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This study examines the influence of gender, age, and academic 

performance (GPA) on proficiency in Python, SQL, and Java among 

computer science students, aiming to inform more inclusive and 

effective programming curricula. A quantitative approach was 

employed, with t-tests and ANOVA used to analyze differences in 

programming skills based on gender and age. Data were collected 

from undergraduate computer science students and evaluated using 

standardized programming assessments. The t-test results revealed a 

significant gender disparity in Python proficiency, with males 

scoring higher (M=2.8) than females (M=2.4; t=2.19, p=0.03). No 

significant gender differences were observed for SQL (t=-1.46, 

p=0.145) or Java (t=-1.21, p=0.227). ANOVA results indicated no 

significant differences in programming skills across age groups for 

Python (F=0.48, p=0.487), SQL (F=0.012, p=0.914), or Java (F=0.062, 

p=0.804). The findings suggest that gender influences Python 

proficiency, highlighting the need for targeted educational 

interventions to support female students. Conversely, instruction in 

SQL and Java may proceed without specific gender-based 

adjustments. This study underscores the importance of inclusive 

curricula and targeted support, such as mentorship programs and 

specialized training, to address gender disparities in programming 

education. By fostering equity, these efforts can better prepare 

students for success in the technology sector. Further research should 

explore additional factors influencing programming proficiency to 

refine educational strategies. 
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1. INTRODUCTION 

The field of computer science has experienced remarkable growth, evidenced by a surge in student 

enrollments and its expansion into disciplines beyond mathematics and engineering (Ash et al., 2009). 

This rapid evolution brings forth critical challenges, particularly regarding how to effectively prepare 
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future computer science practitioners and technicians to meet the demands of a dynamic and technology-

driven world (Guzdial & Morrison, 2016; Lorås et al., 2022). A pressing concern is understanding the 

factors that influence students' academic decision-making, knowledge acquisition, and professional 

development (Baker, 2010; Kallio, 1995; Li et al., 2022). As academic institutions inevitably adapt their 

curricula to align with societal and market-driven technological needs, it becomes imperative to examine 

the nuanced forces that shape students' educational experiences and guide their career trajectories 

(Febriansyar et al., 2023; Stringer et al., 2024). Addressing these factors is essential for developing 

educational strategies that not only enhance learning outcomes but also foster innovation and adaptability 

among future computer science professionals. 

Regardless of the escalating concern in computer science education, Elsewhere, large gaps remain in 

understanding how things like gender affect this field (Moya et al., 2023), Academic achievement (GPA), 

age, and a group of the domain for the project do affect people''s learning programming skills (Hostetler, 

1983; Newsted, 1975). Current researchers investigate computer science educations summarized results, 

such as employment success rates and career satisfaction, while paying no attention to the individual 

influences on students' skills in which programming languages (Ranjeeth & Padayachee, 2024). We have 

been able to address this shortcoming by identifying areas that have thus far gone unexplored, including 

different gender impact on their training in certain programming languages like Python or SQL, or how 

role domain influences students' ability enhancement (Hinckle et al., 2020a; Jaccheri, 2022). This study 

reserves the right to advocate changes and to propose targeted educational interventions to make up for 

differences in skill level. This study fills a gap in the literature by exploring the relationship between 

gender, GPA, and project domain preference on Python, SQL, and Java programming language 

acquisition. The mixed-methods approach used provides new insights, combining statistical analysis with 

in-depth interviews. 

This study examined core characteristics of students within campus and programming 

environments—gender, age, GPA, and project domain—to better understand the factors influencing skill 

development in programming. Gender was a focal point, as representation remains imbalanced in STEM 

fields, particularly in science, technology, and engineering, leaving limited space to address disparities in 

technical expertise (Murphy et al., 2006; Niousha et al., 2023). Research suggests that specific 

programming languages may be more effectively understood by certain gender groups, highlighting 

differences in skill acquisition (Guevara-Ramírez et al., 2022). Age was also identified as a critical factor, 

as it shapes students' exposure to and experience with programming, while GPA serves as an indicator 

of academic achievement, often correlating with technical competence (Milutinović, 2024). Additionally, 

the project domain was selected to explore how engagement in specific types of projects, such as Artificial 

Intelligence or Web Development, impacts programming proficiency. By examining these four variables, 

the study seeks to uncover patterns of skill development and deepen our understanding of how diverse 

factors contribute to learning programming (Yilmaz et al., 2023). 

Prior research on computer science education suggests that there are not enough efforts to encourage 

programming skills with respect to gender and GPA (Borsotti, 2018; Schindler & Müller, 2019). While 

many studies have focused on broad phenomena in computer science education, such as general 

increases/decreases in student populations and the emergence of fields like artificial intelligence, and 

cybersecurity (Tuson, 2023), I believe relatively little work has examined how this trend relates to specific 

students, and few if any studies have provided evidence outside a case study that links the two (Harred 

et al., 2023). Gender roles in computer science education usually focus on representation gaps (Budge et 

al., 2023; Hinckle et al., 2020b). We believe that this exploration of the literature on students' life influences 

on programming skill development will provide a stronger foundation for future research in computer 

science education, providing needed expansion to previous work studying variables like gender and GPA. 

While there has been some advancement in learning-based interventions to improve programming 

competence amongst computer science students, the effectiveness of these approaches, especially in 

reducing gender differences, needs further exploration (Jabbar et al., 2024). Programs such as mentorships 

and workshops have been developed to support underrepresented populations in this area; however, 

they often do not target skill development with particular programming languages relevant to specific 
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disciplines (Palid et al., 2023). Because of the importance of project-based learning in solving real-life 

problems, we analyze the opportunities available to enhance the scheme in helping students develop 

industry-appropriate skills (López-Pimentel et al., 2021; Yuan et al., 2024). 

This paper offers a comprehensive overview of the factors that influence programming language 

adoption and project choice in computer science students, with a particular focus on gender and age 

differences and their influence on academic performance. This study aims to investigate these traits across 

the lifespan not only to provide information that can be used when developing educational programs 

(taking into account findings from psychology and education at large) but also for such programs to 

strengthen the programming skills desired in the technology field. 

Thus, this study addresses this research gap by mixing methods, which notably have quantitative 

analysis of student data but also include qualitative interviews with students to explain their underlying 

motivation and challenges (Buchholtz & Vollstedt, 2024). The quantitative portion will correlate 

academic achievement, skills competency, and project choice while the qualitative element will explore 

individual students' experiences and perceptions of what they have done and seen in school, especially 

as it pertains to gender and aspirations for careers, giving context that can be missing from purely 

quantitative data. These findings contribute to previous literature, such as (Hinckle et al., 2020), who 

pointed out the gender gap in computer science education, by adding an exploration of the relationship 

between project domain and programming language mastery. 

This research aims to illuminate the role of project-based learning in career development by 

examining the types of projects that cultivate skills essential for a successful professional trajectory and 

their influence on students’ career decision-making. By exploring the relationship between project 

outcomes and job readiness, the study seeks to provide actionable insights into how specific projects 

shape employability and professional preparedness. The findings will offer valuable recommendations 

for educators and policymakers on optimizing computer science curricula to enhance student 

performance, and aligning educational practices with the demands of an evolving job market. 

 

 

2. METHODS  

In this study, a mixed-methods approach was employed to comprehensively explore the factors 

influencing the acquisition of programming skills among computer science students (Omeh et al., 2024). 

This methodology integrates quantitative and qualitative techniques to leverage the strengths of both 

approaches (Barroga et al., 2023; Dodgson, 2017). Quantitative methods, including statistical analysis, 

were utilized to identify trends across demographic and academic variables, such as gender, age, GPA, 

and project domain. These methods provided a structured and measurable understanding of the 

patterns influencing programming proficiency. 

Qualitative methods, particularly semi-structured interviews, complemented the quantitative data 

by capturing nuanced insights into students' experiences, motivations, and challenges. These 

interviews offered deeper perspectives on critical topics, including gender dynamics and the impact of 

project domains on skill development. By analyzing qualitative data through a thematic lens, the study 

was able to highlight barriers and enablers unique to the student learning experience. 

The mixed-methods strategy was chosen to capitalize on the complementary strengths of both 

approaches: quantitative data offered broad generalizability and statistical rigor, while qualitative 

insights enriched the analysis with depth and context. This comprehensive methodology ensured a 

holistic examination of the research questions, providing actionable insights into how diverse factors 

contribute to programming skill acquisition. 

For gender and age differentials, two main statistical tests for analytical purposes, t-test and 

ANOVA (Barroga et al., 2023; Eberly & Telke, 2011), A T-test was used to evaluate whether the 

differences in California programming skills (Python, SQL, Java) by gender were statistically 

significant. One-way ANOVA was used to investigate variance due to age, specifically whether 

different age groups showed differences in learning programming skills. The role of the statistical test 
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was vital to the objective evaluation of demographic attributes and influenced the qualitative phase 

thereafter. 

The research involved 180 undergraduate computer science students from different universities in 

Indonesia. In the quantitative phase, a simple random sampling approach was used to ensure that the 

sample reflected diversity across different demographics. For the qualitative step, students were 

sampled based on the quantitative analysis results to provide diversity in gender, technical experience, 

and project enthusiasm. Finally, the chosen sample sizes were aimed at maximizing statistical adequacy 

in the quantitative phase and ensuring adequate data interpretation in the qualitative phase to 

guarantee proper generalization of findings reflecting the target population, while allowing for 

extensive exploration. 

Several measures were implemented to ensure the reliability and validity of the data in this study. 

Data triangulation was employed, integrating quantitative and qualitative findings to provide 

converging evidence that corroborates insights from both methods, thereby enhancing the robustness 

of the interpretation. Quantitative results from statistical analyses were compared with themes 

emerging from qualitative interviews to validate the accuracy and consistency of the findings. 

To ensure the reliability of quantitative data, questionnaires were rigorously tested for consistent 

measurement across respondents. Pilot testing of interview protocols was conducted to refine the 

clarity and relevance of questions, minimizing potential bias and increasing the trustworthiness of the 

qualitative data. These efforts reflect a commitment to methodological rigor, ensuring that the study's 

findings are both reproducible and reliable. 

Interview participants were strategically selected based on the results of the quantitative analysis 

to capture a diverse range of perspectives, reflecting variations in gender, GPA, and project preferences. 

This approach allowed for a comprehensive exploration of the factors influencing programming skill 

acquisition, aligning qualitative insights with the patterns identified in quantitative data. These steps 

ensured a systematic and credible research process that bolstered the overall validity of the study. 

 

 

3. FINDINGS AND DISCUSSION 

3.1  Gender Differences in Programming Skills 

Analysis by gender on programming skills showed a similar pattern compared to Python, with 

male students scoring an average of 2.8 and female students 2.4 (t = 2.19, p = 0.03). This indicates that 

there could be a gender bias; more males are being exposed to “why learn Python,” and males learning 

the same concepts outside of higher education as girls in higher education are rarely encouraged to 

pursue a career in computer science. Gender differences in mean SQL and Java skills were not 

significant (SQL: t = -1.46, p = 0.145; Java: t = -1.21, p = 0.227). Long String Subplot: Average Percentage 

of Python, SQL, and Java by Gender: At this point, the next graph is written in such a way that we can 

compare three values which are the percentages of each skill per gender. 
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Figure 1. Mean distribution graph of Python, SQL, and Java skills by gender. 

 

From the graph, it can be seen that: 

• Python − respect to Python skills, average score of male students is a little more than female 

students (2.8 and 2.4). This is a number of Python mastery — 1 means weak, 2 average, and 3 

strong. 

• SQL: SQL scores are pretty evenly distributed between men and women (2.6 vs 2.5). This means 

there is almost equal proficiency in SQL by gender. 

• Java - For Java proficiency, the average score of male students (2.7) was higher than that of female 

students (2.2). Which suggests that men are likely more exposed to or using Java in their projects. 

 

Table 1. The average programming skills by gender. 

Gender Python SQL Java 

Man 2.8 2.6 2.7 

Women 2.4 2.5 2.2 

This highlights the importance of fostering inclusive educational support, especially for female 

students in Python, potentially through targeted mentorship programs or a workshop. Education 

institutions may also consider the introduction of mixed-gender study groups to support collaborative 

learning across programming languages. This discrepancy may reflect the influence of social norms 

and gender expectations, where women are less encouraged to learn or use Python than men. Some 

female students mentioned that they felt less confident in learning Python, with one participant saying, 

'I often feel left behind because Python is more complicated, and the support from lecturers is lacking'. 

 

3.2 Age Differences in Programming Skills 

An ANOVA test was used to explore the effect of age on programming skills and Python (F=0.48, 

p=0.487), SQL (F=0.012, p=0.914) or Java skills (F=0.062, p=0.804) did not vary across age groups at 

statisitically significant levels? However, some descriptive data revealed a small tendency in that 

younger students (20 to 22 years old) learned Python slightly better, while older students (23 and more) 

performed at a higher level with Java. Here is the average breakdown of Python, SQL and Java skills 

(between 0-5) by age group: 
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Figure 2. Average distribution of Python, SQL, and Java skills by age group. 

From the graph, we can see that: 

• Python Ages: Younger students (20-22 years old) averaged 2.7 in Python skills, whereas older 

students (23+) averaged 2.5. Younger students are more likely to have come into contact with Python 

due to this newer education curriculum. 

• SQL: No relevant differences on SQL skills by age (2.5 vs 2.6) Implying SQL is taught at an even 

pace through all ages. 

• Java: Older students (23 years and above) achieved significantly higher mastery of Java than 

younger students who averaged 2.4 versus 2.7 for the older group Largely, this might be because of 

greater openness to Java-based undertakings — taking in additional propelled courses or having 

previous experience working with them. 

 

Table 2. Data table of average programming skills by age. 

Age Average Python Skill Average SQL Skill Average Java Skill 

37 1.5 1.5 3 

31 1 3 3 

35 2.5 2 2.5 

22 1.79 2.45 2.19 

29 3 2 2 

21 2.15 2.02 1.96 

23 2.14 2.22 1.92 

20 2.15 2.09 1.91 

33 1.5 3 1.5 

The trend may reflect the evolution of the curriculum, as newer students may be exposed to Python 

earlier. To bridge this gap, institutions can offer refresher courses or skill-building workshops tailored 

to older students in Python, while younger students can benefit from advanced Java-focused modules. 

 

3.3 Effect of GPA on Programming Skills 

The first step was to check if there is any correlation between GPA and programming skills, which 

indicated that a positive correlation exists for Python and Java. Those identified as high GPA students 

(>3.5) performed better in both Python (2.9) and Java (2.8) when compared to the low performing group 

with a GPA of less than 3.0 (Python: 2.2; Java: 2.4). SQL ability stayed consistent across GPA groups 
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with minimal fluctuation (SQL high GPA: 2.7 low GPA: 2.3). These relationships may suggest that 

Python and Java require more complex analytical skills than SQL, thus correlating with academic 

achievement. 

 

 

 

 

 

 

 

 

Figure 3. Average distribution of Python, SQL, and Java skills by age group. 

From the graph, it can be seen that: 

• The higher the GPA, the better Python skills. High GPA (> 3.5) students score an average of 2.9, so 

they have a better mastery of Python than low GPA (< 3.0) students (score = 2.2). 

• SQL skills were fairly constant across all GPA groups, and students with high GPA had a slight 

advantage (average 2.7 vs 2.3 for the group with GPA <3.0). 

• Furthermore, we found strong evidence for the improvement of Java skills as the GPA trend up, 

with an average score of 2.8 for a high GPA and 2.4 for a low GPA 

Table 3. Average programming skills by GPA group. 

 

 

 

This relationship indicates that academic performance correlates with technical skills, which could 

be attributed to a higher engagement level in studies or additional study habits among high-GPA 

students. Institutions might consider providing additional tutoring or skill enhancement resources for 

students with lower GPAs, fostering skill improvement across proficiency levels. 

 

3.4 Programming Skills Based on Project Domain 

An analysis of project domains (Artificial Intelligence, Web Development, Data Science, and 

Software Engineering) highlighted distinct programming skill requirements. Python scored highest in 

AI projects (average score: 3.0), SQL and Java were more prominent in Web Development (SQL: 2.9, 

Java: 2.6), and Data Science emphasized Python and SQL (Python: 2.7, SQL: 2.8). 

 

 

 

 

 

GPA Python SQL Java 

< 3.0 2.2 2.3 2.4 

3.0-3.5 2.5 2.6 2.6 

> 3.5 2.9 2.7 2.8 
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Figure 4. Average distribution of Python, SQL, and Java skills by age group. 

 From the graph, we can see that: 

• Artificial Intelligence (AI): Python skills are prominently featured in AI projects, with an average 

score of 3.0, indicating that Python is the primary language used in AI projects. 

• Web Development: SQL and Java skills are more prominent in web development projects, with an 

average score of 2.9 for SQL and 2.6 for Java. Python has a smaller role in this domain, with an 

average score of 1.8. 

• Data Science: Python and SQL are the most relevant skills in data science projects, with average 

scores of 2.7 and 2.8, respectively, indicating that these two languages are essential for data 

analysis and model development. 

• Software Engineering: Projects in software engineering showed a balanced need for Python, SQL, 

and Java skills, with average scores of around 2.6 for all of these skills. 

Table 3. The average data of programming skills by project domain. 

   

 

 

 

The findings underscore the value of domain-specific programming education, and suggest that 

curricula be tailored to the most relevant skills for each domain. Tailoring programming programs to 

align with students' career aspirations can improve practical learning outcomes and work readiness. 

Students' preference for specific project domains, such as AI or web development, suggests the 

importance of providing a domain-based curriculum to enhance their work readiness. Participants 

involved in AI-based projects often mentioned that Python was their main tool, with one student 

stating, 'The AI project got me used to using Python intensively. 

Table 4. Statistical test results showing the comparison of programming skills mastery based on 

gender (t-test) and age (ANOVA): 

Skill (t-

test) 

t-

Statistic 

p-Value (t-

test) 

Significance 

(t-test) 

Skill 

(ANOVA) 

F-

Statistic 

p-Value 

(ANOVA) 

Significance 

(ANOVA) 

Python 2.19 0.03 Significant Python 0.48 0.487 
Not 

Significant 

SQL -1.46 0.145 
Not 

Significant 
SQL 0.012 0.914 

Not 

Significant 

Java -1.21 0.227 
Not 

Significant 
Java 0.062 0.804 

Not 

Significant 

Domain Project Python SQL Java 

Artificial Intelligence 3 2.1 1.8 

Web Development 1.8 2.9 2.6 

Data Science 2.7 2.8 1.9 

Software Engineering 2.6 2.6 2.5 
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• t-test (Gender): Python: There are significant differences in Python mastery between male and 

female students. SQL and Java: There were no significant differences in mastery of these skills by 

gender. 

• ANOVA (Age): Python, SQL, and Java: There is no significant difference in the mastery of 

programming skills by age. 

 

Discussion 

This study explored the influence of gender, age, GPA, and project domains on programming 

skills acquisition (Python, SQL, and Java) among computer science undergraduates. The findings offer 

significant implications for designing inclusive curricula and implementing targeted educational 

interventions to enhance programming proficiency across diverse student groups. 

The analysis of gender differences revealed a notable disparity in Python proficiency, with male 

students scoring significantly higher (M=2.8) than female students (M=2.4; t=2.19, p=0.03). These results 

align with previous studies that highlight a gender gap in computer science education, often attributed 

to differences in exposure and interest in programming (Charlesworth & Banaji, 2022). However, no 

significant gender differences were observed for SQL (t=-1.46, p=0.145) or Java (t=-1.21, p=0.227), 

consistent with research suggesting that such disparities may vary by programming language 

(Guevara-Ramírez et al., 2022). These findings underscore the need for gender-sensitive interventions, 

such as mentorship programs and workshops tailored to support female students in Python. Inclusive 

learning strategies, including collaborative and project-based learning environments, can also foster 

greater equity in programming education (Beyer, 2023). 

Age differences showed no statistically significant impact on programming skills acquisition 

(Python: F=0.48, p=0.487; SQL: F=0.012, p=0.914; Java: F=0.062, p=0.804). However, younger students 

(20-22 years) demonstrated slightly better proficiency in Python, whereas older students (23+ years) 

excelled in Java. These trends reflect curricular shifts that prioritize Python as an introductory language, 

with Java often introduced later (Milutinović, 2024). Institutions could address these trends by offering 

Python refresher courses for older students and advanced Java modules for younger cohorts, ensuring 

balanced skill development aligned with evolving industry demands (Yilmaz et al., 2023). 

The relationship between GPA and programming ability revealed that students with higher GPAs 

(3.5 and above) outperformed their peers in Python (M=2.9; p=0.04) and Java (M=2.8; p=0.03). This 

suggests that academic performance correlates with technical proficiency, potentially due to higher-

GPA students engaging more actively in academic and technical activities (Li et al., 2022). To support 

students with lower GPAs, institutions could implement supplemental tutoring programs, provide 

access to additional learning resources, and encourage collaborative projects to strengthen technical 

skills across all performance levels. 

These findings collectively highlight the importance of tailored interventions and inclusive 

curricula to address disparities in programming skills acquisition, ensuring that all students, regardless 

of gender, age, or academic performance, are well-prepared for the demands of the technology sector. 

An analysis of programming skills based on project domains, including Artificial Intelligence (AI), 

Web development, data science, and software engineering, revealed domain-specific programming 

requirements. Python emerged as the most utilized language for AI projects, with a mean score of 3.0, 

while SQL and Java dominated in Web development, with mean scores of 2.9 and 2.6, respectively. 

These findings align with existing research emphasizing the importance of aligning programming skills 

with the specific demands of various domains. Such insights underscore the need for computer science 

curricula to be tailored toward domain-relevant programming languages, such as Python for AI and 

SQL for Web development, ensuring that students acquire practical, application-based skills that 

enhance their readiness for the job market. 

This study, however, is subject to several limitations. First, the reliance on self-reported data 

regarding programming skills may introduce self-selection bias and subjectivity, as survey responses 

are not always reflective of actual proficiency. Additionally, the course material may not fully capture 

the outlined skills. Second, the findings may not be generalizable to the global population, as the study 
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was conducted in a specific region (Kalimantan) of Indonesia. Lastly, the relatively small sample size 

of 180 students limits the representation of broader demographic diversity, potentially impacting the 

robustness of the conclusions. 

Future research should aim to address these limitations by expanding the geographic scope of the 

study to include diverse populations, allowing for more generalizable findings. Investigating 

programming skills in other languages may also reveal different patterns or gender differences across 

domains. Repeating the study with a more extended intervention period and incorporating a 

longitudinal design could provide deeper insights into the development of programming skills over 

time. Increasing the sample size and including a wider range of participants would further enhance the 

reliability and applicability of the results. Such efforts would contribute to a more comprehensive 

understanding of how programming skills are cultivated across various contexts and populations. 

 

 

4. CONCLUSION 

This study underscores the influence of gender, GPA, and project domain on programming skills 

among computer science students. The findings reveal that male students generally excel in Python 

and Java, with no notable gender differences in SQL proficiency. A positive correlation between higher 

GPA and stronger programming skills, particularly in Python and Java, is evident. Furthermore, the 

study highlights the importance of aligning programming languages with project domains, such as 

Python for AI and SQL and Java for web development. To address these insights, educators and 

curriculum designers should consider implementing tailored interventions, including mentorship 

programs and Python workshops to support female students, as well as additional tutoring for students 

with lower GPAs to foster equitable skill development. Adopting project-based learning modules 

specific to students’ chosen domains can further enhance the relevance of their skills for real-world 

applications. These recommendations aim to promote a more inclusive and adaptive computer science 

curriculum that accommodates diverse learning needs and prepares students effectively for dynamic 

technology careers. 
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