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Abstract—Software engineering is a discipline that relies on
various tools and best practices to support the creation and
maintenance of complex software systems. It is also a discipline
that demands a significant amount of cognitive processing while
using these tools and practices, and it is often challenging to
grasp what’s happening inside the mind of a software engineer.
Recent research has found evidence of biases within software
development tools and practices, which favour only certain
cognitive styles and create additional overhead or challenges
for people with different cognitive styles. Yet, very few software
engineering tools and practices have been studied through the
lens of cognitive style. This study will investigate how individuals
with different cognitive styles interact with a variety of software
tools and practices through empirical research. It will contribute
to analysing different cognitive styles and processes employed
in software engineering, identifying potential biases in software
tools and practices and paving the way to mitigate them.
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I. INTRODUCTION

Software engineering (SE) emerged as a term in the 1960’s
due to a realisation that systematic processes were needed to
cope with the complexity of software systems. Since then,
the field of SE has advanced significantly with many tools
and practices developed and accepted to help software en-
gineers design, develop, test, maintain, and deliver software
applications. However, recent research has identified biases
in some popular SE tools, for example, GitHub, Code review
tools and Stack Overflow [1]–[5]. The studies found that these
tools were not well suited to all ways of thinking. Research
from the field of psychology have shown that people have
diverse ways of thinking, known as cognitive styles. Cognition
is the “collection of mental processes and activities used in
perceiving, remembering, thinking, and understanding, and the
act of using those processes” [6]. The findings that some
SE tools are biased towards certain cognitive styles highlight
the fact that many SE tools and best practices, while widely
accepted and utilised, are not always supported by sufficient
empirical evidence. Ordoñez-Pacheco et al. [7] argued that
many practices are accepted because they have been successful
in specific contexts, but that this success does not necessarily
imply they are universal.

Research in psychology also indicates that cognition often
clusters by gender [8]. If cognitive biases exist in SE tools
and practices, this can also imply gender biases exist. This
highlights the need to identify and address the underlying

factors that cause such disparities, to make these essential tools
and practices more diverse and inclusive. This also raises the
question of whether the additional cognitive overhead required
for people with diverse cognitive styles can contribute to the
low diversity in the industry1.

GenderMag [4], a well-researched method to identify bi-
ases in software, presents five different cognitive styles: Self-
efficacy, Information processing style, Learning style, Attitude
towards Risk and Motivation, that help to analyse individual
cognitive differences, which also cluster by gender [9], [10].
For instance, when it comes to learning style, men reportedly
tinker more frequently than women. GenderMag has been
proven effective in understanding cognitive styles and identify-
ing biases in SE tools and practices [11]. Although GenderMag
has been applied to some software tools to understand different
user interactions with the software, it is yet to be applied to
many other software tools and practices.

This research will focus on popular SE tools and practices to
examine biases across cognitive styles. Based on the findings,
new designs of common SE tools will be conceptualised and
validated through further studies to examine if the suggested
new designs improve inclusivity.

The remainder of this paper is divided into five sections:
Section II highlights related work. In Section III, the expected
contributions are presented. In Section IV, the approach is
discussed. Section V concludes the paper.

II. RELATED WORK

Although there has been significant research conducted on
some software tools and practices that considered factors like
experience, only recently has gender and cognitive diversity
been considered in such experiments. This section covers some
of the research done on some popular software tools and
practices.

Research on cognition in software tools has been explored
to see how users interact with tools such as GitHub [5], Stack
Overflow [3], Visual Studio [4], and various custom tools like
Google’s internal code review tool [2] and a debugging tool
[12]. These studies revealed insights into cognitive processes
involved in software development tasks. Some key findings
were 73% of the barriers in GitHub had some form of gender

1https://www.accenture.com/us-en/about/corporate-citizenship/tech-culture-
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bias and only 5.8% of the contributors are women in Stack
Overflow. Additionally, women reported lower confidence than
men, and some tinkering preferences did seem to be tied to
confidence levels. Burnett et al. [4] emphasized on the im-
portance of considering gender differences and thus cognitive
differences when designing tools, but argued that such changes
do not have to favour one gender at the expense of another.
An effective example of achieving this is demonstrated by the
work of Murphy-Hill et al. [2]. They found that the redesigned
edit feature in the Google internal code review tool improved
its discoverability by 2.4 times for women, removing a key
barrier and enhancing discoverability for both men and women
overall.

Most studies examining cognitive style in SE have focused
on tools, though some have looked at software practices
more generally. For example, a study at Google on the
code reviewing process resulted in some recommendations
to improve developer satisfaction by using techniques like
customization [13].

There have also been research on other tools which are not
directly involved with SE like Excel [14] and Microsoft search
engine [9], which found barriers for certain cognitive styles.
Research has also found that novices using tools like GitHub
[5] and Debugger [12] face greater difficulty than experienced
software engineers, revealing barriers to newcomers. So, while
some biases have been found in some of the existing tools,
there are many tools yet to be explored from a cognitive
perspective to achieve cognitive parity. This prior work calls
for more attention on the inclusivity of software tools and
practices.

III. EXPECTED CONTRIBUTIONS

This PhD thesis aims to examine cognitive biases in soft-
ware tools and practices in more detail and aims to make
several contributions to the field of SE:

A. Improvements to existing tools and practices

The study aims to discover biases in some of the popular
SE tools and practices. The identified biases will be fixed
to evaluate the effectiveness of the proposed fixes. Based on
the study’s findings, recommendations will be suggested for
SE teams to improve practices [e.g. code reviews, debugging,
collaboration] and software tools [e.g. Integrated development
environment tools, debugging tools]. These recommendations
aim to support both productivity and inclusivity in teams.

B. Insight into different cognitive styles of software engineers

By analysing how software engineers interact with different
tools and practices, this research will provide a deeper under-
standing of the cognitive processes employed by individuals
with different cognitive styles. This insight can help design
more tools and practices that align with diverse cognitive
styles.

C. Call for action on existing metrics

Different metrics such LoC (lines of code), time taken,
number of correct answers, explanation of code in plain
English, eye-tracking data have been used to evaluate per-
formance of software engineers. While literature has shown
there are many different ways to conduct research and measure
performance, we are interested in using a key aspect which
is constantly overlooked which is the individual differences
in cognitive styles along with existing metrics. For example,
while its widely accepted that smaller functions improve code
comprehensibility and is usually used as a metric to measure
code quality, the fact that cognitive styles could influence code
comprehension strategies hasn’t been explored yet.

IV. APPROACH

There will be a series of quantitative and qualitative research
over the course of two years, in the form of surveys and
experiments with SE students and professionals to understand
their cognitive styles and their interaction with different tools
and practices. The first two studies currently being conducted
are on a debugging tool and code comprehension. The studies
have been designed to understand the cognitive style of the
participants using the GenderMag questionnaire2 and also
ensure participant diversity in terms of the five facets and
gender. Think-aloud experiments are in progress to analyse
the interaction between the participant and the tool or practice.
The data gathered will be analysed across the five facets to find
biases and recommend improvements. The recommended im-
provements will be validated through further lab experiments.
Furthermore, more insight on different cognitive processes and
differences in metrics that can be introduced to include all
cognitive styles will result through these experiments.

V. CONCLUSION

In conclusion, SE is a field that has seen substantial ad-
vancement over the years and continues to evolve, bringing
further developments in the tools and practices that support it.
This study will explore the biases in some selected existing
software tools and practices to recommend suggestions to
mitigate the cognitive biases and also lay the foundation to
create more inclusive tools and practices. Furthermore, our
research highlights the need for continuous evaluation and
adaptation of SE tools and practices to ensure they meet the
needs of all users with diverse cognitive styles.
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