The effect of problem-based learning model toward students' mathematics achievement based on gender
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Abstract. This study aims to determine (1) whether the mathematics achievement of students taught with the PBL model is higher than the conventional model; (2) whether there is a difference in mathematics achievement between male and female students; (3) whether there is an interaction between learning models and gender on mathematics achievement. This study uses a quasi-experimental method. The population in this study were all students of grade XI of SMA Negeri 2 Balige. Sampling was done by cluster random sampling technique so that one class was obtained as an experimental class and another as a control class. Data collection was done through mathematics achievement tests. Data analysis and hypothesis testing using two-way ANOVA with the help of SPSS software. The findings show that: (1) the mathematical achievement of students taught with the PBL model is higher than the conventional model; (2) there is no difference in mathematics achievement between male and female students; (3) there is no interaction between learning models and gender on students' mathematics achievement. The findings in this study provide information about PBL model as a learning model that can improve students' mathematics achievement and can support the equality of learning achievement between male and female students.
1. Introduction
Education is a sector that has a significant role in supporting the development and progress of a nation. High-quality education will be able to improve the quality of human resources [1]. Education and its successful implementation are closely related to learning achievement. Learning achievement is considered as the knowledge and competence obtained by students after experiencing and receiving learning experiences and can be measured by the teacher [2]. Achievements can be in the form of skills and habits, knowledge and understanding, and attitudes and ideals [3]. 
In the mathematics aspect, mathematics achievement is defined as the abilities of students after they have received the mathematics learning experience. Mathematics achievement is also a benchmark that is used to determine the success rate of students in knowing and understanding the subject matter of mathematics after experiencing a learning experience that can be measured through tests [4]. Mathematical ability is related to educational achievement, higher grades, more excellent achievement qualifications, and higher socioeconomic status [5]. This mathematical achievement can predict a person's career, reputation, and personal income [6].
Based on preliminary observations, it was found that students' mathematical achievement was still relatively low and unsatisfactory. The low mathematical achievement of students is also shown by the results of PISA 2018, which put Indonesia ranked 73 out of 79 countries [7]. Low mathematical achievement is caused by the use of learning models that do not actively involve students. Teachers tend to dominate learning activities, so students become passive. As a result, the learning process becomes less meaningful and causes student mathematics achievement to be low. To overcome this weakness, we need an alternative learning model that can require students to think, discuss, and arrange solutions to the problems given so that students will experience the learning process. Thus, learning will be meaningful and encourage improvement in students' mathematical achievement. The learning model that can be implemented to achieve these objectives is the Problem-Based Learning (PBL) model.
PBL is a learning model that encourages students to learn through structured exploration activities of a problem [8]. Problems in PBL are used as a stimulus for students to begin the learning process. PBL provides an active learning activity that allows students to realize and determine their ability to solve problems, build adequate knowledge, and do group work in dealing with problems of daily life [9]. The PBL model also encourages students to take responsibility for their learning [10]. The existence of small groups in PBL provides benefits from the social aspect because the process of discussion, problem-solving, and learning is carried out with peers [11]. Several previous studies have shown that PBL has a positive effect on increasing students' mathematical achievement [12]–[16]. Thus, PBL provides great potential to improve students' mathematical achievement.
Apart from the learning model, other factors can affect mathematics achievement. One such factor is gender. Gender has a considerable influence on learning outcomes because there are differences in student learning styles between men and women, resulting in differences in achievement between genders [17], [18]. Male students are considered to be closer to mathematics [19]. Class interactions, student attitudes, student interests, and self-esteem, teacher attitudes, curriculum content, beliefs, social and cultural norms are all factors associated with the gender gap [10]. Based on previous research, it is obtained that there were different results regarding the effect of gender on mathematical achievement. There are significant differences in mathematics learning outcomes in terms of gender. Some studies state that male students tend to perform better in mathematics than females [20]–[23], while some other studies report that female students have better performance in mathematics [6], [24]. In contrast, there are also previous studies that indicate there is no difference in mathematics achievement in terms of gender [10], [25]–[31]. The variety of mathematics learning achievements in terms of gender shows there are still inconsistencies in results, so gender issues are still an interesting problem to discuss.
Based on the background description, it is necessary to research the consistency of gender influence on mathematics achievement. Therefore, this study was conducted to find out: (1) whether the mathematics achievement of students taught with the PBL model is higher than the conventional model; (2) whether there are differences in mathematics achievement between male and female students; (3) whether there is an interaction between learning models and gender on mathematics achievement. The findings in this study contribute to providing information about the effect of the PBL model and the effect of gender on students' mathematical achievement.

2. Methods
This study is quantitative research with a quasi-experimental type. The design of this study uses a 2 × 2 factorial design. The first factor is gender, which consists of two variables, male and female. At the same time, the second factor is the learning model, which includes two variables, namely the PBL model and the conventional learning model. The population in this study is all students of class XI in SMA Negeri 2 Balige, Toba Regency, North Sumatra. Then, the sample in this study is two classes that were chosen randomly using the cluster random sampling method. Class XI Science 6 became an experimental class taught using the PBL model, while Class XI Science 7 became a control class that was taught using conventional learning models. Before the treatment was given, the two classes were given a preliminary test to know whether the two classes have equal initial ability. After the treatment was given, then at the last meeting, a mathematics achievement evaluation test is carried out to collect further data to be analyzed.
The data collection instruments in this study used a test technique, which was a preliminary test and an evaluation of mathematics achievement tests on statistical topics. The form of the questions used is a multiple-choice test of 20 questions and has been through the validity and reliability test by experts, so it is feasible to be used to collect the required data. This mathematics achievement data is tabulated based on gender as many as 15 male students and 15 female students both in the experimental class and the control class. The quantitative data obtained were analyzed using SPSS 24.0. Preliminary test result data were analyzed through a normality test, homogeneity test, and t-test to find out whether the two classes had equivalent initial abilities. Next, the results of the evaluation tests were analyzed using two-way ANOVA statistics. However, before this test is carried out, it is necessary first to test normality and homogeneity. Then, the results of the two-way ANOVA are analyzed to test the hypothesis for further interpretation of decision making and conclusions.

3. Results and Discussion
Preliminary data of students in both classes were obtained through the provision of an initial test before treatment was given. After quantitative data is collected, the data is then processed and analyzed using SPSS 24.0 software. A summary of the initial test results, normality test, homogeneity test, and t-test data are given in the following table.

Table 1. Summary of Normality, Heterogeneity, and t-test for Initial Test

	Group
	N
	Mean
	StdDev
	Normality Test
	Heterogeneity Test
	t-test for Equality of Means

	
	
	
	
	Statistic
	Sig.
	Levene's Statistic
	Sig.
	t
	Sig.

	Experiment (PBL)
	30
	12.200
	1.689
	0.153
	0.071
	0.120
	0.731
	1.844
	0.070

	Control (CL)
	30
	11.367
	1.810
	0.130
	0.200
	
	
	
	



Referring to the normality test against the initial test, it was found that the Sig. value for both classes more than 0.05 (α = 5%). This result means, at a significance level of 5%, all samples come from populations that are normally distributed. Furthermore, in the homogeneity test, the Sig. from Levene's statistics, that is 0.731  0.05, so it can be concluded that the data has a homogeneous variance. Because the initial test data is normally distributed and homogeneous, it is continued with t-test. From table 1, the Sig. value from the t-test that is 0.070  0.05, which means that there are no differences in the initial abilities of students. In other words, the initial abilities of students in the experimental class and the control class are in a balanced state, so for subsequent analysis using data from the mathematics achievement evaluation test.
Based on the preliminary analysis, information was obtained that the initial abilities of the two classes were the same, so that further analyzes were carried out using achievement data collected from the mathematics achievement evaluation tests. This test is given after the two groups are given treatment according to each learning model. The mathematical achievement data obtained were further analyzed by two-way ANOVA. But before this test is carried out, the prerequisite test is normality and homogeneity. A summary of the prerequisite test results is presented in table 2 below.

Table 2. Summary of Normality and Heterogeneity Test of Mathematics Achievement Test

	Students' Mathematics Achievement
	Group
	N
	Mean
	Std
	Normality Test
	Heterogeneity Test

	
	
	
	
	
	L
	Sig.
	Levene's Statistic
	Sig.

	
	Experiment
	30
	16.800
	1.750
	0.145
	0.105
	0.002
	0.961

	
	Control
	30
	14.867
	1.737
	0.136
	0.164
	
	

	
	Male
	30
	15.733
	1.981
	0.144
	0.112
	0.002
	0.964

	
	Female
	30
	15.933
	2.016
	0.135
	0.172
	
	



Based on table 2, at the significance level α = 5%, it was obtained that the students' mathematical achievement evaluation test data for each study group was normally distributed and had a homogeneous variance. This condition can be seen from the Sig. value in the normality test for each study group valued at more than 0.05. Also, Sig. value in the heterogeneity test for the study group of learning model factors and gender factors is also worth more than 0.05. Therefore, a further two-way ANOVA test can be carried out because both prerequisite tests have been fulfilled. A summary of the ANOVA calculation results is given in table 3 below.

Table 3. Two-way ANOVA Analysis of Students' Mathematics Achievement Test

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	56.733a
	3
	18.911
	6.031
	0.001

	Intercept
	15041.667
	1
	15041.667
	4796.887
	0.000

	Gender
	0.600
	1
	0.600
	0.191
	0.663

	Model
	56.067
	1
	56.067
	17.880
	0.000

	Gender*Model
	0.067
	1
	0.067
	0.021
	0.885

	Error
	175.600
	56
	3.136
	
	

	Total
	15274.000
	60
	
	
	

	Corrected Total
	232.333
	59
	
	
	


a. R Squared = 0.244 (Adjusted R Squared = 0.204)

In table 3, referring to the learning model factor, it can be seen that the Sig. value is 0.000  0.05. This result means different learning models provide different achievements. In other words, there are differences in mathematics achievement between students taught with the PBL model and students taught with the conventional model. This can be seen from the average achievement of students taught with the PBL model, which is 16.8 higher than students taught with the conventional model that is 14,867. This finding is in line with the results of previous studies, which found that the PBL model had a better influence on mathematical ability than the conventional model [10] - [14], [22]. The reason is that in the PBL model, students were placed as learning subjects and try to gain or find the knowledge by themselves through the problems given. The students have meaningful learning since the materials provided by the teacher are connected to the problem around daily life. Students also work actively as a team to solve the problem given. Thus, the PBL model can be an alternative learning model that can be used in mathematics learning to improve students' mathematical achievement.
Based on the two-way ANOVA calculation results in Table 3, the gender factor with a significance level of α = 5%, obtained that the Sig. value 0.663  0.05, which indicates that there are no differences in mathematical achievement between male and female students. This can also be seen from the average value that is not so different between groups of male students, which is 15.733, while the group of female students is 15.933. This finding is in line with the results of previous studies, which found that gender factors did not significantly influence mathematics achievement [10], [25]–[31]. Ajai & Imoko found that there was no significant difference between the average achievement of male and female students taught by the PBL model [10]. Also, this finding is consistent with the results of the Hyde & Mertz study, which states that in mathematics, female students can achieve a balanced ability with male students. This means that female students can do better assignments in solving complex problems, as presented in PBL [25]. However, this finding is different from the study by Asante, which found that there were significant gender differences in mathematics achievement [21].
The absence of differences in mathematics achievement between male and female students is because students realize that they are in the same position and are able to compete and collaborate in learning activities in class. This can be seen from the learning activities of male and female students both with the PBL model and the conventional model is not so different although there are found several conditions where female students are more active in discussing and submitting opinions. This condition is consistent with the concept of gender equality, which states that both male and female students experience the same learning experience and obtain the same learning achievement [1]. However, this fact contrasts with the opinion that gender differences in mathematics are based on differences in cognitive abilities and lateral brain conditions that differ between male and female students [32]. Various factors that might influence gender differences such as classroom and school culture, teacher attitudes, and parenting from parents can be considered for further research. One of the factors that influence the results in this study is the quality of schools, because the place of research is the school with the best school category in Toba Regency, North Sumatra, so that gender issues are not a problem in mathematics achievement [26]. However, from this study, it can be said that the application of PBL also shows that the orientation of understanding and thinking patterns in learning mathematics plays more role than gender.
Furthermore, based on the value of the interaction between gender and the learning model, it is found that the Sig. value is 0.885  0.05, which means there is no interaction between the learning model and male and female students on mathematics achievement. The absence of interaction between the two factors is due to the absence of differences in mathematical achievement between male and female students in each learning model. That is, the mathematical achievements of both male and female students taught with the PBL model are better than conventional models. This finding is consistent with the results of Awofala & Lawani and Ojaleye & Awofala's studies, which found that there were no significant interaction effects of treatment and gender on students' mathematical achievement [28], [33]. Furthermore, the average scores of male and female students in each treatment class are presented in Figure 1 below.

Figure 1. Students Mathematics Achievement

Based on figure 1, descriptively, it can be observed that mathematics achievement in the experimental class taught by the PBL model, both for male and female students is higher than the achievement in the control class taught by the conventional model. Besides, the mathematics achievement of female students in both the experimental class and the control class is higher than the achievement of male students even though the difference is quite small and statistically not different. This result is consistent with the findings in recent studies that the ability of female students in countries that have recognized gender equality has good mathematics learning achievement, and is even better than male students [34]. The results of the TIMSS in the last few years have also indicated that the differences between male and female students are minimal [35], and female students are also able to obtain the same or even better performance than male students [23]. So, it can be said that based on the results of this study, gender is not a factor that significantly influences mathematics achievement. These findings can be input into the practice of implementing education, which shows that the PBL model can be a choice of learning models that can improve the achievement of male and female students in a balanced manner.

4. Conclusion
Based on the findings in this study, it can be concluded as follows: (1) the mathematical achievement of students taught with the PBL model is better than the mathematics achievement taught by conventional models, (2) there is no difference in mathematical achievement between male and female students, (3) there is no interaction between learning models and gender on mathematics achievement. Mathematics learning should provide equal opportunities and challenges for male and female students to achieve mathematics learning achievement. The results of studies that show no difference in achievement in terms of gender indicate that male and female students have the same competence to achieve learning achievement. PBL models can also be an alternative learning model that can improve mathematics achievement. Also, PBL can encourage equality between men and women to compete, work together, collaborate, and obtain the same knowledge and skills in learning mathematics. Lastly, this study is still limited to the dependent variable, namely achievement, so that further research is possible to see the effectiveness of PBL on other dependent variables, especially mathematical abilities and also in terms of gender or other factors.
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