and essential workings needed to be shown. A score of one would be
given to correct response and zero for incorrect answer or unattempt question.
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Table 1. Different combination of questions for addition and subtraction of integers

Operation Sign of numbers Item No.
Addition positive & positive 1,13
positive & negative 2,3,4,5, 14, 16, 17, 18
negative & negative 6, 19
Subtraction positive & positive 7,8, 20, 21
positive & negative 9, 10, 22, 23
negative & negative 11,12, 24,25

The test instrument was analysed for reliability via test-retest to a group of Year 9 students of a
mixed ability class not involve in the main study from the same school. Pearson’s correlation to test
for reliability obtained value of 0.866. This indicated that the test items were reliable, for correlation
greater than 0.8, the test items were considered reliable [19]. The pre-test and post-test was also
validate by three experienced teachers teaching that level. Since the test instrument was reliable and
valid, no modification the items were necessary and all items used in main study.

The intervention lessons for this study consisted of seven lessons, focusing on introduction of and
discovering rule of addition and subtraction of different combinations of integers using manipulatives
(Table 2). Notes and supporting exercises were also included in each lesson. In addition, any
improvement or useful outcome of the prior lesson was added or adapted to the following initially
prepared lesson as part of the Design Research process. The lesson intervention lasted 5 hours in total.

Table 2. The intervention lessons conducted in this research study

Lesson Focus Materials used Duration
(minutes)
1 Differentiation and reinforce difference Activity Worksheets 30
between Signs and Operations
2 Introduce manipulatives (single and base ten)  Manipulatives, 30
and reinforce concept of Zero Pairs Effect Activity sheets,
3 Introduction and activities using manipulative  Manipulatives, Task 60
to Addition of Integers and Questions sheets.
4 Guided discovery of rule in Adding Integers Manipulatives, 30
Question sheets
5 Introduction and activities using manipulative  Manipulatives, Task 60
to subtraction of integers and Questions sheets.
6 Guided discovery of rule in subtracting Manipulatives, 30
integers Question sheets
7 Reinforcement activities and exercises related  Work sheet 60

to addition and subtraction of integers

The intervention lesson involved the adding and removal of manipulatives to represent the concept
in this topic. Two different colored Lego (called counters) to represent the positive and negative signs
of numbers, and single counter to represent unit and a 10-stacked counter to represent base-ten (Figure
1). For the activities, adding action to starting counter is used to represent addition, while removal
represented subtraction. Zero-pair effect is used and reinforced throughout the intervention.
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Figure 1. Single cube counters (a) and base-ten cube counters (b)

Initially, manipulatives was planned to be used throughout the intervention lesson. However, some
students attempted some questions using drawings instead of manipulatives in the addition and
subtraction operation lessons, thus drawings were included and encouraged as transition phase of
manipulatives to written work.

In this study, the pre-test results act as a baseline performance of students’ knowledge prior to the
intervention; while post-test measure the impact of interventions on students’ performances. Paired
sample t-test was initially intended to compare the pre-test and post-test mean scores. However, since
the students’ results did not satisfy one condition of t-test measure (difference between the pre-test and
post-test scores” were not normally distributed), Wilcoxon Signed Ranked Test was used instead to
determine whether the two mean scores of the pre-test and post-test were significantly different in
students’ overall performance. The effect size of the intervention was also measured. In addition, item-
by-item analysis was also done to compare overall percentage mean scores of six different
combinations of test items to determine which combination of questions were greatly improved by the
intervention lessons.

3. Results and discussions

Simple descriptive statistics (Table 3) confirmed there was difference in pre-test and post-test
performance before and after the intervention. The mean score increased from 13.18 (SD=5.706) in the
pre-test to 21.42 (SD=5.706) in the post-test.

Table 3. Overall pre-test and post-test scores of the sample based on total marks of 25

Test type Total Mean ()_() Std. dev.(SD) Lowest score  Highest score
Pre-test 50 13.18 (51.75%) 5.706 4 24
Post-test 50 21.42 (84.79%) 4.536 10 25

Out of fifty students in the sample, the highest pre-test mark was 24, scored by one student only.
After the intervention, sixteen students obtained a full mark of 25. The lowest mark obtained in the pre-
test was 4, whilst in the post-test, 10 was the lowest mark. Only four of the fifty participants scored lower
in their post-test compared to pre-test, and one scored the same in both the pre-test and the post-test.
Overall, the results suggest that students performed better in the post-test than the pre-test.

The Wilcoxon Signed Rank Test result (Table 4) revealed significance level, p = 0.05, which
indicated that the difference in score between the pre-test and the post-test was significant, with large
effect size (ES = 0.5788). For effect size, criteria of 0.1 indicates small effect, 0.3 indicates medium
effect and 0.5 above indicates large effect [20]. Therefore, these tests provided evidences that students
scored significantly better in their post-test as compared to pre-test, and the intervention had a large
impact on students’ performance and hence the intervention was suitable for all participants.
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Table 4. Wilcoxon Signed Rank Test and effect size of the overall results

No. of students Median VA Asymp. Sig. (2- Effect size

(N) Pre test Post-test tailed) (p) (ES =2
[ZN

50 12 23 —5.788 0.000 0.5788

Bar graph (a) in Figure 2 indicated that addition of negative integer with negative integer improved
the most (overall increase by 36.0%) followed by addition of positive integer with negative integer
(from 55.1% to 89.1%). Most students did not have problem in adding the positive integers to begin
with and after intervention, as reflected in high score in both pre-test and post-test scores. Overall,
there was improvement in students’ performance on the addition of integers in which the overall
percentage increased significantly from average of 60.2% in the pre-test to average of 89.7% in the
post-test.

Percentage Addition Questions Percentage Subtraction Questions

ADDING POSITIVE INTEGERWITH  ADDING POSITIVE INTEGERWITH  ADDING NEGATIVE INTEGERWITH SUBTRACTING POSITIVE INTEGER  SUBTRACTING POSITIVE INTEGER  SUBTRACTING NEGATIVE INTEGER
POSITIVE INTEGER NEGATIVE INTEGER NEGATIVE INTEGER WITH POSITIVE INTEGER WITH NEGATIVE INTEGER WITH NEGATIVE INTEGER

Pretest m Post Test Pretest m Post Test

(a) (b)
Figure 2. Percentage of correct attempts in the pre-test and post-test for the different combinations of
integers in test items involving addition (a) and subtraction (b)

With respect to the subtraction of integers, shown in Figure 2(b), students improved most
significantly when subtracting negative integer with negative integer, in which only 33.0% got the
answers correct in the pre-test to 83.5% of the total participants who responded correctly in the post-
test. The second most improved was when subtracting positive integer with negative integer, which
increased by 44.0%. Small improvement was also observed when students subtracted positive integer
with positive integer, which started relatively high in pre-test to begin with. Generally, there was a
considerable improvement in students’ performance in the subtraction of integers, from overall 46.5%
(pre-test) to 81.0% (post-test).

Overall result revealed that there was an increased in the mean score of 50 participants from
51.75% in the pre-test to 84.79% in the post-test. The Wilcoxon Ranked Test Analysis of the overall
result revealed that the significance level, p = 0.000 < 0.05 signified that the difference in scores
between the pre-test and post-test was significantly different. The large effect size of r = 0.58 implied
that the intervention lessons gave a huge impact in their post-test score.

This study also discovered that overall, the intervention in general improved on students’
performance in any combinations of signs and operations. The overall means score of correct attempts
in the post-tests showed higher on addition of integers (89.7%) compared to subtraction of integers
(81.0%). Nonetheless, when comparing their performance improvement from pre-test to post-test,
students improved more on the subtraction of integers (with percentage increase of 34.5%) than the
addition of integers (with percentage increase of 29.5%).

The findings in this study cannot be generalized to the whole population (since based on relatively
small sample size of only 50 students) but it could provide a guideline in planning for remediation. A
significant improvement in students’ achievement in the computation of integers was observed, largely
due to the carefully designed instruction with meaningful use of manipulatives. With this positive
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indication, teachers are encouraged to use manipulatives in their teaching to promote students’
understanding in mathematics [21-23]. This concrete representation truly aids in clarifying
mathematical concepts [24]. It also provided meaningful learning experiences for students.

4. Conclusion

In conclusion, in view of the importance of incorporating the use of manipulatives in mathematics
teaching and learning as outline in the SPN21 mathematics curriculum framework, there is a need for
continuous professional development to equip teachers with necessary content knowledge and
pedagogical skills in using various manipulatives [25]. This will ensure that teachers become more
competent in teaching using manipulatives, not only to integer topics but to other basic mathematics
topics as well.
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