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STEM learning is the process of improving one's mathematical critical thinking ability in the twenty-first century. The study intends to compare the mathematical skills of critical thinking between genders through STEM learning. The research method employs a quasi-experiment design with 2 x 2 factorial designs and a simple random sampling technique. Data collection techniques employ a test method to assess learners' mathematical critical thinking skills. The normality and homogeneity tests, as well as the hypothesis of using two paths Anava, are used in the test analysis. The research findings are as follows: (1) there are differences between STEM and conventional learning in terms of mathematical critical thinking skills, as well as the use of STEM through technological integration learning being more effective than conventional learning; (2) there is a difference in the results of mathematical critical thinking ability between male and female learners, with female learners having a higher ability to use critical thinking skills.
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INTRODUCTION
There is rapid development of science and technology, which gives rise to new demands in all life aspects, including the 21st century education system. The integration of technology is appropriate in teaching and learning. The government has made various efforts to improve the quality of education, of which the 2013 curriculum is one (Syutharidho & Rakhmawati, 2015). It is expected that multidisciplinary training, student focused, active and critical, interactive study and groups or teams will be achieved through the 2013 curriculum (Adlim et al., 2015). Mathematics is one of the topics considered to be very important in the education world (Lamote, 2017). The facts show that mathematics holds a high position in science because it underpins the ability to understand or think about students in other subjects. However, some students still believe that learning Mathematics is difficult (Fadholi et al., 2015). Students are more likely to show interest in learning and low performance motivation when learning subjects that are considered difficult (Suherman, 2015). Given the importance of mathematics, it is hoped that a teacher's role in determining learning approaches that can change students' mindsets and views about mathematics will be expanded (Abdullah et al., 2016; Komarudin et al., 2020; Suherman et al., 2018), students are hoped to show great mathematical interest and be able to develop creativity and achievement of learning (Saparwadi, 2016).
On the other hand, the positive impact on social life that Information and Communication Technologies (ICT) have had represents a unique opportunity for educational development, as these technologies facilitate and provide meaningful learning opportunities through technological resources. Nicolete et al., (2017), in support of this statement, asserts that mathematical abilities are genetically imprinted in our brains and recommends that mathematics be taught using models that include the development of intuitive reasoning, the manipulation of materials, and activities that are fun and engaging. In order to alleviate the current situation, one possibility is to encourage teachers and schools to incorporate more interactivity and exciting ICT technologies into math classes, exploring playful digital resources such as educational games, simulators, videos, and images in order to support the teaching and learning of mathematics and other applied sciences in classrooms across the country (Nicolete et al., 2017).
Mathematics is a science which has systems that range from simple concepts to very complex concepts (Andriani et al., 2019; Depaepe et al., 2013; Syabrina Sarmi, 2019). The concept should appear in the learning process. The ability to think critically is an important skill in learning mathematics (Mujib, 2015; Setiawan, 2016; Suherman & Diana, 2019). Students are also helped to develop other skills through creative thinking like problem solving (Mahmuzah, 2015), conection (Eynon et al., 2014), representation (Istenic Starčič et al., 2016), and communication (Surya et al., 2018). In learning mathematics, critical thinking is important to use. This is a process of finding a concept.
According to the results of international assessments from The Program for International Student Assessment (PISA), Indonesian students' mathematics achievement is low when compared to other countries. The PISA assessment consists of basic tests in reading, mathematics, and science that are not based on any national curriculum. The PISA process is widely regarded as having strong legitimacy in describing a country's educational quality (Pratiwi, 2019). Indonesia has taken part in PISA since 2000. In the most recent PISA iteration, conducted in 2018, Indonesian students ranked 72 out of 78 countries studied in mathematics.
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Figure 1.  The results of Indonesian students in mathematics, science, and reading

Figure 1 shows that Indonesian students, particularly in mathematics, have a lower average score than most Organisation for Economic Co-operation and Development (OECD) countries, with an average score of 379 compared to an OECD average score of 489. According to the Schleicher (2019), based on PISA results, approximately 28% of Indonesian students achieved level 2 or higher in mathematics, compared to the OECD average of 76%. To put it another way, 72 percent of Indonesian students are considered low achievers in mathematics, compared to the OECD average of 24 percent (right chart in Figure 1). At level 2, these pupils can mathematically analyze, acknowledge and describe a simple issue. But just 1% of Indonesian students score at level 5 (OECD average 11 percent ). Those kids can use mathematical models to solve challenging circumstances and can select, comparison and evaluate problem-solving solutions.
A learning factor is one of the claims of low-mindedness. The most students who use only conventional learning are unable to understand critical thinking (Happy & Widjajanti, 2014). Teachers should therefore use a diverse, interesting approach of learning to fill this important abstract subject in the form of conventional learning (Kariyana & Sonn, 2016; Putra et al., 2020) and to promote students to conduct numerous experiments to enable them to go through the abstraction level to better their understanding of creative and critical thinking. Furthermore, gender is appropriate to knowing these factors. Teachers of all skill levels interact more with male students than with female students (Canning et al., 2019).
The learning approach to enhancing student understanding by teachers is science, technology, engineering and mathematics (STEM). STEM is an important issue for the educational trends of today and it is recognized internationally as a foundation for economic growth and for advancing skills that people need in the 21st century (Chai, 2019; Maass et al., 2019). Two or more fields of knowledge contained in STEM or in one or more other subject fields may be integrated into the STEM approach (Martín‐Páez et al., 2019; Shernoff et al., 2017).
	Recently, the majority of research on STEM has been conducted in education school. As a result have shown that integration of the STEM in learning improves the students' accomplishment in algebra, geometry and probability (Sunyoung et al., 2016), enhances literacy and proficiency in science, math, technological engineering (Tati et al., 2017), and and improves the capacity for thinking and thinking (Sari et al., 2019). STEM training influences the achievements of science and mathematics, students are happy about training, wish to see more about it in future courses and can contemplate selecting STEM fields for their future professions (Acar et al., 2018). These results suggest to develop STEM learning in the future. In addition, the findings of this meta-analytic study are encouraging, with STEM programs having a positive and statistically significant overall effect on students' mathematics achievement (Siregar et al., 2019). This meta-analysis study shows the limitations. Some studies did not provide relevant information for calculating the effect size and did not provide detailed information about the Studies' STEM program. Also, there were no explicit or systematic results presented in the selected studies. Based on the previous article, STEM students' critical thinking skills and the gender applied to the 2013 curriculum are effectively assessed by this research update. A more efficient learning model will increase mathematical thinking skills significantly. The research aims to assess the mathematical abilities of gender-based critical thinking using STEM through technological integration.

METHOD
A quasi-experimental design with a 2 x 2 factorial design was used in this study. The following table depicts the research design.

Table 1. Research factorial design
	                                                             Gender (

Learning Models (
	Male (
	Female (

	STEM model (
	
	

	Conventional/Expository (
	
	



All students at SMK Nurul Islam in South Lampung were used as the population. With a total of 53 participants in grade 10, the research sample was drawn using a simple random sampling technique. The experimental class used STEM, while the control class learned according to the school curriculum. The steps in learning are as follows:


Figure 2. STEM model learning 

An essay test on geometry material was used as the instrument in this study. The written test method was used in the data collection technique to assess students' critical thinking skills mathematically. The following are indicators of critical thinking in mathematics:


Figure 3. The indicators of mathematical critical thinking 

Normality and homogeneity tests were performed prior to the analysis. Statistical test with a 5% level of significance. The SPSS 17 program was used to perform hypothesis testing, which included a two-way ANOVA test with a 2 x 2 factorial design.

RESULTS AND DISCUSSION
The results of the mathematical creative thinking ability test are included in the research data. Table 2 shows the value of mathematical creative thinking ability based on learning and experience. Table 3 shows the value of mathematical creative thinking ability as a function of gender.

Table 2. The results of Mathematical Creative Thinking Ability based on Learning model
	Group
	Xmaks
	Xmin
	Central Tendency
	Variation

	
	
	
	
	Mo
	Me
	Sd

	STEM
	96
	42
	70.70
	55
	50
	15.287

	Ekspository
	94
	36
	60.50
	45
	45
	16.525



According to Table 2, the average value of mathematical critical thinking skills using STEM is higher than expository skills. Furthermore, the highest value of using STEM learning is greater than the highest value of using expository learning.

Tabel 3. The results of Mathematical Creative Thinking Ability based on gender
	Group
	Xmaks
	Xmin
	Central Tendency
	Variation

	
	
	
	
	Mo
	Me
	Sd

	Male
	98
	45
	57.04
	55
	65
	16.809

	Female
	98
	50
	63.21
	45
	70
	14.707



According to table 3, female students have a higher average test score for critical thinking skills than male students. Furthermore, women and men have the same highest scores. Analysis of the test prerequisites using the normality test and the Kolmogorov-Smirnov test, as well as the homogenization test and the homogeneous variance test, with a significance of 5% using the SPSS 17 program. The table below shows the results of normality and homogeneity data.

Tabel 4. The results of normality data
	Mathematical Critical Thinking
	Group
	Sig
	Decision

	
	STEM
	0,822
	Normal

	
	Ekspository
	0,330
	Normal

	
	Male
	0,440
	Normal

	
	Female
	0,628
	Normal




Tabel 5. The homogenities data
	Mathematical Critical Thinking
	Group
	Sig
	Decision

	
	STEM
	0,678
	Homogen

	
	Ekspository
	
	

	
	Male
	0,687
	Homogen

	
	Female
	
	



According to the data in Tables 4 and 5, the data is normally distributed and has the same variation. To test the data hypothesis, use the parametric statistics of the 2 x 2 factorial two-way ANOVA test with the SPSS program.

Tabel 6. The result of hypothesis
	Group
	Sig

	Teaching Method
	0.047 < 0.05

	Gender
	0.029 < 0.05

	Interaction
	0.907 > 0.05



According to the study's findings in Table 2, the average value of STEM learners is 70.70, while the average value of expository learners is 60.50. This demonstrates that STEM learning provides students with a better learning experience than expository learning, particularly when it comes to geometry material. This is due to the fact that STEM learning provides students with innovative ideas.
Furthermore, it can be seen that the STEM learning steps combine creativity and learning experiences. So that students become accustomed to using it in everyday situations. Students' STEM learning steps, such as observation, provide new experiences in geometry learning. Students can participate in discussions to express their ideas and opinions about what they see (observe). These STEM steps will provide students with new information on what has been observed, allowing them to analyze and think critically (Borrego & Henderson, 2014; Hobbs et al., 2018; Kusumah, 2019).
Following the next STEM steps, there is an innovation step in which students will incorporate new ideas into their observations. With this concept, it is hoped that students' creativity will be realized and that they will be able to apply the concepts in their daily lives. The final STEM step is to provide students with value (society). It is hoped that students will gain a greater appreciation for what they receive, resulting in increased learning.
This is also consistent with research findings that STEM learning can provide and improve students' critical thinking skills (Struyf et al., 2019), so that students are trained to understand geometric concepts by thinking critically. The concept can be implemented using technological integration. This integration is using google clasroom platform. In regard technological integration, the technology can easy to use for students’. 
In contrast to expository learning, the researcher begins by explaining the learning objectives to be implemented as well as conveying perceptions about the geometry material. The students will then be given the opportunity to comprehend the material in the given book. Furthermore, students will be given problems that can be solved through discussion. The students will then present the outcomes of their discussions.
Expository learning only emphasizes the teacher's role. Because students are only given a few opportunities, they are less active and less motivated to learn. The conclusion demonstrates that there is a distinction between using STEM and expository learning. It is possible to conclude that learning to use STEM is more effective, even if the difference is not significant when compared to traditional methods. The ability to think creatively using STEM is greater than the expository control class. According to relevant research, STEM learning can provide real learning experiences, increase learning effectiveness, and support future careers and professions (Kelley & Knowles, 2016). As a result, students can benefit from STEM education. So, by utilizing STEM learning, students not only learn the material but also practice, thereby making learning easier and more enjoyable.
According to the table 3, male have an average level of mathematical critical thinking skills of 57.04 and female have an average level of 63.21. As a result, female students comprehend the concept better than male students. This demonstrates that the gender difference in mathematical critical thinking skills between the female and male groups is distinct.
Gender differences in understanding of concepts by students are supported by relevant research (Salavera et al., 2017). As a result, rather than expository learning, the STEM used has creative steps and values that will make students enthusiastic about learning and motivated. Gender differences in learning outcomes result from a more diligent learning style for female students than male students. As a result, learning outcomes differ between men and women. As a result, female students outperform male students when it comes to learning Mathematics (Meifiani & Prasetyo, 2015). On mathematical critical thinking skills, there is no interaction between learning and gender. As a result, STEM and traditional learning that uses scientific learning have a relatively good value for understanding concepts seen from the perspective of gender.



Figure 4. Mathematical critical thinking report

This is evident from the graph, which depicts values with insignificant differences. As a result, expository learning has no effect on the ability to think critically mathematically. This research is similar to gender research, which concludes that there is no significant difference between cooperative learning and gender (Hodiyanto, 2017). Learning that provides meaning or student centering is a learning process that can provide meaning and have a positive influence on mathematical critical thinking skills. As a result, it will have an impact on gender differences in STEM learning, making students more critical, active, and creative when compared to expository learning.
However, it was discovered in this study that there was a relationship between the type of learning used (STEM) and gender on mathematical critical thinking skills. Another possible factor is the failure to implement research findings during learning as a result of a lack of seriousness in the classroom learning process, as well as control over students.
TPACK (Technological Pedagogical Content Knowledge) Framework was used to better understand the interrelationships between science, technology, and pedagogy. This framework was developed by Punya Mishra and Matthew J. Koehler, both of whom worked at the State University of Michigan in the United StatesStates and published their findings (Koehler & Mishra, 2009; Mishra & Koehler, 2006).
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Figure 5. TPACK model (Nicolete et al., 2017)

A synthesis of this knowledge leads to techniques for efficient and effective use of teaching and learning technologies. This framework, the combination of CK, PK, and TK, is focused on, and uses, the intersection of these concepts for proposal evaluation by the association (TPK). The Educational Technological Knowledge Content (TPCK) is the ideal knowledge for teachers to integrate technology into their teaching practice after the first time they interact with knowledge (Mishra & Koehler, 2006).

CONCLUSION
It is possible to conclude that there are differences in learning between STEM and conventional, indicating that STEM learning is superior to conventional. In terms of gender differences, female students outperform boys in mathematical critical thinking skills. There is no interaction between learning and gender. As a result, the use of STEM is more effective in the learning process and provides female students with higher mathematical critical thinking skills. Despite the fact that there is no interaction between learning and gender.
This study has limitations, such as only measuring mathematical creative thinking skills in geometry material, which limits its applicability to other materials. By paying attention to time and more directing to students, STEM learning can be used as a learning solution in the twenty-first century.
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