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Abstract—Despite the rapid evolution of bioinformatics over
the past decades, a lack of computing skills and a widening
skill gap among biologists can be observed. It is therefore of
increasing importance to understand why biologists are moti-
vated in studying bioinformatics and computing, and what the
challenges are that they face. To this end, a computing capital
mixed methodology has been developed, inspired by the concept
of science capital. A total of 13 master’s level bioinformatics
students with a biology background participated in the computing
capital survey, of which 10 agreed to a follow-up interview.
Descriptive statistics and thematic analysis suggest that, while
biology students are driven by career opportunities, as well as
positive beliefs and values when it comes to computing, they
perceive barriers such as low levels of computing confidence, and
a gap between their skills and future careers. Future research
can build onto the developed methodology, and explore other
aspects of capital and their role in computing education. The
aim of such efforts is to broaden participation in computing
education by developing an understanding of why people engage
with computing, and what they aspire to do with it.

Index Terms—broadening participation, computing education,
computing capital, motivation, challenges

I. INTRODUCTION

The field of bioinformatics can be traced back to 1952
when the role of DNA as a genetic information encoding
molecule was validated [1, 2]. Some important milestones
over the past few decades include the use of computers to
determine protein primary structure [3-5], DNA sequencing
[6], a complete genome sequencing of a free-living organism
[7], and the publication of the human genome at the beginning
of the 21st century [8,9]. Over the past decades, bioinformatics
evolved as an interdisciplinary field, incorporating aspects
of computing, mathematics, and statistics in order to store,
manage, and analyse biological data, making it fundamentally
data driven and computational [10]. While the field’s evolution
has been fast paced, there has been a lack of computing skills
among biologists [11,12], and a widening computing skill gap
between biologists can be observed [13-17]. It is therefore
of increasing importance to understand why biologists are
motivated to study bioinformatics and computing.
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This paper addresses these concerns through a computing
capital research methodology, which has been adapted from
already established science capital research [18-20]. Using a
sequential mixed methods research design [21], the goal is
to understand why people engage with computing education,
and what they aspire to do with it. The initial findings of this
research suggest that while the biology students are driven
by career opportunities, as well as positive beliefs and values
when it comes to computing, they perceive barriers such as
low levels of computing confidence, and a gap between their
skills and future careers.

Our current results suggest that biology curricula should
include bioinformatics or computing at an earlier stage, partic-
ularly if the goal is to broaden participation of biology students
in computing. In addition, career information provided to
biology students can help them make better informed decisions
about picking up computing skills. Future work can further
explore aspects of computing capital, and how they relate to
participation in computing education.

II. RELATED WORK

Previous research in the United Kingdom introduced the
concept of science capital to “help understand why some
young people participate in post-16 science and others do
not” [20, p.2]. By considering science capital a “holdall”,
the researchers proposed that science capital includes all
the “science-related knowledge, attitudes, experiences, and
resources that you acquire through life”. In particular, the
researchers looked at the following eight dimensions:

1) Scientific literacy

2) Science-related attitudes, values and dispositions

3) Knowledge about the transferability of science (that
science “opens doors’ to many careers)

4) Science media consumption

5) Participation in out-of-school science learning contexts

6) Family science skills, knowledge and qualifications

7) Knowing people in science-related roles

8) Talking about science in everyday life



Depending on the score of an individual on each of these
dimensions, the researchers argue, the more likely it is that
this person is going to participate in science education and
careers. However, since science capital focuses on all science-
related disciplines, from biology to physics, it misses out on
discipline-specific capital. As the researchers suggest, science
capital, while “strongly related to engineering and physical
science future study aspirations, was not strongly related to
the pursuit of either maths or technology postsecondary study”
[18, p.1228].

III. METHODS
A. Context

This research was conducted as part of a first-year bioin-
formatics course in Information Management Systems at a
Swedish university. As a second semester course, students
were already familiar with introductory programming in
Python and database design in MySQL. During the course,
students were expected to design a laboratory information
management system, while being free to choose the project
management, communication, and software tools needed to
fulfil their goals.

B. Survey instrument development

To make the science capital survey relevant to computing
education, the decision was made to adapt the original survey
[19]. This meant that the word ‘“science” was changed to
“computing” in many cases. However, since the science capital
survey was originally intended for young people before their
university studies, some of the statements had to be replaced
or removed altogether. The goal of the survey design was to
keep the core of the original survey, while changing the subject
from science to computing. The survey was sent out, along
with a project information sheet, to the students before the
start of the course. It was also made clear to the students
that participation in the survey was voluntary and that data
provided in no way affected their course performance. Some
personal identifying information was collected (e.g. gender),
but results were anonymised during data analysis. A total
of 13 students from the bioinformatics programme with a
biology background participated in the survey, of which 8 were
women.

C. Interview instrument development

Due to low sample size (n=13), the decision was made to
further continue the research in a sequential mixed methods
design [21, p.65]. This decision was further motivated from
a methodological perspective as the researchers wanted to
evaluate the usefulness of either research instrument for future
studies. The interview design was informed by the initial
results of the survey. Additional semi-structured questions
were added, relating to background and motivation of the
bioinformatics students, and challenges that they faced in their
studies and career progression.

Out of the 13 students who filled in the survey, 10 agreed
to participate in the follow-up interview. They were sent out

an information sheet with more details on the research project,
data collection and handling, and right to withdrawal. At
the start of the interview, this information was repeated and
participants were asked to sign a consent form. Interviews
lasted around 30 minutes and took place in person or via video
call.

D. Mixed methods data analysis

The survey results were analysed using descriptive statistics,
as a low sample size (n=13) and uneven groups (e.g. gender)
made it difficult to use inferential statistics. After the results
were summarised and interpreted, they were divided into three
subthemes. During qualitative data analysis, another subtheme
emerged and was added. The themes and subthemes are
visualised in Figure 1.
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IV. FINDINGS

Through analysis of the survey results and interview tran-
scripts, it became clear that the motivation to study bioinfor-
matics was related to career aspirations and positive beliefs
and values when it comes to computing. At the same time,
students reported mixed levels of computing knowledge and
confidence, and a perceived gap between skills and future
careers. These themes, motivation to study a computing-related
discipline, and challenges faced in computing, are covered in
more detail below.

A. Motivation to study a computing-related discipline

1) Career opportunities and general interest: At the start
of the interviews, the students were asked when they decided
to study bioinformatics, and what triggered the decision.
The reasons provided were varied: a majority indicated an
interest in bioinformatics and computing, and about half of
the students based their decision on career-related reasons. For
instance, three students specifically indicated not wanting to
pursue a traditional biology profession: “I have some research
experience before, only focusing on a wet lab. And it was
extremely boring. And I kind of felt that I don’t want to be
working in wet labs in my future.. but I also think bioinformat-
ics is really interesting” (int. 8). Similarly, two interviewees
mentioned that job prospects after the master’s degree were
an incentive to study bioinformatics: “In evolutionary biology,
you kind of have to continue to research, there’s not so much
actual industrial work you can do. While in bioinformatics,



you have more of an option. You can both do the research or
go to industry” (int. 6).
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Fig. 2. Survey statements related to computing, goals, and jobs

To relate this back to the survey statements as can be seen in
Figure 2, students agreed that computer science and computing
creates new jobs, and also that it is useful to achieve goals in
life. When asked to elaborate on this during the interviews, a
majority of the students mentioned their careers as a goal, and
how computing supports that: “I think that computing will be
more and more present.. I guess I'll apply that for my work
whenever 1 get a job as well. Because it will hopefully be
bioinformatics” (int. 1).

The students were also asked why they thought that stu-
dents with a traditional biology background would go into
a computing-related discipline or profession, such as bioin-
formatics or computer science. Again, most of the reasons
provided were career related, such as the job market being
more appealing, there being more opportunities, a higher
salary, and finally, high levels of competition for traditional
biology roles: “Because the job market is huge for anything
computing related... You get more opportunities, and the pay
is very high. It’s not only that, I feel like it’s exciting, because
every day, there is new technology emerging” (int. 7).

What these findings seem to suggest is that while biology
students are motivated by an interest in bioinformatics and
computing, they also perceive the value of it in terms of their
future. Some want to move away from traditional biology roles
involving a laboratory, whereas others are encouraged by a
higher salary and better opportunities.

2) Positive beliefs and values when it comes to computing:
The students were also motivated to study a computing-related
discipline because of the positive beliefs and values they held
when it comes to computing, as can be seen in Figure 3.

During the interviews, when asked if everyone should learn
computing, all of the students indicated that they would
support this: “I think I would support that. Yeah. But again,
I think it’s mostly just good to learn that type of thinking
and learning, creative problem solving. So it’s more so the
skills you pick up when you learn programming, rather than
the programming itself actually being useful” (int. 3). Another
student reflected on the way computing teaches her to think
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Fig. 3. Survey statements related to computing beliefs and values

in different ways: “It kind of feels that it makes you think
in different ways, or thinking about a problem and how to
solve it, for example. And it feels really useful to me” (int.
4). And another student mentioned the impact computing has
on our lives: “I think that everyone should have a feeling
for it. And with the increased impact that computers have
on our lives, the increased amount of computers everywhere,
the more important it becomes to know how they work™ (int.
5). Additionally, most of the students supported the idea that
computing courses should be introduced at the bachelor’s level
of education of biology.

As can be seen in Figure 3, most of the students strongly
agreed or agreed to the statement “it is useful to know about
computers in my everyday life”. During the interview, the
students were asked to provide an example of this. Two of the
students indicated that they use programming for side projects
in their free time, two indicated that they play a tech support
role for friends and family, and another student mentioned
that they were becoming better at finding solutions through
Google. The remaining students talked about cybersecurity
and awareness, and having better knowledge than others, for
instance older generations.

B. Challenges faced in computing
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1) Low levels of computing confidence: Despite being
motivated by career opportunities and positive beliefs and
values, the students involved in this study reported barriers
when it comes to computing. The most evident one is the
mixed levels of confidence and knowledge when it comes to
computing, as can be seen in Figure 4. During the interviews,
the participants were asked to further elaborate on their
strengths and weaknesses when it comes to computing, and
also their perceived difficulty of computer science courses in
their master’s programme. All but one student indicated that
their weaknesses were related to computing, mathematics, and
technical skills: “My weaknesses are definitely the program-
ming, the maths, so the understanding of what is going on
behind the scenes” (int. 5). For two students, this meant that
they had to spend a disproportionate amount of time on their
coursework: “the computing, and [its] challenges also lead to
spending a lot of time on solving it” (int. 1).

Since the genders of the participants were known, it was
possible to see if there were any group differences between
the male and female participants. While the male participants
agreed mostly on the statements from the survey, the female
participants disagreed for the most part. However, during
the interviews, these gender differences were less noticeable.
Students were asked to evaluate the difficulty of computing
courses during their master’s programme, and most of the
students reported that the courses were doable. In addition,
during the course in which this study took place, the re-
searchers did not notice any differences in computing ability or
grades among the students based on gender. It might therefore
have been the case that while the male participants initially
agreed more to statements related to confidence and knowledge
in computing, their performance in the classroom was not
different from the female participants.

2) Perceived gap between ability and future career: Stu-
dents were also asked what their biggest challenges would
be when it comes to pursuing bioinformatics or computing-
related professions. Three of the students identified high levels
of competition for jobs: “most biology labs, they want people
with a computer science background... So it is quite hard
for me to outcompete those people” (int. 8). Another of the
students mentioned that jobs in bioinformatics and computing
require a high level of skill, something which she thought not
to be trained for.

Despite the students being appealed to the bioinformatics
and computing job market, they perceived themselves not to
be good enough to compete: “we can write our own little mini
script to do some bioinformatics stuff. But I don’t think that
we’ll be able to be a competitive developer” (int. 5). However,
at the same time, some of the students were unable to indicate
how much computing they needed for their future profession:
“I think maybe all the courses we did here kind of scare me
off with MATLAB, Python, HTML, and PHP. Maybe I don’t
need any of that at all” (int. 1). Although the student indicated
to have technical ability in four programming languages, she
feels that this is not sufficient enough for her future profession.
Like other students, there seems to be uncertainty about their

own ability, and what they think is required of them after their
master’s degree.

V. DISCUSSION

Given the lack of computing skills among biologists, and
a widening skill gap, it is important to understand the fac-
tors underlying their participation in computing. In line with
previous studies, which highlight the increasing importance of
computing in career trajectories [22-24], and high demand for
computing skills in the current job market [25], participants in
this study are motivated to study bioinformatics and computing
for its potential career benefits.

Unlike previous studies, which report negative stereotypes
associated with computing [26, 27], and a “geek culture”
surrounding computing [28, p.360], the students in this study
held positive beliefs and values when it comes to computing.
They exemplified this through providing examples of using
computing in everyday life, and all of them supported manda-
tory computing education, for instance in high school or during
their biology education.

At the same time, the students reported levels of discour-
agement in their studies, by perceiving themselves as not good
enough for computing. Related to previous research that there
are differences between male and female self-evaluation and
self-efficacy in computing [26, 29], this study found that while
male students agreed more to computing confidence on the
survey, there were not any noticeable differences during the
interview or in classroom performance.

VI. CONCLUSION AND FURTHER WORK

The aims of the current study were to evaluate how the
science capital survey can be adapted to computing education,
and how such research can be used to understand motivation
and challenges faced among students. The biology students
in this study reported career opportunities, as well as positive
beliefs and values when it comes to computing, as a motivation
to study a computing-related discipline. At the same time,
they were discouraged by low levels of computing confidence,
and a perceived gap between skills and future career. From
a methodological perspective, the researchers developed a
survey instrument and interview guide which can be used
for future studies. For instance, by conducting this study over
consecutive iterations of the course, it will become possible to
use inferential statistics such as t-test between gender groups,
or cronbach’s alpha for measuring the internal consistency
among the survey items. And, while more research is needed,
this paper suggests that biology curricula should include
bioinformatics or computing at an earlier stage, particularly
if the goal is to broaden participation of biology students in
computing. In addition, career information provided to biology
students can help them make better informed decisions about
picking up computing skills.
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