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Abstract: Technology has essential roles in mathematics teaching and learning. So, it is crucial to facilitate students
with access to technology, such as the use of calculators in their learning process. This study was aimed to investigate
the effectiveness of the Classwiz scientific calculator on the improvement of students’ mathematics achievement. This
study was conducted in nine provinces of Indonesia, involving eleven senior high schools. The researchers employed a
quasi-experimental research study with pretest-posttest control-group design with both qualitative and quantitative
data collected and analyzed. Five lessons with context-based activities as interventions in the experimental group were
designed to offer students OTL. The qualitative data were collected by using a mathematics test involving pre-test and
post-test. Moreover, the study used classroom observation and field notes to collect qualitative data. The main focus of
the research was students’ mathematics achievement. The students’ mathematics achievement was also analyzed based
on the perspective of gender and school location (western, central, and eastern Indonesia). The investigation showed
that the use of the calculator gave a significant impact on the students’ mathematics achievement. In conclusion, the
finding of the study suggests that the use of calculators in mathematics learning could improve students’ mathematics
achievement.



1. Introduction

To survive in this era, every individual demand different competency that are more than content
knowledge. One of the competencies in the 21st-century era is technology and media literacy skills.
Technology development and innovation have become one of the primary themes in educational
issues and policies in this decade. In the teaching and learning process where students have become
the center, technology integration in the learning activities developed by the teachers becomes
crucial. In Indonesia, technology development also becomes one of the main focuses; as in 2018 the
document called Making Indonesia 4.0 was released by the Indonesian Ministry of Industry. The
importance of technology can be seen in [16], where technology becomes one of the school
mathematics principles. According to [9], with the integration of technology in a daily mathematics
lesson, students’ competencies can be improved. In the same vein, technology gives students a
chance to be engaged in mathematics learning (see [10] and [20]).

The integration of technology in mathematics learning can be done by using calculators. Many
studies prove that calculators give positive impacts on mathematics teaching and learning (see [3],
[13], [21], and [18]). Thus, it is important to integrate calculators in mathematics teaching and to
consider its benefit. However, the purpose of this study was to examine the effect of Classwiz
scientific calculators seen from the viewpoint of students’ mathematics achievement. Therefore,
this research examined two research questions. The first question was whether there were any
effects on students’ mathematics achievement by the integration of Classwiz scientific calculators
in mathematics learning. The second question was how the learning environment had an impact on
students’ mathematics achievement.

2. Students’ Mathematics Achievement and the Use of Calculators in

Mathematics Teaching and Learning

It is believed that students’ achievement becomes an important factor in classroom teaching
practice (see [2], [7], [8], and [23]). Many studies suggest that students’ achievement is considered
the primary goal of learning (see [22]). Students’ achievement is defined as students' learning
progression, students’ understanding of subject matter knowledge and is measured by a
standardized test (see [19], [1], and [17]). Then, in [12], students’ achievement is closer to skills of
communication, collaboration, and solving complex problems. It can be concluded that students’
achievement is development processes through the learning process. Students’ achievement is an
illustration of students' understanding, subject matter knowledge, and skills.

In general, the use of an achievement test is intended to measure the personal knowledge and
cognitive proficiency (see [24] and [6]). Also, the achievement test is given in a specific time to
measure students’ performance in a particular topic to measure the degree of learning
successfulness (see [15] and [11]). In the same way, it is described that an achievement test is used
to give appreciation and acknowledgment of students’ successfulness (see [4]). In sum, the use of
achievement tests in this study was to provide evidence of the students’ achievement to measure the
effect of the learning process. Lastly, it offered a clear understanding and suggestions of the
students’ learning results.

Regarding the positive impact of calculator usage on mathematics achievement, can be seen from
a meta-analysis study of calculator effects on students’ mathematics achievement and attitude (see
[5]). After analyzing 54 research studies, she found the use of calculators in the learning process
and assessment developed students’ operational skills and problem-solving skills. Additionally, the
use of calculators encouraged students to have better attitudes toward mathematics than the others
who did not use them.



3. Methods

This study was aimed to investigate the effects of the use of Classwiz scientific calculators on the
students’ mathematics achievement. Moreover, the effects from the perspective of gender were also
analyzed. This research study used a quasi-experimental research study with a pretest-posttest
control-group design. There were two classes namely an experimental group and a control group. In
the experimental group, the intervention was used to allow the students to learn (OTL) by giving
some exploration activities and context-based solving activities, in terms of the integration of
Classwiz scientific calculators. In contrast, in the control group, the students engaged in the daily
classroom activities with no use of calculators in the learning process. Mathematics test that
consisted of pre-test and post-test were used in this study to collect quantitative data, whereas
classroom observation and field notes were used to collect qualitative data.

Indonesian tenth graders from eleven senior high schools from the nine provinces of Indonesia
participated in this study were selected by the Senior High School Development Directorate
(Direktorat PSMA). The experimental group and the control group were randomly selected from
those schools. Thus, there were around five hundred students for both the experimental group and
the control group.

The research framework used in this research was developed by Kutzler (see [14]). The
experimentation in the integration of the Classwiz calculators in this research is as follows.
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Figure 3.1 Experimentation process in the use of the Classwiz scientific calculators in
mathematics learning (see [14]).

The experimentation process illustrated by the above picture consists of apply, observe, prove,
and implement as the four main components. Those processes were included in the learning
activities and the students’ worksheet, which was used in the experimental group as a treatment. To
collect the qualitative data, mathematics tests consisting of pre-test and post-test were given before
and after the treatment. The tests were taken by the students in both the experimental and control
groups. The tests were paper-based and referred to the basic competencies of Indonesian
Curriculum which included determining and explaining function-linear, quadratic, and rational
functions —that include mathematical notation of a function, domain and range, symbolical
expression, and graph of a function. There were 24 developed items of the tests.

Regarding the research questions, the quantitative data were analyzed to answer the questions and
to describe the mathematics achievement in both experimental and control groups. Furthermore, the
qualitative data were analyzed to describe the use of the Classwiz scientific calculator in
mathematics learning. Both descriptive and inferential statistics were used in the analysis process.
Analysis of variance (ANOVA) and univariate analysis of covariance (ANCOVA) were used to
find the effect of the variables.



4. Results

The worksheet developed in this research consist of five worksheets and is called Lembar Kerja
Peserta Didik (LKPD) 1, 2, 3, 4, and 5. Each LKPD focuses on specific materials based on the
indicators which were developed from the basic competencies. The topics are exploring fractions,
graphs of linear equations, quadratic functions and its graph, and the applications of a linear and
quadratic function. The learning activities were assisted by the worksheet, and most of the activities
were focused on exploration and investigation. Based on the observation, the students’ responds
toward the learning process were positive. The students actively participated in the learning
process. They were facilitated by the teacher to discuss and present their investigation results.
Through the integration of the Classwiz scientific calculators, the investigation process was
conducted efficiently. One of the reasons was the students focused more on the observation,
investigation, and exploration than on the procedural part. The use of the Classwiz scientific
calculators helped the students when they were dealing with big data and big numbers. The
following figure presents the examples of the students’ activities in the worksheet. The activities
facilitated students to make predictions of a problem.

Contoh berikut ini adalah fungsi f(x) = 5x + 13 dengan tampilan nilai dari
fungsi Table pada Kalkulator Classwiz £-991EX adalah sebagai berikut.

Vo

E3 f(z)
1] 18
2 2 23
3 3 28
4 4 33

Amati pola pasangan nilai x dan f(x) pada tabel di atas.

Dapatkah kalian menebak bilangan pada kolom x dan f(x) pada tiga baris
selanjutnya? Tuliskan tebakan kalian pada kotak berikut.

(2)
g Selanjutnya cobalah tekan tombol arah bawah pada kalkulator untuk S
memeriksa apakah tebakanmu tepat atau tidak. QQO

Memahami pola hubungan antara nilai x dan f{x) akan membantu kalian dalam
menentukan rumus suatu fungsi.

Dengan mempsrhatikan pola hubungan antara nilai x dan f{x). sekarang cobalah
identifikasi umus fungsi linear untuk kefiga tabel berikut ini.
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Amati ketiga tabel di atas dan tuliskan mumus fungs! untuk masing-masing tabel
Rumus fungsi Tabel 1:
Rumus fungsi Tabel 2:
1 3:

Gunakan menu Tabel pada kalkulator Classwiz untuk mengecek jawaban kalian.
Masukkan rumus-rumus fungsi yang kalian tebak. lalu lihat apakah tabel yang
muncul pada kalkulator sama dengan ketiga tabel di atas.

(b)

Figure 4.1 The examples of students’ activity that facilitate students to predict

After they made their prediction, they observed the patterns and the functions of the provided
data. The use of Classwiz scientific calculators was to confirm whether the students’ prediction was
correct or not. The basic idea of domain, codomain, and range of a function was served by the
activities as shown in the following picture. The investigation process was also conducted in
quadratic function, for example in the investigation of their graph properties based on the values of
a, b, and ¢ of quadratic function f(x) = ax®+ bx + c. In the investigation process, the students



were asked to observe from the calculator and drawing before concluding. The example of the
activities is shown in Figure 4.2.

Pada Aktivitas 1 kalian zkan menvalidiks pensamb nilai a terhadap grafik fungs:
flx)=ax*+bx+c.
1. Aktifkan menu Table pada kalkulator Classwizz kemudian inputkan fungsi
B f(x) = x* dan g(x) = —x* dengan mterval -10 < x < 10 dan beda=1. Plot
pasangan titkk koordinat (x, f(x)) dan (x, g(x)) pada koordmat Kartesmus
untuk melukiz grafik fungz=1 f(x) dan g(x). Amati persamaan dan perbedaan
kedua grafik tersebut.

Figure 4.2 An example of students’ activity that facilitates students to observe

In the next activity, the students observed from the use of the QR code to help them construct the
graphs. The students got difficulties to use this feature. It can be seen from the following figure that
the graph has inaccurate drawing, indicating they could not conclude the problem.

-20 0 20 40 60

Figure 4.3 An example of student’s exploration using QR Code feature in the Classwiz
scientific calculators

In this study, the students learned linear and quadratic functions. The experimental group had a
mathematics lesson that was integrated with the use of the Classwiz scientific calculators, while the
control group had a regular mathematics lesson. The quantitative data were analyzed from the
mathematics achievement test. The following table illustrates the descriptive statistics of the pre-
test and post-test to measure the mathematics achievement.

Table 4.1. Descriptive statistics of the experimental group and the control group

Group Statistics
Math. achievement N Minimum Maximum Mean Std. Deviation
Experimental Pre-Test 508 4 92 27.06 17.169
Group Post-Test 508 4 92 46.41 19.009
Control Pre-Test 508 4 60 22.34 12.561
Group Post-Test 508 4 84 36.72 18.828

Table 4.1 shows the results of the pre-test and post-test for the mathematics achievement of the
experimental group and the control group. The gain score of the pre-test to post-test for



mathematics achievement of the experimental group was 19.35 points, while the gain score for the
control group was 14.38 points. Based on this result, the gain score of the experimental group was
higher than that of the control group. Thus, it can be concluded that the use of calculators in the
experimental group gave a positive contribution to the students’ mathematics achievement.

The following figure represents the comparison of the mathematics achievement between those
two groups. It can be observed that there was an increasing gain score in both groups after the
treatment. The gain score of the experimental group was 3.97 higher than that of the control group.
Thus, from the result, the use of it gave a positive impact on the students’ mathematics achievement
compared to the regular mathematics classrooms.
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Figure 4.4 Comparison of students’ mathematics achievement

In this study, the inferential statistics were used to confirm the result of the effects. The further
investigation done was comparing the mathematics achievement of the experimental and control
groups. To get a simultaneous comparison of the mathematics achievement, the univariate analysis
of variance (ANOVA) was used. In the analysis, the following hypothesis was tested.

H, @ g4 = pyo(there is no significant difference between the mean scores of mathematics achievement of
the two groups)

H, :pyy ¥ py, (there is a significant difference between the mean scores of mathematics achievement of
the two groups)

Table 4.2.The effect of the Classwiz scientific calculator usage on mathematics achievement

Effect Value F Hypothesis df Error df Sig.

intercept Pillai's Trace 459 860.192° 1.000 1014.000 .000
Wilks' Lambda 541 860.192° 1.000 1014.000 .000
Hotelling's Trace .848  860.192° 1.000 1014.000 .000
Roy's Largest Root .848  860.192° 1.000 1014.000 .000

GROUP Pillai's Trace 018  18.452° 1.000 1014.000 .000
Wilks' Lambda 982  18.452° 1.000 1014.000 .000
Hotelling's Trace 018  18.452° 1.000 1014.000 .000
Roy's Largest Root 018  18.452° 1.000 1014.000 .000

The above analysis result shows a significant difference of the mathematics achievement between
the experimental group and the control group because sig < .000; Wilk's A = 0.982. It can be



observed that the use of the Classwiz scientific calculators could simultaneously give a positive
contribution to the improvement of students’ mathematics achievement. The next analysis
identified a significant difference in the mathematics achievement between the experimental group
(M =46.41, SD = 19.009) and the control group (M = 36.72, SD = 18.828).

Table 4.3. The effect of the Classwiz scientific calculator usage on mathematics achievement

95% Confidence Interval
for Difference

@ Mean Std. Lower Upper
Treatment (J) Treatment Difference (I-J) Error Sig. Bound Bound
Exp Exp 7.071° 1.082  .000 4.949 9.194
Cont. Cont. -7.071° 1.082  .000 -9.194 -4.949

Further analysis was done to comprehend the different effect of prior knowledge on mathematics
achievement of those groups. The following table indicates that there was a significant difference (p
<.0005), thus the result shows that there was an effect of students’ prior knowledge and ability on
mathematics achievement.

Table 4.4.The effect of students’ prior knowledge and ability on mathematics achievement

Type III Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
Corrected 93107.083% 2 46553.542 160.564 .000 241
Model
Intercept 214749.507 1 214749.507 740.675 .000 422
PRE TEST 69320.611 1 69320.611 239.088 .000 191
GROUP 12393.016 1 12393.016  42.744 .000 .040
Error 293706.886 1013 289.938
Total 2141936.000 1016
Corrected Total 386813.969 1015

Moreover, gender became an interesting point of this study, so a comparison between boys and
girls in their mathematics achievement was analyzed.

Table 4.5.Descriptive statistics of the experimental group and the control group

Group Statistics
Math. achievement N Minimum Maximum Mean Std. Deviation
Girls Pre-Test 230 4 92 2723 18.293
Post-Test 230 4 92 46.71 18.829
Boys Pre-Test 270 4 84 26.87 15.731
Post-Test 270 4 88 48.40 18.342




Table 4.5 shows the results of pre-test and post-test for the mathematics achievement of boys and
girls. The gain score from the pre-test to post-test for mathematics achievement of the girls’ group
was 19.48 points, while the gain score for the boys’ group was 21.53 points. Based on this result,
the gain score of the boys was higher than that of the girls. Thus, it was proved that the use of
calculators in the experimental group gave more contribution to the boys.

The following figure represents the comparison of mathematics achievement between those two
groups. It can be observed that there was increasing gain score in both groups after the treatment.
The gain score of the boys’ group was 3.05 higher than that of the girls’ group. Thus, from the
result, the use of the Classwiz scientific calculators gave a greater impact on boys’ mathematics
achievement than that of the girls.

Mathematics Achievement
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Figure 4.5 Comparison of boys' and girls’ mathematics achievement

In addition, inferential statistics were used to investigate the significant differences of the
mathematics achievement between boys and girls. Based on the following table, it can be
concluded that there was no significant difference between that of boys and girls (F = 2.722, p =
.100).

Table 4.6.The effect of students’ prior knowledge and ability on mathematics achievement seen
from gender perspective

Type III Sum Mean Partial Eta
Source of Squares df Square F Sig. Squared
Corrected 50755.415% 2 25377.708 103.992 .000 295
Model
Intercept 139446.786 1 139446.786 571.419 .000 535
PRE TEST 50239.782 1 50239.782 205.870 .000 .293
GENDER 664.306 1 664.306 2.722 .100 .005
Error 121285.897 497 244.036
Total 1306064.000 500

Corrected Total 172041.312 499




5. Conclusion

Returning to the first research questions posed at the beginning of this study, it can be concluded
that there were impacts on students’ mathematics achievement by the integration of the Classwiz
scientific calculators in the mathematics class. Secondly, regarding the next question of how the
learning impacts on the students’ mathematics achievement. From the data analysis, the
intervention gave a significant impact on mathematics achievement. Students who used the
calculators in the experimental group achieved a higher score than those of the control group who
had regular lessons. Meanwhile, seen from the gender perspective, the analysis showed there was
no significant difference between the mathematics achievement of the boys and girls. Also, based
on the observation, the students gave a positive response to the use of the calculators in their
learning.
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