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Abstract 

 

The underrepresentation of women in computer science higher education (CS 

HE) in the United Kingdom is a major concern despite decades of interventions. 

Traditional explanations often focus on individual initiatives, but these have 

struggled to deliver systemic change. This study uses a system dynamics 

approach to investigate whether causal loop diagrams (CLDs) can provide new 

insights into why the gender gap persists and how it might be addressed. 

Drawing on national data from UCAS and HESA, institutional case studies, and 

policy documents, the research develops a series of reinforcing and balancing 

feedback loops to model the dynamics of participation. Reinforcing loops capture 

the potential for growth through mechanisms such as role model visibility, 

outreach, peer support, and industry scholarships. Balancing loops highlight 

constraints, including stereotype threat, limited resources, and superficial 

compliance with equality frameworks. A cross-cutting system map integrates 

these dynamics, showing how local successes are frequently offset by 

countervailing forces, leading to an equilibrium that sustains underrepresentation. 

The research concludes that the gender gap in CS HE is sustained not by a lack 

of initiatives but by the systemic equilibrium created through the interaction of 

reinforcing and balancing loops. By identifying leverage points where targeted 

action can shift this equilibrium, the study provides a framework for designing 

strategies that are more effective and sustainable in advancing gender equity. 
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Chapter 1: Introduction 

1.1 Background and Context 

 

The gender diversity gap in Computer Science Higher Education (CS HE) in the 

United Kingdom (UK) is a persistent equity challenge facing the sector. Despite 

decades of targeted initiatives, those who identify as female (referred to in this 

text as “females” or “women”) remain significantly underrepresented in computer 
science courses. According to the Higher Education Statistics Agency (HESA) 

(2023), women accounted for only 21 per cent of UK undergraduates enrolled in 

CS programmes in 2022–23. This contrasts sharply with the near gender parity 

achieved across all higher education disciplines, where female participation 

stands at around 57 per cent. 

 

The consequences of this imbalance extend beyond academia. The Women into 

Science and Engineering (WISE) Campaign (2024) reports that women make up 

just 24 per cent of core science, technology, engineering and mathematics 

(STEM) roles in the UK workforce, with computing and related fields consistently 

among the least gender balanced. A lack of gender diversity in the workforce can 

affect the inclusivity of product design, reduce innovation potential, and limit 

access to economic opportunities. 

The gender gap in CS HE is not driven by a single factor but by a combination of 

social, cultural, institutional, and industry-related influences. These include early 

educational experiences, societal perceptions of computing as a male pursuit, a 

lack of visible female role models, and institutional cultures that may 

inadvertently disadvantage women. Over time, these factors create reinforcing 

feedback loops that perpetuate disparity and make it resistant to change without 

coordinated systemic intervention. 

1.2 Historical Trends in UK CS Participation 

 

The gender composition of computing has shifted notably over the past four 

decades. 

1970s–early 1980s: Women played prominent roles in computing, with 

representation in both academia and industry. During this period, computing was 

not yet firmly culturally coded as male, and female participation in computing-

related degrees was higher than it is today (Abbate 2012). 
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Mid-1980s–1990s: Female participation began to decline sharply. Researchers 

have linked this to the marketing of personal computers almost exclusively to 

boys, coupled with media portrayals that positioned computing as a male pursuit 

(Blickenstaff 2005; Botella et al. 2019). 

2000s: Enrolment stabilised but at a low level, with women making up between 

15 and 20 per cent of CS students (HESA 2023). Interventions during this time, 

including outreach schemes and targeted recruitment events, achieved only 

localised success. 

2010s–present: Despite increasing public awareness of diversity issues, the 

proportion of women in CS HE has remained largely static, fluctuating between 

19 and 22 per cent (HESA 2023). This is in contrast to fields such as chemistry 

and biological sciences, where female participation has steadily increased. 

This historical trajectory suggests that the gender gap is deeply embedded in 

systemic structures that resist change through various interventions. 

1.3 Comparisons with Other STEM Disciplines 

 

Other STEM disciplines provide useful points of comparison. For example, 

female participation in biological sciences exceeds 55 per cent, and chemistry 

has reached close to parity (HESA 2023). Even engineering, long considered 

one of the most male-dominated STEM fields, has seen modest gains in female 

enrolment over the past decade. 

Computer Science stands apart in its resistance to improvement. This may be 

partly due to the strength of industry influence on the discipline’s culture and 
identity, as well as the persistence of stereotypes about programming and 

computing careers. Lessons from other disciplines show that while targeted 

outreach, mentoring, and inclusive curricula can improve representation, their 

impact in CS HE appears limited unless accompanied by broader cultural and 

structural change. 

1.4 Policy Landscape in the UK 

 

The UK has established a multi-layered policy environment to address gender 

inequality in higher education and, specifically, in science, technology, 

engineering, and mathematics (STEM). At the legislative level, the Equality Act 

2010 created a statutory framework to prohibit gender discrimination and 

introduced the Public Sector Equality Duty, requiring universities to demonstrate 
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active promotion of equality. These legal obligations underpin sector-wide 

initiatives and provide the foundation for institutional strategies. 

A central mechanism has been the Athena SWAN (Scientific Women’s Academic 
Network) Charter, launched in 2005 and administered by Advance HE. The 

charter recognises higher education institutions and departments that 

demonstrate progress against gender equity benchmarks, awarding Bronze, 

Silver, or Gold status. 

Participation has become more than symbolic. Several major research funders 

have made Athena SWAN accreditation a condition of eligibility, which has 

encouraged universities to prioritise gender equity in strategic planning (Advance 

HE, n.d.). 

Evidence from evaluations shows that the charter has delivered cultural benefits 

such as increased confidence and leadership opportunities for women, 

particularly in Silver-award departments (Advance HE, 2019; BMJ Open, 2020).  

Critics argue that its impact on structural issues, such as pay gaps and senior 

representation, has been inconsistent. In some cases, departments treat 

applications as compliance exercises rather than drivers of change (Murray et al., 

2025). 

Alongside national frameworks, universities have developed targeted initiatives to 

address recruitment, retention, and progression gaps. 

For example, Durham University’s Department of Computer Science reported 
growth in female academic staff from 12 per cent to 25 per cent between 2017/18 

and 2023/24. This was accompanied by an increase in female student 

representation from 12 per cent to 21 per cent, partly attributed to the 

department’s Athena SWAN Silver award and its TechUPWomen retraining 
programme. 

Similarly, University College London (UCL) Department of Computer Science 

became the first in the UK to achieve an Athena SWAN Gold award in 2024, 

recognising systemic change supported by industry-funded initiatives such as 

DeepMind scholarships. Imperial College London’s Department of Computing 
runs long-standing outreach schemes, including “Girls in Computing,” alongside 
targeted postgraduate scholarships. 

At the University of Glasgow, peer-support communities such as the Glasgow 

Women in Computing Science (GWiCS) society and the cross-disciplinary 
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Women in STEM (WiSTEM) network work alongside departmental Athena 

SWAN commitments to strengthen retention and belonging. 

These examples illustrate how a combination of structural accreditation 

mechanisms, financial support, and grassroots peer communities are being used 

to address gender disparities. 

Despite these efforts, national statistics suggest limited systemic change. The 

Universities and College Admissions Service (UCAS) (2024) reported that 2,940 

UK-domiciled 18-year-old women accepted places in computer science in 2024, 

an increase of eight per cent on the previous year. 

Although UCAS reported an 8% rise in acceptances in 2024, this has not shifted 

the overall picture: female enrolment remains proportionally unchanged (HESA, 

2023). This stagnation indicates that, while institutional interventions provide 

valuable support, their impact may be offset by balancing forces such as 

stereotype threat, academic preparedness gaps, and cultural inertia. 

As Berry et al. (2022) argue, interventions that target only one point in the “leaky 
pipeline” risk being neutralised by attrition elsewhere in the system. This 
observation reinforces the rationale for adopting a system dynamics approach in 

the present study: to understand how policy actions and institutional mitigations 

interact as part of a wider feedback structure that sustains gender imbalance in 

CS higher education. 

 

1.5 International Comparisons 

 

While the gender gap in UK computer science higher education (CS HE) is 

persistent, international data demonstrate that such disparities are not inevitable. 

Several countries have achieved a more balanced representation, often through 

integrated policy frameworks and sustained cultural reform. These comparisons 

highlight alternative pathways and show the importance of systemic 

interventions. 

In the Nordic countries, particularly Sweden and Finland, women participate in 

computing and engineering at significantly higher rates than in the UK. Analysts 

attribute this to national commitments to gender equality, early childhood 

education that avoids gendered subject divisions, and long-standing social 

policies supporting work–life balance (Organisation for Economic Co-operation 

and Development (OECD), 2021). For example, in Finland, gender-neutral 

approaches to computing in the school curriculum have been linked to stronger 
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female uptake at later stages. Importantly, cultural attitudes towards STEM are 

shaped by broader equity norms, meaning that interventions in higher education 

are reinforced by national policy and social expectations. 

The United States presents a contrasting case. Aggregate female participation in 

CS HE is similar to the UK, typically between 20 and 25 per cent, but institutional 

variation is striking. Some US universities, particularly those combining targeted 

recruitment, sustained mentoring, and curriculum reform, report markedly higher 

female participation. Cheryan et al. (2017) identify initiatives such as the 

University of Washington’s inclusive introductory CS courses and Stanford’s 
targeted mentoring networks as examples of systemic interventions that have 

shifted representation. These cases illustrate that institutional culture and 

curriculum design can significantly influence gender diversity, even within the 

same national system. 

Other international contexts offer further lessons. Australia’s Women in STEM 
Decadal Plan (2019) integrates government funding with sector-level 

accountability, supporting outreach, role models, and flexible working. Ireland’s 
2016 STEM Education Policy Statement set national goals for improving 

participation and tied them to targeted funding streams. These national-level 

strategies mirror aspects of the UK’s Athena SWAN Charter but demonstrate a 

more explicit alignment of education and industry policy, which may help explain 

stronger progression outcomes. 

Comparative perspectives also highlight the importance of grassroots and 

community-led initiatives. For instance, Canada’s Ladies Learning Code 

movement and Germany’s Frauen in die Informatik networks parallel UK 

societies such as GWiCS and WiSTEM, but often receive more stable national 

funding and infrastructure support. The difference lies less in the creativity of 

interventions than in the degree to which they are embedded within systemic 

strategies. 

Together, these comparisons reveal that the UK is not alone in facing gender 

disparities in computing, but that alternative models exist where coordinated 

interventions have produced greater progress. The evidence suggests that 

initiatives are most effective when they operate at multiple levels simultaneously: 

government policy, institutional reform, and community engagement. For the 

present study, these examples underscore the value of a system dynamics 

approach, which can capture how interventions interact across different levels of 

the system. By modelling the UK context through causal loop diagrams, it 

becomes possible to explore whether the interplay of outreach, institutional 
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culture, and national policy can be restructured to create outcomes more akin to 

those observed internationally. 

 

1.6 Rationale for the Study 

 

Despite decades of policy interventions, outreach efforts, and institutional 

reforms, the gender gap in UK computer science higher education (CS HE) has 

proven resistant to change. Women currently represent only around 21 per cent 

of CS undergraduates (HESA, 2023), a figure that has remained largely static for 

over a decade. While UCAS (2024) reported a year-on-year increase of 8 per 

cent in the number of 18-year-old women accepting places in computing, this 

incremental growth has not substantially altered the overall gender balance. 

Similarly, sector workforce data show that women occupy just 21 per cent of 

roles in UK tech teams, with attrition rates disproportionately high among female 

employees (Gov.uk, 2025). These statistics highlight a persistent imbalance that 

cannot be explained by recruitment trends alone. 

Institutional initiatives provide important evidence of what has been tried and 

what outcomes have been achieved. For instance, Durham University reported a 

doubling of female academic staff between 2017/18 and 2023/24, with 

corresponding increases in student representation from 12 to 21 per cent. UCL’s 
attainment of the first departmental Athena SWAN Gold award in computer 

science (2024) demonstrates that sustained, whole-department cultural change 

is possible. Other examples include Imperial’s long-running “Girls in Computing” 
outreach programmes and Glasgow’s peer-led GWiCS society, which builds 

belonging and community among underrepresented students. However, while 

such interventions offer promising models, national-level data suggest that their 

positive effects are often localised and do not yet translate into systemic change 

across the UK. 

This disconnect between local successes and stagnant national participation 

indicates that the problem is not simply one of insufficient initiatives, but of 

systemic complexity. The gender gap in CS HE can be understood as a wicked 

problem (Rittel and Webber, 1973). Wicked problems are characterised by 

multiple interdependent causes, contested definitions, and resistance to definitive 

solutions. In this case, quantitative trends (e.g. enrolment stagnation) interact 

with qualitative dynamics (e.g. stereotype threat, institutional culture, peer 

networks), creating feedback structures in which improvements in one area may 

be offset by setbacks in another. For example, outreach may increase enrolment, 
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but if stereotype threat remains unaddressed, attrition rises, neutralising those 

gains. 

Research on educational inequality has long described this as the “leaky 
pipeline,” whereby women leave STEM pathways at multiple stages due to 
compounding factors (Blickenstaff, 2005; Botella et al., 2019). The wickedness of 

the problem lies in the fact that single interventions, whether outreach, 

scholarships, or accreditation, rarely change the overall dynamics. As Berry et al. 

(2022) note, interventions targeted at one stage of the pipeline may be cancelled 

out by attrition elsewhere, leading to limited long-term impact. 

For these reasons, there is a strong rationale to investigate the gender gap in CS 

HE through a system dynamics perspective. System dynamics enables the 

mapping of complex, interdependent variables into causal loop diagrams (CLDs), 

which can illustrate how reinforcing and balancing feedback loops sustain the 

current equilibrium. By integrating quantitative evidence (such as enrolment 

trends and workforce representation) with qualitative evidence (such as 

institutional initiatives, peer support networks, and policy frameworks), the 

approach allows for the identification of leverage points in places where relatively 

small but well-targeted changes can shift the behaviour of the system. 

A problem situation that has been described as systemic would imply the need 

for a systemic methodology to investigate and it is for this reason that System 

Dynamics, as a holistic approach, has been identified as the most appropriate 

method of investigation. 

 

This study therefore builds on existing knowledge by moving beyond descriptive 

accounts of underrepresentation to a structural analysis of how the gender gap is 

sustained and where interventions might have the greatest systemic impact. 

Framing the issue as a wicked problem highlights the necessity of systemic 

thinking, and system dynamics provides the methodological and theoretical tools 

to analyse it. 

 

1.7 Aims and Objectives 

 

Aim 

 

The aim of this study is to investigate, through a qualitative system dynamics 

approach, the systemic causes of gender disparity in UK computer science 

higher education (CS HE) and to identify institutional and policy interventions with 

the greatest potential to create lasting change. 
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Objectives 

To achieve this aim, the study sets the following objectives: 

1. Synthesise current evidence on gender participation in CS HE, drawing on 

national datasets (HESA, UCAS) and workforce statistics (WISE, Gov.uk) 

to quantify the scale and persistence of the gap. 

2. Identify and classify institutional mitigations implemented across UK 

universities, including outreach programmes (e.g. Southampton’s 
Dragonfly Day), community networks (e.g. GWiCS, WiSTEM), 

scholarships (e.g. DeepMind awards at UCL and Imperial), and equality 

frameworks (e.g. Athena SWAN Bronze, Silver, and Gold). 

3. Translate findings into system variables by mapping how quantitative 

indicators (such as enrolment, retention, and staff proportions) interact 

with qualitative factors (such as stereotype threat, inclusivity of curricula, 

and role model visibility). 

4. Construct causal loop diagrams (CLDs) to represent the feedback 

structures that sustain or reduce the gender gap, distinguishing between 

reinforcing and balancing dynamics. 

5. Identify leverage points for intervention, where targeted policies such as 

staff recruitment, peer support, or bridging courses, can produce 

disproportionate systemic benefits. 

6. Evaluate potential mitigation strategies by exploring how combinations of 

interventions may interact within the system, and assess their implications 

for institutional practice and national policy. 

 

1.8 Research Questions 

 

Primary Research Question 

• Can a system dynamics approach identify effective policy and institutional 

interventions to mitigate the gender disparity in UK computer science 

higher education? 

Supporting Questions 

1. What feedback loops sustain the gender gap in CS HE, and how do they 

interact with interventions currently implemented across UK universities? 
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2. Which interventions, such as outreach, curriculum reform, scholarships, or 

peer support, have the greatest potential for systemic impact when 

modelled within causal loop diagrams? 

3. Where are the leverage points for policy and institutional change, and how 

can these be informed by the experiences of universities already reporting 

local successes (e.g. Durham’s staff and student growth; UCL’s Athena 
SWAN Gold)? 

4. How can quantitative trends (e.g. enrolment and retention rates) and 

qualitative evidence (e.g. stereotype threat, community initiatives) be 

integrated to provide a holistic understanding of the system? 

 

1.9 Stakeholder Relevance 

 

Addressing the gender gap in computer science higher education (CS HE) is not 

simply a matter of institutional equity; it carries wide-ranging implications for 

multiple stakeholders across education, policy, and industry. A system dynamics 

approach is particularly suited to exploring these interdependencies, as it makes 

visible the ways in which actions at one level can generate ripple effects 

throughout the system. 

Students 

For female and non-binary students, the stakes are immediate and personal. A 

lack of representation in CS HE can undermine confidence, exacerbate 

stereotype threat, and reduce persistence, as shown in multiple studies of 

belonging and self-efficacy (Botella et al., 2019). Initiatives such as the Glasgow 

Women in Computing Science (GWiCS) society and WiSTEM networks provide 

peer support that directly addresses these challenges. Similarly, Southampton’s 

Dragonfly Day and King’s College London (KCL) ‘Unlocking Artificial Intelligence 

(AI) & Computer Science (CS)’ programme give young women early exposure to 

computing, shaping aspirations before university entry. By modelling these 

interventions within causal loop diagrams (CLDs), this study highlights how 

student-focused mitigations contribute to reinforcing loops of retention, peer 

support, and role model visibility. 

Universities 

 

For higher education institutions, reducing the gender gap in CS aligns with 

statutory duties under the Equality Act 2010 and sector commitments such as the 
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Athena SWAN Charter. Accreditation carries reputational benefits and, in some 

cases, access to research funding. The example of University College London’s 
Gold Athena SWAN award and Durham’s Silver award illustrate how embedding 
equity into departmental strategy can deliver both cultural change and 

measurable improvements in staff and student diversity. At the same time, 

universities face resource constraints, as shown in Cardiff University’s Academic 
Futures assessment, where equity programmes risk being undermined by 

competing financial pressures. Understanding these balancing loops is essential 

if institutions are to sustain their commitments. 

Government and Policymakers 

 

At a national level, gender diversity in computing is tied to wider skills and 

economic strategies. Reports from WISE (2024) and Gov.uk (2025) emphasise 

that women comprise only around 21 per cent of the UK tech workforce, limiting 

the sector’s innovative potential. National programmes such as STEM 

Ambassadors and gender action plans in Scotland aim to address pipeline 

issues, while frameworks like Athena SWAN formalise accountability. However, 

the limited progress in CS HE participation suggests that government strategies 

must be re-evaluated in light of systemic dynamics, rather than linear “pipeline” 
assumptions. 

Industry 

 

Employers in the technology sector are beneficiaries and potential drivers of 

change. Industry partners fund scholarships (e.g. DeepMind scholarships at UCL 

and Imperial) and collaborate with universities in outreach efforts, providing 

visible role models and bridging the transition from education to work. The 

reinforcing loop between female graduates entering industry → visibility of 
women in tech careers → improved perceptions of computing among prospective 
students demonstrates the importance of industry engagement. Without such 

collaboration, universities risk improving enrolment without ensuring progression 

into sustainable, diverse career pathways. 

 

Society 

 

Finally, gender disparity in computing has implications for society as a whole. 

Technology shapes everything from public services to financial systems, and a 

workforce lacking gender diversity risks embedding bias into design and 

deployment. The long-term impact of inclusive computing education therefore 
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extends beyond individual career outcomes, contributing to more equitable digital 

innovation and public trust in technology. 

By framing stakeholders not as isolated groups but as actors within a shared 

system, this study emphasises the necessity of coordinated interventions. 

Students, universities, policymakers, and industry each hold part of the solution; 

the challenge is to align their efforts in ways that strengthen reinforcing loops of 

participation and weaken balancing loops of attrition and inertia. 

 

1.10 Significance of the Study 

 

This study is significant for both academic research and practical policy. It 

contributes to the literature on gender diversity in computer science higher 

education (CS HE) while also generating insights of direct relevance to 

institutional leaders, policymakers, and industry stakeholders. 

From an academic perspective, the research adds to existing knowledge by 

applying system dynamics to an equity challenge that has proved resistant to 

piecemeal solutions. Prior studies have examined the gender gap through 

metaphors such as the “leaky pipeline” (Blickenstaff, 2005) or through 
evaluations of single interventions such as outreach or mentoring (Stout and 

Camp, 2014). While these approaches provide important insights, they often lack 

integration: they describe symptoms rather than explaining how multiple factors 

interact. By constructing causal loop diagrams (CLDs), this study captures both 

the reinforcing feedback loops (e.g. role model visibility, peer support networks) 

and balancing loops (e.g. stereotype threat, resource constraints) that shape the 

persistence of disparity. This structural perspective makes it possible to identify 

leverage points where small, well-targeted actions could create disproportionate 

systemic effects. 

From a policy and practice perspective, the study is timely. UK universities have 

invested heavily in gender equality initiatives, such as the Athena SWAN Charter, 

targeted outreach (e.g. Southampton’s Dragonfly Day, King’s College London’s 
Unlocking AI & CS), scholarships (e.g. DeepMind awards at UCL and Imperial), 

and community networks (e.g. Glasgow’s GWiCS, WiSTEM). Yet, national 
statistics show that women remain just over one-fifth of the CS student body 

(HESA, 2023), and women represent only 21 per cent of the UK tech workforce 

(Gov.uk, 2025). The persistence of this imbalance indicates that existing 

initiatives, while valuable, are not producing the systemic transformation 

required. By evaluating these programmes within a system dynamics framework, 

the study provides a novel lens for assessing why successes at local level (e.g. 
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Durham doubling female staff and improving student diversity) do not 

automatically scale to the sector as a whole. 

The study also has practical relevance for institutional strategy. For universities, 

embedding equity initiatives in core strategy and budgets is essential to 

overcome balancing loops associated with resource constraints. For industry, the 

research highlights the role of partnerships in strengthening positive feedback 

loops, such as the influence of female graduates on perceptions of computing 

careers. For government, the findings support a move away from one-off pipeline 

initiatives towards systemic strategies that integrate education, industry, and 

community efforts. 

At a broader societal level, addressing gender disparity in computing is critical to 

ensuring that the technologies shaping modern life are designed and 

implemented inclusively. A lack of diversity in the computing workforce risks 

embedding bias in algorithms, reducing the accessibility of digital services, and 

perpetuating inequities in the digital economy. By modelling interventions that 

strengthen representation, this study contributes not only to the academic 

literature but also to the pursuit of a more inclusive and innovative digital society. 

 

 

1.11 Dissertation Structure Overview 

 

This dissertation is structured to build a comprehensive understanding of the 

gender gap in computer science higher education (CS HE) and to explore how a 

system dynamics approach can reveal opportunities for systemic change. Each 

chapter contributes to this overall aim by moving progressively from context-

setting, through theoretical framing and methodological design, to empirical 

modelling, findings, and implications. 

• Chapter 1: Introduction provides the background and context for the 

study, situating the gender gap in CS HE within national and international 

trends. It integrates a review of relevant literature, including historical 

patterns of women’s participation in computing, comparisons with other 

STEM disciplines, and the role of national and institutional policy 

frameworks. Evidence from UK initiatives, such as the Athena SWAN 

Charter, outreach programmes (e.g. Southampton’s Dragonfly Day), peer 
networks (e.g. GWiCS, WiSTEM), and scholarships (e.g. DeepMind 

awards at UCL and Imperial) is discussed to illustrate both progress and 

continuing challenges. The chapter sets out the rationale for the study, 
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defines its aims and objectives, outlines the research questions, and 

explains its relevance for multiple stakeholders. 

• Chapter 2: Theoretical Framework introduces the system dynamics 

methodology that underpins the study. It explains key concepts such as 

feedback loops, stocks and flows, and causal loop diagrams (CLDs), and 

justifies their application to the problem of gender disparity in CS HE. The 

chapter also integrates relevant educational and gender theories, such as 

pipeline theory, intersectionality, and stereotype threat, demonstrating how 

these perspectives can be operationalised within system dynamics 

models. 

• Chapter 3: Methodology describes the research design and methods 

used to develop and test the system dynamics model. It explains the 

selection of variables and data sources, including quantitative evidence 

(e.g. UCAS and HESA enrolment statistics, workforce data) and 

qualitative evidence (e.g. institutional initiatives, peer support 

programmes). The process of constructing causal loop diagrams is 

outlined, alongside considerations of validity, limitations, and ethical 

issues. 

• Chapter 4: Findings presents the causal loop diagrams developed in this 

study and analyses the feedback structures that sustain the gender gap in 

CS HE. The chapter identifies reinforcing loops (e.g. role model visibility, 

peer culture) and balancing loops (e.g. stereotype threat, resource 

constraints), and explores how they interact with existing interventions. 

Evidence from university case studies is integrated to illustrate where local 

successes occur and why they may not scale systemically. 

• Chapter 5: Discussion interprets the findings in relation to existing 

literature and policy debates. It evaluates the effectiveness of current 

initiatives, highlights the leverage points identified through the modelling, 

and considers how systemic strategies could be designed to strengthen 

positive feedback loops while reducing balancing forces. International 

comparisons are revisited to assess how alternative policy models might 

inform UK practice. 

• Chapter 6: Conclusion summarises the study’s contributions, reflects on 
its limitations, and makes recommendations for policymakers, institutions, 

and industry partners. It also outlines directions for future research, 

particularly in extending system dynamics approaches to other areas of 

STEM equity. 
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By following this structure, the dissertation ensures a logical progression from 

problem definition to theoretical framing, modelling, and application, while 

maintaining a consistent integration of quantitative and qualitative evidence. This 

approach not only advances academic understanding but also provides 

actionable insights for those seeking to reduce gender disparities in computer 

science higher education. 

Chapter 2: Theoretical Framework 

 

2.1 Introduction 

The persistence of the gender gap in computer science higher education (CS 

HE) despite decades of interventions highlights the limitations of linear 

explanations and fragmented solutions. As shown in Chapter 1, national statistics 

reveal that women account for only around one fifth of CS undergraduates 

(HESA, 2023), a figure that has remained relatively unchanged over the past 

decade despite increases in outreach activities, scholarships, and equality 

frameworks such as Athena SWAN. Case studies demonstrate that local 

successes are possible. For example, Durham University doubling its proportion 

of female academic staff between 2017/18 and 2023/24, or University College 

London becoming the first computer science department to achieve an Athena 

SWAN Gold award in 2024. However, these gains remain isolated, and national 

participation rates continue to stagnate. 

This paradox suggests that the gender gap is sustained not by a single barrier 

but by the interaction of multiple factors operating across different levels of the 

system. Individual-level dynamics such as stereotype threat and self-efficacy 

interact with institutional culture, peer support, and national policy frameworks. 

Outreach and recruitment initiatives may improve entry rates but risk being offset 

by attrition during study, while retention efforts may be weakened if students lack 

visible career pathways. These patterns are consistent with what Berry et al. 

(2022) describe as the “compensating dynamics” of the STEM pipeline: 
interventions targeted at one point often fail to produce lasting change because 

balancing forces emerge elsewhere. 

To capture these complexities, this study uses system dynamics as its theoretical 

and methodological foundation. System dynamics, originally developed by 

Forrester (1961) to analyse industrial systems, provides tools for mapping the 

structure of complex problems and understanding how feedback loops sustain 

particular patterns of behaviour over time. In the context of CS HE, this approach 
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allows the gender gap to be conceptualised as the outcome of reinforcing and 

balancing feedback loops shaped by cultural, institutional, and structural factors. 

The theoretical framework developed here integrates three strands: 

1. System dynamics concepts (feedback loops, stocks and flows, causal 

loop diagrams), which provide the modelling language to structure the 

problem. 

2. Educational and gender theories (pipeline theory, stereotype threat, 

intersectionality, social cognitive theory), which inform the identification of 

variables and causal links. 

3. Empirical evidence from UK initiatives (e.g. Athena SWAN 

programmes, outreach events such as Dragonfly Day, peer networks such 

as GWiCS and WiSTEM, and industry collaborations such as DeepMind 

scholarships), which ground the modelling in lived practice. 

By combining these strands, the framework establishes the theoretical 

justification and the practical basis for adopting a system dynamics approach. 

The remainder of this chapter introduces the principles of system dynamics, 

explains their relevance to educational equity research, and integrates insights 

from gender and education studies to guide the construction of causal loop 

diagrams in subsequent chapters. 

This chapter outlines the theoretical framework for the study. Chapter 3 explains 

how Problem Structuring Methodologies (PSMs) are used to frame the problem 

before constructing causal loop diagrams (CLDs) within a qualitative system 

dynamics (QSD) design. 

2.2 Introduction to System Dynamics 

System dynamics is an analytical framework designed to explore how complex 

systems evolve over time through the interaction of feedback loops, 

accumulations, and delays (Forrester, 1961; Sterman, 2000). It is particularly 

suited to challenges where persistent patterns emerge despite repeated 

interventions which is precisely the case with the gender gap in computer 

science higher education (CS HE). Rather than treating gender disparity as a 

static imbalance, system dynamics allows it to be conceptualised as the product 

of interdependent processes that reinforce or counteract each other. 

At the heart of system dynamics are stocks and flows. Stocks represent 

accumulations of resources or populations, such as the number of female 
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undergraduates enrolled in CS programmes or the proportion of women among 

academic staff. Flows represent the rates of change affecting these stocks, such 

as annual enrolment of new students, attrition rates, or progression into 

academic careers. For example, UCAS data show that 2,940 UK-domiciled 

women accepted places in computing in 2024, an increase on previous years; 

however, this inflow remains small relative to the overall stock of male students, 

which maintains the overall imbalance (UCAS, 2024). 

Stocks and flows are linked through feedback loops, which describe how 

changes in one part of the system influence subsequent behaviour. Feedback 

loops can be reinforcing (positive) or balancing (negative). Reinforcing loops 

amplify change, creating virtuous or vicious cycles. For instance, as more women 

enter CS programmes, visibility of female role models increases, which can 

enhance younger students’ self-efficacy and encourage further participation, 

such as a reinforcing loop evident in Durham’s simultaneous growth in female 

staff and students. Conversely, balancing loops act to stabilise the system, often 

counteracting change. For example, increases in female enrolment may trigger 

heightened experiences of stereotype threat or peer isolation, which can raise 

attrition rates and offset gains made through recruitment. 

A distinctive strength of system dynamics is its capacity to incorporate delays or 

lag between an intervention and its observable outcome. Initiatives such as 

scholarships or outreach programmes may take several years to influence 

enrolment statistics, while cultural changes prompted by Athena SWAN 

commitments may take even longer to shape progression into senior academic 

roles. Recognising these delays prevents premature judgments about the 

effectiveness of interventions and highlights the importance of sustained 

commitment. 

By making explicit the structures behind persistent behaviours, system dynamics 

provides a language for integrating quantitative data (e.g. enrolment figures, 

workforce representation) and qualitative evidence (e.g. mentoring, institutional 

culture, stereotype threat). This dual capacity is essential for studying the gender 

gap in CS HE, where statistical trends coexist with deeply embedded cultural 

factors. In subsequent sections, the framework will be further developed to 

demonstrate how stocks, flows, and feedback loops map onto variables such as 

recruitment, retention, role model visibility, and policy interventions, forming the 

foundation for causal loop diagrams presented in Chapter 4. 

2.3 Feedback Loops and Causal Loop Diagrams (CLDs) 
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A central tool in system dynamics is the causal loop diagram (CLD), which 

provides a visual representation of how variables interact within a system through 

feedback loops (Sterman, 2000). CLDs do not attempt to quantify precise 

outcomes but instead make explicit the structural drivers that produce persistent 

patterns of behaviour. In the context of computer science higher education (CS 

HE), CLDs are valuable for mapping how cultural, institutional, and policy 

interventions interact to sustain or reduce the gender gap. 

Feedback loops capture the circular causality inherent in complex systems. In CS 

HE, these loops often explain why well-intentioned interventions do not scale or 

why small changes can produce disproportionate impacts. Two main types of 

loops are distinguished: 

• Reinforcing loops (R) amplify change in the system. They can create 

virtuous cycles (positive outcomes) or vicious cycles (negative outcomes). 

For example, as more female students enrol in CS programmes, the 

visibility of women increases, improving perceptions of belonging for 

incoming students. This enhanced sense of belonging reduces attrition, 

further increasing enrolment such as a reinforcing loop observed in 

institutions like Durham, where staff and student representation improved 

in tandem. Scholarships such as the DeepMind awards at UCL and 

Imperial create reinforcing effects by funding underrepresented students, 

increasing diversity at postgraduate level, and producing future role 

models. 

• Balancing loops (B) counteract change, often limiting the effectiveness of 

interventions. In CS HE, stereotype threat provides a balancing dynamic: 

when women enter male-dominated classrooms, heightened awareness of 

negative stereotypes may increase stress and reduce retention. This 

attrition offsets gains achieved through recruitment initiatives. Another 

balancing loop arises from resource constraints: as universities expand 

equity programmes, financial and staff limitations may reduce their reach 

or sustainability, as highlighted in Cardiff’s Academic Futures consultation.  

In this proposal, we also see a ‘negative impact’ assessment, stating that 
by bridging the gender gap, there is a risk to the male CS students.  

CLDs use arrows to denote causal links between variables, with a “+” sign 
indicating that a change in one variable causes a change in the same direction in 

another, and a “–” sign showing an inverse relationship. Feedback loops are 
labelled as reinforcing (R) or balancing (B), enabling researchers to distinguish 

between dynamics that accelerate change and those that dampen it. The 
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strength of CLDs lies not in revealing leverage points which are places where 

interventions may shift the system’s behaviour. 

The application of CLDs to the gender gap in CS HE allows quantitative data and 

qualitative initiatives to be incorporated in a single framework. Quantitative stocks 

such as female enrolment, retention, and academic staff representation can be 

mapped alongside qualitative variables such as role model visibility, peer 

support, stereotype threat, and institutional culture. This integration reflects the 

dual nature of the problem: persistent disparities are visible in national statistics, 

but they are sustained by cultural and structural dynamics often described 

qualitatively in the literature. 

For example, outreach programmes such as Southampton’s Dragonfly Day 
increase recruitment inflows, but their long-term impact depends on whether peer 

culture and institutional support create a reinforcing loop of belonging. Similarly, 

communities such as Glasgow’s GWiCS society can strengthen retention by 
reducing isolation and providing mentoring, but their effect is constrained if 

balancing loops such as high workload or insufficient resources remain 

unaddressed. By mapping these interdependencies, CLDs provide a foundation 

for understanding why isolated interventions rarely produce system-wide 

transformation. 

In this way, CLDs act as a bridge between theory and practice. They translate 

abstract concepts such as stereotype threat or self-efficacy into variables with 

explicit causal links and allow institutional initiatives to be visualised as 

interventions within the wider system. This prepares the ground for the findings in 

Chapter 4, where CLDs constructed from the evidence base will be presented to 

demonstrate how reinforcing and balancing loops sustain gender inequality and 

where opportunities exist to intervene most effectively. 

2.4 Justification for Using System Dynamics in Educational Diversity 

Research 

The decision to apply a system dynamics approach to the gender gap in 

computer science higher education (CS HE) rests on the limitations of existing 

research methods and the advantages offered by modelling complex systems.  

Traditional approaches to studying gender diversity in education have generated 

insights but often treat variables in isolation, neglecting the interdependencies 

that sustain disparities over time. 

Quantitative methods such as regression analysis can identify correlations 

between gender and outcomes such as enrolment, attainment, or career 
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progression. However, these methods typically assume linear causality and 

struggle to capture feedback effects or delayed impacts. For example, regression 

might reveal that the presence of female staff correlates with higher female 

student retention, but it cannot illustrate the reinforcing loop whereby increased 

retention produces future staff role models who in turn influence subsequent 

cohorts. 

Qualitative approaches, including interviews, ethnographies, and case studies, 

provide rich insights into lived experience. Research on stereotype threat, peer 

culture, and belonging has been particularly influential in explaining why women 

leave CS pathways despite comparable academic ability (Cheryan et al., 2017; 

Botella et al., 2019). Yet, these studies often focus on specific contexts, making it 

difficult to generalise findings or to assess how qualitative factors interact with 

quantitative trends such as enrolment flows. 

The persistence of gender disparity despite these insights suggests that the 

problem is wicked in nature (Rittel and Webber, 1973). Wicked problems are 

defined by interdependent causes, multiple stakeholders, and resistance to 

definitive solutions. In CS HE, interventions such as Athena SWAN accreditation, 

outreach events, or scholarships have delivered important local gains but have 

not shifted systemic participation rates. This reflects the wicked problem 

dynamic: actions that solve one part of the problem may generate unintended 

consequences elsewhere or be neutralised by countervailing forces. 

System dynamics is uniquely suited to tackling wicked problems. By constructing 

causal loop diagrams (CLDs), this approach integrates statistical evidence (e.g. 

UCAS enrolment data, HESA participation figures, workforce representation) with 

qualitative insights (e.g. stereotype threat, self-efficacy, institutional culture). The 

resulting models are not predictive in a narrow sense but explanatory and 

diagnostic, revealing how reinforcing and balancing feedback loops sustain the 

gender gap. This allows researchers to identify leverage points such as 

interventions that, although modest in scope, could trigger larger systemic shifts 

if strategically applied. 

The suitability of system dynamics for this topic is further supported by its 

application to other wicked problems in education and policy. Meadows (2008) 

demonstrates how feedback loops explain persistent inequalities in complex 

systems, while Papageorgiou and Hadzilacos (2017) apply system dynamics to 

higher education retention. In gender diversity specifically, Kovaleva et al. (2021) 

modelled the STEM pipeline to illustrate how attrition at multiple stages 

accumulates into large disparities. These precedents confirm that system 

dynamics is an established methodology for addressing wicked problems 
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characterised by long delays, unintended consequences, and reinforcing cultural 

norms. 

For the present study, system dynamics offers three critical advantages: 

1. Integration of quantitative and qualitative evidence: By modelling both 

enrolment data and cultural factors such as role model visibility, the 

approach avoids privileging one type of evidence over another. 

2. Identification of feedback structures: The method explains why 

interventions such as outreach, scholarships, or Athena SWAN 

commitments may succeed locally but fail to generate systemic change. 

3. Exploration of leverage points: CLDs allow policymakers and 

practitioners to visualise where targeted interventions (e.g. strengthening 

peer support societies, investing in female staff recruitment) might 

generate reinforcing loops that gradually shift the system towards balance. 

Framing the gender gap as a wicked problem highlights the necessity of 

approaches that can map systemic complexity, incorporate diverse evidence, 

and reveal leverage points. System dynamics provides precisely such a 

framework, offering not only analytical clarity but also practical relevance for 

stakeholders seeking to reduce gender disparities in CS HE. 
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Figure 1 Conceptual Framework: Theories informing the System Dynamics Approach1 

2.5 Relevant Educational and Gender Theories 

The persistence of gender disparities in computer science higher education (CS 

HE) cannot be explained by a single factor; rather, it arises from the interaction of 

multiple psychological, cultural, and institutional influences. This aligns with the 

notion of the gender gap as a wicked problem, characterised by 

interdependencies, contested definitions, and resistance to linear solutions (Rittel 

and Webber, 1973). To analyse such complexity, it is necessary to draw on a 

range of theories that explain how inequities emerge and persist. These theories 

provide the conceptual scaffolding for the causal loop diagrams (CLDs) 

developed in this study, enabling the integration of both quantitative and 

qualitative evidence. 

2.5.1 Pipeline Theory 

The “leaky pipeline” metaphor has been used described the steady attrition of 

women across STEM pathways, from school to undergraduate study, 

postgraduate education, and academic careers (Blickenstaff, 2005). While the 

metaphor usefully highlights cumulative loss, it oversimplifies by implying a one-

directional flow. From a system dynamics perspective, pipeline stages can be 

modelled as stocks (e.g. undergraduates, postgraduates, staff) connected by 

flows (e.g. enrolment, progression, retention). Attrition reflects balancing loops 

 
1 This diagram illustrates how key theoretical perspectives pipeline theory, stereotype threat, intersectionality, and social 

cognitive theory, converge to inform the system dynamics approach used in this study. Together, these theories provide 
the conceptual foundations for the use of causal loop diagrams (CLDs) to analyse the persistence of the gender gap in 
computer science higher education. 
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that constrain growth, such as stereotype threat or unsupportive cultures, while 

interventions like scholarships or mentoring act as reinforcing loops that support 

progression. In this way, the pipeline theory maps directly onto the structural 

features of system dynamics. 

2.5.2 Stereotype Threat and Self-Efficacy 

Stereotype threat occurs when individuals fear confirming negative stereotypes 

about their social group, impairing performance and persistence (Steele, 1997). 

In CS HE, women entering male-dominated classrooms may experience 

heightened anxiety and reduced retention (Cheryan et al., 2017). This dynamic 

interacts with self-efficacy, or confidence in one’s ability to succeed, which 
strongly predicts persistence in challenging fields (Bandura, 1997). Within CLDs, 

stereotype threat functions as a balancing loop: higher female enrolment may 

increase stereotype pressures, raising attrition and counteracting recruitment 

gains. However, initiatives that build self-efficacy through role model visibility, 

mentoring, or inclusive curricula, strengthen reinforcing loops that support 

persistence. 

 

2.5.3 Intersectionality 

The concept of intersectionality (Crenshaw, 1989) emphasises that inequalities 

are shaped by overlapping identities, including gender, race, class, and disability. 

For example, women of colour in computing often face compounded barriers not 

experienced by their white peers, including bias in admissions and fewer visible 

role models. From a system dynamics perspective, intersectionality highlights the 

importance of recognising that feedback loops do not affect all groups equally. A 

scholarship programme may disproportionately benefit some groups of women if 

structural racism or class barriers remain unaddressed, producing unintended 

consequences typical of wicked problems. Intersectionality therefore cautions 

against oversimplifying “women in CS” as a homogeneous group. 

2.5.4 Social Cognitive Theory and Role Models 

Social cognitive theory (Bandura, 1986) highlights observational learning and the 

influence of social models on behaviour. In CS HE, female staff, senior students, 

and industry professionals act as visible role models who shape self-efficacy and 

aspirations. Role model visibility functions as a reinforcing loop: more women in 

senior positions increase perceptions of attainability, encouraging recruitment 

and retention, which in turn further increases representation. Evidence from 

Durham’s simultaneous growth in female staff and students, or UCL’s DeepMind-

funded scholarships creating postgraduate role models, illustrates this loop in 

action. 
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2.5.5 Organisational Change Theories 

Theories of organisational change provide a lens for understanding how 

institutions adopt and sustain equity initiatives. The Athena SWAN Charter 

exemplifies how external frameworks can incentivise universities to embed 

gender equity in strategic planning. From a system dynamics perspective, such 

frameworks act as policy levers that alter institutional culture and influence 

loops related to recruitment, promotion, and retention. However, evaluations 

show uneven outcomes: while Silver and Gold awards have been linked to 

cultural improvements, critics argue that Bronze-level engagement often 

functions as compliance with limited systemic impact (Advance HE, 2019; Murray 

et al., 2025). This reflects the wicked nature of the problem: interventions can 

shift local dynamics but may fail to transform the wider system without sustained, 

coordinated action. 

 

Summary 

These theories underscore the systemic nature of the gender gap in CS HE. 

Pipeline theory highlights cumulative attrition across stages; stereotype threat 

and self-efficacy explain psychological mechanisms; intersectionality reveals 

compounded disadvantage; social cognitive theory demonstrates the importance 

of role models; and organisational change theories illustrate how policy 

frameworks shape institutional dynamics. Each contributes to the understanding 

of the gender gap as a wicked problem which is complex, multi-layered, and 

resistant to linear solutions. By integrating these theories within a system 

dynamics framework, the study facilitates the translation of conceptual insights 

into causal structures that can be visualised, analysed, and used to identify 

leverage points for systemic change. 

2.6 Chapter Summary 

This chapter has outlined the theoretical framework for the study. It began by 

introducing the principles of system dynamics, including the concepts of stocks, 

flows, feedback loops, and delays, and explained their relevance to analysing the 

persistent gender gap in computer science higher education (CS HE). The 

discussion of causal loop diagrams (CLDs) demonstrated how quantitative 

indicators such as enrolment and retention can be integrated with qualitative 

variables such as stereotype threat, role model visibility, and institutional culture. 

The chapter also justified the use of system dynamics by situating the gender 

gap within the literature on wicked problems. Characterised by interdependence, 

contested definitions, and resistance to linear solutions, the gender disparity in 
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CS HE cannot be understood through reductionist or single-method approaches. 

System dynamics provides an analytical framework that can map these 

complexities, revealing both reinforcing and balancing feedback loops and 

highlighting leverage points for intervention. 

Included are also the integrated insights from educational and gender theories 

such as pipeline theory, stereotype threat, intersectionality, social cognitive 

theory, and organisational change perspectives. These theories provide the 

conceptual scaffolding for identifying variables within CLDs and demonstrate how 

systemic inequities emerge from the interaction of psychological, institutional, 

and policy-level dynamics. 

By combining system dynamics concepts with established gender and education 

theories, the framework developed here ensures that the subsequent analysis is 

methodologically rigorous and theoretically grounded. This foundation prepares 

the way for Chapter 3: Methodology, which sets out how the study 

operationalises these concepts, integrates quantitative and qualitative evidence, 

and constructs causal loop diagrams to explore the dynamics of gender disparity 

in CS HE. 

Chapter 3: Methodology 

 

3.1 Introduction 

 

The methodological approach adopted in this study is shaped by the recognition 

that the gender gap in computer science higher education (CS HE) constitutes a 

wicked problem, sustained by complex interdependencies between cultural, 

institutional, and policy factors. As outlined in Chapter 2, such problems cannot 

be effectively addressed through linear or single-method approaches. Instead, 

they require frameworks capable of integrating diverse forms of evidence and 

revealing the feedback structures that sustain persistent patterns of inequality. 

This chapter sets out the methodological choices beneath the research. It 

explains why a qualitative system dynamics approach, using causal loop 

diagrams (CLDs) as the central tool, is appropriate for investigating the dynamics 

of gender disparity in CS HE. It outlines the data sources employed, including 

quantitative indicators (such as enrolment statistics and workforce 

representation) and qualitative evidence (such as institutional initiatives, policy 

frameworks, and theories of gender and education). The process of constructing 

CLDs is described, highlighting how variables were identified, how causal 
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relationships were mapped, and how feedback loops were validated against 

existing literature and case evidence. 

The chapter is organised into the following sections: 

• 3.2 Research Design: Outlines the qualitative system dynamics 

methodology, its suitability for wicked problems, and its application in this 

study. 

• 3.3 Data Sources: Describes the quantitative and qualitative evidence 

drawn from national datasets (UCAS, HESA), institutional reports (Athena 

SWAN applications, university equality and diversity statements), and 

published literature. 

• 3.4 Construction of Causal Loop Diagrams: Explains the step-by-step 

process of identifying variables, mapping causal relationships, and 

developing feedback structures. 

• 3.5 Validity and Reliability: Discusses the strategies employed to ensure 

methodological rigour, including triangulation of data sources and iterative 

testing of diagram logic. 

• 3.6 Ethical Considerations: Considers issues of representation, bias, 

and responsible use of institutional data. 

• 3.7 Limitations: Acknowledges the constraints of the approach, including 

reliance on secondary data and the interpretive nature of diagram 

construction. 

By adopting this methodological structure, the chapter demonstrates how 

theoretical concepts from Chapter 2 are translated into analytical tools that can 

generate practical insights. It positions system dynamics as a modelling 

technique and a methodological commitment to studying educational equity in a 

way that respects complexity, interdependence, and long-term change. 

3.2 Research Design 

The research design is guided by the recognition that the gender gap in 

computer science higher education (CS HE) constitutes a wicked problem 

characterised by multiple interdependent causes, contested definitions, and 

persistent resistance to policy interventions (Rittel and Webber, 1973). To 

investigate these problems, research approaches must move beyond linear or 

reductionist methods and instead embrace complexity, interconnection, and 

feedback. 
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This study adopts a qualitative system dynamics (QSD) approach, using causal 

loop diagrams (CLDs) as the principal tool for analysis. System dynamics is 

particularly well-suited to wicked problems because it allows researchers to 

explore how reinforcing and balancing feedback loops sustain persistent patterns 

of behaviour over time (Sterman, 2000). Unlike traditional statistical models, 

which emphasise prediction and correlation, system dynamics seeks to uncover 

the structural drivers of system behaviour. 

Within the wider family of Problem Structuring Methodologies (PSMs), system 

dynamics complements other approaches such as Soft Systems Methodology 

(SSM), Strategic Options Development and Analysis (SODA), and the Strategic 

Choice Approach (SCA), all of which seek to address complex and contested 

problem situations. The overall design of this study is shown in Figure 3.1, which 

situates system dynamics within the PSM tradition and illustrates how data 

inputs, modelling processes, and outputs are connected. 

 

 

 

 

Figure 2 Methodological Framework: System Dynamics within Problem Structuring Methodologies2 

 

 
2 This flowchart situates system dynamics within the wider family of Problem Structuring Methodologies (PSMs) and 

summarises the research design pathway: from defining the gender gap in CS HE as a wicked problem, through selecting 

system dynamics as the chosen method, to incorporating data inputs (UCAS, HESA, institutional case studies, policy 

documents, literature), modelling processes (variable identification, loop construction, system mapping), and generating 

outputs (reinforcing and balancing loops, systemic equilibrium, and leverage points) 
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3.2.1 Why Qualitative System Dynamics? 

System dynamics can be operationalised in both quantitative and qualitative 

forms. Quantitative models often involve simulation and numerical calibration, 

requiring detailed datasets and assumptions about parameter values. While 

valuable in some contexts, such models were not feasible for this study, given 

the absence of consistent longitudinal data on institutional initiatives and the 

interpretive nature of many cultural variables (such as stereotype threat or peer 

culture). 

Instead, a qualitative approach was chosen. Qualitative system dynamics 

focuses on the mapping of causal relationships between variables, allowing both 

numerical indicators (such as enrolment statistics) and qualitative evidence (such 

as institutional case studies, outreach initiatives, and gender theories) to be 

integrated into a single analytical framework. QSD is widely used in contexts 

where complexity is high, quantitative data are partial, and the aim is to generate 

insight rather than prediction (Hovmand, 2014). This aligns directly with the 

objectives of the present study. 

3.2.2 Fit with Research Aims 

As outlined in Chapter 1, the study aims to identify leverage points where 

interventions could produce systemic change in gender representation in CS HE. 

A qualitative system dynamics design supports this aim in three ways: 

1. Integration of evidence: The method allows diverse sources of data to 

be combined, including UCAS and HESA statistics, workforce 

representation figures, and case studies of initiatives such as Durham’s 
TechUPWomen, UCL’s Athena SWAN Gold award, and Glasgow’s 
GWiCS society. 

2. Revealing feedback structures: By visualising how reinforcing and 

balancing loops interact, the method highlights why interventions such as 

outreach, scholarships, or policy frameworks often succeed locally but fail 

to produce sector-wide transformation. 

3. Identification of leverage points: CLDs enable researchers to identify 

where targeted interventions, such as improving role model visibility or 

reducing stereotype threat which might generate reinforcing dynamics that 

shift the system towards balance. 

ϯ.Ϯ.ϯ Researcher’s Role 

Qualitative system dynamics recognises the interpretive role of the researcher in 

defining variables, selecting evidence, and mapping causal relationships. This 
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reflexive stance acknowledges that models are simplifications of reality, not 

objective reproductions. In this study, variables were identified through a 

structured review of literature, national statistics, and institutional initiatives, then 

organised into CLDs through iterative refinement. Transparency of process and 

explicit citation of evidence are used to mitigate bias and ensure the credibility of 

the resulting models. 

3.3 Data Sources 

This study combines quantitative and qualitative evidence to support a qualitative 

system dynamics (QSD) design. Quantitative sources provide national and 

institutional trends in participation and progression in computer science, while 

qualitative sources supply policy, institutional, and programme context required 

to interpret mechanisms and map feedback structures. Sources were selected for 

relevance to the United Kingdom (UK) context, public verifiability, and recency. 

Data use complies with institutional research ethics. Only publicly available, non-

identifiable information was used. 

3.3.1 Quantitative data sources 

National participation data were drawn from the Higher Education Statistics 

Agency (HESA) and the Universities and Colleges Admissions Service (UCAS). 

From HESA, the study used published tables on student enrolments and 

qualifications by subject, sex, and level of study for computing and related 

subject groupings across multiple years. Where necessary, series were 

harmonised across the transition from the Joint Academic Coding System 

version 3 (JACS3) to the Higher Education Classification of Subjects (HECoS) to 

preserve comparability over time. From UCAS, the study used end-of-cycle 

acceptance figures by subject and sex to examine trends in entry to 

undergraduate computing. Descriptive indicators include the percentage of 

women in enrolments and acceptances, and changes over time. 

Supplementary indicators were taken from sector summaries such as the 

Women into Science and Engineering (WISE) Campaign annual statistics on the 

proportion of women in science, technology, engineering and mathematics. 

These statistics were used to triangulate participation signals with near-market 

outcomes. Where institutional examples are discussed in later chapters, headline 

figures are taken from publicly reported university statistics or authoritative press 

notices. All quantitative indicators are reported at aggregate level. No individual-

level data were processed. 
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Transformations and quality assurance: Time series were cleaned for consistent 

subject definitions, converted to proportions, and checked for structural breaks 

around classification changes. Where an indicator could be derived from more 

than one source, values were cross-checked for consistency. Figures in the 

narrative are rounded to whole numbers unless greater precision is substantively 

informative. 

3.3.2 Qualitative data sources 

Qualitative material comprised institutional documents, national policy and 

guidance, and peer-reviewed literature. Institutional documents included publicly 

available strategies, equality and diversity statements, outreach programme 

descriptions, and case write-ups from universities referenced in the Findings and 

Discussion, for example Durham University, University College London, Imperial 

College London, the University of Southampton, and the University of Glasgow. 

National sources included policy reports and guidance from UK bodies relevant 

to higher education and participation in science, technology, engineering and 

mathematics. Scholarly literature provided theoretical and empirical grounding for 

mechanisms such as pipeline effects, stereotype threat, social cognitive 

processes, and intersectionality. 

Document analysis: A deductive coding frame, derived from the theoretical 

framework, was used to identify instances of mechanisms corresponding to 

variables in the causal loop diagrams. These variables included role-model 

visibility, outreach recruitment, scholarships and industry partnerships, peer 

support and belonging, stereotype threat, resource constraints, and policy 

compliance without culture change. Codes captured the sign and direction of 

claimed effects, reported scope, and any enabling or constraining conditions.  

3.3.3 Integration of data sources 

Integration followed an iterative, abductive procedure. First, quantitative trends 

established the descriptive problem structure at national level and motivated the 

focus on persistence rather than one-off shifts. Second, qualitative evidence 

supplied plausible mechanisms linking interventions to outcomes, enabling the 

mapping of reinforcing and balancing feedbacks in draft causal loop diagrams 

(CLDs). Third, these drafts were compared back to quantitative signals and to 

multiple institutional cases to assess coherence, identify missing links, and refine 

polarity or scope. This triangulation supports convergent validity. A mechanism 

was retained in the final CLDs where at least two strands of evidence aligned on 

direction and where its inclusion improved the explanatory fit to observed trends. 
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The integration strategy prioritises explanatory sufficiency rather than statistical 

generalisation. It provides a transparent chain from data to model structure that is 

appropriate for QSD and for informing policy design under uncertainty. 

Limitations of the sources and integration choices are discussed later in the 

chapter. 

3.4 Problem Structuring Methodologies (PSMs) 

Problem Structuring Methodologies (PSMs) are used to develop a sufficiently rich 

understanding of complex, ill-structured problem situations before proposing 

solutions. They are appropriate where multiple actors, perspectives, interests, 

intangibles, and uncertainties are present, and they should enable participatory, 

iterative exploration rather than one-shot optimisation. In public policy contexts, 

this deeper structuring is required because conventional “problem definition” 
stages often rush to solutions without adequately testing whether the perceived 

problem is the real problem. PSMs therefore emphasise rigorous problem 

recognition and framing as the essential first step (Teehan, 2018). 

A range of PSMs is available, including the Strategic Choice Approach (SCA), 

which supports decision-making under uncertainty by structuring options, 

commitments, and unresolved contingencies (Friend and Hickling, 2005), and 

Strategic Options Development and Analysis (SODA), which uses cognitive 

mapping to represent stakeholder perspectives and support the negotiation of 

strategic options (Eden and Ackermann, 2001). Other approaches include the 

Viable System Model (VSM), which applies cybernetic principles to 

organisational design and resilience (Beer, 1985), Soft Systems Methodology 

(SSM), which surfaces multiple world-views through rich pictures and root 

definitions (Checkland, 1981), and System Dynamics (SD), which uses causal 

structures and simulation to illuminate feedback effects and unintended 

consequences (Sterman, 2000). 

For this study, SSM and SD are combined. As Teehan (2018) argues, SSM 

provides a participatory framework to surface multiple perspectives and generate 

root definitions that structure the problem space, while SD complements this by 

adding causal structure and enabling exploration of policy hypotheses and 

levers. This multi-method sequence reduces the risk of “fixes that fail” by 
ensuring causal loop diagrams (CLDs) are grounded in an agreed frame of 

reference rather than assumed solutions, while also supporting later quantitative 

modelling if required. 
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These methodological relationships are illustrated in Figure 3.1, which positions 

System Dynamics within the wider family of Problem Structuring Methodologies 

alongside SSM, SODA, SCA, and VSM. 

3.5 Construction of Causal Loop Diagrams 

The central methodological activity of this study was the construction of causal 

loop diagrams (CLDs) to model the systemic dynamics sustaining the gender gap 

in computer science higher education (CS HE). CLDs enable the integration of 

quantitative and qualitative data into visual representations of how reinforcing 

and balancing feedback loops interact to shape system behaviour. The process 

followed four stages: variable identification, causal mapping, loop construction, 

and validation. 

3.5.1 Identifying Variables 

Variables were identified through an iterative review of the evidence base 

outlined in Section 3.3. Three main sources informed this stage: 

• Quantitative indicators such as HESA participation rates, UCAS 

acceptance figures, and workforce representation statistics provided the 

foundation for core stocks and flows (e.g. female enrolment, retention 

rates, academic staff representation, inflows of new students). 

• Institutional initiatives (e.g. Athena SWAN awards, TechUPWomen, 

DeepMind scholarships, Dragonfly Day, GWiCS) provided examples of 

interventions that act on auxiliary variables such as role model visibility, 

outreach impact, and institutional culture. 

• Theoretical constructs (pipeline theory, stereotype threat, 

intersectionality, social cognitive theory) informed variables not directly 

observable in data but central to the causal structure, such as self-

efficacy, stereotype threat, and peer culture inclusivity. 

This process resulted in a list of candidate variables organised under three 

categories: 

1. Structural stocks/flows (e.g. student enrolment, retention, graduation, 

staff representation). 

2. Cultural/psychological factors (e.g. stereotype threat, self-efficacy, 

sense of belonging). 

3. Institutional/policy levers (e.g. outreach programmes, scholarships, 

accreditation frameworks). 
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3.5.2 Mapping Causal Relationships 

Once variables were identified, the next stage involved mapping causal 

relationships between them. This was achieved through a combination of 

literature review, case study evidence, and logical reasoning. For example: 

• Increased female staff representation → higher role model visibility → 
stronger female student self-efficacy (+). 

• Greater outreach activities (e.g. Dragonfly Day) → higher female 
enrolment inflows (+). 

• Higher female enrolment → increased stereotype threat (in male-

dominated cohorts) → reduced retention (–). 

• Increased Athena SWAN accreditation → stronger institutional culture (+) 
→ lower attrition (+). 

Each relationship was annotated with polarity: “+” for a positive relationship (both 
variables move in the same direction) and “–” for a negative relationship 
(variables move in opposite directions). 

3.5.3 Constructing Feedback Loops 

The mapped relationships were then grouped into feedback loops. Two broad 

categories emerged: 

• Reinforcing loops (R): These amplify change, either positively (virtuous 

cycles) or negatively (vicious cycles). For example, Durham’s increase in 
female staff and students illustrates a reinforcing loop: more staff → more 
role models → greater student recruitment and retention → more 
graduates progressing into staff roles. Similarly, DeepMind scholarships at 

UCL and Imperial create reinforcing effects by increasing postgraduate 

representation, producing visible role models for future cohorts. 

• Balancing loops (B): These stabilise or counteract change. For example, 

increased female enrolment may also increase stereotype threat, raising 

attrition and offsetting recruitment gains. Another balancing loop arises 

from resource constraints: as institutions expand equity programmes, 

funding and staff time may become overstretched, limiting sustainability. 

Multiple loops were constructed and refined to capture the interplay between 

reinforcing and balancing dynamics. 

3.5.4 Validation of CLDs 

Validation was approached through triangulation: 
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• Literature consistency: Each loop was checked against established 

theories (e.g. pipeline theory, stereotype threat, social cognitive theory) to 

ensure theoretical alignment. 

• Empirical grounding: Loops were compared with case evidence, such as 

Durham’s metrics, UCL’s Athena SWAN Gold, and outreach initiatives at 

Southampton and KCL, to confirm plausibility. 

• Logical coherence: Iterative diagramming ensured that causal chains 

followed consistent directionality and did not contradict observed data. 

While qualitative system dynamics does not claim predictive accuracy, validity 

was enhanced by ensuring that the CLDs were credible to the evidence base and 

transparent in construction. 

Summary 

The construction of CLDs involved identifying variables from quantitative and 

qualitative data, mapping causal relationships, grouping them into reinforcing and 

balancing loops, and validating the resulting diagrams through triangulation. This 

process ensured that the models capture the wicked nature of the gender gap in 

CS HE and highlighted how interventions interact, why progress has been 

limited, and where potential leverage points for systemic change may lie. 

3.6 Validity and Reliability 

Ensuring validity and reliability in qualitative system dynamics (QSD) research 

presents distinct challenges. Unlike quantitative simulation models, which can be 

statistically tested against observed outcomes, causal loop diagrams (CLDs) are 

interpretive tools that aim to represent the structure of a system rather than to 

predict precise behaviours. As such, rigour is established through transparency, 

triangulation, and consistency rather than through statistical measures of 

reliability. 

3.6.1 Validity in Qualitative System Dynamics 

Validity in this study is understood as the extent to which the CLDs accurately 

reflect the underlying dynamics of the gender gap in computer science higher 

education (CS HE). Several strategies were employed: 

• Theoretical validity: Each feedback loop was cross-checked against 

established theories. For instance, balancing loops representing 

stereotype threat align with psychological literature (Steele, 1997; Cheryan 

et al., 2017), while reinforcing loops linking staff representation and 
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student retention map onto social cognitive theory (Bandura, 1986). This 

ensured that causal relationships were consistent with prior knowledge. 

• Empirical validity: Variables and relationships were grounded in real-

world data and initiatives. Durham’s documented growth in female staff 
and students (Durham University, 2024), UCL’s Gold Athena SWAN 

award (UCL, 2024), and outreach programmes such as Southampton’s 
Dragonfly Day (University of Southampton, 2023) provided case evidence 

for reinforcing loops. Balancing loops, such as resource constraints, were 

supported by Cardiff’s Academic Futures consultation. 

• Triangulation: Multiple sources of evidence such as quantitative data 

(HESA, UCAS), institutional reports, and peer-reviewed literature, were 

integrated to reduce reliance on any single perspective. This strengthens 

construct validity by ensuring that loops reflect converging lines of 

evidence. 

• Transparency of modelling process: All variables and causal links were 

documented, and explicit rationales were provided for inclusion. This 

makes the construction process open to scrutiny and replication. 

3.6.2 Reliability in Qualitative System Dynamics 

Reliability in interpretive research refers to the consistency and replicability of the 

process, even if outcomes vary with researcher judgement. In this study, 

reliability was pursued through: 

• Iterative refinement: Diagrams were developed in stages, moving from 

variable lists to causal chains and then to feedback loops. Each stage was 

revisited in light of emerging insights to ensure coherence. 

• Coding procedures: Variables were categorised as structural (stocks and 

flows), cultural/psychological, or institutional/policy levers. This structured 

approach provided consistency in variable selection. 

• Cross-checking of polarity: Arrows in CLDs were repeatedly verified to 

ensure correct assignment of positive (“+”) and negative (“–”) 
relationships. 

• Alignment with case examples: Draft diagrams were compared against 

real institutional cases to test whether they plausibly reflected observed 

behaviours. 

3.6.3 Limitations of Validity and Reliability 

While these measures enhance rigour, it is important to acknowledge limitations: 
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• Subjectivity: CLD construction inevitably involves researcher 

interpretation in deciding which variables to include and how to link them. 

• Generalisability: The models are grounded in UK evidence and may not 

apply directly to international contexts, though comparative literature was 

considered. 

• Data gaps: Quantitative data are often limited to enrolment and workforce 

statistics, meaning that cultural variables such as stereotype threat rely 

more heavily on qualitative evidence. 

These limitations are characteristic of system dynamics research, particularly 

when applied qualitatively to wicked problems. Rather than undermining the 

study, they reinforce the need for transparency and reflexivity. 

Summary 

Validity and reliability in this research are achieved through triangulation of 

evidence, consistency of modelling procedures, and alignment with established 

theory and empirical case studies. While interpretive in nature, the methodology 

is rigorous in its construction and credible in its outputs. By ensuring that the 

CLDs are both theoretically grounded and empirically plausible, the study 

provides a robust platform for analysing the systemic dynamics of gender 

disparity in CS HE. 

3.7 Ethical Considerations 

Ethical issues in this study arise primarily from the nature of the data sources, the 

interpretive process of causal loop diagram (CLD) construction, and the sensitive 

context of gender equality in higher education. While the research does not 

involve direct engagement with human participants, it nonetheless raises 

questions of representation, bias, and responsible use of institutional information. 

3.7.1 Use of Secondary Data 

The study relies on secondary sources, including publicly available datasets (e.g. 

HESA, UCAS), government reports, and institutional equality documents (e.g. 

Athena SWAN submissions, diversity statements). These sources are in the 

public domain and therefore do not require formal ethical clearance for use. 

However, ethical responsibility still applies in ensuring that data are interpreted 

fairly and cited accurately, avoiding misrepresentation of institutional 

performance or exaggeration of success. For instance, while Durham’s and 
UCL’s reported improvements in representation are included as examples, care 
has been taken not to attribute causality beyond what the evidence supports. 
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3.7.2 Representation and Inclusivity 

Gender disparity in computing intersects with other axes of inequality, including 

race, class, and disability. To avoid oversimplification, the study acknowledges 

intersectionality (Crenshaw, 1989) and highlights that “women in CS” is not a 
homogeneous category. This reflects an ethical commitment to representing 

diversity within underrepresented groups and to resisting reductionist framings. 

For example, when modelling interventions such as scholarships or outreach, the 

study considers how benefits may disproportionately accrue to some groups 

while leaving others behind. 

3.7.3 Researcher Bias and Reflexivity 

CLD construction is an interpretive activity. The researcher’s background, 
assumptions, and theoretical commitments inevitably influence decisions about 

which variables to include and how causal links are drawn. To mitigate bias, the 

modelling process was transparent and iterative, with variables explicitly 

grounded in either quantitative data (e.g. HESA statistics), institutional initiatives 

(e.g. Dragonfly Day, GWiCS), or published theory (e.g. stereotype threat, social 

cognitive theory). Reflexivity was maintained throughout, recognising that the 

diagrams are simplifications designed to illuminate structure rather than objective 

reproductions of reality. 

3.7.4 Sensitivity of Institutional Data 

Some of the qualitative evidence is drawn from institutional reports such as 

Athena SWAN submissions or diversity statements. While these documents are 

publicly available, they often reflect sensitive organisational issues, such as staff 

recruitment patterns, retention challenges, or resource constraints. The study 

treats these materials with care, presenting them not as evaluative audits of 

specific institutions but as illustrative examples of systemic dynamics. No 

individual staff or students are named, and no confidential data are disclosed. 

3.7.5 Ethical Use of Findings 

Finally, there is an ethical dimension to how findings are framed and 

disseminated. By situating gender disparity as a wicked problem, the study 

avoids attributing blame to individual institutions, students, or staff. Instead, 

responsibility is framed as systemic and shared among universities, 

policymakers, and industry stakeholders. This ethical stance ensures that 

recommendations are constructive and aimed at systemic improvement rather 

than punitive critique. 

Summary 
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Ethical considerations in this research centre on representation, reflexivity, and 

the responsible use of secondary data. By acknowledging intersectionality, 

ensuring transparency in modelling, and treating institutional evidence with care, 

the study maintains ethical integrity. The approach balances the need for 

rigorous analysis with the responsibility to represent complex social realities in a 

respectful and constructive manner. 

3.8 Limitations 

Like all research, this study is subject to methodological and evidential 

limitations. Acknowledging these constraints is important for transparency and for 

situating the findings within their appropriate scope. 

 

3.8.1 Interpretive Nature of Qualitative System Dynamics 

Causal loop diagrams (CLDs) are interpretive models. They are designed to 

illuminate structure and feedback rather than to predict outcomes with statistical 

precision. They depend on the researcher’s judgement in selecting variables, 
defining causal relationships, and grouping feedback loops. While triangulation 

with theory, data, and institutional case studies was employed to mitigate bias, 

alternative researchers might construct slightly different diagrams. This 

interpretive nature is a strength, enabling rich, theory-informed insight, and a 

limitation, since it reduces replicability. 

3.8.2 Data Availability and Scope 

The study relies on secondary data sources, which are uneven in scope and 

availability. Quantitative datasets (HESA, UCAS) provide robust enrolment and 

retention figures, but less information is available on cultural and psychological 

variables such as stereotype threat or sense of belonging. These factors are 

therefore inferred from qualitative literature and case study evidence rather than 

measured directly. Institutional initiatives are also documented inconsistently: 

while some universities publish detailed accounts of interventions, others provide 

limited information, making sector-wide comparisons difficult. 

3.8.3 Generalisability 

The study is situated within the UK context. While international comparisons 

were included in Chapter 1 to situate the problem globally, the CLDs themselves 

are based on UK-specific data and initiatives (e.g. Athena SWAN, 

TechUPWomen, Dragonfly Day). The findings may therefore have limited direct 

applicability to other higher education systems, though the methodological 

approach could be replicated elsewhere. 
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3.8.4 Absence of Simulation Modelling 

This study employs a qualitative system dynamics approach rather than a fully 

quantified simulation model. This was a deliberate choice, reflecting the 

limitations of available data and the study’s focus on structural insight rather than 
prediction. However, the absence of simulation modelling limits the ability to test 

interventions dynamically over time or to compare the relative magnitude of 

different policy options. Future research could build on the CLDs developed here 

by calibrating them into quantitative models for scenario testing. 

3.8.5 Focus on Gender 

While the study acknowledges intersectionality, the primary focus is on gender 

disparity in CS HE. Other dimensions of inequality, such as race, class, disability, 

and sexuality, are not modelled in full detail. This narrow focus reflects the scope 

of the dissertation but risks oversimplifying the lived realities of underrepresented 

groups. Future research should extend system dynamics models to incorporate 

multiple, overlapping identities. 

Summary 

The limitations of this study lie in the interpretive nature of qualitative system 

dynamics, the uneven availability of secondary data, and the contextual focus on 

UK higher education. These constraints do not undermine the value of the 

research but shape the way findings should be understood: as insights into 

systemic structure and leverage points, rather than definitive predictions. By 

acknowledging these limitations, the study maintains transparency and provides 

a foundation for future work to refine and extend the analysis. 

Chapter 4: Findings 

4.1 Introduction 

This chapter presents the findings of the study through the construction and 

analysis of causal loop diagrams (CLDs). As outlined in Chapter 3, CLDs provide 

a qualitative system dynamics tool for exploring how reinforcing and balancing 

feedback loops interact to sustain the gender gap in computer science higher 

education (CS HE). Unlike quantitative simulations, which focus on prediction, 

CLDs are designed to capture structural relationships between variables, making 

visible the systemic dynamics of wicked problems (Rittel and Webber, 1973). 

The chapter builds on the evidence base described in Chapter 3, combining 

quantitative indicators (such as UCAS and HESA statistics) with qualitative 
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insights (such as institutional initiatives, policy frameworks, and theories of 

gender and education). The findings are organised into three sections: 

1. Core CLDs developed from the literature and prior research including 

role model visibility, stereotype threat, and outreach recruitment loops, 

which have been discussed conceptually in earlier chapters. 

2. New CLDs derived from UK university initiatives and case studies 

including scholarship and industry partnership loops, peer support and 

belonging loops, and balancing loops relating to resource constraints and 

policy compliance. These are based on institutional evidence such as 

Durham’s staff and student growth, UCL’s Athena SWAN Gold award, and 

the activities of societies such as GWiCS and WiSTEM. 

3. A cross-cutting system map which integrates the individual loops into a 

holistic representation of the system, demonstrating how reinforcing and 

balancing dynamics interact across multiple levels. 

The analysis does not claim to provide definitive or predictive models of the 

gender gap. Instead, it offers diagnostic insight into why the gap persists despite 

decades of interventions and highlights potential leverage points where targeted 

strategies may generate systemic change. By situating interventions such as 

outreach, scholarships, peer networks, and equality frameworks within a 

feedback structure, the chapter illustrates how local successes may be offset by 

countervailing dynamics, and why progress at the national level has been limited. 

In doing so, the findings contribute to reframing the gender gap in CS HE not as 

a problem of insufficient initiatives, but as a systemic equilibrium shaped by 

reinforcing and balancing feedback loops. This framing provides the foundation 

for Chapter 5, which discusses the implications of these findings for theory, 

policy, and practice, and compares them with international experiences of gender 

diversity in computing. 

4.2 Core Causal Loop Diagrams (CLDs) 

The first set of causal loop diagrams (CLDs) represents the core dynamics most 

consistently identified across the literature and policy debates on gender equity in 

computer science higher education. These loops (R1, B1, and R2) present 

fundamental mechanisms shaping participation: the influence of visible role 

models, the constraining effects of stereotype threat, and the reinforcing potential 

of outreach programmes. They provide a baseline framework for understanding 

how positive and negative feedback processes interact to shape student 

recruitment, self-efficacy, and retention. 
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4.2.1 R1: Role Model Visibility Loop (Reinforcing) 

One of the most widely documented factors in the persistence of gender gaps in 

STEM is the influence of role models. In CS HE, female staff and senior students 

serve as powerful examples that shape the self-efficacy and aspirations of 

incoming cohorts. The role model visibility loop (R1) demonstrates how growth in 

female staff representation produces reinforcing effects on student participation 

and retention: 

• An increase in female staff representation enhances the visibility of role 

models. 

• Greater role model visibility improves female student self-efficacy and 

sense of belonging. 

• Higher self-efficacy reduces attrition, increasing female retention and 

progression. 

• Over time, this expands the pool of female graduates, some of whom 

progress into academic roles, further increasing staff representation. 

Evidence from Durham University illustrates this loop. Between 2017/18 and 

2023/24, the proportion of female academic staff doubled (from 12 per cent to 25 

per cent), accompanied by an increase in female student representation from 12 

to 21 per cent. Similarly, UCL’s attainment of Athena SWAN Gold in 2024, 

combined with DeepMind scholarships, has positioned the department as a 

leader in cultivating visible role models at multiple levels. 
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Figure 3 R1: Role Model Visibility Loop (Reinforcing)3 

4.2.2 B1: Stereotype Threat Loop (Balancing) 

The stereotype threat loop (B1) illustrates how increases in female enrolment may 

be partially offset by cultural dynamics that undermine persistence. 

• Growth in female enrolment increases the visibility of women in CS cohorts. 

• In male-dominated environments, this can paradoxically increase stereotype 

threat, as women feel heightened pressure not to confirm negative 

stereotypes. 

• Elevated stereotype threat decreases retention and progression, reducing the 

proportion of women who complete programmes. 

 
3 This causal loop diagram shows how increased visibility of female role models in computer science higher education 

strengthens female students’ self-efficacy, retention, and progression into academia, which in turn raises the proportion of 
female academic staff and sustains the cycle of visibility. 
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• This attrition diminishes the reinforcing effect of recruitment, limiting the 

overall impact of outreach or policy interventions. 

 

This balancing loop helps to explain why national enrolment gains have been 

modest despite extensive outreach. For instance, while UCAS reported an 8 per cent 

increase in female acceptances in 2024, HESA data show that overall female 

participation remains stagnant at 21 per cent. Without simultaneous interventions to 

address cultural barriers and classroom inclusivity, outreach inflows risk being 

neutralised by attrition dynamics. 

 

Figure 4 B1: Stereotype Threat Loop (Balancing)4 

 

4.2.3 R2: Outreach Recruitment Loop (Reinforcing) 

Outreach programmes are a common strategy for addressing the gender gap. The 

outreach recruitment loop (R2) captures the reinforcing potential of these initiatives. 

Increased investment in outreach programmes (e.g. Southampton’s Dragonfly Day 

for Year 9 girls, King’s College London’s Unlocking AI & CS for sixth formers) 

expands the pool of applicants. A larger applicant pool leads to higher female 

 
4 This causal loop diagram illustrates how stereotype threat undermines female students’ self-efficacy. A lower sense of 

self-efficacy reduces retention, leading to a smaller proportion of female students, which increases exposure to bias and 
reinforces stereotype threat. The negative feedback effect stabilises the system by counteracting growth, making it a 
balancing loop. 
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enrolment inflows. Greater enrolment improves visibility of women in CS, which 

further motivates younger students to consider computing. 

This creates a reinforcing cycle (R+) where early exposure generates long-term 

increases in participation. However, outreach loops are sensitive to balancing 

dynamics such as stereotype threat (B1). Unless supported by strong institutional 

cultures and visible role models (R1), the impact of outreach is limited. Evidence 

from national statistics confirms this tension: despite multiple outreach initiatives, 

women’s participation in CS remains far lower than in physical sciences or 
mathematics, where comparable interventions have produced more substantial 

gains. 

 

Figure 5 R2: Outreach Recruitment Loop (Reinforcing5 

 

Summary of Core Loops 

Taken together, the three core loops highlight the tension between reinforcing 

and balancing forces within the system. On the one hand, role model visibility 

 
5 This causal loop diagram illustrates how outreach activities expand awareness of computing among female students, 

leading to higher applications, enrolments, and visibility of peers. These outcomes strengthen the case for further 
outreach investment, creating a self-reinforcing cycle (R+). 
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and outreach activities create self-reinforcing dynamics that can expand female 

participation. On the other hand, stereotype threat acts as a balancing 

mechanism that constrains growth and stabilises the system at a lower level of 

representation. These core CLDs illustrate why incremental gains have often 

stalled nationally: virtuous cycles can be initiated but are offset by equally 

persistent counter-forces. 

4.3 New CLDs from UK Data 

While the core CLDs provide a foundation, additional loops drawn from UK case 

study data and institutional documents reveal further dynamics shaping the 

gender gap. These new CLDs (R3, R4, B2, and B3) reflect mechanisms that 

emerge from contemporary initiatives such as peer mentoring, industry 

scholarships, institutional resource constraints, and compliance-driven equity 

frameworks. They extend the analysis by demonstrating how institutional 

structures and partnerships interact with student-level experiences of belonging, 

support, and visibility. 

4.3.1 R3: Peer Support and Belonging Loop (Reinforcing) 

The Peer Support and Belonging loop (R3) shows how community structures 

within computing programmes can generate reinforcing cycles of participation. As 

more female students are retained, the number of upper-year women increases, 

expanding mentoring capacity. This capacity enhances peer support and fosters 

a stronger sense of belonging among new entrants. Belonging improves self-

efficacy, which in turn increases retention, completing the loop. 

University societies such as Glasgow Women in Computing Science (GWiCS) 

and cross-disciplinary WiSTEM exemplify this dynamic, providing both formal 

mentoring and informal community spaces that connect students across cohorts. 

Evidence from these initiatives suggests that even relatively small peer networks 

can have a disproportionate impact on retention by strengthening confidence and 

belonging. The loop highlights a leverage point: investing in peer communities 

and mentoring systems can produce cumulative, long-term gains in female 

participation. 
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Figure 6 Peer Support and Belonging Loop (Reinforcing)6 

4.3.2 R4: Scholarship and Industry Partnership Loop (Reinforcing) 

The Scholarship and Industry Partnership loop (R4) illustrates how targeted 

financial support can generate reinforcing cycles of participation. Industry-funded 

scholarships, such as the DeepMind awards at University College London and 

Imperial College London, lower barriers to entry for underrepresented students. 

Greater access increases female enrolment, while accompanying mentoring and 

support structures improve retention and success. 

Successful recipients serve as visible role models, raising awareness of women’s 
achievements in computing and strengthening institutional reputation for 

inclusivity. Improved reputation, in turn, attracts further partnerships and 

 
6 This causal loop diagram illustrates how retention of female students increases the number of upper-year students, 

strengthening peer mentoring capacity. This capacity enhances peer support and belonging, raising self-efficacy and 

further improving retention, creating a reinforcing cycle (R+). 
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investment from industry, expanding the pool of scholarships. This forms a 

reinforcing loop (R+) where industry collaboration not only supports individual 

students but also builds institutional capacity for systemic change. 

 
Figure 7 R4: Scholarship and Industry Partnership Loop (Reinforcing)7 

4.3.3 B2: Institutional Resource Constraint Loop (Balancing) 

The Resource Constraint loop (B2) highlights how the expansion of gender equity 

initiatives is limited by finite institutional capacity. As recruitment and retention of 

female students increase, demand for support services also grows. This greater 

demand places strain on institutional resources, reducing the capacity to sustain 

 

7 This causal loop diagram shows how industry partnerships increase scholarship opportunities, leading to higher 

enrolment, retention, and visibility of successful women. These outcomes enhance institutional reputation, attracting 

further partnerships and funding, and creating a reinforcing cycle (R+). 
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initiatives. When capacity is reduced, the effectiveness of investment in gender 

equity measures declines, slowing progress. 

This dynamic forms a balancing loop (B–): growth in student numbers and initiatives 

generates counter-pressures that constrain further expansion. Evidence from Cardiff 

University’s Academic Futures consultation illustrates this tension, where financial 

pressures and high student–staff ratios threatened the sustainability of EDI 

initiatives. Without sufficient long-term funding or staffing, the potential benefits of 

initiatives risk being neutralised by resource limits. 

 

Figure 8 B2: Institutional Resource Constraint Loop (Balancing)8 

4.3.4 B3: Policy Compliance vs. Culture Change Loop (Balancing) 

The Policy Compliance vs. Culture Change loop (B3) demonstrates how equity 

frameworks can generate activity without necessarily producing deep transformation. 

Compliance with frameworks such as Athena SWAN brings institutional recognition 

 
8 This causal loop diagram shows how increased recruitment and retention of female students drives demand for support 

services, which contributes to institutional resource strain. Strain reduces the capacity to sustain gender equity initiatives, 

limiting progress and creating a balancing cycle (B–). 
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and reward, which strengthens motivation for further accreditation. This, in turn, 

encourages more compliance activity, forming a positive cycle at the top of the loop. 

However, compliance does not always translate into cultural change. Where 

commitments are genuine, compliance deepens cultural change (±); where they are 

superficial, the effect is limited. The depth of cultural change determines the 

sustainability of impact on gender equity. If this impact is weak, motivation for further 

progress diminishes (–), leading to stabilisation rather than ongoing improvement. 

This feedback structure creates a balancing loop (B–): activity continues, but 

systemic change is constrained by the shallow embedding of equity measures. 

 
Figure 9 B3: Policy Compliance vs. Culture Change Loop (Balancing)9 

Summary of New Loops 

The new CLDs demonstrate how institutional choices can amplify or constrain 

progress. Reinforcing loops show that investments in peer support structures and 

industry-funded scholarships can create cumulative benefits for participation. Yet 

balancing loops illustrate the fragility of these gains: resource constraints and 

 
9 This causal loop diagram shows how compliance with equity frameworks generates recognition and motivation for 

accreditation. If compliance results in only shallow cultural change, sustainable impact is weak, reducing motivation and 
creating a balancing cycle (B–). 
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superficial compliance with frameworks can restrict the depth and sustainability 

of change. Together, these loops highlight the importance of addressing systemic 

barriers alongside individual-level interventions, underlining the need for both 

cultural and structural transformation. 

4.4 System-Level Interactions 

While each causal loop diagram (CLD) illustrates a distinct mechanism shaping 

gender equity in computer science higher education, their full significance 

emerges when viewed together as part of a wider system. The persistence of the 

gender gap cannot be explained by isolated factors such as role model visibility, 

outreach, peer support, or scholarships. Instead, these reinforcing and balancing 

dynamics overlap, interact, and, in some cases, neutralise one another. 

Examining system-level interactions therefore provides a more comprehensive 

understanding of why local successes do not always translate into sector-wide 

progress. 

This section synthesises the individual loops developed in Sections 4.2 and 4.3 

into three integrated perspectives. First, the interactions between the reinforcing 

loops (R1–R4) are examined to show how role models, outreach, peer support, 

and industry scholarships can amplify one another when aligned. Second, the 

balancing loops (B1–B3) are considered to demonstrate how stereotype threat, 

institutional resource constraints, and superficial compliance counteract growth. 

Finally, a cross-cutting system map combines all seven loops, offering a holistic 

view of how reinforcing and balancing forces interact to sustain an equilibrium in 

which women remain underrepresented in CS higher education. 

4.4.1 Reinforcing Loop Interactions 

The reinforcing loops developed in Sections 4.2 and 4.3 (R1–R4) highlight 

different but complementary pathways through which female participation in 

computer science higher education can expand. Taken together, these loops 

demonstrate the potential for cumulative gains when interventions operate 

simultaneously at multiple levels of the system. 

Role model visibility (R1) strengthens self-efficacy and retention, which feeds into 

the supply of future academic staff. Outreach recruitment (R2) expands the 

pipeline by increasing applications and enrolment. Peer support and belonging 

(R3) improves persistence by embedding community structures, while 

scholarships and industry partnerships (R4) widen access and generate visible 

success stories that enhance institutional reputation. 
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When aligned, these loops reinforce one another. For example, industry 

scholarships not only increase enrolment but also produce visible graduates who 

can serve as role models (R1). Similarly, outreach initiatives (R2) are more 

effective when students encounter inclusive curricula and peer networks (R3), 

which sustain retention once they enrol. The interaction of these loops suggests 

that reinforcing dynamics are strongest when institutions combine structural 

measures, financial support, and cultural interventions rather than relying on 

single initiatives. 

 

Figure 10 Reinforcing Loop Interactions (R1–R4)10 

 

10 This diagram illustrates how role model visibility, outreach recruitment, peer support and belonging, and scholarship 

and industry partnership loops interact. The loops amplify one another, creating potential for cumulative gains in female 

participation when interventions are coordinated. 
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4.4.2 Balancing Loop Interactions 

While the reinforcing loops highlight the potential for virtuous cycles, the 

balancing loops (B1–B3) demonstrate how countervailing forces restrict the 

growth of female participation in computer science. These loops show why even 

effective interventions may fail to deliver systemic change when underlying 

pressures remain unaddressed. 

The stereotype threat loop (B1) undermines the benefits of outreach and peer 

support by reducing self-efficacy among female students in male-dominated 

environments. Even when enrolment increases, heightened exposure to bias and 

isolation can raise attrition, offsetting progress. 

The resource constraint loop (B2) reflects institutional pressures. As enrolment 

grows and new initiatives are launched, demand for support services expands. 

Limited financial and staffing capacity creates strain, reducing the ability of 

institutions to sustain equity programmes at scale. This balancing mechanism 

explains why gains made by well-funded pilot projects often plateau when 

funding cycles end or workloads increase. 

The policy compliance versus culture change loop (B3) illustrates the risk of 

superficial implementation. While accreditation schemes such as Athena SWAN 

generate recognition and encourage compliance activity, their impact is limited 

when deeper cultural change is absent. Shallow compliance produces weak 

long-term effects, reducing motivation for further action and stabilising the system 

short of transformation. 

Together, these balancing loops demonstrate why reinforcing cycles alone are 

insufficient to shift the equilibrium. Each balancing mechanism dampens 

momentum, keeping female participation levels relatively stable despite local 

successes. The implication is that long-term progress requires not only initiating 

reinforcing loops but also directly addressing the structural constraints and 

cultural barriers identified in B1–B3. 
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Figure 11 Balancing Loop Interactions (B1–B3)11 

4.4.3 Cross-Cutting System Map 

The cross-cutting system map integrates the reinforcing loops (R1–R4) and 

balancing loops (B1–B3) to show how their interactions sustain the gender gap in 

computer science higher education. Reinforcing dynamics illustrate the potential 

for growth: role model visibility (R1), outreach recruitment (R2), peer support and 

belonging (R3), and scholarships with industry partnerships (R4) all create 

positive feedback loops that can expand participation when aligned. 

However, these reinforcing mechanisms are counteracted by balancing loops. 

Stereotype threat (B1) undermines self-efficacy and retention, resource 

constraints (B2) limit the sustainability of initiatives, and policy compliance 

 

11 This diagram shows how stereotype threat, resource constraints, and compliance without culture change interact as 

balancing forces. Each mechanism dampens growth, constraining the impact of reinforcing loops and contributing to the 

persistence of equilibrium in female participation. 
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without cultural change (B3) reduces long-term impact. Importantly, the cross-

cutting map shows that these are not isolated forces but interlinked dynamics. 

For example, increased outreach (R2) can unintentionally heighten stereotype 

threat (B1) as women enter male-dominated environments, while peer support 

networks (R3) can mitigate that threat. Similarly, scholarships (R4) increase 

opportunities but also place strain on resources (B2), which in turn can weaken 

peer support (R3). Superficial compliance with equity frameworks (B3) further 

limits the development of authentic role models (R1). 

The result is a systemic equilibrium. Reinforcing loops generate momentum for 

change, but cross-cutting interactions with balancing loops dampen growth, 

leading to persistent underrepresentation. This integrated view highlights why 

isolated interventions often fail to achieve sector-wide transformation: without 

addressing countervailing dynamics, the system adapts to maintain stability. 

 

Figure 12 Cross-Cutting System Map (R1–R4 and B1–B3)12 

 
12 This diagram integrates reinforcing and balancing loops, showing how role model visibility, outreach, peer support, and 

scholarships are constrained by stereotype threat, resource constraints, and superficial compliance. Cross-cutting arrows 
illustrate how interventions can both reinforce and undermine one another, producing a systemic equilibrium that sustains 
underrepresentation. 
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Summary 

The system-level analysis shows that progress in addressing the gender gap in 

computer science higher education cannot be understood through isolated 

interventions. Reinforcing loops demonstrate the potential for growth when 

initiatives such as role modelling, outreach, peer support, and scholarships align, 

but these dynamics are consistently offset by stereotype threat, resource 

constraints, and shallow compliance. The cross-cutting system map highlights 

how reinforcing and balancing mechanisms interlock to produce a systemic 

equilibrium in which underrepresentation persists. This provides the foundation 

for the discussion in Chapter 5, which considers the wider theoretical and policy 

implications of these findings. 

4.5 Chapter Summary 

This chapter has presented the findings of the study through the construction and 

analysis of causal loop diagrams. The core loops (R1, B1, R2) highlighted 

fundamental dynamics identified in prior research: the reinforcing effects of role 

model visibility and outreach, and the balancing influence of stereotype threat. 

The new loops (R3, R4, B2, B3) extended this analysis with evidence from UK 

institutions, showing how peer support, industry partnerships, resource 

constraints, and compliance behaviours shape the lived experience of students. 

By integrating these dynamics, the system-level interactions revealed how 

reinforcing and balancing forces interlock to produce a systemic equilibrium. 

Localised successes are often offset by countervailing dynamics, explaining why 

female participation in computer science has remained relatively static despite 

decades of interventions. The cross-cutting system map illustrates that progress 

depends not only on initiating reinforcing cycles but also on dismantling or 

mitigating the balancing mechanisms that sustain underrepresentation. 

These findings provide a diagnostic framework for understanding the persistence 

of the gender gap and identify leverage points where interventions may achieve 

greater systemic impact. Chapter 5 builds on this analysis by discussing the 

implications for theory, policy, and practice, and situating the UK experience 

within an international context. 
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Chapter 5: Discussion 

5.1 Introduction 

The purpose of this chapter is to interpret the findings presented in Chapter 4 

and situate them within the wider body of literature and policy debate on gender 

diversity in computer science higher education (CS HE). Whereas the previous 

chapter focused on constructing causal loop diagrams (CLDs) to illustrate the 

structural dynamics of the system, this chapter examines the implications of 

those diagrams for understanding why the gender gap persists and how it might 

be addressed. 

The findings demonstrated that the gender gap in CS HE is sustained by a 

complex interplay of reinforcing and balancing feedback loops. Reinforcing 

dynamics, such as role model visibility, scholarships, outreach, and peer support, 

have the potential to generate virtuous cycles of recruitment, retention, and 

progression. However, these positive dynamics are constrained by balancing 

forces, including stereotype threat, institutional resource limitations, and 

superficial compliance with equality frameworks. When integrated into a cross-

cutting system map, these loops reveal a systemic equilibrium in which local 

successes are offset by countervailing dynamics, leading to stagnation at 

national level. 

This chapter discusses the significance of these findings in four ways: 

• Alignment with existing literature: How the loops identified correspond 

to established theories such as pipeline theory, stereotype threat, social 

cognitive theory, and intersectionality. 

 

• Evaluation of institutional interventions: How initiatives such as Athena 

SWAN, Dragonfly Day, GWiCS, and DeepMind scholarships contribute to 

reinforcing dynamics, and why their impact remains uneven. 

 

• International comparisons: How the UK experience contrasts with 

alternative models in countries such as Finland, Sweden, and the United 

States, where coordinated policies have produced stronger progress. 

The chapter addresses the central research question whether a system 

dynamics approach can identify effective policy and institutional interventions to 

mitigate the gender disparity in UK computer science higher education and 

considers the practical and theoretical implications of the findings. 



56 
 

5.2 Alignment with Existing Literature  

The causal loop diagrams developed in Chapter 4 align with a range of theories 

discussed in the wider literature on gender and education. Pipeline theory 

provides a useful lens for understanding why outreach initiatives (R2) are 

necessary to expand the pool of applicants: without targeted efforts at the start of 

the educational pipeline, the number of women entering computer science 

programmes remains low. At the same time, the findings confirm that recruitment 

alone is insufficient. The stereotype threat loop (B1) reflects evidence that 

women in male-dominated environments often experience reduced self-efficacy 

and higher attrition, limiting the long-term impact of outreach and recruitment. 

The analysis also resonates with social cognitive theory, particularly the 

importance of modelling. Role model visibility (R1) demonstrates how observing 

successful women in computing can strengthen self-efficacy and persistence for 

new entrants, producing a reinforcing dynamic across cohorts. Peer support (R3) 

further amplifies this effect by embedding role modelling within everyday student 

experience. 

These findings underline the relevance of intersectionality. While the CLDs were 

constructed primarily around gender, the balancing effects observed are likely to 

be intensified for women who face additional barriers related to race, class, 

disability, or other characteristics. This echoes critiques of frameworks such as 

Athena SWAN, which risk overlooking the complex ways in which multiple forms 

of disadvantage intersect. 

These links demonstrate that existing theories cannot be treated in isolation. 

Pipeline dynamics, stereotype threat, modelling, and intersectionality operate 

simultaneously, with each shaping and constraining the others. The contribution 

of a system dynamics approach lies in making these interactions visible. Rather 

than presenting separate theoretical explanations, the CLDs illustrate how 

reinforcing and balancing mechanisms combine to sustain the gender gap in 

computer science higher education. 

 

 

5.3 Evaluation of Institutional Interventions 

The findings illustrate both the potential and the limitations of current institutional 

interventions. Accreditation schemes such as Athena SWAN (B3) have raised 



57 
 

awareness and incentivised activity but risk being pursued as compliance 

exercises rather than as vehicles for cultural transformation. This helps to explain 

why their systemic impact has been uneven across institutions. 

Outreach initiatives (R2) remain central to widening participation, yet the CLDs 

show that their effects are fragile without supportive environments. Gains in 

recruitment can be undermined by stereotype threat (B1) if the institutional 

culture remains exclusionary. Similarly, scholarships and industry partnerships 

(R4) reduce financial barriers and generate visible success stories, but they also 

contribute to resource pressures (B2) that may limit sustainability. 

Peer support and belonging (R3) emerged as particularly influential. While 

modest in scale, these networks reinforce retention by embedding role models 

and increasing self-efficacy within the student community. Their effectiveness, 

however, depends on a sufficient number of women to generate momentum. 

Overall, the findings suggest that while interventions have value, their 

effectiveness depends less on individual schemes and more on their integration 

within the wider system. Without coordination and attention to balancing forces, 

even well-designed initiatives risk being neutralised. 

5.4 International Comparisons 

International experience highlights the possibilities and the limitations of policy 

interventions. The Nordic countries provide the strongest evidence that structural 

reform and cultural normalisation can achieve high levels of female participation 

in computing and engineering. Policies such as shared parental leave, early 

childcare provision, and gender mainstreaming have created environments 

where participation is not only encouraged but expected. The UK findings 

suggest that without comparable structural measures, institutional interventions 

struggle to generate lasting systemic change. 

By contrast, the United States has invested heavily in outreach and pipeline 

initiatives, echoing the dynamics captured in R2. While such programmes have 

broadened access, their long-term impact has been constrained by stereotype 

threat and cultural exclusion, mirroring the UK’s balancing loops. These 
comparisons underline the limits of pipeline-only approaches. 

Other contexts offer more targeted lessons. In Ireland and Australia, industry-

funded scholarships and government–university partnerships resemble the UK’s 
emerging initiatives captured in R4. These have lowered financial barriers and 
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produced visible success stories, but they remain vulnerable to the resource 

constraint dynamics reflected in B2. 

International comparisons reinforce the central insight of this study: interventions 

cannot be effective in isolation. Structural reforms, cultural change, and 

supportive environments are all required to sustain gains. The persistence of 

balancing dynamics across different contexts suggests that progress depends on 

integrated strategies rather than the replication of isolated initiatives. 

5.5 Chapter Summary 

This chapter has interpreted the causal loop diagrams developed in Chapter 4 in 

relation to existing theories, institutional interventions, and international 

experience. The analysis demonstrated how reinforcing dynamics such as role 

model visibility, outreach, peer support, and scholarships can generate 

cumulative benefits, while balancing forces including stereotype threat, resource 

constraints, and superficial compliance restrict systemic change. Comparisons 

with international contexts highlighted that similar dynamics operate across 

countries, though structural reforms in the Nordic region have achieved greater 

cultural transformation than the intervention-focused approaches in the UK and 

United States. 

The discussion suggests that progress depends less on the scale of individual 

initiatives and more on how they interact within the wider system. Interventions 

that activate reinforcing dynamics must be supported by measures that 

counteract balancing constraints. This insight points towards specific leverage 

points where coordinated action could shift the equilibrium. These leverage 

points, together with the wider implications for theory, policy, and practice, are 

the focus of Chapter 6 
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Chapter 6: Conclusion 

6.1 Introduction 

The previous chapter situated the findings within the wider literature and 

international experience, showing how reinforcing mechanisms can expand 

participation but are constrained by balancing forces such as stereotype threat, 

resource limitations, and superficial compliance. Together, these dynamics 

create a systemic equilibrium that helps explain the persistence of 

underrepresentation in computer science higher education. 

This chapter consolidates those insights by drawing out the study’s conclusions 
and considering their implications. It begins with a summary of the main findings, 

before identifying leverage points where interventions may shift the equilibrium. It 

then outlines the study’s contributions to theoretical, methodological, and 
practical knowledge, followed by a critical reflection on its limitations. Building on 

this, recommendations are developed for universities, government and 

policymakers, industry partners, and cross-sector collaboration. The chapter 

concludes by identifying future research directions and offering a closing 

reflection on the significance of the study. 

The chapter is organised as follows: 

• 6.2 Summary of Findings recaps the key results of the study, focusing on 

the reinforcing and balancing loops identified in Chapter 4 and their 

interpretation in Chapter 5. It also covers leverage points for change. 

• 6.3 Contributions to Knowledge outlines the theoretical, methodological, 

and practical contributions made by the research. 

• 6.4 Limitations acknowledges the constraints of the study, particularly in 

relation to the qualitative modelling approach and the scope of available 

data. 

• 6.5 Recommendations for Policy and Practice identifies concrete actions 

that institutions, policymakers, and industry stakeholders can take to 

strengthen reinforcing loops and weaken balancing dynamics. 

• 6.6 Future Research Directions suggests ways in which the system 

dynamics approach can be extended to refine the analysis and address 

intersectional dimensions of inequality. 
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• 6.7 Closing Reflection offers a final statement on the importance of 

systemic approaches for tackling persistent inequities in CS HE and 

beyond. 

Through this structure, the chapter consolidates the study’s argument that the 
gender gap in CS HE persists not due to a lack of interventions but because of 

the systemic equilibrium created by interacting feedback loops. By identifying 

leverage points where structural change is possible, the research provides a 

basis for more effective and sustainable strategies to address gender disparity. 

6.2 Summary of Findings 

The study set out to investigate whether a system dynamics approach could 

provide new insights into the persistent gender gap in computer science higher 

education (CS HE) in the United Kingdom. By constructing causal loop diagrams 

(CLDs), the research revealed how reinforcing and balancing feedback loops 

interact to sustain systemic underrepresentation, despite decades of initiatives. 

The analysis identified four major reinforcing loops: 

• R1: Role Model Visibility:  increases in female staff and postgraduate 

representation enhance visibility, strengthen student self-efficacy, and 

improve retention, creating a virtuous cycle. 

• R2: Outreach Recruitment: initiatives such as Dragonfly Day and 

Unlocking AI & CS expand applicant pools and raise female enrolments, 

further motivating younger cohorts. 

• R3: Peer Support and Belonging: societies such as GWiCS, WiSTEM, 

and OxWoCS reduce isolation, increase belonging, and reinforce retention 

through mentoring and leadership development. 

• R4: Scholarships and Industry Partnerships: targeted schemes such 

as DeepMind scholarships and TechUPWomen retraining programmes 

increase postgraduate representation, producing future role models and 

strengthening the pipeline. 

At the same time, three significant balancing loops were observed: 

• B1: Stereotype Threat: increases in female enrolment without cultural 

reform raise stereotype threat, undermining persistence and offsetting 

recruitment gains. 
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• B2: Resource Constraints: the expansion of equity initiatives requires 

sustained financial and staff investment, limiting scalability and 

sustainability. 

• B3: Policy Compliance vs. Culture Change: superficial engagement 

with frameworks such as Athena SWAN (e.g. Bronze-level compliance) 

produces limited cultural impact, constraining progress unless deeper 

engagement (Silver/Gold) is achieved. 

When integrated into a cross-cutting system map, these loops revealed a 

systemic equilibrium: reinforcing dynamics generate local successes, as 

evidenced by Durham’s growth in staff and student representation and UCL’s 
Gold Athena SWAN award, but balancing dynamics prevent these gains from 

scaling nationally. Participation in higher education continues to mirror the 

persistent underrepresentation observed across the wider tech workforce, 

despite continuous interventions. 

The discussion in Chapter 5 situated these findings within the wider literature and 

international comparisons. The analysis confirmed alignment with existing 

theories, including pipeline theory, stereotype threat, intersectionality, social 

cognitive theory, and organisational change perspectives, while extending them 

through a systemic lens. International cases demonstrated that greater progress 

is possible: Nordic countries showed how cultural equity norms weaken 

balancing loops, US exemplars highlighted the importance of curriculum reform 

and mentoring, and coordinated strategies in Australia and Ireland illustrated the 

benefits of national-level policy integration. 

Finally, the study identified five leverage points where targeted interventions 

could shift the system: 

1. Enhancing role model visibility through staff recruitment and postgraduate 

scholarships. 

2. Strengthening peer support and belonging via stable funding for societies 

and mentoring. 

3. Mitigating stereotype threat with inclusive teaching and visible counter-

stereotypes. 

4. Embedding equity beyond compliance in equality frameworks such as 

Athena SWAN. 

5. Ensuring sustainability of initiatives by embedding them in core budgets 

and securing government–industry partnerships. 
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Overall, the findings confirm that the gender gap in computer science higher 

education is sustained by the interaction of reinforcing and balancing feedback 

loops. While reinforcing mechanisms such as role models, outreach, peer 

networks, and scholarships create opportunities for growth, these are often 

counteracted by stereotype threat, resource constraints, and shallow compliance 

with equality frameworks. The result is a systemic equilibrium in which 

underrepresentation persists despite repeated interventions. To move beyond 

this pattern, it is necessary to identify and target leverage points within the 

system where interventions can generate the greatest impact. These leverage 

points are set out in Section 6.2.1. 

6.2.1 Leverage Points for Change 

The system dynamics analysis identifies several leverage points where targeted 

interventions could generate disproportionate effects by strengthening reinforcing 

loops or weakening balancing constraints. These points highlight areas where 

action can shift the equilibrium sustaining women’s underrepresentation in 
computer science. 

• Role model visibility (R1): Increasing the presence of women in 

academic, professional, and leadership positions enhances self-efficacy 

and persistence among students. Visible success stories also feed into 

outreach and scholarship loops, amplifying their impact. 

 

• Peer support and belonging (R3): Student-led networks and societies 

provide accessible mentoring and community, improving retention and 

confidence. Even small-scale groups, such as GWiCS and WiSTEM, show 

how peer connections can reinforce persistence across cohorts. 

 

• Addressing stereotype threat (B1): Recruitment gains risk being lost if 

institutional cultures remain exclusionary. Tackling bias in teaching, 

curricula, and peer environments reduces stereotype threat and 

strengthens the effectiveness of outreach and retention initiatives. 

 

• From compliance to culture change (B3): Accreditation schemes such 

as Athena SWAN can incentivise action but risk plateauing when pursued 

primarily for recognition. Embedding equity into everyday practices 

ensures that such frameworks drive genuine transformation. 

 

• Sustainability of resources (B2 and R4): Outreach, scholarships, and 

mentoring programmes require consistent investment. Resource strain 
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undermines progress, whereas long-term partnerships with industry and 

secure institutional funding provide the stability needed for reinforcing 

loops to develop fully. 

Together, these leverage points highlight how systemic change requires cultural, 

structural, and resource-based strategies. The next section considers how these 

findings contribute to theoretical, methodological, and practical knowledge. 

6.3 Contributions to Knowledge 

This study makes contributions at three levels: theoretical, methodological, and 

practical. Together, these contributions advance understanding of the gender 

gap in computer science higher education (CS HE) and demonstrate the value of 

system dynamics as an approach to wicked problems in education. 

6.3.1 Theoretical Contributions 

• The research extends existing theories of gender disparity in STEM, such 

as pipeline theory, stereotype threat, intersectionality, and social cognitive 

theory, by reframing them within a system dynamics perspective. Instead 

of treating these theories as separate explanations, the causal loop 

diagrams (CLDs) reveal how they interact as reinforcing and balancing 

feedback loops. 

• The findings support critiques of the pipeline metaphor as overly linear 

(Blickenstaff, 2005; Cannady et al., 2014). By modelling attrition and 

progression as part of interconnected loops, the study provides a more 

nuanced understanding of how women leave or persist in CS pathways. 

• The dissertation contributes to the literature on organisational change by 

showing how equality frameworks such as Athena SWAN can act as 

either reinforcing or balancing loops, depending on the depth of 

institutional engagement. This duality helps explain why national 

participation rates stagnate despite widespread adoption of accreditation 

schemes. 

• More broadly, the study reinforces the framing of the gender gap as a 

wicked problem (Rittel and Webber, 1973), highlighting how systemic 

equilibrium emerges from the interaction of interventions and constraints. 

This theoretical lens contributes to debates on why persistent inequalities 

endure despite repeated reform efforts. 
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6.3.2 Methodological Contributions 

• The study demonstrates the utility of qualitative system dynamics (QSD) in 

educational research. While system dynamics has been applied in other 

domains, its use in analysing gender diversity in CS HE is limited. This 

dissertation shows that QSD can integrate quantitative and qualitative 

evidence, providing structural insights where predictive modelling is not 

feasible. 

• The construction of CLDs based on mixed data sources, such as HESA 

and UCAS statistics, workforce reports, institutional case studies, and 

gender theory, illustrates how QSD can synthesise diverse evidence into a 

coherent model. This methodological integration enhances both 

transparency and rigour. 

• By explicitly mapping the steps of variable identification, causal mapping, 

loop construction, and validation (Chapter 3), the study contributes a 

replicable process for future researchers seeking to apply system 

dynamics to complex social issues. 

• The research also demonstrates how visual modelling can serve as a 

bridge between academic theory and policy practice, making systemic 

structures accessible to non-specialist stakeholders. 

6.3.3 Practical Contributions 

• The findings provide actionable insights for higher education institutions. 

By highlighting leverage points such as role model visibility, peer support, 

and embedding equity beyond compliance, the study identifies areas 

where limited resources can be directed for maximum systemic impact. 

• For policy frameworks such as Athena SWAN, the study offers a 

diagnostic perspective: Bronze-level compliance may function as a 

balancing loop, whereas deeper engagement produces reinforcing 

dynamics. This insight can inform revisions to accreditation processes and 

funding mechanisms. 

• For government and industry stakeholders, the research underscores the 

importance of resource sustainability. The identification of resource 

constraints (B2) as a key balancing loop highlights the need for 

coordinated funding models, including long-term government support and 

industry partnerships. 

• More broadly, the study provides a systemic evidence base for the design 

of gender equity strategies in CS HE. Rather than advocating for new 
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interventions, it emphasises the integration and sustainability of existing 

ones, making it directly relevant to practitioners and policymakers. 

Summary 

The study’s contributions lie in extending theory through a systemic lens, 
advancing methodology by demonstrating the value of qualitative system 

dynamics in educational equity research, and providing practical insights for 

institutions, policymakers, and industry. By framing the gender gap as a wicked 

problem and modelling it through CLDs, the research delivers both academic 

innovation and actionable recommendations for addressing one of the most 

persistent challenges in higher education. 

6.4 Limitations 

Like all research, this study is subject to limitations that shape how its findings 

should be interpreted. These limitations arise from the methodological choices 

made, the nature of the available data, and the scope of the inquiry. 

6.4.1 Methodological Scope 

The research adopted a qualitative system dynamics (QSD) approach, using 

causal loop diagrams (CLDs) to map feedback structures. While QSD provides 

valuable structural insights, it does not offer the predictive precision of 

quantitative simulation modelling. As a result, the study identifies relationships 

and leverage points but cannot quantify the relative strength of different 

interventions or forecast long-term outcomes under alternative scenarios. This 

limits the ability to test “what if” policies dynamically, though it provides a 

foundation for future simulation work. 

6.4.2 Researcher Interpretation 

CLD construction is inherently interpretive. Decisions about which variables to 

include, how to define causal links, and how to group loops reflect the 

researcher’s judgement, informed by theory and evidence. While triangulation 
with literature, data, and case studies was used to mitigate bias, alternative 

researchers might model the system differently. This subjectivity is characteristic 

of qualitative system dynamics but nonetheless a limitation for replicability. 

 

6.4.3 Data Constraints 

The study relies heavily on secondary data. Quantitative datasets such as HESA 

and UCAS provide robust statistics on enrolment and participation, but cultural 

and psychological variables, such as stereotype threat, sense of belonging, or 
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peer culture, are less easily measured. These factors were modelled using 

qualitative evidence from literature and institutional reports, which may not 

capture their full variability. Similarly, institutional initiatives are documented 

unevenly: while some universities publish detailed accounts of equity 

programmes, others provide limited information, restricting the comparability of 

case evidence. 

6.4.4 Generalisability 

The analysis is situated within the UK higher education context. While 

international comparisons were included in Chapter 5, the CLDs are based on 

UK-specific initiatives such as Athena SWAN, TechUPWomen, and GWiCS. The 

findings therefore may not transfer directly to other systems with different 

cultural, policy, or institutional arrangements. Nevertheless, the methodological 

approach is transferable and could be adapted to other contexts. 

6.4.5 Focus on Gender 

Although the study acknowledges intersectionality, its primary focus is on gender 

disparity. Other dimensions of inequality such as race, class, disability, or 

sexuality, were not modelled in detail. This narrow focus risks oversimplifying the 

lived experiences of underrepresented groups and may understate the 

compounded barriers faced by women with intersecting marginalised identities. 

Future research should extend the model to incorporate these dimensions 

explicitly. 

Summary 

The limitations of this study lie in its reliance on qualitative system dynamics, the 

interpretive nature of CLD construction, the constraints of secondary data, and 

the UK-specific and gender-focused scope. These constraints do not undermine 

the value of the research but instead shape its contributions: the study provides 

diagnostic structural insights rather than predictive forecasts, offering a 

foundation for more detailed simulation modelling and intersectional analyses in 

future work. 

 

6.5 Recommendations for Policy and Practice 

Building on the leverage points identified in Section 6.2.1, this section translates 

those systemic insights into concrete recommendations for universities, 

policymakers, and industry partners.  
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The findings of this study suggest that the persistence of the gender gap in 

computer science higher education (CS HE) is not due to a lack of initiatives but 

to the systemic equilibrium created by reinforcing and balancing loops. 

Addressing this equilibrium requires coordinated strategies that strengthen 

positive dynamics while weakening countervailing forces. The following 

recommendations are offered for universities, government, and industry partners. 

Whereas Section 6.2.1 identified leverage points in the system, the following 

recommendations specify actions that different stakeholders can take to 

operationalise them. 

6.5.1 Universities 

• Enhance role model visibility by actively recruiting, retaining, and 

promoting women into academic and leadership positions, and by 

supporting postgraduate scholarships that expand the pool of future staff 

role models. 

• Embed peer support networks into departmental strategies by providing 

stable, long-term funding for societies such as GWiCS, WiSTEM, and 

OxWoCS, reducing reliance on voluntary labour. 

• Adopt inclusive teaching and curricula that address stereotype threat, 

including collaborative learning, real-world applications, and diverse 

representations of computing careers. 

• Move beyond compliance in equality frameworks such as Athena SWAN 

by integrating action plans into strategic priorities and resourcing them 

adequately, aiming for Silver and Gold accreditation as markers of 

genuine culture change. 

6.5.2 Government and Policymakers 

• Provide sustained funding for gender equity programmes, embedding 

them into core higher education budgets rather than short-term grants. 

Lessons from Ireland’s STEM Education Policy Statement and Australia’s 
Women in STEM Decadal Plan highlight the value of national 

coordination. 

• Strengthen accountability mechanisms by ensuring that equality 

frameworks focus on measurable cultural change rather than procedural 

compliance. 

• Support early interventions by integrating gender equity into computing 

curricula at school level, reducing the influence of stereotypes before 

students reach higher education. 
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• Facilitate partnerships between universities and industry to ensure that 

initiatives are aligned with national skills strategies and employment 

opportunities. 

6.5.3 Industry Partners 

• Invest in scholarships and mentoring schemes that increase 

postgraduate representation and create visible role models for 

undergraduates. The DeepMind scholarships at UCL and Imperial provide 

a model for scaling. 

• Collaborate with universities to co-design outreach programmes that 

highlight diverse career pathways and provide authentic role models from 

industry. 

• Support work–life balance and progression for women entering the 

tech workforce, reducing attrition at the transition between higher 

education and employment. 

• Engage in systemic partnerships rather than isolated sponsorships, 

ensuring that industry contributions reinforce long-term institutional and 

cultural change. 

6.5.4 Cross-Sector Recommendations 

• Integrate interventions across recruitment, retention, and progression, 

recognising that isolated initiatives are often neutralised by balancing 

dynamics. Multi-level strategies are most effective when outreach, role 

models, peer support, and institutional culture operate together. 

• Ensure sustainability by embedding equity work into the structures of 

universities, policy frameworks, and industry partnerships, reducing 

vulnerability to resource constraints (B2). 

• Address intersectionality by designing interventions that are sensitive to 

the compounded barriers faced by women of colour, disabled women, and 

those from working-class backgrounds, ensuring that reinforcing loops do 

not disproportionately benefit already-privileged groups. 

Summary 

These recommendations emphasise the need for coordinated, systemic 

strategies. For universities, this means embedding equity into core operations 

rather than treating it as peripheral. For government, it means providing long-

term funding and policy coherence. For industry, it means contributing resources 

and role models in sustained partnership with higher education. By aligning 
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interventions across these sectors, it is possible to shift the system from 

equilibrium towards meaningful progress, allowing reinforcing dynamics to 

overcome balancing constraints. 

6.6 Future Research Directions 

This study has employed a qualitative system dynamics (QSD) approach to 

investigate the gender gap in computer science higher education (CS HE). The 

findings highlight the value of mapping feedback structures to explain the 

persistence of underrepresentation. At the same time, they reveal limitations that 

future research could address. Building on the present analysis, future work 

could extend the scope, adopt complementary methods, and explore additional 

dimensions of inequality to provide a more comprehensive understanding of 

systemic dynamics. 

6.6.1 Quantitative Simulation Modelling 

The most immediate extension of this study is the development of quantitative 

system dynamics models that build on the causal loop diagrams (CLDs) 

presented here. Simulation modelling would allow researchers to: 

• Assign numerical values to stocks and flows (e.g. annual female 

enrolment, retention rates, postgraduate progression). 

• Estimate parameters for cultural variables (e.g. stereotype threat, sense of 

belonging) through survey data or proxy indicators. 

• Conduct policy testing by simulating the effects of alternative 

interventions, such as increased scholarships, curriculum reforms, or 

different levels of Athena SWAN engagement. 

• Explore time delays, revealing how long it might take for interventions (e.g. 

staff recruitment, postgraduate scholarships) to influence systemic 

outcomes. 

By shifting from diagnostic mapping to dynamic simulation, future work could 

provide policymakers and institutions with a more robust basis for planning, 

enabling them to compare the projected impact of different strategies. 

6.6.2 Incorporating Intersectionality 

Although this study acknowledged intersectionality, its focus was primarily on 

gender. Future research should extend the modelling framework to incorporate 

overlapping identities such as race, class, disability, and sexuality. For example, 

simulation modelling could test whether scholarships disproportionately benefit 

particular subgroups and explore how compounded disadvantage alters the 
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dynamics of retention and progression. This would produce a more inclusive and 

representative model of inequality. 

6.6.3 Mixed-Methods Approaches 

Future research could complement system dynamics with empirical qualitative 

methods such as interviews, focus groups, or ethnographic studies. These could 

provide deeper insights into variables such as self-efficacy, stereotype threat, 

and peer culture, generating data to inform parameter estimates in simulation 

models. Similarly, survey-based approaches could provide quantitative measures 

of cultural variables, bridging the gap between qualitative insights and simulation 

requirements. 

6.6.4 International and Comparative Studies 

Expanding the scope beyond the UK would enable comparative system 

dynamics models to be developed across national contexts. Nordic countries, the 

US, Australia, and Ireland provide rich case studies for exploring how different 

policy environments influence reinforcing and balancing loops. Comparative 

simulation could test whether strategies that have proven effective abroad would 

generate similar outcomes in the UK context. 

6.6.5 Longitudinal Evaluation 

Finally, future research should focus on longitudinal data collection. Many 

initiatives, such as outreach programmes, scholarships, or peer societies, may 

take several years to produce visible effects. Longitudinal studies would allow 

researchers to track how interventions evolve over time and provide the data 

necessary to refine simulation models. 

 

Summary 

Future research should build on this dissertation by developing quantitative 

system dynamics simulations that extend the qualitative CLDs into predictive 

models. This would allow for dynamic testing of policy scenarios, providing 

evidence-based guidance for institutions and policymakers. Further extensions 

should incorporate intersectionality, employ mixed-methods approaches, include 

comparative international studies, and draw on longitudinal data. Together, these 

directions would deepen understanding of the wicked problem of gender disparity 

in CS HE and strengthen the capacity of research to inform systemic change. 
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6.7 Closing Reflection 

This dissertation set out to investigate the persistent gender gap in computer 

science higher education (CS HE) in the United Kingdom and to explore whether 

a system dynamics approach could provide new insights into its causes and 

potential solutions. By framing the issue as a wicked problem, the study has 

shown that persistent underrepresentation is not the result of isolated barriers or 

insufficient initiatives, but of the systemic equilibrium produced by interacting 

reinforcing and balancing feedback loops. 

The findings reveal that interventions such as role model visibility, scholarships, 

outreach programmes, and peer networks generate reinforcing dynamics that 

can improve recruitment, retention, and progression. Yet these gains are 

consistently constrained by balancing dynamics, including stereotype threat, 

resource scarcity, and compliance-driven engagement with equality frameworks. 

The persistence of these countervailing forces explains why national participation 

rates have remained largely static despite decades of well-intentioned effort. 

By employing qualitative system dynamics (QSD), the study has provided a 

framework for integrating quantitative statistics with qualitative evidence, bridging 

the gap between descriptive accounts of inequality and structural explanations of 

its persistence. The causal loop diagrams developed here offer not only a 

diagnostic tool for understanding the problem but also a practical guide for 

identifying leverage points where interventions may have disproportionate 

systemic impact. 

The dissertation also contributes to the growing recognition that tackling 

entrenched inequalities requires more than isolated programmes: it demands 

systemic thinking and sustained coordination across universities, policymakers, 

and industry partners. While progress has been made in local contexts, the 

challenge remains to scale these successes nationally, embedding them in the 

structural fabric of higher education. 

Looking ahead, the transition from qualitative mapping to quantitative simulation 

modelling offers a promising avenue for future work. By enabling the testing of 

policy scenarios over time, simulation could provide the evidence base required 

to guide sustainable, systemic strategies. 

In conclusion, this research demonstrates that although the gender gap in 

computer science higher education represents a wicked problem, it is not 

insurmountable. The analysis shows that progress depends on strengthening 

reinforcing dynamics, addressing balancing constraints, and embedding equity 

within the everyday structures of education, policy, and practice. The task ahead 
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is to translate these systemic insights into coordinated action, so that the future 

computing workforce more fully reflects the diversity of the society it serves. 
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Appendices 

 

Appendix A: UK university Initiatives and Interventions Matrix 

University/Or
ganisation 

Initiative/Progra
mme 

Type of 
Intervention 

Target Group 
Reported 
Outcomes 

Source 

University of 
Southampton 

Dragonfly Day 
Outreach 
event 

Year 9 girls 

Increased 
interest in CS 
and STEM 
subjects 

University 
of 
Southampt
on (2022) 

King’s 
College 
London 

Unlocking AI & 
CS 

Outreach/Wor
kshops 

Sixth form 
students 

Broader 
awareness of 
AI and 
computing 
pathways 

King’s 
College 
London 
(2021) 

Durham 
University 

Athena SWAN 
initiatives + 
staff/student 
growth 

Equity 
framework + 
recruitment 

Staff and students 

Growth in 
female staff 
and student 
representation 

Durham 
University 
(2020) 

University 
College 
London 
(UCL) 

Athena SWAN 
Gold award 

Equity 
framework 

Institutional 
Recognition of 
cultural 
transformation 

UCL (2021) 

University of 
Oxford 

OxWoCS 
society 

Peer 
support/mento
ring 

Undergraduate & 
postgraduate 
women 

Reduced 
isolation, 
leadership 
opportunities 

OxWoCS 
(2022) 

Cardiff 
University 

WiSTEM & 
GWiCS 
societies 

Peer networks 
& mentoring 

Female 
undergraduates 

Improved 
retention, 
confidence, 
community 

Cardiff 
University 
(2021) 

Newcastle 
University 

TechUPWomen 
retraining 
programme 

Scholarship + 
industry 
partnership 

Women retraining 
for tech careers 

Entry into 
postgraduate 
programmes, 
employability 

Newcastle 
University 
(2020) 

Google/Deep
Mind + 
Universities 

DeepMind 
Scholarships 

Postgraduate 
scholarships 

Female MSc/PhD 
students 

Increased 
postgraduate 
representation 

DeepMind 
(2021) 

 

 

 

 

Appendix B: Causal Loop Diagram Development Notes 

Step 1: Variable Identification 
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An initial list of potential variables was developed through review of the literature, 

national data (UCAS and HESA), and policy documents. These included: 

• Female enrolment in CS HE 

• Retention and attrition 

• Female progression (graduation, career entry) 

• Female academic staff (role models) 

• Recruitment and outreach activities 

• Institutional support (scholarships, mentoring, policy) 

• Role model visibility 

• Curriculum inclusivity 

• Peer culture and peer support networks 

• Perceived self-efficacy of female students 

• Stereotype threat 

• Organisational constraints (staff time, funding limits) 

• Policy and resource allocation 

Step 2: Boundary Choices 

• The model was bounded at the level of UK higher education, focusing on 

institutional and policy-level interventions. 

• Earlier pipeline stages (primary and secondary education) were 

acknowledged but not included, except where outreach programmes 

directly engaged school pupils. 

• Gender was the primary focus, with intersectionality recognised but not 

explicitly modelled due to scope constraints. 

Step 3: Loop Construction 

• Early drafts identified reinforcing loops around role model visibility (R1) 

and outreach recruitment (R2). 

• Additional loops were added as evidence was reviewed, including: 

o Peer support and belonging (R3) 

o Scholarships and industry partnerships (R4) 

o Stereotype threat (B1) 

o Resource constraints (B2) 

o Policy compliance versus culture change (B3) 

• Polarity decisions were based on evidence from literature and case 

studies, e.g. increased role model visibility → positive impact on self-
efficacy; increased stereotype threat → negative impact on retention. 
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Step 4: System Map Integration 

• The final cross-cutting system map integrated all reinforcing and balancing 

loops (R1–R4, B1–B3). 

• Cross-links captured interactions, such as: 

o Outreach recruitment increasing exposure to stereotype threat. 

o Peer support mitigating stereotype threat. 

o Scholarships increasing resource strain. 

o Resource constraints reducing peer support capacity. 

o Shallow compliance limiting the visibility of authentic role models. 

Step 5: Iteration and Refinement 

• Draft diagrams were revised for clarity and consistency (e.g. uncrossing 

lines, standardising polarity labels). 

 

 

 


