
  
International Journal of Mathematics and Science Education 

 Vol. 1, No.1 February, 2024 
e-ISSN: 3047-1648 ; p-ISSN: 3047-1974 , Pages 41-47 

DOI : https://doi.org/10.62951/ijmse.v1i1.79  
Available Online at : https://international.arimsi.or.id/index.php/IJMSE/  

41 
 

Exploring Gender Differences In Science Engagement and Achievement: A 

Metaanalytic Approach 

 
Nabilla Salma1*, Zakia Fariza Umami2 

1-2 Universitas Bangka Belitung (UBB), Indonesia  

 
Abstract.This metaanalysis examines gender differences in science engagement and achievement across primary 

and secondary education levels. By synthesizing data from over 50 studies conducted in various educational 

settings, the research identifies patterns in attitudes, performance, and engagement between male and female 

students. The analysis reveals that gender disparities in science achievement are minimal; however, engagement 

and interest levels show significant variances, with implications for educational strategies aimed at fostering 

equal engagement in science. 
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1. INTRODUCTION TO GENDER DIFFERENCES IN SCIENCE EDUCATION 

The exploration of gender differences in science education has garnered considerable 

attention in educational research over the past few decades. A metaanalysis synthesizing data 

from over 50 studies highlights the nuanced ways in which gender impacts both engagement 

and achievement in science among primary and secondary school students. According to a 

report by the National Science Foundation (2020), while female students have made significant 

strides in science performance, disparities in engagement levels continue to persist. This 

suggests that while achievement gaps may be narrowing, the underlying factors influencing 

student interest and participation in science remain complex and multifaceted. 

Engagement in science is not solely determined by academic performance; it also 

encompasses students' attitudes, motivation, and perceived relevance of science to their lives. 

For instance, a study by Wang and Degol (2013) found that boys generally exhibit higher levels 

of interest in sciencerelated activities, which correlates with their greater participation in 

science fairs and clubs. Conversely, girls often express a lower degree of interest, which may 

stem from societal stereotypes and a lack of role models in the field. This difference in 

engagement can have longterm implications for career choices and persistence in STEM fields, 

as noted by the American Association of University Women (2018), which emphasizes the 

importance of fostering a supportive environment for all students. 

In addition to interest, the metaanalysis reveals that girls often report lower selfefficacy 

in science compared to boys, which can hinder their engagement. Bandura's (1997) social 

cognitive theory posits that selfefficacy beliefs significantly influence individuals' choices and 

persistence in various domains, including education. The findings suggest that educational 

interventions aimed at boosting selfefficacy among female students could play a crucial role in 
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enhancing their engagement and achievement in science. For example, programs that provide 

mentorship and handson science experiences have been shown to increase girls' confidence and 

interest in science (Chiu, 2016). 

Moreover, cultural and societal factors contribute to the observed gender differences in 

science engagement. Research indicates that in many cultures, stereotypes about gender and 

science persist, often portraying science as a maledominated field. A metaanalysis by Steffens 

et al. (2017) found that societal beliefs about gender roles significantly impact students' 

selfconcept and aspirations in STEM. This suggests that addressing these societal norms 

through education and community outreach is essential for promoting equitable engagement in 

science. 

Overall, the introduction of gender differences in science education underscores the 

need for targeted strategies that not only address achievement gaps but also foster greater 

engagement among all students. By understanding the factors that contribute to these 

differences, educators and policymakers can implement more effective interventions that 

encourage both boys and girls to pursue their interests in science. 

 

2. METHODOLOGY OF THE METAANALYSIS 

This metaanalysis employed a systematic review approach to synthesize findings from 

over 50 empirical studies examining gender differences in science engagement and 

achievement. The studies included in this analysis were selected based on specific inclusion 

criteria, focusing on research conducted in primary and secondary educational settings. A 

comprehensive search was conducted across multiple academic databases, including ERIC, 

JSTOR, and Google Scholar, using keywords such as "gender differences," "science 

education," "engagement," and "achievement." 

To ensure the reliability and validity of the findings, only peerreviewed studies 

published within the last two decades were included. The analysis encompassed a diverse range 

of educational contexts, including urban and rural schools, public and private institutions, and 

various cultural backgrounds. This diversity allowed for a more comprehensive understanding 

of how gender differences manifest across different settings and populations. 

Data extraction involved coding for key variables such as student engagement, 

academic achievement, and attitudes toward science. Engagement was measured through 

various indicators, including participation in sciencerelated activities, interest in science 

subjects, and selfreported motivation levels. Academic achievement was assessed using 

standardized test scores, grades in science courses, and performance in science competitions. 
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Statistical methods, including effect size calculations, were employed to analyze the 

data and identify patterns in gender differences. The overall effect sizes were categorized as 

small, medium, or large based on Cohen's (1988) benchmarks, which provide a standardized 

way to interpret the magnitude of the differences observed. Additionally, moderator analyses 

were conducted to explore how factors such as educational level, type of school, and 

geographical location influenced the observed gender disparities. 

The findings from this metaanalysis provide valuable insights into the current state of 

gender differences in science engagement and achievement, highlighting areas where further 

research and intervention are needed. By synthesizing a wide array of studies, this analysis 

aims to inform educators and policymakers about effective strategies to promote equitable 

science education for all students. 

 

Findings on Science Achievement 

The analysis of science achievement revealed that gender disparities in academic 

performance are minimal across primary and secondary education levels. This finding aligns 

with previous research indicating that girls' performance in science has improved significantly 

over the years, often matching or exceeding that of boys in certain contexts. For instance, a 

comprehensive study by the Organisation for Economic Cooperation and Development 

(OECD) in 2019 found that girls outperformed boys in science in 70% of the countries assessed, 

suggesting a shift in the traditional narrative of male superiority in STEM fields. 

However, while achievement levels may be comparable, the underlying factors 

contributing to these results warrant further examination. The metaanalysis identified that girls 

often achieve high grades in science courses despite reporting lower levels of interest and 

engagement compared to their male counterparts. This phenomenon raises questions about the 

impact of external factors, such as teacher expectations and classroom dynamics, on students' 

academic performance. Research by Sadler et al. (2016) highlights that teachers may 

unconsciously hold biased perceptions of students’ abilities based on gender, which can 

influence their interactions and support for students in the classroom. 

Moreover, the analysis revealed that achievement gaps tend to vary by specific science 

disciplines. For instance, studies indicate that girls often excel in biological sciences, while 

boys may perform better in physical sciences, reflecting broader societal interests and 

stereotypes (Noyes, 2018). This disparity suggests that educational strategies should not only 

focus on overall achievement but also consider disciplinary differences to ensure that all 

students are encouraged to explore a wide range of scientific fields. 
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Additionally, the impact of extracurricular activities on science achievement was 

evident in the analysis. Participation in science fairs, clubs, and competitions was found to 

enhance students' understanding and appreciation of science, contributing to improved 

academic performance. A study by Tai et al. (2006) demonstrated that students who engaged 

in extracurricular science activities were more likely to pursue STEM majors in higher 

education, indicating the longterm benefits of fostering a passion for science during formative 

years. 

In conclusion, while gender disparities in science achievement may be minimal, the 

nuances surrounding engagement and interest levels highlight the need for targeted educational 

interventions. By addressing the factors influencing students' attitudes and motivations, 

educators can create an inclusive environment that supports the academic success of all 

students in science. 

 

Engagement Patterns in Science 

The metaanalysis identified significant gender differences in science engagement, with 

boys generally exhibiting higher levels of interest and participation in sciencerelated activities 

compared to girls. This finding is consistent with previous research indicating that boys are 

more likely to engage in handson experiments and extracurricular science programs, which can 

enhance their understanding and enthusiasm for the subject (Baker et al., 2016). For example, 

a study by McClure et al. (2017) found that boys were more likely to participate in science fairs 

and competitions, which not only foster engagement but also contribute to their overall 

academic success. 

Conversely, girls often reported lower levels of interest in science, which may be 

influenced by societal stereotypes and cultural expectations. Research by Eccles et al. (2016) 

suggests that girls may perceive science as less relevant to their future aspirations, particularly 

in cultures where traditional gender roles are prevalent. This perception can lead to decreased 

motivation to engage in sciencerelated activities, ultimately affecting their academic 

performance and career choices. 

Furthermore, the analysis highlighted the impact of classroom dynamics on student 

engagement. Studies indicate that female students often benefit from collaborative learning 

environments that promote teamwork and communication, which can enhance their interest in 

science (Bian et al., 2017). Educators who foster inclusive classroom practices and encourage 

all students to participate in discussions and experiments can help bridge the engagement gap 

between genders. 
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The role of teacher influence cannot be understated in shaping students' engagement in 

science. Research has shown that teachers who actively encourage female students to pursue 

science and provide positive feedback can significantly enhance their interest and confidence 

in the subject (Gonzalez et al., 2019). For instance, a study by RiegleCrumb et al. (2019) found 

that girls who received encouragement from teachers were more likely to express interest in 

pursuing advanced science courses in high school. 

In summary, while achievement levels may be comparable between genders, significant 

disparities in engagement patterns persist. Addressing these differences through targeted 

interventions and supportive classroom environments is crucial for fostering equal engagement 

in science among all students. 

 

Implications for Educational Strategies 

The findings of this metaanalysis have important implications for educational strategies 

aimed at promoting gender equity in science education. Given the identified disparities in 

engagement levels, it is essential for educators and policymakers to implement targeted 

interventions that foster interest and participation among all students, particularly girls. One 

effective approach is the integration of inquirybased learning and handson experiments into the 

science curriculum. Research by Hattie (2009) demonstrates that active learning strategies 

significantly enhance student engagement and achievement, particularly among 

underrepresented groups. 

Additionally, mentorship programs that connect female students with role models in 

the science field can play a pivotal role in increasing engagement. Studies have shown that 

mentorship positively impacts students' selfefficacy and interest in STEM careers (Graham et 

al., 2013). Schools can partner with local universities and organizations to create mentorship 

opportunities that provide female students with exposure to realworld science applications and 

career paths. 

Furthermore, teacher training programs should emphasize the importance of 

recognizing and addressing gender biases in the classroom. Educators should be equipped with 

strategies to create inclusive learning environments that encourage all students to participate in 

discussions and activities. Professional development workshops focusing on gender equity in 

science education can help teachers become more aware of their interactions with students and 

the potential impact on engagement levels. 

Moreover, fostering a collaborative classroom culture that values diverse perspectives 

can enhance student engagement. Research indicates that cooperative learning strategies, such 
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as group projects and peer teaching, can lead to increased interest and motivation among 

students (Johnson & Johnson, 2014). By creating opportunities for collaboration, educators can 

help bridge the engagement gap and promote a sense of belonging among all students. 

In conclusion, the implications of this metaanalysis underscore the need for 

comprehensive educational strategies that address gender differences in science engagement. 

By implementing targeted interventions, fostering mentorship opportunities, and creating 

inclusive classroom environments, educators can promote equitable science education and 

inspire all students to pursue their interests in the field. 
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