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Abstract. This study aims to get a picture of the effect of the use of computational 

mathematics teaching materials aided Mathematica software on student learning outcomes. The 

problem commonly faced by students in vector algebra courses is the understanding of 

concepts in the lecture material so that it impacts on the low student learning outcomes. The 

method used in this study is a quasi-experimental with pretest-posttest non-equivalent control 

group design. The results obtained in this study are the differences in learning outcomes 

between groups of students who use these teaching materials and those who do not. A 

significant increase in student learning outcomes by an average of 5% was found after the use 

of computational mathematics teaching materials aided Mathematica software in the Vector 

Algebra course. Therefore, it can be concluded that the use of teaching materials influences 

student learning outcomes.  

1.  Introduction 

Vector algebra is one of the courses in the Mathematics Education Study Program, FKIP 

Muhammadiyah Tangerang University. This course is a subject that must be attended by students in 

the Mathematics Education Study Program, FKIP Muhammadiyah Tangerang University. Vector 

Algebra is a course that discusses the principles of algebra that are applied to vectors. 

The problem that the authors found in the Vector Algebra course was the difficulty of students in 

understanding the basic concepts that existed in the course so that the impact on student learning 

outcomes was low. It turned out that this problem was also discovered by Nurlaelah and Carina [1] 

where students experience errors in understanding the concept of vector space. Meanwhile Sari [2] in 

her study found that students find it difficult in the process of proving on linear algebra material. 

According with what was expressed by Britton and Henderson [3] that students have difficulty with 

several concepts in linear algebra. Dorier, Robert, Robinet, and Rogalski [4] revealed the causes of 

student difficulties in learning linear algebra not only from students but also from teachers.   

Learning media is needed that can help overcome the difficulties of students in learning Vector 

Algebra courses. Cataloglu [5] used free open source software (FOSS) to help overcome the 

difficulties experienced by students in learning vector algebra. Panjaitan [6] used Matlab to study 

matrix algebra. Meanwhile Khair and Hariyanti  [7] developed interactive e-material for Linear 

Algebra while Novtiar and Fitrianna [8] developed Maple-assisted learning modules.   

Baist, Firmansyah, and Pamungkas [9] has made Mathematica software computational mathematics 

teaching material. The teaching material is designed to help students learn the material contained in 
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the teaching material independently. One of the chapters in the teaching material is a discussion of 

vector algebra. 

Therefore, this study aims to try to use these teaching materials in lectures of Vector Algebra. It is 

expected that the use of teaching materials can improve student learning outcomes in the Vector 

Algebra course. 

2.  Research Method 

This research is a quasi-experimental research with pretest-posttest non-equivalent control group 

design. Sampling uses a purposive sampling technique with the consideration that the sample cannot 

be randomized properly. The sample in this study consisted of an experimental class of 24 students 

and a control class of 26 students in the Mathematics Education Study Program, FKIP 

Muhammadiyah Tangerang University in the Vector Algebra course. The research design in this study 

is illustrated as the following diagram [10]: 

 

 

Experimental  O1 X O2 

Control  O3  O4   (1) 

where 

O1, O3  : pre-test 

O2, O4 : post-test 

X : Learning with specially designed teaching materials 

The teaching material referred to in this study is teaching material made by Baist, Firmansyah, and 

Pamungkas [9]. The teaching material is a mathematics computing teaching material assisted by 

Mathematica software in which there is vector algebra material. The teaching material is also designed 

to develop students’ self regulated learning. 

This research will calculate the increase in student learning outcomes. Hake's gain formula [11] 

used to determine student learning outcomes improvement. Here is the formula: 

 

g = (%posttest – %pretest)/(100% – %pretest)   (2) 

3.  Results and Discussion 

3.1 Pretest 

The following figure shows the results of the pretest for the experimental and control class. 

 
Figure 1. Mean of pretest 

 

It can be seen from Figure 1 that the mean values of pretest between the experimental and control 

classes do not differ greatly. The average pretest score for the experimental class was 78.33 and the 

control class was 77.12. This shows that the two classes do not have differences which means that 

both classes depart from the same starting point. 

Need further testing whether the two classes do not have significant differences. Before the test is 

carried out, it is necessary to know in advance the normality of data for both classes. Following are the 

results of normality testing for both classes. 
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Table 1. Tests of Normality 

 Class Shapiro-Wilk 

 Statistic df Sig. 

Pretest 
Experiment .857 24 .003 

Control .853 26 .002 

a. Lilliefors Significance Correction 

 

Based on the results from Table 1, the Sig value is 0.003 for the experimental class and 0.002 for 

the control class both of which are smaller than 0.05 which means that the experimental class and the 

control class are not distributed normally. Therefore, to find out whether the two classes are not 

significantly different, the Mann Whitney test is used. Here are the results of the test. 

 

Table 2. Test Statisticsa 

 Pretest 

Mann-Whitney U 260.500 

Wilcoxon W 611.500 

Z -1.071 

Asymp. Sig. (2-

tailed) 
.284 

a. Grouping Variable: Class 

 

Based on the results from Table 2, the Asymp value. Sig (2-tailed) which is 0.284 is greater than 

0.05 which means that the experimental class and the control class are not significantly different. 

Therefore, it can be said that both classes depart from the same starting point. 

 

3.2 Postest 

The following figure shows the posttest results for the experimental and control class. 

 

 
Figure 2. Mean of postest 

 

It can be seen from Figure 2 that the mean values of posttest between the experimental and control 

classes differ. The average posttest score for the experimental class was 80.21 and the control class 

was 74.23. This shows that the two classes have differences. 

Need further testing whether the two classes have significant differences. Before the test is carried 

out, it is necessary to know in advance the normality of data for both classes. Following are the results 

of normality testing for both classes. 
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Table 3. Tests of Normality 

 Class Shapiro-Wilk 

 Statistic df Sig. 

Postest 

Experimen

t 
.806 24 .000 

Control .797 26 .000 

a. Lilliefors Significance Correction 

 

Based on the results from Table 3, the Sig value is 0,000 for the experimental class and 0,000 for 

the control class both of which are smaller than 0.05 which means that the experimental class and the 

control class are not distributed normally. Therefore, to find out whether the two classes are 

significantly different, the Mann Whitney test is used. Here are the results of the test. 

Table 4. Test Statisticsa 

 Postest 

Mann-Whitney U 81.000 

Wilcoxon W 432.000 

Z -4.727 

Asymp. Sig. (2-

tailed) 
.000 

a. Grouping Variable: Class 

 

Based on the results from Table 4, the Asymp value. Sig (2-tailed) is 0.000 less than 0.05 which 

means that the experimental class and the control class differ significantly. Therefore, it can be said 

that the use of computational mathematics teaching materials aided Mathematica software influences 

student learning outcomes in Vector Algebra. 

3.3 Gain 

The following figure shows the average gain values for the experimental and control classes. 

 

 
Figure 3. Mean of gain 

 

There is a considerable difference from Figure 3 for the average gain values between the 

experimental and control classes. The average gain for the experimental class was 80.21 and the 

control class was 74.23. This shows that the two classes have differences. 

Need further testing whether the two classes have significant differences. Before the test is carried 

out, it is necessary to know in advance the normality of data for both classes. Following are the results 

of normality testing for both classes. 
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Table 5. Tests of Normality 

 Class Shapiro-Wilk 

 Statistic df Sig. 

Gain 
Experiment .923 24 .067 

Control .810 26 .000 

a. Lilliefors Significance Correction 

 

Based on the results from Table 5, the Sig value of 0.067 for the experimental class is greater than 

0.05, which means the experimental class is distributed normally. While the Sig value for the control 

class, which is 0.000 is smaller than 0.05 which means that the control class is not distributed 

normally. Therefore, the Mann Whitney test was used to find out whether the two classes differed 

significantly. Here are the results of the test. 

Table 6. Test Statisticsa 

 Gain 

Mann-Whitney U 185.000 

Wilcoxon W 536.000 

Z -2.534 

Asymp. Sig. (2-

tailed) 
.011 

a. Grouping Variable: Class 

 

Based on the results from Table 6, the Asymp value. Sig (2-tailed) is 0.011 smaller than 0.05 which 

means that the experimental class and the control class differ significantly. Therefore, it can be said 

that the increase in student learning outcomes is significantly different. This shows that the use of 

computational mathematics teaching materials aided Mathematica software increases student learning 

outcomes by 5% in the Vector Algebra course. 

The use of computational mathematics teaching materials aided Mathematica software significantly 

influences student learning outcomes in Vector Algebra course. A significant increase was also 

obtained by 5% for student learning outcomes in the Vector Algebra course. This is caused by 

teaching materials made by Baist, Firmansyah, and Pamungkas [9] designed to develop students’ self 

regulated learning. 

Using the teaching materials, students are trained to be able to learn independently. It is expected 

that with this students’ self regulated learning can achieve academic performance, in this study better 

learning outcomes. As expressed by Rijal and Bachtiar [12], and Saefullah, Siahaan, and Sari [13] in 

their study that self regulated learning has a positive relationship with learning outcomes. Meanwhile 

Ningsih and Nurrahmah [14], and Aini and Taman [15] in their study stated that self regulated 

learning has a positive effect on learning outcomes. So as Bail, Zhang, and Tachiyama [16] said that 

self regulated learning has an impact on academic performance in line with what is obtained by Yusuf 

[17], Eshel and Kohavi [18], and Neuville, Frenay, and Bourgeois [19] in their study.  

The control class in this study experienced a decrease seen from the calculation of the average gain 

value. This finding needs to be explored further to explore the causes of the decline in student learning 

outcomes. 

4.  Conclusions 

The use of computational mathematics teaching materials aided Mathematica software influences 

student learning outcomes in Vector Algebra courses. A significant increase in student learning 

outcomes by an average of 5% was found after the use of computational mathematics teaching 

materials aided Mathematica software in the Vector Algebra course. As a suggestion for further 

research is to trace the causes of decreased student learning outcomes for the control class. 
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