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ABSTRACT 

	This study aims to compare the metacognitive and learning interest of students based on gender in biology subjects. This study was conducted in tenth grade at a high school in Tasikmalaya, Indonesia, from September 2024 to July 2025. The research method used was causal comparative. The population in this study was the entire tenth grade, which consisted of 9 classes. The sampling technique used purposive sampling. The sample in this study amounted to 60 students, consisting of 30 students from male classes and 30 students from female classes. This research was conducted without giving treatment, but data were collected through questionnaires and interviews. Metacognitive awareness was measured using the Metacognitive Awareness Inventory (MAI) questionnaire consisting of 43 valid statements covering two components: metacognitive knowledge and metacognitive regulation. Meanwhile, interest in learning was measured using a questionnaire consisting of 31 valid statements including four indicators: attention, interest, perception of intellectual challenge, and competence gained. Then from the results of the questionnaire, three respondents with unique criteria were selected to be interviewed. The data analysis technique used was ANOVA with P = .05. Although metacognitive and interest in learning based on gender have been studied separately, no research has explored the integration between the two dependent variables together. The ANOVA analysis results showed a significance value of 0.651 for metacognitive and 0.000 for interest in learning. This means there is no statistically significant difference in metacognitive based on gender. However, there is a statistically significant difference in learning interest. Overall, this study concludes that metacognitive can be improved equally through structured and consistent stimulus and learning experiences. Meanwhile, interest in learning increases differently based on gender because the increase is related to feelings of usefulness and how learners perceive their abilities and identity in the material being studied, which is rooted in early education patterns.
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1. INTRODUCTION 

Metacognitive is one of the important competencies needed by learners in developing 21st century skills to support life independence (Nurmi et al., 2024; Singla, 2023). This competency plays a role in equipping learners to learn effectively, independently, and reflectively, so that they can understand the needs and strategies needed in the learning process (Asda et al., 2022; Riyadi et al., 2024). In line with the four pillars of UNESCO education, namely learning to know, learning to do, learning to be, and learning to live together, metacognitive allows learners to build a complete identity and positive contribution to society (Erlin et al., 2021). Metacognitive helps learners design learning strategies, recognize difficulties, and make optimal use of learning resources(Asda, 2024; Stanton et al., 2021).

In the context of learning biology, metacognitive has a crucial role because biological subjects is known to be complex, contains many scientific terms, and includes abstract concepts that require deep understanding, not just memorization (Aprilia et al., 2023; Novita et al., 2023). Learners with low metacognitive tend to think unsystematically, use ineffective learning strategies, and are prone to confusion and conceptual errors, so that understanding of the subjects is not optimal (Erlin et al., 2021). Understanding will be optimized when they have an interest in learning, which can grow when the material feels relevant to personal goals, such as the desire to continue studying in the field of medicine (Fernandez et al., 2021; Mahaly et al., 2024). High interest in learning encourages learners to be more active, consistent, and try their best in learning(Ramadani & Qibtiyah, 2021). As well as being able to increase concentration, facilitate information processing, minimize focus switching, and foster seriousness in responding to the learning process (Elijonnahdi et al., 2024; Fuldiaratman et al., 2023).

Each learner responds differently to the learning process, including characteristics based on gender that need to be considered in the learning process (Syafitri & Komariah, 2017). For example, in completing tasks, generally female learners are more thorough and involved than males, which reflects differences in learners' awareness in managing their thinking and other metacognitive components and is related to their interest in learning which can be seen from their response to learning. Previous research by Asda (2024) dan Maula & Hidayah (2019) showed that female learners tend to have higher metacognitive and interest in learning. However, research by Hermawan et al. (2018) found no significant difference in metacognitive.

More broadly, research in Colombia by Garzón et al. (2020) found that there was no significant difference between males and females in metacognitive of secondary students. Interestingly, sixth graders showed higher metacognitive skills than those above them, suggesting that age or stage of education matters more than gender. In Canada by Plante et al. (2019) found that academic interests are influenced by stereotypes attached to gender, with men being more interested in math and women in languages, not because of ability, but because of social construction. This finding is important for understanding interest in learning biology based on gender. Meanwhile, research in the Philippines by Esclamado & Rodrigo (2024) found that males were more explorative and showed increased interest, while females were more sensitive to feelings of boredom and frustration, which negatively effected their focus and engagement in learning.

This shows that there are still inconsistencies that need to be studied further, especially in the context of biology subjects and school environments that apply class separation based on gender, such as at the research high school. Based on preliminary studies through observations and interviews, there are indications of differences in learning responses between male and female students, both in terms of metacognitive and interest in learning. Females tend to be more active in reflecting on the learning process and engaging in group discussions, while males prefer independent learning but less likely to evaluate their learning process systematically. This finding reinforces the importance of further research to find out whether gender differences really have an effect on these two variables. Previous studies have emphasized on one variable only, only metacognitive or interest in learning, and were conducted on subjects such as chemistry and mathematics that have different conceptual challenges from biology. This study offers novelty because it combines the three variables in one study focusing on biology subjects, and is conducted in a school context where some classes are segregated by gender, which has rarely been explored.

Thus, this study aims to compare gender differences on students' metacognitive and learning interest in biology subjects. The interaction of these three variables can provide a more complete picture of how learners learn and what influences them. The results are expected to provide input for educators in designing learning strategies that are more adaptive and responsive to the needs of learners, to support the development of 21st century skills. As well as being able to be an insight to help students develop their learning potential optimally, in line with the objectives of the Merdeka Curriculum in preparing a generation of lifelong learners. Based on these objectives, this study seeks to answer the following research questions:
1) Are there metacognitive differences between male and female students in biology subjects?
2) Are there difference in learning interest between male and female students in biology subjects?

2. material and methods

This study used a quantitative approach with a comparative causal method. This method was chosen because the characteristics of the independent variable, namely gender, have been formed naturally so that it is not possible to do treatment (Ary et al., 2010). This study was conducted in a high school in Tasikmalaya, Indonesia, from September to July 2025. The population in this study was all grade X high schools in Tasikmalaya, Indonesia, in the 2024/2025 academic year. The population consisted of 9 classes with a total of 267 students. The sample determination was done through non-probability sampling technique with purposive sampling method. The sample consisted of two classes, X-1 and X-5, which were structurally separated by gender. Each class consists of 30 female students and 30 male students, so the total number of samples is 60 students. The selection of samples in this study considered the following inclusion criteria, namely students have studied biology until the end of the odd semester with the same teacher and the same number in each group.
The research was conducted without providing treatment, data were collected through questionnaires and interviews. The questionnaire used is a closed questionnaire with a Likert scale of 1-4 with the aim of avoiding the central tendency effect (Hertanto, 2017). There are two questionnaires used, namely a questionnaire for metacognitive and a learning interest questionnaire. The metacognitive questionnaire uses the Metacognitive Awareness Inventory (MAI) modified from Schraw & Dennison (1994) which includes two main components, first metacognitive knowledge which includes declarative knowledge, procedural knowledge, and conditional knowledge, and metacognitive regulation components which include planning, information management, comprehension monitoring, debugging strategies, and evaluation. While the learning interest questionnaire was prepared based on modified indicators from (Abrantes et al., 2007) including attention, interest, perception of intellectual challenge, and competence gained.
The questionnaire used went through a validity test which included construct validity by expert lecturers and external validity by testing the instrument in class XI and then analyzed using the Pearson Product Moment test with the help of SPSS 25. The metacognitive instrument showed 43 valid statements out of 52, while the learning interest questionnaire consisted of 31 valid statements out of 40. Reliability was tested using Cronbach's Alpha with the help of the SPSS version of SPSS. The reliability test results are presented in table 1 and table 2 below. Based on the reliability test results, it can be seen that the questionnaire has a very high reliability value.


Table 1. Reliability Test Results of Metacognitive Questionnaire
	Reliability Statistics

	Cronbach's Alpha
	N of Items

	.925
	52



Table 2. Reliability Test Results of Learning Interest Questionnaire
	Reliability Statistics

	Cronbach's Alpha
	N of Items

	.900
	40



After the questionnaire data were collected, semi-structured interviews were conducted to find out more in-depth information and strengthen the overall research findings. Interview respondents were selected in small numbers, namely five from each representative group of learners, based on the pattern of questionnaire answers that were almost consistent in certain response options and the highest scores. Therefore, it is expected to be able to find out the reasons, factors or unique interpretations that respondents have regarding the way they think and respond to learning biology.

3. results and discussion

This section presents the comprehensive results derived from the statistical analysis of quantitative data collected in this study. The findings are organized to directly address the research questions regarding gender differences in students' metacognitive and learning interest in biology subjects. Following the presentation of these results, the discussion will provide a critical interpretation of the findings, contextualizing them within relevant theoretical frameworks and prior empirical studies. This approach aims to not only report what was found but also to explore the implications of these findings for both pedagogical practice and future research.

3.1 Results

The results are summarized in table 3, which outlines the statistics of data related to metacognitive and learning interest of male and female students in biology subjects.

Table 3. Results of Statistical Analysis of Data
	Descriptive Statistics

	Gender
	N
	Range
	Minimum
	Maximum
	Mean
	Std. Deviation
	Variance

	Male
	Metacogntive 
	30
	45
	112
	157
	127.67
	11.816
	139.609

	
	Learning Interest
	30
	33
	60
	93
	79.33
	6.562
	43.057

	Female
	Metacogntive 
	30
	52
	109
	161
	129.03
	11.461
	131.344

	
	Learning Interest
	30
	35
	67
	102
	86.20
	7.770
	60.372



Table 3 showed that the average of female students was higher than male, both on metacognitive and interest in learning. The average on metacognitive of female learners was 129.03, while the male learners it was 127.67. Meanwhile, the average interest in learning for female students was 86.20 while the male students it was 79.33. Then for the results of statistical assumption tests, namely normality and homogeneity tests, with a significance level of 5% were shown in table 4 and table 5 below, respectively.

Table 4. Summary of Normality Test Results using the Shapiro-Wilk Test
	Variable
	Gender
	
	Sign.
	Analisys Conclusion

	Metacogntive 
	Male
	0,05
	0,057
	The sample has been drawn from a normally distributed population.

	
	Female
	0,05
	0,379
	The sample has been drawn from a normally distributed population.

	Learning Interest
	Male
	0,05
	0,060
	The sample has been drawn from a normally distributed population.

	
	Female
	0,05
	0,951
	The sample has been drawn from a normally distributed population.



Table 5. Results of Homogeneity Test using Levene's Test
	Variable
	Levene Statistic
	df1
	df2
	Sign.
	Analisys Conclusion

	Metacognitive 
	0,213
	1
	58
	0,646
	The sample comes from a homogeneous variance.

	Learning Interest
	1,333
	1
	58
	0,253
	The sample comes from a homogeneous variance.



Table 4 and table 5 showed that the significance value obtained was more than 0.05 both in the normality test and homogeneity test, for the metacognitive and learning interest variables. Therefore, it could be concluded that the sample wass taken from a population that had a normal distribution and come from a homogeneous variance. All statistical assumption tests had been met, so the data could be analyzed for hypothesis testing through one-way ANOVA. The results of the one-way ANOVA analysis on metacognitive were shown in table 6 below.

Table 6. ANOVA Test Results Metacognitive 
	ANOVA

	Metacognitive 

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Between Groups
	28.017
	1
	28.017
	.207
	.651

	Within Groups
	7857.633
	58
	135.476
	
	

	Total
	7885.650
	59
	
	
	



Table 6 showed that in metacognitive, the F value of 0.207 indicated that the variation in scores between male and female students was relatively small when compared to the variation in scores within each group. In addition, a significance value of 0.651 which was larger than P =.05, was obtained. This meant that the difference was not significant, or that male and female students had a relatively equal level of metacognitive. While the results of the one-way ANOVA analysis on learning interest were shown in table 7 below.

Table 7. ANOVA Test Results of Learning Interest
	ANOVA

	Learning Interest

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Between Groups
	707.267
	1
	707.267
	13.676
	.000

	Within Groups
	2999.467
	58
	51.715
	
	

	Total
	3706.733
	59
	
	
	


	
Table 7 showed that for learning interest, getting an F value of 13.676 which indicates that the variation in scores between male and female students was greater when compared to the variation in scores within each group. A significance value of 0.000 was smaller than P = .05, which indicated a significant difference in learning interest between male and female students.

3.2 Discussion

This section presented a detailed interpretation and discussion of the research findings in relation to existing literature and the study's theoretical framework. The discussion was structured to first address the findings on gender differences in metacognitive, followed by an analysis of the results concerning learning interest in biology subjects. This analysis aimed to provide new insights and implications for educational practices.

3.2.1 Learners' Metacognitive based on Gender on Biology Subjects
The results showed that there were no differences in students' metacognitive based on gender in biology subjects. However, descriptive data indicated a difference in the tendency of how the two groups actualized their metacognitive. Figure 1 presents a comparison of the average indicator scores on the metacognitive knowledge component between male and female students.
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Fig. 1. Bar Chart Comparing Average Scores for Component Indicators Metacognitive Knowledge
Figure 1 showed that the indicator with the lowest score in both genders was declarative knowledge. Meanwhile, the highest scores were on conditional knowledge for males and procedural knowledge for females. In declarative knowledge (difference of 1.07), both groups had not recognized their strengths in the learning process, but women were better able to recognize their learning strengths and weaknesses, while men tended not to realize effective personal strategies. In procedural knowledge (1.25 difference), both groups understood the steps to be taken when solving tasks or difficulties, but women organized learning steps more systematically, while men tended to directly follow directions without specific strategies. For conditional knowledge (difference 0.66), both groups were equally able to adjust learning strategies when facing difficulties or unsatisfactory, but women adjusted strategies to the type of subjects and learning conditions, while men relied on the same learning pattern. The comparison of the average indicator scores in the second component, metacognitive regulation was presented in Figure 2 below.
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Fig. 2. Bar Chart Comparing Average Scores for Component Indicators Metacognitive Regulation

Based on Figure 2, it could be seen that female students exceled in almost all indicators, except evaluation which was higher in males. Both groups showed the lowest score on planning and the highest on debugging strategies. On planning (0.14 difference), both groups prepared for learning in certain situations, but female learners more often set targets and chose the right study time, while males studied without spontaneous planning such as before an assignment deadline. On information management (0.70 difference), both groups understood the importance of information processing during the learning process, but females were more diligent in taking notes, summarizing, and seeking additional information from the internet or other books. Meanwhile, men took fewer notes and relied more on the teacher's explanation. In comprehension monitoring (difference 1.94), both groups used external feedback in checking or monitoring their understanding, but women actively reviewed the material, asked questions, and discussed if they did not understand, while men evaluated from the results of the practice questions alone. On debugging strategies (difference 1.88), both groups recognized the need for improvement for better learning outcomes, but women tried new approaches such as group learning or changing methods, while men usually just repeated the previous material. In evaluation (difference 1.67), both groups reflected on their learning process, but women tended to be more critical of their learning process.

These findings were in line with Sari (2023) which stated that gender differences did not significantly affect metacognitive, although there were differences in how to actualize it. This difference could be related to the ability to utilize learning experiences, which were influenced by the ability to manage memory and individual cognitive strategies (Muzeliati et al., 2025; Alkadrie et al. dalam Novita et al., 2023). Neuropsychological explanations also suggested potential brain structural differences between men and women, for example women had a larger hippocampus and corpus callosum supporting better memory management and communication, while men had a more developed inferior parietal lobe supporting comprehension focusing on visual stimuli (Syahputra et al., 2022). However, in the context of this study, these biological differences did not have a significant impact on the achievement of metacognitive, which suggested that environmental factors also had a crucial influence (Sultahis & Novaria, 2023).

Thus, the absence of differences in metacognitive could be seen as a form of active management of metacognitive activities influenced by the learning environment and teacher interventions (Asda, 2024; Dhyani & Maikhuri, 2018; Garzón et al., 2020). The learning environment in fullday school and Islamic boarding school systems, where learners from diverse backgrounds experienced uniform, structured and disciplined learning interventions (Chotimah, 2020; Habibi et al., 2021). The environment provided a stimulus for systematic, purposeful and self-managed learning, which contributed to the development of metacognitive equally. Routines such as MABIT (Malam Bina Iman dan Taqwa) activities and strengthening reflective learning habits through teacher guidance, encouraged learners to be aware of, plan and evaluate their learning strategies actively.

Consistent teacher interventions also played a central role, such as explicit directions, continuous feedback, and reflective assignments (Muzeliati et al., 2025). Teachers' approaches such as note-taking, discussion, and hands-on practice, provided space to actively manage the learning experience and focus on improvement. The high score on debugging strategies also showed that learners were used to evaluating their learning process. This was relevant to the Merdeka Curriculum which emphasized collaboration and reflection as part of meaningful learning (Marhaendra et al., 2023). The ability to recognize errors, formulate alternative solutions, and reflect on the learning process openly was an important indicator of the development of metacognitive (Abdelrahman, 2020).

As explained by Flavell (1979), metacognitive is the ability to monitor and direct the thinking process. This ability develops not only due to biological factors, but also through learning experiences and social interactions (Ozsoy & Ataman dalam Izzati & Mahmudi, 2018). This finding was consistent with Vygotsky's theory (in Sultahis & Novaria, 2023) which emphasized that cognitive development was the result of social interaction, culture, and direction from more expert parties. Learning environments that encouraged active planning, monitoring, and reflection had supported the development of metacognitive in all learners regardless of gender.

In addition, the characteristics of the material also influenced the actualization of metacognitive. Female learners considered the pizza-making project in biotechnology subject easier to understand because it could be linked to direct experience, helping them to design learning strategies and actively monitor understanding. Likewise, learners who considered climate change subject easier to understand because it was concrete. This supported the view of Sudarisman (2015) that learning biology became more meaningful if it was delivered concretely and contextually. In contrast, abstract subject such as the classification of living things or viruses they considered difficult because the complexity and abstractness of the material made the monitoring and reflection process heavier, and did not support the visualization of the subject (Aprilia et al., 2023). This study found that metacognitive was not determined by gender differences, but rather developed through a combination of the application of metacognitive activities and the conscious utilization of learning experiences. These results were reinforced by the findings of Garzón et al. (2020) which showed that metacognitive was more determined by the quality of learning than gender differences.

3.2.2 Students' Learning Interest based on Gender in Biology Subjects

The results showed that there were differences in students' learning interest based on gender in biology subjects. Female students had a higher average score of learning interest than males on all indicators. This difference was shown in a bar chart showing the difference in scores between 2.14 to 8.05, as presented in Figure 3 below.
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Fig. 3. Bar Chart Comparing Average Scores for Learning Interest Indicators

Based on Figure 3, it could be seen that the lowest score in both groups was on the indicator of perceived intellectual challenge, while the highest score was on the indicator of interest. In attention (difference of 8.05), it showed that women had a more stable focus ability, relied on verbal understanding, and were rarely distracted, while men were more easily distracted, relied on visual stimuli, and their focus changed quickly. On interest (difference 2.14), women's curiosity was more consistent and driven by personal goals, while men's was situational and influenced by contextual or exploratory learning. On perceived intellectual challenge (difference of 6.43), women were more emotionally expressive but responded reflectively indicating perseverance in the face of adversity, whereas men were practical and immediately sought solutions. On competence gained (difference of 6.77), it showed that women went through the process of understanding the material in more depth, while men tended to rely on direct experience.

These differences reflected the influence of both internal and external factors (Elijonnahdi et al., 2024). Field findings from interviews supported the quantitative data. Female learners generally had more organized study habits, such as taking notes, asking questions when they did not understand, and repeating learning independently. They also showed consistent interest in learning. In contrast, male learners showed a more situational interest in learning and were triggered by certain moments such as before exams or during practicum. Both groups of learners mentioned that biology practicum was an interesting learning experience. However, females linked it to personal goals or aspirations, thus encouraging long-term interest in learning. Based on these findings, it could be seen that female learners show a more stable and sustainable interest in learning than male learners. Although men also showed interest, it was more dependent on the learning context and teacher approach. 

Male learners may have feel that biology material was not fully relevant to their goals so that interest in learning biology had not been able to sustain consistently. But this did not ensure that their interest in learning was similar in other subjects. For example, men's attraction to mathematics may have been higher due to the assumption that mathematics was a science that was synonymous with technology, a field in which professions in the technology industry were predominantly controlled by men, so they considered it relevant for success in future industries, for example as technicians or engineers (Septiyan & Pujiastuti, 2019).

From the biological side, Syahputra et al. (2022) explained that the more dominant estrogen and progesterone hormones in women played a role in emotional stability, focus, and perseverance. In contrast, the dominance of testosterone in men was related to impulsivity and the drive for physical activity, thus affecting the interest in learning that changed quickly. The factor of educational patterns also reinforced this finding (Sultahis & Novaria, 2023). Research by Adini et al., (2023) & Kusumaningsih et al. (2018) showed that values an habits in the teaching process shaped different attitudes and characters. Girls from childhood were more accustomed to activities that required diligence, neatness, and obedience, while boys are directed to be independent, tough, and free. As a result, girls were more accustomed to structured academic tasks, while boys tended to be quick and practical in their learning. In a Fullday & Islamic Boarding School, these differences still arose even though the learning experience was the same through a structured learning system, discipline, and intense interaction with teachers and peers. However, a uniform approach ran the risk of not facilitating different ways of learning, thus reducing the attractiveness or engagement of learners in learning. In accordance with the opinion of Auliya & Marlina (2021) which stated that the mismatch of learning approaches with the characteristics of learners could cause boredom.

Harackiewicz et al. (2016) also mentioned that interest in learning grew from the interaction between individuals and the learning environment. When subjects, teaching strategies and social support were perceived as relevant and meaningful by learners, interest would increase. Theoretically, the results of this study could be explained through the affective-cognitive theory by Renninger and Hidi (in Nierenberg & Dahl, 2023) which stated that interest in learning increased from positive affective experiences obtained by students in the learning process. Interest in learning would increase when learning activities generated positive feelings, stimulated curiosity, and gave learners confidence that they are able to understand the material. Women who were better able to express feelings and had an emotional attachment to academic goals showed more stable interest.

In biology subjects, learning interest was also influenced by the type of subjects. Biological subjects that were relevant, contextual, and meaningful could increase students' interest in learning (Harackiewicz et al., 2016; Sudarisman, 2015). Female learners were more interested in biotechnology because the practicum was fun and relevant to personal goals. While male learners prefered climate change material because it was related to real phenomena and concrete visualization. Thus, this study showed that there were differences in students' interest in learning based on gender which was influenced by internal and external factors. This difference reflected that interest in learning was closely related to personal and emotional values towards learning experiences that were inseparable from learning patterns and habits formed early on. In line with research by Plante et al. (2019) which revealed that differences in interest in learning based on gender were not only determined by aspects of ability, but also perceptions of identity and self-competence instilled through early educational patterns.

4. Conclusion

Based on the research results, it can be concluded that in the tenth grade of a senior high school in Tasikmalaya, Indonesia, there is no difference in students' metacognitive abilities based on gender in biology, as indicated by a significance value of 0.651. Male and female students had equivalent metacognitive abilities, but they actualized them differently. Female students tended to actualize their metacognitive abilities in a more reflective, structured, and verbal manner. They utilized learning experiences to strengthen their understanding through activities such as systematic note-taking, discussions, and reviewing the material. On the other hand, male students tended to be more reactive, contextual, and visual, such as quickly responding to instructions and focusing on the final outcome. These differences do not affect their equal metacognitive abilities, as structured routines, discipline, and teacher intervention facilitate metacognitive activities and reflection.
Regarding learning interest, this study found differences, as indicated by a significance value of 0.000. Female students showed higher and deeper interest in biology subjettc. This was triggered by female students' attention and interest in the relevance of biology subjects to their personal goals and future aspirations, supported by characteristics formed from early education patterns that made their perceptions and competencies more diligent and emotional, supporting this more stable interest. Conversely, male students are more situational, exploratory, and visual in their approach to biology subjects, often because they do not yet feel that the subjects is beneficial or relevant to their study plans or careers. Therefore, it is important for teachers and schools to create an adaptive learning environment to facilitate these differences in learning characteristics, so that both metacognitive and learning interests can be optimally enhanced in all students.
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