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ABSTRACT 

This study investigates strategies to transform perceptions of computer science, with the 
primary objective of identifying educational interventions that can effectively reduce 
barriers faced by underrepresented groups in computer science education. Historically, 
this field has been perceived as dominated by complex mathematics and programming, 
which, reinforced by societal stereotypes, deters many from pursuing careers in 
technology. Using a mixed-methods approach that includes surveys, interviews, and case 
studies, the research identifies key barriers, such as gender disparities and 
misconceptions, while evaluating the effectiveness of various pedagogical approaches 
and outreach initiatives. Findings reveal that students often struggle with foundational 
courses, particularly in mathematics and programming concepts. Specific challenges 
include difficulties in grasping abstract concepts and a lack of confidence in technical skills. 
However, interventions like interactive teaching methods, mentorship programs, and the 
incorporation of real-world applications significantly enhance student engagement and 
academic performance. Active learning strategies and gender-sensitive curricula not only 
foster more inclusive environments but also enable all students to thrive. The research 
emphasizes practical recommendations for educators and policymakers, highlighting the 
need for systemic changes to promote inclusivity in computer science education. 
Ultimately, these findings contribute to fostering a more diverse and inclusive tech 
industry, underscoring the broader significance of creating equitable opportunities for all 
learners in the field. 

 

Keywords: Stereotypes, Transforming, Perception, Computer Science, Innovative 
Pedagogies, Outreach Initiatives. 

1.0 INTRODUCTION 

In recent years, computer science has become a cornerstone of innovation and economic 
progress across various industries [1]. From revolutionizing healthcare with advanced data 
analytics to transforming financial services through blockchain technology, computer 
science underpins many of the most significant advancements in modern society [2]. 
Despite its critical importance, computer science education faces a significant challenge: 
the widespread perception that it is inherently difficult and inaccessible [3]. This perception 
discourages a diverse range of students from engaging with the field, thereby perpetuating 
gender and diversity gaps in the technology sector. 
 
Traditionally, computer science has been perceived as a field dominated by complex 
mathematics, intricate programming, and abstract theoretical concepts [4, 5]. These views 
are often reinforced by societal stereotypes, which portray computer scientists as 
predominantly male and predominantly white and the lack of representation of women and 
minorities in the field. Media portrayals, cultural expectations, and educational practices 
all contribute to this narrow and intimidating image. Consequently, many potential learners 
are discouraged from exploring computer science, creating a cycle of limited diversity and 
inclusion. 



 

 
 

The ramifications of this issue are extensive. A diverse and inclusive workforce in 
computer science is essential for fostering innovation, creativity, and effective problem-
solving [6]. Diverse teams offer varied perspectives that are crucial for developing user-
centric technological solutions [7]. Research has shown that diversity in teams leads to 
better decision-making and more innovative products, as individuals from different 
backgrounds bring unique experiences and viewpoints [3]. Therefore, it is imperative to 
identify and implement strategies that can transform the perception of computer science, 
making it more accessible and engaging for all learners. 
 
This research paper aimed to investigate and analyze effective strategies for demystifying 
computer science and enhancing its appeal to a broader audience. By exploring innovative 
teaching methodologies, integrating real-world applications, and promoting inclusive 
educational practices, educators can create a more welcoming and supportive 
environment. For instance, project-based learning that connects theoretical concepts to 
practical applications can make the subject matter more relatable and less intimidating. 
Additionally, the paper will examine the role of outreach programs, mentorship 
opportunities, and policy initiatives in cultivating a culture of inclusivity in computer science 
education. Programs that target underrepresented groups and provide role models and 
mentors can help break down barriers and inspire more students to pursue computer 
science. 
 
Through a comprehensive review of existing literature and analysis of case studies, this 
research seeks to identify best practices and provide actionable insights for educators, 
policymakers, and industry stakeholders [8]. The objectives are to identify common 
barriers to computer science education, evaluate successful pedagogical approaches, 
design targeted interventions, and assess the impact of these interventions on student 
engagement, retention, and performance. Understanding the specific challenges faced by 
different demographic groups is crucial for developing effective strategies. For example, 
research indicates that women and minorities often lack access to early exposure to 
computer science, which can affect their confidence and interest in the field later on. 
 
Ultimately, this paper aims to contribute to the efforts to bridge the diversity gap in 
computer science and empower a new generation of learners to engage with and shape 
the future of technology. By addressing the root causes of negative perceptions and 
implementing effective strategies, we can unlock the potential of countless individuals and 
drive significant progress in the technology landscape. Creating a more inclusive computer 
science environment not only benefits the individuals who enter the field but also 
strengthens the field as a whole by ensuring a broader range of ideas and perspectives 
are brought to bear on the technological challenges of the future. 
 

2.0 RELATED WORKS 

The literature review provided a comprehensive examination of existing research and 
perspectives on the perception of computer science as a difficult and inaccessible field. 
This review is essential for understanding the historical context, identifying persistent 
barriers, and evaluating the effectiveness of various strategies and initiatives aimed at 
making computer science more inclusive and engaging. 

2.1 Historical Perspectives 

Historically, traditional views and stereotypes associated with computer science have 
been deeply rooted in perceptions of White males as highly intelligent, nerdy, and 
proficient in technology (Pantic et al., 2018; Vasconcelos et al., 2023). These stereotypes 
have contributed to the underrepresentation of minorities, particularly Black and Hispanic 
individuals, in the field (Dou et al., 2020). Over time, these stereotypes have influenced 
the image of computer scientists held by students, with many associating them with traits 
like intelligence and mathematical skills while undervaluing qualities like teamwork and 
communication skills (Keil et al., 2020). Studies have shown that exposure to counter-



 

 
 

stereotypical role models can lead to a decrease in certain stereotypes, highlighting the 
importance of challenging and evolving these traditional views to promote diversity and 
inclusivity in computer science education and careers (Vasconcelos et al., 2023; Dou et 
al., 2020). 

Gender stereotypes have significantly influenced the perception of computer science, 
impacting both interest and participation in the field. Studies have shown that children as 
young as six years old endorse stereotypes that girls are less interested in computer 
science and engineering than boys (Master et al., 2021), leading to lower interest and a 
sense of belonging among girls in these fields. Additionally, implicit gender bias and lack 
of exposure to computer science hinder women's access to the tech sector, creating 
obstacles to developing or expanding their interests in the field (Breidenbach et al., 2021). 
Furthermore, research on attitudes towards female computer scientists reveals stereotype 
misconceptions regarding physical appearance, personality type, and digital ability 
projected onto young females, influencing their academic decisions and resulting in poor 
uptake of computing science as a career choice (Berg, 2018). These stereotypes and 
biases highlight the need for promoting gender diversity, challenging stereotypes, and 
providing more inclusive environments to encourage broader participation in computer 
science. 

2.2 Hurdles in Computer Science Education 

Barriers to entry in computer science education encompass a variety of factors, including 
stereotypes, lack of representation, and misconceptions about the field. Studies have 
shown that common misconceptions about the role of mathematics in computer science, 
negative associations with coding, and perceptions of inaccessibility contribute to barriers 
for prospective students (Baghban Karimi et al., 2023; Miles, 2022). Additionally, the 
underrepresentation of women in computer science, with less than 20% of female students 
at A-level and undergraduate levels, highlights the lack of diversity within the field, further 
exacerbating barriers to entry (Baghban Karimi et al., 2023; Emily et al., 2021). 
Furthermore, challenges such as the lack of awareness and adoption of practices from 
other educational research fields, long work hours, and the absence of computing 
education as a recognized subdiscipline within computer science departments pose 
additional obstacles to achieving diversity, equity, and inclusion in computer science 
education (McGill et al., 2022). 

Stereotypes significantly impact computer science (CS) education by creating barriers for 
underrepresented groups, particularly females, in pursuing CS careers. Research shows 
that stereotypes portray computer scientists as nerdy White males, leading to gender and 
racial disparities in the field (Vasconcelos et al., 2023; Vasconcelos et al., 2022). Female 
students between 12 and 15 experience negative impressions during CS classes, with the 
stereotype of a helpless and uninterested "Girl in Computer Science" hindering their 
interest and self-efficacy in CS (Spieler et al., 2020). These stereotypes not only 
discourage females from pursuing CS majors but also affect their sense of belonging and 
engagement in CS from an early age, emphasizing the need to address and debunk such 
harmful stereotypes to make CS more inclusive and welcoming for all individuals (Dym et 
al., 2021; Spieler et al., 2020). 

2.3 Pedagogical Approaches 

Various pedagogical approaches have been explored in computer science education to 
enhance accessibility and effectiveness. Active methodologies such as problem-based 
learning flipped classrooms, and gamification have shown positive impacts on students' 
learning processes, fostering commitment, participation, and motivation (Córdova-
Esparza et al., 2024). Additionally, the implementation of Universal Design for Learning 
principles has been highlighted as a framework to create inclusive and accessible courses, 
removing barriers for diverse student groups, including English Language Learners (ELL) 
(Allen, 2020). Furthermore, the literature emphasizes the importance of incorporating 
diverse teaching strategies to address neurodiversity and create more inclusive spaces in 



 

 
 

computing education, advocating for a neuro-inclusive undergraduate curriculum 
grounded in universal design principles (Ghosh, 2023). These approaches, when 
combined with a focus on the development of fundamental cognitive and socio-emotional 
skills, contribute to the overall accessibility and effectiveness of computer science 
education (Córdova-Esparza et al., 2024). 

Different teaching methodologies play a crucial role in impacting computer science 
learning. Active methodologies like problem-based learning, flipped classrooms, and 
gamification have been shown to significantly enhance students' learning processes, 
commitment, participation, and motivation, ultimately contributing to the development of 
essential cognitive and socio-emotional skills for professional growth (Córdova-Esparza 
et al., 2024). Preservice teachers generally hold a positive opinion towards teaching 
methods, with problem-based learning being highly favored, along with project work and 
programmed instruction, emphasizing the importance of integrating teaching methods in 
Computer Science Teacher Education both theoretically and practically (Dengel and 
Gehrlein, 2022). Students in computer science prefer interactive courses with a relaxed 
atmosphere, showing greater interest and learning desire under such conditions, 
highlighting the impact of teaching styles on student engagement and motivation (Petrescu 
and Bentasup, 2023). Additionally, the integration of technological tools in education, such 
as computer-based, games-based, mobile-based, and multimedia technologies, has been 
found to be generally more effective or equally effective compared to traditional teaching 
methods, enhancing productivity, effectiveness, and interaction between teachers and 
students in the learning process (Shahid et al., 2019). 

2.4 Outreach and Inclusion Programs 

Existing outreach and inclusion programs in computer science aim to enhance diversity 
and inclusion in the field. Studies emphasize the importance of gender-inclusive education 
(Sällvin et al., 2024), the impact of Women-in-Computing (WiC) groups on increasing 
women's participation in CS (Wu and Uttal, 2024), and the role of admissions processes 
in promoting diversity and inclusion in undergraduate programs (Baghban Karimi et al., 
2023). These programs focus on themes like epistemological pluralism, bias awareness, 
mentorship, and real-world applications to attract and retain underrepresented groups in 
CS education. Strategies in Canada and Spain highlight the need for equitable access to 
education and support for minority students (Amer et al., 2024). By implementing such 
initiatives and learning from critical studies, universities can create a more welcoming and 
inclusive environment in computer science, fostering a diverse and thriving community. 

3.0 METHODOLOGY 

This section outlined the comprehensive approach undertaken in this study to investigate 
and analyze the factors contributing to the perception of computer science as a difficult 
and inaccessible field. This study employed a mixed-methods research design, integrating 
both qualitative and quantitative methods to provide a holistic understanding of the issue. 
The mixed-methods approach is particularly suited to this research as it combines the 
breadth of quantitative data with the depth of qualitative insights, ensuring a robust and 
nuanced analysis [3, 33]. 

3.1 Research Design 

This study employed a convergent parallel mixed-methods design, combining both 
qualitative and quantitative research methods. In this design, quantitative and qualitative 
data were collected and analyzed separately but integrated during the interpretation phase 
to provide a comprehensive understanding of the factors contributing to the perception of 
computer science as difficult and the effectiveness of various strategies in making it more 
accessible and engaging [3]. The quantitative component included surveys and statistical 
analysis, while the qualitative component involved interviews and case studies to gather 
in-depth insights from participants. 

3.2 Study Scope and Target Population 



 

 
 

This study aimed to investigate and analyze barriers to computer science education and 
effective strategies for making the subject more accessible. The study encompassed a 
diverse target population, ensuring a representative sample across various educational 
contexts, including public and private institutions, high schools, undergraduate programs, 
and community colleges. This scope was selected to ensure that the findings are 
generalizable across different educational environments and demographic groups. 

3.2.1 Participants 

The study involved participants from various demographic backgrounds to ensure a 
comprehensive understanding of the issues and potential solutions. Participants included: 

 Students: A total of 500 students from high schools, undergraduate programs, 

and community colleges participated in the survey. The selection criteria ensured 
diversity in terms of age, gender, academic level, ethnicity, and academic 
performance. The sample size was chosen to ensure statistical power and 
representativeness across different groups. 

 Educators: 50 educators from different institutions were interviewed to provide 
insights into teaching methodologies and interventions. The sample size was 
selected to capture a broad range of teaching experiences and perspectives. 

 Programs: Five educational programs known for their inclusive practices were 
selected for case studies, involving observations, document analysis, and 
interviews with educators and students. These programs were chosen based on 
their demonstrated success in making computer science more accessible. 

3.3 Data Collection 

To comprehensively understand the barriers to computer science education and evaluate 
effective strategies for making the subject more accessible, a mixed-methods approach 
was employed. This approach involved the use of surveys, interviews, and case studies 
to gather both quantitative and qualitative data from diverse educational settings [3, 33]. 

3.3.1 Surveys 

Quantitative data was collected through structured surveys distributed to a diverse group 
of students across multiple educational institutions. The survey included questions 
designed to identify perceived barriers to computer science, experiences with different 
teaching methodologies, and overall attitudes toward the subject. 

3.3.2 Interviews 

To gain deeper insights, semi-structured interviews were conducted with a subset of 
survey participants. These interviews aimed to explore individual experiences, challenges, 
and perceptions in greater detail. The interviews also provided qualitative data on the 
effectiveness of specific interventions and teaching strategies. 

3.3.3 Case Studies 

Case studies of educational programs that have successfully implemented strategies to 
make computer science more accessible were also conducted. These case studies 
involved observations, document analysis, and interviews with educators and students to 
understand the context and impact of these programs. 

3.4 Data Analysis 

3.4.1 Quantitative Analysis 

 Descriptive Statistics: Used to summarize the survey data and provide an 
overview of participant demographics, perceived barriers, and attitudes toward 
computer science. 



 

 
 

 Inferential Statistics: Employed to identify significant differences and 
correlations between variables, such as the impact of interventions on student 
engagement and performance.  

3.4.2 Qualitative Analysis 

 Thematic Analysis: Applied to the interview and case study data to identify 

common themes and patterns related to challenges, effective strategies, and 
participant experiences. This involved coding the data, categorizing themes, and 
interpreting the findings. 

 Triangulation: Ensured the validity of the qualitative findings by cross-referencing 
data from different sources (surveys, interviews, case studies) and identifying 
consistent patterns and discrepancies. 

3.5 Research Tools 

To ensure the reliability and validity of the data collected, a variety of tools and instruments 
were employed throughout the study. These tools facilitated the efficient gathering, 
processing, and analysis of both quantitative and qualitative data. 

3.5.1 Survey Tools 

 Questionnaires: Structured questionnaires were designed and administered 

using online survey platforms such as Google Forms. These platforms provided 
tools for designing, distributing, and collecting survey responses efficiently. 

 Statistical Software: Data collected from the surveys were analyzed using 
Python programming language with the help of some imported models like Numpy 
(Numerical Python), Pandas, and Matplotlib [3, 34, 37]. These tools enabled the 
calculation of descriptive statistics, identification of patterns, and performance of 
inferential analyses. 

3.5.2 Interview Tools 

 Interview Guides: Semi-structured interview guides were developed to ensure 
consistency across interviews while allowing flexibility to explore specific areas in 
greater depth. These guides included open-ended questions tailored to different 
participant groups (students, educators). 

 Recording Devices: Interviews were recorded using digital audio recorders or 
reliable voice recording apps to ensure accuracy in capturing participants' 
responses. 

 Transcription Software: Tools like Otter.ai and NVivo were used to transcribe 

the recorded interviews. NVivo also facilitated qualitative data analysis by coding 
and organizing themes from the interview transcripts. 

3.5.3 Case Study Tools 

 Observation Checklists: Structured observation checklists were used to 
systematically document key elements of the educational programs under study. 
These checklists helped ensure that all relevant aspects were consistently 
observed across different programs. 

 Document Analysis Tools: Relevant documents from the case study programs, 
such as curriculum outlines, program reports, and student feedback forms, were 
analyzed using content analysis software like NVivo. 

 Interview Guides for Case Studies: In addition to general interviews, specific 
guides were developed for interviews with educators and administrators involved 
in the case study programs to understand the context and impact of their practices. 



 

 
 

3.6 Ethical Considerations 

Ethical considerations were prioritized throughout the study to ensure the protection of 
participants' rights and privacy in line with standard research ethics. Informed consent was 
obtained from all participants prior to their involvement in the study, ensuring that they fully 
understood the purpose, risks, and benefits of their participation. Furthermore, all personal 
data were anonymized to maintain confidentiality, and data storage adhered to strict 
security protocols. The anonymized data were stored on encrypted servers, and access 
was restricted solely to the research team. 

To mitigate potential biases and enhance the validity of the study, several strategies were 
employed. Selection bias was minimized through the use of careful sampling methods to 
ensure a diverse and representative participant pool. Survey and interview questions were 
designed in a neutral manner to avoid leading or influencing participant responses. The 
research team remained vigilant in maintaining objectivity during the data collection and 
analysis phases, ensuring that personal biases did not influence the interpretation of the 
findings. 

Additionally, the study was reviewed and approved by the institutional ethics review board 
(IRB) at the participating institutions, further demonstrating the research's adherence to 
ethical standards. By following these protocols, the study upholds its commitment to 
research integrity and ensures that the rights, welfare, and confidentiality of participants 
are safeguarded at all times [35]. 

3.7 Potential Biases and Limitations 

While the study was designed to be as comprehensive and unbiased as possible, potential 
biases, such as selection bias or response bias, may still exist. These biases were 
addressed through careful sampling methods, neutral survey design, and triangulation of 
data sources. Limitations of the study include the potential for self-reported data to be 
influenced by social desirability bias, as well as the challenges of generalizing findings 
across different educational contexts. These limitations are acknowledged and considered 
in the interpretation of results. 

4.0 RESULTS AND DISCUSSION 

This section presents the key findings from the study, categorized into several areas of 
focus. The results highlight the barriers to computer science education, the effectiveness 
of various pedagogical approaches, the impact of targeted interventions, and additional 
insights gathered during the research. Each result is followed by a discussion to provide 
a cohesive narrative. 

4.1 Participant Demographics 

The study included a total of 550 participants, comprising 500 students and 50 educators. 
The demographic breakdown is as follows: 

4.1.1 Age Distribution of Students 

The majority of student participants were aged between 18 and 22 years (45%), followed 
by under 18 years (25%), aged 23-27 years (20%), and aged 28 and above (10%) showed 
in Fig 1. 



 

 
 

 

Fig 1: Age Distribution of Student Participants 

4.1.1.1 Discussion 

The predominance of younger students (18-22) suggests that many participants are likely 
in the earlier stages of their educational journey. However, the smaller percentage of older 
students highlights a gap that institutions could address by creating outreach programs 
targeting adult learners and working professionals who may want to re-enter education but 
find the traditional approach inaccessible. 

4.1.2 Gender Distribution 

A higher proportion of students identified as male (52%), with females constituting 46%, 
and a small percentage identifying as other (2%) represented in fig 2. 

 

Fig 2: Gender Distribution of Student Participants 

4.1.2.1 Discussion 



 

 
 

The gender distribution aligns with existing research that computer science continues to 
be male-dominated. This emphasizes the need for targeted gender-sensitive interventions 
to encourage female and non-binary participation in the field. 

4.1.3 Current Educational Level 

A significant portion of the students were undergraduate students (60%), followed by those 
in high school (30%) and community college (10%) showed in Fig 3. 

 

Fig 3: Current Educational Level of Student Participants 

4.1.3.1 Discussion 

The large proportion of undergraduate students reflects a focus on post-secondary 
education. However, the presence of high school and community college students 
suggests opportunities for early interventions that could foster interest in computer science 
at earlier educational levels. 

4.1.4 Field of Study 

The largest group of students was in the science field (36%), followed by arts (24%), 
business (20%), technical/vocational (12%), and other fields (8%) shown in Fig 4. 



 

 
 

 

Fig 4: Field of Study of Student Participants 

4.1.4.1 Discussion 

The dominance of science students suggests a natural alignment with computer science 
education. However, the presence of students from arts and business backgrounds 
indicates that interdisciplinary approaches may help attract more diverse learners to the 
field, emphasizing the importance of integrating computer science with other disciplines. 

4.1.5 Summary 

The demographic data indicate the need for more targeted interventions, particularly 
toward older and non-traditional learners, female and non-binary students, and students 
from non-STEM fields. Addressing these gaps can foster a more inclusive educational 
environment. 

4.2 Academic Performance and Perceptions 

4.2.1 Academic Performance 

Students' academic performance was predominantly B- and above (70%), with 30% 
performing below B- demonstrated in Fig 5. 



 

 
 

 

Fig 5: Academic Performance of Student Participants 

4.2.1.1 Discussion  

The high percentage of students performing well suggests that most are able to cope 
with the curriculum despite challenges. However, for those struggling (30%), tailored 
academic support and personalized interventions could help bridge the performance 
gap. 

4.2.2 Perceived Difficulty of Foundational Courses 

The average difficulty rating for Elective Maths was 3.8, Physics 3.6, Core Maths 3.2, 
English 2.8, and Science 3.5 on a scale of 1 to 5 illustrated in Fig 6. 

 



 

 
 

Fig 6: Perceived Difficulty of Foundational Courses 

4.2.2.1 Discussion 

The perception of difficulty in core subjects like Elective Mathematics and Physics 
supports previous findings that technical subjects pose significant barriers to entry into 
computer science. Addressing these perceived difficulties through improved teaching 
methodologies and additional support systems could improve student outcomes. 

4.2.3 Challenging Aspects 

The primary challenges reported were understanding concepts (60%), applying theories 
(50%), memorization (45%), assessment methods (40%), and teaching methods (35%) 
showed in Fig 7. 

 

Fig 7: Challenging Aspects of Foundational Courses 

4.2.3.1 Discussion  

These challenges are consistent with other research findings in technical education. Active 
learning methodologies such as project-based and problem-solving approaches could 
help students overcome these difficulties by making abstract concepts more concrete and 
relatable. 

4.2.4 Summary 

While most students perform well, perceived difficulties in key subjects like Mathematics 

and Physics continue to present challenges. Implementing targeted interventions and 

more engaging teaching methods could help students better understand and apply difficult 

concepts, ultimately boosting performance. 

4.3. Impact of Interventions 

4.3.1 Change in Student Performance 



 

 
 

Post-intervention, 25% of students reported a significant improvement, 50% experienced 
slight improvement, 15% saw no change, and 5% experienced a slight or significant 
worsening illustrated in Fig 8. 

 

Fig 8: Change in Student Performance after Interventions 

4.3.1.1 Discussion 

The positive effect of interventions on the majority of students aligns with research 
showing that active learning methods (e.g., problem-based learning) can improve student 
engagement and performance. However, the 15% who saw no change and the 5% who 
worsened highlight the importance of tailoring interventions to meet the specific needs of 
different students. This suggests that a one-size-fits-all approach may not be effective for 
all learners. 

4.3.2 Summary 

Interventions have a largely positive impact, but personalized approaches are necessary 
to ensure that all students benefit from the interventions, including those who saw no 
improvement. 

4.4. Educator Insights 

4.4.1 Teaching Experience 

Educators were mostly experienced with 1-3 years (30%) and 4-6 years (20%), while 10% 
had less than 1 year of experience, and 20% had more than 10 years represented in Fig 
9. 



 

 
 

 

Fig 9: Teaching Experience of Educators 

4.4.1.1 Discussion 

The diversity in teaching experience suggests that there is a broad range of expertise 
among educators in computer science education. Less experienced educators may 
require additional professional development, particularly in adopting innovative teaching 
methodologies. Research indicates that mentoring programs for less experienced 
educators can significantly enhance teaching effectiveness, helping newer educators align 
with more established pedagogical practices. 

4.4.2 Teaching Methods Used 

Common methods included interactive discussions (35%), lecture-based (30%), problem-
solving sessions (30%), practical/lab work (25%), and group projects (20%) showed in Fig 
10. 

 

Fig 10: Teaching Methods Used by Educators 



 

 
 

4.4.2.1 Discussion 

The diversity of teaching methods highlights an emphasis on active and engaging learning 
environments. This finding is supported by literature that suggests interactive and hands-
on learning enhances student outcomes in STEM fields. However, there remains room for 
further integration of advanced methods like flipped classrooms and gamification, which 
have been shown to increase motivation and participation. 

4.4.3 Effectiveness of Teaching Methods 

Most educators rated their methods as somewhat effective (50%), with 40% considering 
them very effective and 10% not effective showed in Fig 11. 

 

Fig 11: Effectiveness of Teaching Methods According to Educators 

4.4.3.1 Discussion 

The fact that only 40% of educators considered their methods to be very effective indicates 
room for improvement in teaching practices. Studies show that the integration of 
technology-driven tools such as gamification and flipped classrooms can significantly 
boost the perceived effectiveness of teaching methods. Additionally, educators who adopt 
more active learning strategies generally see higher levels of student engagement and 
performance. 

4.4.4 Gender Sensitivity in STEM 

Opinions were split, with 30% of educators strongly agreeing on gender sensitivity in 
STEM, 40% somewhat agreeing, 20% feeling it was insufficient, and 10% unsure 
represented in fig 12. 



 

 
 

 

Fig 12: Educators' Views on Gender Sensitivity in STEM 

4.4.4.1 Discussion 

These findings reflect broader challenges in achieving gender equity in STEM education. 
The need for more robust gender-sensitive curricula is clear and must be prioritized to 
encourage more women to pursue computer science. 

4.4.5 Summary 

Educators in this study demonstrated a range of experiences and teaching methods, with 
an emphasis on interactive learning. However, there is a need for more hands-on and 
group learning activities. While some progress has been made in gender sensitivity, further 
initiatives are required to address gender disparities in STEM fields. Educators would 
benefit from additional professional development to improve the effectiveness of teaching 
methods, particularly through the use of innovative and technology-driven pedagogical 
strategies. 

4.5. Inclusive Practices and Success Indicators 

A review of five programs revealed that effective inclusive practices include gender-
sensitive curriculum (Program A), mentorship programs (Program B), hands-on learning 
(Program C), career guidance (Program D), and interactive teaching (Program E). 
Success indicators for these programs include high female enrollment, high retention 
rates, improved performance, high employment rates, and high engagement showed in 
Table 1. 

Table 1: Effective Inclusive Practices Programs 

Programs Key Inclusive Practice Success Indicators 

Program A Gender-sensitive curriculum High female enrollment 

Program B Mentorship programs High retention rate 

Program C hands-on learning Improved performance 

Program D career guidance High employment rate 



 

 
 

Program E Interactive teaching High engagement 

 

4.5.1 Discussion 

The success of these programs, as indicated by high female enrollment, high retention 

rates, and improved performance, supports existing literature that emphasizes the 

importance of inclusive educational environments. Such initiatives can play a significant 

role in transforming the perception of computer science and encouraging diversity within 

the field. 

4.5.2 Summary 

Effective inclusive practices, such as mentorship programs and hands-on learning, are 

vital in promoting diversity and improving engagement in computer science education. 

Scaling such practices across institutions could lead to more widespread success in 

fostering inclusive learning environments. 

5.0 SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1 Summary 

The study addressed the challenges of making computer science accessible by examining 
barriers such as stereotypes and gender disparities. Through a mixed-methods study 
involving students and educators, it evaluates the effectiveness of interventions such as 
mentorship and active learning in improving student engagement. Findings suggest that 
while foundational courses are perceived as difficult, innovative pedagogies and inclusive 
programs can demystify the subject and encourage a broader range of students to engage 
with computer science. 

5.2 Conclusion 

The study highlighted the persistent perception that computer science is difficult and 
inaccessible due to stereotypes and barriers related to gender and race. However, the 
findings demonstrate that targeted interventions, including active learning methodologies, 
mentorship programs, and outreach initiatives, can effectively shift these perceptions. 
Educators and institutions can play a key role in creating inclusive and supportive learning 
environments by adopting these strategies. As computer science continues to drive 
innovation, fostering diversity within the field will not only benefit underrepresented groups 
but will also enhance the field’s capacity for creativity and problem-solving. 

5.3 Recommendations 

 Expand Mentorship and Outreach Programs: Universities and educational 
institutions should develop mentorship and outreach programs targeting 
underrepresented groups, providing role models and exposure to computer 
science at an early age. 

 Adopt Active Learning Approaches: Incorporating project-based and problem-
solving learning methods in the curriculum can enhance student engagement and 
reduce the intimidation factor associated with computer science. 

 Implement Gender-Sensitive Curricula: To address gender disparities, 
educational programs should incorporate gender-sensitive teaching practices and 
promote an inclusive classroom environment. 

 Promote Early Exposure to Computer Science: Efforts should be made to 
introduce computer science at earlier educational stages to build confidence and 
interest in the subject among diverse student groups. 
 

Disclaimer (Artificial intelligence) 



 

 
 

Author(s) hereby declare that NO generative AI technologies such as Large Language 

Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during 

the writing or editing of this manuscript.  

 

REFERENCES 

1. National Research Council. (1999). Funding a revolution: Government support for 
computing research. National Academies Press. 

2. Khan, S., Syed, M. H., Hammad, R., & Bushager, A. F. (Eds.). (2022). Blockchain 
technology and computational excellence for society 5.0. IGI Global. 

3. Wiredu, J. K., Abuba, N. S., & Zakaria, H. (2024). Impact of Generative AI in 
Academic Integrity and Learning Outcomes: A Case Study in the Upper East 

Region. Asian Journal of Research in Computer Science, 17(7), 214-232. DOI: 
https://doi.org/10.9734/ajrcos/2024/v17i7491 

4. Meerbaum-Salant, O., Armoni, M., & Ben-Ari, M. (2010, August). Learning 
computer science concepts with scratch. In Proceedings of the Sixth international 
workshop on Computing education research (pp. 69-76). 

5. Newell, A., & Simon, H. A. (2007). Computer science as empirical inquiry: 
Symbols and search. In ACM Turing award lectures (p. 1975). 

6. Friedman, H. H., Friedman, L. W., & Leverton, C. (2016). Increase diversity to 
boost creativity and enhance problem solving. Psychosociological Issues in 
Human Resource Management, 4(2), 7. 

7. Martins, F., Almeida, M. F., Calili, R., & Oliveira, A. (2020). Design thinking applied 
to smart home projects: a user-centric and sustainable 
perspective. Sustainability, 12(23), 10031. 

8. Ifenthaler, D., Gibson, D., Prasse, D., Shimada, A., & Yamada, M. (2021). Putting 
learning back into learning analytics: Actions for policy makers, researchers, and 
practitioners. Educational Technology Research and Development, 69, 2131-
2150. 

9. Pantic, K., Clarke-Midura, J., Poole, F., Roller, J., & Allan, V. (2018). Drawing a 
computer scientist: stereotypical representations or lack of 
awareness?. Computer Science Education, 28(3), 232-254. 

10. Vasconcelos, L., Ari, F., Arslan-Ari, I., & Lamb, L. (2023). Do Stereotypical vs. 
Counter-Stereotypical Role Models Affect Teacher Candidates' Stereotypes and 
Attitudes toward Teaching Computer Science?. International Journal of Computer 
Science Education in Schools, 6(2), n2. 

11. Keil, L., Batur, F., Kramer, M., & Brinda, T. (2020). Stereotypes of Secondary 
School Students Towards People in Computer Science. In Empowering Teaching 
for Digital Equity and Agency: IFIP TC 3 Open Conference on Computers in 
Education, OCCE 2020, Mumbai, India, January 6–8, 2020, Proceedings (pp. 46-
55). Springer International Publishing. 

12. Dou, R., Bhutta, K., Ross, M., Kramer, L., & Thamotharan, V. (2020). The effects 
of computer science stereotypes and interest on middle school boys’ career 
intentions. ACM Transactions on Computing Education (TOCE), 20(3), 1-15. 

13. Master, A., Meltzoff, A. N., & Cheryan, S. (2021). Gender stereotypes about 
interests start early and cause gender disparities in computer science and 
engineering. Proceedings of the National Academy of Sciences, 118(48), 
e2100030118. 

14. Breidenbach, A., Mahlow, C., & Schreiber, A. (2021). Implicit Gender Bias in 
Computer Science--A Qualitative Study. arXiv preprint arXiv:2107.01624. 

15. Berg, T., Sharpe, A., & Aitkin, E. (2018). Females in computing: Understanding 
stereotypes through collaborative picturing. Computers & Education, 126, 105-
114. 

16. Baghban Karimi, O., Toti, G., Gutica, M., Robinson, R., Zhang, L., Paterson, J. H., 
... & O'Dea, M. (2023, June). Exploring computing science programs' admission 

https://doi.org/10.9734/ajrcos/2024/v17i7491


 

 
 

procedures with a diversity and inclusion lens. In Proceedings of the 2023 
Conference on Innovation and Technology in Computer Science Education V. 
2 (pp. 563-564). 

17. Miles, T. (2022, March). Misconceptions about Computer Science Leads to 
Deferred Entrance to the Technology Field. In Proceedings of the 53rd ACM 
Technical Symposium on Computer Science Education V. 2 (pp. 1173-1173). 

18. Emily, Winter., Lisa, Thomas., Lynne, Blair. (2021). 'It's a Bit Weird, but it's OK'? 
How Female Computer Science Students Navigate being a Minority.   doi: 
10.1145/3430665.3456329. 

19. McGill, M. M., Davis, S., & Reyes, J. (2022, August). Surfacing Inequities and 
Their Broader Implications in the CS Education Research Community. 
In Proceedings of the 2022 ACM Conference on International Computing 
Education Research-Volume 1 (pp. 294-308). 

20. Vasconcelos, Lucas, Fatih Ari, Ismahan Arslan-Ari, and Lily Lamb. "Female 
preservice teachers stereotype computer scientists as intelligent and overworked 
White individuals wearing glasses." Computers & Education 187 (2022): 104563. 

21. Spieler, B., Oates-Indruchovà, L., & Slany, W. (2020). Female students in 
computer science education: Understanding stereotypes, negative impacts, and 
positive motivation. Journal of Women and Minorities in Science and 
Engineering, 26(5). 

22. Dym, B., Pasupuleti, N., Rockwood, C., & Fiesler, C. (2021, March). "You don't do 
your hobby as a job": Stereotypes of Computational Labor and their Implications 
for CS Education. In Proceedings of the 52nd ACM Technical Symposium on 
Computer Science Education (pp. 823-829). 

23. Córdova-Esparza, D. M., Romero-González, J. A., Córdova-Esparza, K. E., 
Terven, J., & López-Martínez, R. E. (2024). Active Learning Strategies in 
Computer Science Education: A Systematic Review. Multimodal Technologies 
and Interaction, 8(6), 50. 

24. Allen, M. (2020, August). Pedagogical and Curricular Practices for Computer 
Science Education with English Language Learners. In Proceedings of the 2020 
ACM Conference on International Computing Education Research (pp. 330-331). 

25. Ghosh, H. (2023, August). Pedagogical Approaches to Teaching Neurodiverse 
Populations in Introductory Courses in Computer Science. In Proceedings of the 
2023 ACM Conference on International Computing Education Research-Volume 
2 (pp. 59-61). 

26. Dengel, A., & Gehrlein, R. (2022, October). Comparing teachers’ and preservice 
teachers’ opinions on teaching methods in computer science education. 
In Proceedings of the 17th Workshop in Primary and Secondary Computing 
Education (pp. 1-4). 

27. Petrescu, M., & Bentasup, K. (2023). Student Teacher Interaction While Learning 
Computer Science: Early Results from an Experiment on Undergraduates. arXiv 
preprint arXiv:2307.03802. 

28. Shahid, F., Aleem, M., Islam, M. A., Iqbal, M. A., & Yousaf, M. M. (2019). A review 
of technological tools in teaching and learning computer science. Eurasia journal 
of mathematics, science and technology Education, 15(11), em1773. 

29. Sällvin, L., Öberg, L. M., & Mozelius, P. (2024, April). Essential Aspects of Gender-
inclusive Computer Science Education. In International Conference on Gender 
Research (Vol. 7, No. 1, pp. 339-346). 

30. Wu, J., & Uttal, D. H. (2024). Diversifying computer science: An examination of 
the potential influences of women‐in‐computing groups. Science 
Education, 108(3), 957-980. 

31. Baghban Karimi, O., Toti, G., Gutica, M., Robinson, R., Zhang, L., Paterson, J., ... 
& O'Dea, M. (2023). Enhancing Diversity and Inclusion in Computer Science 
Undergraduate Programs: The Role of Admissions. In Proceedings of the 2023 
Working Group Reports on Innovation and Technology in Computer Science 
Education (pp. 1-29). 



 

 
 

32. Amer, A., Sidhu, G., Alvarez, M. I. R., Ramos, J. A. L., & Srinivasan, S. (2024). 
Equity, Diversity, and Inclusion Strategies in Engineering and Computer 
Science. Education Sciences, 14(1), 110. 

33. Armah, Gabriel Kofi, Elvis Atia Awonekai, Ugochukwu Franklin Owagu, and 
Japheth Kodua Wiredu. "Customer Preference for Electronic Payment Systems 
for Goods: A Case Study of Some Selected Shopping Malls, Bolgatanga." Asian 
Journal of Research in Computer Science 16, no. 4 (2023): 257-270. 

34. Wiredu, J. K., Abuba, N. S., Atiyire, B., & Acheampong, R. W. Efficiency Analysis 
and Optimization Techniques for Base Conversion Algorithms in Computational 
Systems. 

35. Wiredu, Japheth Kodua, Nelson Seidu Abuba, Basel Atiyire, and Reuben Wiredu 
Acheampong. "Design and Implementation of Online Crime Report System using 
Rapid Application Development (RAD) Methodology." Asian Journal of Research 
in Computer Science 17, no. 8 (2024): 100-115. 

36. Margolis, A. A., Gavrilova, E. V., Kuravsky, L. S., Shepeleva, E. A., Voitov, V. K., 
Ermakov, S. S., & Dumin, P. N. (2021). Measuring Higher-Order Cognitive Skills 
in Collective Interactions with Computer Game. Cultural-Historical 
Psychology, 17(2). 

37. Azure, I., Wiredu, J. K., Musah, A., & Akolgo, E. (2023). AI-Enhanced 
Performance Evaluation of Python, MATLAB, and Scilab for Solving Nonlinear 
Systems of Equations: A Comparative Study Using the Broyden 
Method. American Journal of Computational Mathematics, 13(4), 644-677. 

 

 


