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Abstract

This study investigates the role of Generative Artificial Intelligence (GenAl) in software
development training, particularly for minorities and disadvantaged individuals. While
software development is a crucial driver of the digital economy, the technology sector
suffers from a lack of diversity. By examining the discourse and emerging practices
surrounding the use of GenAl, such as ChatGPT and GitHub Copilot, the research
examines how these technologies can empower learners and bridge the diversity gap in
technology workforce. Through a multi-method approach involving data collection from
Reddit and interviews, the study uncovers insights into the role of Al in training
individuals for programming careers. Preliminary findings of our topic modelling reveal
the potential of Al to provide personalised instruction, thereby promoting inclusivity and
empowering underrepresented groups. The study contributes to understanding the
dynamics of AI empowerment in software development training and offers practical
recommendations for fostering diversity and inclusion within the technology industry.

Keywords: Artificial Intelligence, GenAl, software programming, inclusion, empowerment, learning

Introduction

The underrepresentation of women, ethnic minorities, and other disadvantaged groups within the
technology sector is a persistent and multifaceted challenge. In the UK, the technology industry faces a stark
lack of diversity, with only 15% of the workforce coming from Black, Asian, and Minority Ethnic (BAME)
backgrounds, and gender diversity lagging at 19% compared to the national average of 49% across all
professionst. This disparity is mirrored on a global scale, as a recent study by Capgemini (2021) revealed
that women and ethnic minorities comprise merely 20% and 17% of IT/tech employees, respectively. In
addition, the participation of women in tech-related fields has actually decreased by 32% since 1990, despite
ongoing efforts to enhance inclusion (Avni and el Kaliouby 2020).

This study aims to examine the potential of new artificial intelligence (AI) technologies in addressing this
pressing issue. Specifically, it seeks to explore the role of Al in the training and development of software
programming skills among minority and disadvantaged populations. By leveraging the capabilities of Al,
this research endeavors to uncover innovative pathways that can bridge the persistent gender and diversity
gaps within the technology industry.

The software development industry serves as the indispensable foundation of the digital economy,
providing the underlying infrastructure that powers a myriad of products and services with pervasive

t https://www.diversityintech.co.uk
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applications across both commercial and consumer domains. the global software market expected to reach
an estimated $698.80 billion by 2024 and a substantial $858.05 billion by 2028 (1). This upward trajectory
reflects the pivotal role of software development in driving technological innovations that transform diverse
industries, from autonomous driving algorithms in the automotive sector to actuarial modelling software
in insurance, telemedicine platforms in healthcare, and algorithmic trading systems in finance. As the
digital landscape continues to rapidly evolve, the software development industry has become a bedrock of
the modern economy, serving as the digital infrastructure that enables groundbreaking innovations across
traditional and emerging sectors. Consequently, the demographic composition and inclusive practices
within this industry hold profound implications for the equitable distribution of the benefits and
opportunities presented by technological advancements.

The transformative potential of Generative Artificial Intelligence (GenAl) tools, such as ChatGPT and
Gemini, as well as specialised AI applications like GitHub Copilot and AlphaCode, is poised to reshape the
very foundations of software development (Kalliamvakou 2024). These advanced Al technologies are
redefining the role of programmers, transitioning them from task execution to strategic problem-solving
and creative ideation. By automating repetitive processes like code generation and error identification,
GenAlI streamlines development workflows, freeing up valuable time and cognitive resources for developers
to tackle complex challenges and explore innovative solutions (Kalliamvakou 2024).

Beyond mere automation, these Al-powered tools possess the capacity to enhance creativity and foster
unprecedented technological breakthroughs within the software industry. GenAl can generate alternative
code solutions, suggest novel functionalities, and uncover unconventional possibilities that may have
evaded human programmers. This ability to expand the realm of the imaginable can potentially catalyse the
development of more efficient, elegant, and more innovative software solutions. As the software
development landscape continues to evolve in the face of these Al-driven transformations, understanding
the implications for inclusion and diversity within this critical sector becomes increasingly vital.

With such capabilities, AT has the potential to foster creativity and skill development of human
programmers as the demand for software development jobs might continue to grow (Willcocks 2020). This
offers opportunities to empower minorities and disadvantaged individuals to gain the skills and expertise
in software programming and enable their careers in the less diverse tech sector. Fostering diversity within
the tech sector would foster the creation of more inclusive tech design solutions (Capgemini 2021; Crowell
2023). In this regard, our study aims to understand the how GenAl can be embedded in software
programming training to empower minorities and disadvantaged individuals in gaining the skills for a
career a tech. To achieve this, we address the following questions:

e What is the current discourse and emerging practices around the use of GenAl for learning
programming?

e How GenAl is effective in supporting learners to build an accurate mental model of how a program
executes?

e How Al can be used to empower minorities and disadvantaged people in learning programming?

Research Background

Scholarship on AI's impact on employment suggests that emerging Al technologies complement rather than
replace human creativity, with automation and augmentation being mutually reinforcing (Raisch and
Krakowski 2020). Initial research by Frey and Osborne (2017) sparked debates about potential job losses
due to automation, especially in fields involving repetitive tasks across diverse industries. This viewpoint,
however, has been challenged by researchers like McAfee and Brynjolfsson (2017), who contend that Al is
likely to generate novel employment opportunities while substantially transforming existing roles.
Willcocks (2020) argues that these technologies will enhance human capabilities rather than render them
obsolete. While new positions will emerge in areas such as technology design, development,
implementation, and management, the skill requirements for many jobs will shift, but human aptitudes will
remain highly valued. Davenport and Miller (2022) introduce the concept of "augmented intelligence,"
where AI enhances and complements human abilities. This synergistic approach has the potential to yield
significant productivity improvements and stimulate innovation. This perspective aligns with the
expanding field of Human-AlI Collaboration research (Puranam 2021), which investigates how humans and
AT can work symbiotically to achieve optimal outcomes.
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Recent research indicates that while AI can enhance human capabilities like creativity (Jia et al. 2024), it
may also contribute to skill degradation in the realm of cognitive automation (Rinta-Kahila et al. 2023).
Rinta-Kahila et al. (2023) argue that when sophisticated intelligent systems can execute knowledge-
intensive tasks, organisations may experience a decline in skills, leading to an overreliance on automation.
This dependency can result in the mindless execution of tasks without a comprehensive understanding of
the processes involved. The issue of worker accountability for tasks they don't fully grasp creates a
significant vulnerability; should the automated system fail, they might be fully equipped to rectify the
situation. Other studies also refer to dynamics of task completion capabilities and skill changes. Researchers
have noted that AI systems can empower less qualified employees to undertake tasks beyond their typical
competencies, while simultaneously deskilling highly qualified workers, potentially reducing the level of
expertise required for their positions (Strich et al. 2021).

The paradoxical role of Al in transformation of knowledge workers’ jobs and skills necessitates a workforce
equipped with the skills to adapt and thrive in this new and dynamically evolving environment. While
certain routine tasks may become automated, the demand for highly skilled professionals, such as software
developers and data scientists, is expected to increase. This emphasises the critical importance of reskilling
and upskilling programs to address the gap between the current workforce capabilities and the
requirements of an Al-driven future. For instance, comparisons between human-generated and Copilot-
generated code revealed that Copilot can serve as a valuable tool when utilised by experienced developers
but may pose challenges for novices. This is because their limited expertise might impair their ability to
effectively identify and eliminate Copilot's flawed or suboptimal solutions (Moradi Dakhel et al. 2023).
Research by Eshraghian et al. (2024) further indicated that experienced programmers exhibit more positive
attitudes towards Copilot, perceiving it as a means to enhance their skills and potentially expand their
professional identity. This presents a significant opportunity to address the diversity issues in the tech
sector, which have been described as 'disastrous’' and 'alarming.'" These concerns extend beyond the
operations of tech/AI companies, influencing the types of products designed and developed, as well as who
benefits from their advancement (Myers-West et al. 2019).

The studies indicate that software programmers need to possess a strong understanding of fundamental
programming concepts and skills to effectively utilise these tools and translate Al suggestions into real-
world applications. Nevertheless, concerns persist regarding excessive reliance on Al, particularly among
novice developers who may become overly dependent on these technologies. Given the increasing reliance
of economies and societies on software, there is a strategic imperative to expand educational opportunities
that foster a larger pool of skilled developers (Dohmke et al. 2023). However, there is a paucity of research
on how educational institutions and training organisations can adapt their curricula for the era of
Generative Al to equip individuals with the skills necessary to navigate this evolving job market. This
situation presents a twofold opportunity: on one hand, it offers individuals the chance to acquire the skills
needed to participate in this dynamic industry; on the other, a diverse and inclusive tech sector workforce
can contribute to the development of more inclusive technological solutions (Capgemini 2021).

The incorporation of Al into software development training presents significant opportunities, particularly
for non-profit organisations dedicated to preparing minorities and disadvantaged individuals for careers in
the tech sector, thus helping to address the industry's diversity gap. Al-powered tools can provide real-time
feedback on coding exercises, enabling trainees to promptly correct errors and reinforce their
understanding of the material. By utilising Al visualisation technologies, learners can develop a dynamic
comprehension of how code translates into tangible program actions. This visual approach enhances their
grasp of the complex interplay between code and program behaviour.

Furthermore, Al can facilitate trainees in developing more precise mental models of program execution. In
software development, constructing mental models of program runtime is crucial for comprehending code
behavior during execution. These mental models involve adhering to a set of fixed rules (runtime execution
rules) that govern program execution. The immutable nature of these runtime environment rules entirely
determines a program's behavior. This deterministic aspect makes it considerably easier to accurately
assess how well a trainee has internalised these rules: evaluators can pose highly specific questions to probe
the trainee's underlying mental model. Initially, this process may be time-consuming as learners
methodically analyse a program line-by-line to understand its behavior. However, through consistent and
deliberate practice, learners can comprehend these rules and construct a functional mental model of
program execution. Trainees without prior programming experience must rely directly on their newly
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formed mental model to address such questions. Consequently, this learning domain is particularly
effective for directly assessing how accurately trainees have constructed their mental models.

Theoretical Lens

The concept of empowerment is widely used in Information and Communication Technologies for
Development (ICT4D) research to discuss the positive social and economic impacts of technology for
individuals in less developed and disadvantaged contexts. However, the term empowerment itself has
become a buzzword to highlight the positive impacts of technologies and does not fully capture the
complexities of how technology can influence positive change (Pandey and Zheng 2023). For instance, one
study showed that rural farmers in Ghana use mobile phones to get information on improving their crops
(Kwapong 2009). In another study, Nguyen et al. (2017) investigated how Vietnamese foreign brides in
Singapore leverage mobile phones for empowerment within the intersection of gender, class, and ethnicity
to gain skills in settling into their new life in Singapore.

However, empowerment is not always straightforward, but it is a multi-faceted concept. There can be
barriers that prevent people from using technology effectively, and even when they do use it, the results
may not always be what they expected. A more helpful way to view empowerment in ICT4D research is to
focus on how technology can enable people achieve what they find valuable and make changes in their social
realities. This could mean giving them more freedom to make choices, improving their access to
information, or helping them build new skills. Diaz Andrade and Doolin (2016) utilise the capability
approach to demonstrate how information and communication technology (ICT) contributes to refugees'
agency and well-being, enabling greater participation in society and increased control over their lives.
Despite the valuable insights, the literature lacks a unified definition of the concept, and it can be viewed
both as the process and the outcome.

This is of significance within the context of the new AI tools and their application in the specialised,
knowledge work such as software programming. As these technologies have the potential to empower
minorities and disadvantaged individuals in gaining programming skills, while they can also act
paradoxically and bring about more disadvantage due to automation of more routine activities and making
their role redundant. Therefore, by applying the concept of empowerment, we unravel the dynamics of how
AT can empower these individuals within the power dynamics of software development profession.

Research Method

In order to address the research questions, we utilise a multi-method research design. By using both
methods, we can validate our findings from multiple angles strengthening the overall credibility and
trustworthiness of our research. The multi-method research design for this study has two phases: first to
provide broader overview of the online discourse on and prevalent practices in using Al in learning how to
code (mainly in addressing the first research question), and second to present an in-depth understanding
of AT’s application in training minorities for coding (in addressing the second and third questions).

The first phase included gathering data of comments regarding the use “Al in code learning” on Reddit.
Reddit is one of the most popular platforms that software programmers use extensively to share opinions
and exchange ideas about different aspects of software and coding and it organises discussions based on
their topics into different communities called subreddits (Burtch et al. 2022). Two popular communities
(i.e., subreddits) are “r/programming”2 and “r/learnprogramming” which rank in the top 1% and have 6.1
and 4.1 million subscribers, respectively. There are a significant number of discussions on this platform
regarding the use of Al in the process of ‘learning how to code’ such as “What is the best Al to learn coding?”,
“Asking AT or Googling?”, “You can use ChatGPT to train yourself” among others. Since the idea of using Al
to learn programming is in its nascency, in the first phase of our data collection, we collected comments
relevant to this topic from pertinent Reddit communities such as “r/learningprogramming”. As an initial
exploration on Reddit indicated a likely volume of relevant comments exceeding several thousands, we
automated this part of the data collection using Reddit API and Python. The keywords of “ChatGPT”,
“LlaMA”, “Claude” and “Gemini” in the community of “r/learningprogramming” and the keyword of “learn
programming” in the communities of “r/ChatGPT”, “r/ClaudeAl”, “r/GPT3”, “r/LocalLLaMA”, “r/Gemini”

2 Communities or subreddits are addressed as follows on Reddit: r/[the name of the subreddit]
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and “r/ChatGPTPro” on Reddit were used in this process and at the end of this data collection phase, 15121
comments were collected from Reddit (from 6/12/2022 to 02/09/2024).

In order to review the online discourse on using Al in learning how to code, we applied topic modelling, a
text mining technique, to the collected data in this phase. Topic modelling is an approach which is well
recognised for its data-driven nature and computational intensity in finding insights and patterns
(Hannigan et al. 2019). This method, akin to grounded theory approach (Berente et al. 2019), elucidates
patterns and uncovers relationships within data by leveraging established terminologies and concepts. By
employing topic modelling, a statistical technique grounded in machine learning, we aimed to unveil hidden
themes and conceptual relationships within the textual data (i.e., the collected Reddit comments), many of
which might have even been latent to the researchers of this study. Given the size of the Reddit comment
corpus (10536), topic modelling presented itself as a well-suited method for uncovering the central themes
embedded within these comments.

For this purpose, we utilised the Latent Dirichlet Allocation (LDA) technique, a probabilistic model
renowned for its ability to categorise text and elucidate similarities within data segments without relying
on predefined keywords. This approach allowed us to extract meaningful themes, which would have been
significantly time consuming for qualitative methods such as grounded theory. Essentially, LDA posits that
text consists of a random mixture of latent topics, each characterised by specific words distributed
throughout the text (Blei et al. 2003). To choose the number of topics, we used coherence and perplexity
measures to determine the optimal number of topics in our dataset of the Reddit comments. (Azzopardi et
al. 2003). The measure confirmed that four topics (as shown in Figure 1) would be the best number for this
categorisation.

Coherence Analysis
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Figure 1. Coherence Analysis

Next stage of data collection and analysis

To address the second and third research questions, in the second phase of data collection, we will gather
qualitative data from social enterprises with the mission to train women and disadvantaged people to
become software developers and help them start careers in the tech industry. In this phase, the methods of
data collection are interviews and observations. Firstly, we will interview instructors (and potentially
trainees) from such organisations in order to explore why and how they are utilising Al in their code
training, how AI might help their trainees develop a mental model to understand how codes are run by
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computers, and finally what their expectations are with regard to their trainees working with AT when they
start programming software professionally.

In addition to interviews, this study intends to observe the training sessions of these non-profit
organisations while using Al in their learning process and developing their mental models. The logs and
records of their use of Al-powered platforms will be the main source of data in this stage. By conducting
interviews with instructors and potential trainees from social enterprises dedicated to training
underrepresented groups in software development, the study aims to gather rich, in-depth insights into the
practical application and impact of AI in coding education. These interviews, complemented by
observations, will provide valuable data on the use of Al in code training, its role in developing learners'
mental models of program execution, and its potential for empowering disadvantaged individuals in the
tech industry. This approach ensures that the methods employed are tailored to capture the nuanced
experiences and perspectives necessary to comprehensively address the research questions at hand.

The transcripts of our interviews and records of our observations are going to be coded qualitatively using
grounded theory approach (Glaser and Strauss 1999). Through an iterative coding process, themes and
categories will emerge from the data to uncover the nature of Al use and effectiveness in training how to
code. NVivo 14 will be the main tool for our analysis in this phase.

Preliminary Findings

Our topic modelling revealed five topics (categorised through five sets of keywords). We then analysed the
results of the topic modelling by examining comments within each of the five categories and cross-
referencing them with the associated keywords. This iterative process was carried out collaboratively by the
first and second authors, resulting in the identification of the topic labels presented in Table 1. Additionally,
574 comments, comprising 3.80% of the corpus, were deemed irrelevant to any of the identified topics by
the algorithm.

Topic | Keywords (with different weig | Labelling topics % of co
hts in the word vector of the to mment
pic) corpus

Topic1 | Like, code, think, know, learn, time, | The Future of Coding Literacy: Progr | 36.55%
thing, program, work, ChatGPT amming as an Essential Skill in the A

I Era

Topic 2 | https, reddit, comment, ChatGPT, m | N/A 12.59%
essage, post, prompt, change, questi
on, delete

Topic 3 | learn, code, write, like, game, work, | Leveraging Custom AI Agents for Ga | 23.40%
project, program, think, problem me Development: Streamlining Colla

boration Between Design and Progra
mming

Topic 4 | work, like, good, prompt, think, mod | The Impact of Rapidly Evolving AT on | 23.58%
el, people, generating, answer, know | Software Development: Learning, Ad

aptation, and Future Implications

Topic 5 | model, thank, like, llama, data, look, | Navigating AI Integration in Enterpri | 19.09%
need, train, work se Software Development: Balancing

Innovation and IP Protection
Table 1. The Outcome of Topic Modelling and Labelling Topics

Topic one emphasises on how programming skills may become increasingly crucial in a world where Al and
software are ubiquitous, and why understanding code might be essential for thriving in future societies.
Without the knowledge of coding, using AI might not be of significant help. In order to show the importance
of coding knowledge, it draws a parallel between coding literacy and traditional literacy. The idea of coding
becomes a fundamental skill, similar to reading or speaking languages, as suggested in the following
comment:
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"programming will be as much of a basic skill as learning to read or speak other
languages. Just like you need to understand the text yourself with reading, you will
also need to understand what the AI has output as code and why. And reading code
will become more of a necessity for people as AI and software begins to permeate
everything we do. Not knowing how to code today is similar to not being able to read
in 1700... you can live 50 working years of you're [sic] life and the importance of
reading won't change dramatically between 1700 to 1750. But with coding look at how
important it became between 1950 to 2000. That's one hell of an exponential curve,
and it's only getting steeper. You do not want to be code illiterate as technology
continues to completely flip the script on how society functions."

Topic two consists of comments which were merely instructions posted by bots based on pre-configured
templates such as “... *I am a bot, and this action was performed automatically. Please [contact the
moderators of this subreddit]”. Therefore, we removed this topic from our analysis.

Topic three highlights how developers can create and utilise custom Al tools to enhance their workflow,
particularly in game development. It also touches on the broader implications of using specialised AI
assistants in creative and technical projects. It could explore the benefits and challenges of this approach,
how it might evolve in the future, and its potential impact on the game development industry and similar
creative fields:

“T barely use GPT's from the store but create my own GPT's for personal use. For
example I'm developing a mobile game at the moment and I have a Game Designer
GPT, and a Developer GPT, both have a knowledge base specific to the game and their
task, both have a copy of the MVP, the game designer has a copy of the GDD, and the
Developer GPT has a copy of the codebase. So as you see they're very tailored and
customised to my needs. Until now I kept sending messages between them, the game
designer was tasked to give tasks to the developer, and the developer was supposed to
raise questions about the design (like refinement) which I copied between chats.”

Topic four explores the benefits and challenges of integrating Al into software development workflows, the
potential long-term effects on the industry, and how developers can best prepare for and adapt to these
changes. The topic refers to rapid improvement of AI models like ChatGPT and how developers are using
Al tools to enhance their skills and workflow. In addition, it touches on the potential disruptions to the tech
labour market and its broader implications for people in the tech industry:

“ChatGPT is also improving exponentially. A lot of the best thinkers in Al feel that this
may create serious labor force disruptions in tech. Not today, but sooner than people
think”

This topic also points out the learning opportunity provided for developers by this exponential
improvement in AI models such as the comparison between human-generated and Al-generated code
solutions:

“T've been using it to compare my answers from CodeWars to what it generates and
then also to top answers and see how I can improve, try to get the GTP answer to
improve and learn all that stuff”

Topic five notes the practical considerations of using Al in enterprise software development, the potential
impacts on workflow and productivity, and the broader implications for the future of the tech industry. It
lists the benefits and challenges of integrating Al tools like ChatGPT into enterprise software development
workflows and stresses the importance of understanding Al training processes and data usage in relation
to company IP:

“Recently we received word that we are allowed to generally use enterprise ChatGPT
on our products (as it doesn't use our repos for training), howeuver there's still certain
core IP repos that we're not allowed to use it for”
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The topic also highlights the data and training aspects of AT models when it comes to enterprise settings
and companies’ data.

Conclusion, Expected Contributions, and Next Steps

The present study holds the potential to make significant contributions by unravelling the dynamics of AI-
powered empowerment within software development training. In doing so, it aims to deepen our
understanding of how to effectively harness the transformative potential of Al in fostering a more inclusive
workforce within the technology sector. The insights gained from this research will offer invaluable
knowledge for a diverse array of stakeholders driving change in the tech industry. For researchers, this
study will provide crucial insights into the interplay between Al capabilities and the goal of promoting
diversity and inclusion in technology-related professions. These findings can inform future investigations
and shape the research agenda in this emerging interdisciplinary field.

With respect to policy making, the research outcomes can guide the development of initiatives and
programs that strategically leverage Al tools to enable minorities and disadvantaged individuals to acquire
the necessary skills and enter the technology workforce. By informing evidence-based policymaking, this
study can contribute to the creation of a more equitable and representative technology sector. For social
enterprises and organisations committed to empowering underrepresented groups, the practical
recommendations stemming from this research can inform the effective integration of Al-powered
solutions to optimise their impact and expand access to technology-driven career pathways. These insights
can help such entities navigate the complexities of AI implementation and harness its capabilities to drive
meaningful and sustainable change.

In the next phase of this research, the team plan to continue gathering and analysing data from Reddit and
start collecting data from social enterprises through in-depth interviews mainly. The analysis of this
qualitative data will inform the initial findings, which the team aim to present at the ICIS conference in
December 2024. Through this multifaceted approach, the study will continue to explore the nuances and
potential of Al-driven interventions in bridging the diversity gap in the technology industry.
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