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ABSTRACT
Design thinking is a valuable component in teacher education en-
abling the development of creativity amongst the cohort. Studies
have been developed to capture the effects of discipline specific de-
sign thinking, however design thinking amongst Computer Science
pre-service teachers has not been thoroughly evaluated. Pre-service
Computer Science post-primary teachers will need to have the ca-
pacity to develop these skills within their initial teacher education
programmes. In this paper we propose a design thinking work-
shop model for use by pre-service teachers to engage and motivate
students while covering core CS concepts, using web application
development. Computer Science as a subject at post-primary will
enable students solve real-world problems through the design and
creation of computational artefacts developed using a collaborative
human-centred approach.Developing such artefacts requires par-
ticular skills, such as creativity and problem-solving and it will be
necessary for Computer Science pre-service teachers to use innova-
tive problem-solving approaches when fostering these skills. The
paper will present the project implementation along with qualita-
tive and quantitative findings. In particular this paper highlights
the pre-service teacher perception of the benefits of design thinking
in Computer Science particularly applicability in the domain and in-
creased engagement. This, we argue, is critical in our understanding
and important in their initial teacher education.
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1 INTRODUCTION
The introduction of Computer Science at Senior Cycle will change
the way Irish schools approach computing and information technol-
ogy [1–4] – replacing the idea of IT literacy and passive consumers
of computing to innovators, creators and designers [4–6]. The Na-
tional Council for Curriculum and Assessment (NCCA) was formed
to lead developments in educational curriculum and assessment
and to support the implementation of changes resulting from this
work. They are responsible for the development of the curriculum
for the subject having conducted a survey into the provision of
computer science at post-primary level internationally.

Developing and fostering creativity and problem solving in the
learner is a main aim of the Computer Science specification [1].
Aligned with this and in-line with international trends, a framework
of 5 key skills has been put forward for the senior cycle, one of
those skills is Critical and Creative Thinking .This skill comprises of
several elements including “thinking imaginatively, actively seeking
out new points of view, problems and/or solution, being innovative
and taking risks”. Nationally and internationally, we see creativity
regarded as a core 21st century skill by business, government and
education leaders [7–9].

Computer science and the design and creation of computational
artefacts for end-users is by its’ nature creative [10, 11]. Unfortu-
nately, many artefacts are created with an emphasis on business
needs. It is imperative that the design of useful and usable arte-
facts take not only business but human needs into consideration
[13]. In order to ensure these human needs are met, an empathetic
approach to gathering user requirements is needed [14]. Empathy
is also a vital characteristic of teachers in the creation of creative
learning environments in the classroom [14–16]. Teacher empathy
incorporates being mindful of learners personal and social circum-
stances, being compassionate and encouraging them to reach their
potential [18]. The synergy of these characteristics is evident from
the literature [18–21].

Teachers are central to the development of creativity in computer
science students and as such their perceptions of the subject and
its implementation are critical.

The aim of this paper is to investigate the use of design thinking
within Computer Science initial teacher education to answer the
following research question “What are the perceptions of the pre-
service teachers regarding the use of design thinking to foster
creativity in computer science classrooms?”. We will demonstrate,
from our experiences, how pre-service teachers can use the design
thinking approach to foster creativity in their learners.

The paper is organised as follows, Section 2 presents an overview
of the design thinking process, how it relates to computer science ed-
ucation and its’ ability to foster creativity; in Section 3, we describe
the method and procedure of our research; Section 4 examines
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the findings of quantitative and qualitative data collected during
the design thinking workshop; and finally, Section 5 discusses the
implications of our research.

2 DESIGN THINKING IN COMPUTER
SCIENCE

2.1 Computer Science Pedagogy
Given that computer science is largely problem driven, Construc-
tionism and Problem-based learning are two learning theories long
associated with teaching computer science [23]–[26], [27].

Constructionism is a learning theory which centres on the idea
that students learn best in an environment where they are actively
engaged in knowledge construction through the construction of
a concrete artefact [26]. Therefore, a constructionist classroom
should include student-centred interactive activities where students
are given experiences that allow them to “hypothesize, predict,
manipulate objects, pose questions, research, investigate, imagine,
and invent” [28]. Another important tenet of constructionism is
the idea that thinking and reflecting on what we do reinforces our
learning [29].

In Problem-based learning (PBL), students are presented with an
open-ended real-world problem that fosters their meta-cognitive
skills of planning, brainstorming, active listening and reflection of
learning amongst others [24].

Computer science is seen as a field that exhibits immense creativ-
ity from innovative hardware and software, such as, health moni-
toring devices and artificial intelligence [30], [31]. More recently,
Romeike recognised the importance of three drivers for creativity
in computer science education[32]. These were developed based
on more general creative characteristics from the literature. They
include the person, the environment and the process. According to
the study, the person is concerned with motivation and engagement
with the creation of useful software. The software design process
and the use of building blocks to create new solutions to problems
is associated with the process. Finally, the need for a creative envi-
ronment that supports the creative process is required. It has been
argued that creative computer science lessons greatly motivate and
engage students and can overcomemany negative associations with
computer science in schools, such as, low motivation or retention
[33].

2.2 The Stanford Design Thinking Model
Design Thinking is a human-centred approach to solving real-world
complex problems [34]–[36] much like the learning theories linked
with computer science education. The Design thinking process
takes the designer through the following 5 stages or modes as seen
in Figure 1 from Stanford Design Thinking Schools’ Bootcamp
Bootleg [37].

2.2.1 Empathise Stage. Empathising with your users is the first
stage of the design thinking process [14]. It centres around know-
ing who your users are and exactly what they want. It requires
the designer to immerse themselves in the problem using obser-
vation, empathy and questioning [35], [38]. Often designers are
asked to solve problems that they lack experience in. Therefore,
they must watch the users interacting within their environment

Figure 1: Stanford Design Thinking Model Stages [36]

to capture physical manifestations of their experience along with
their thoughts and feelings which can be achieved using interviews
[39].

2.2.2 Define Stage. Viewing the design problem from multiple
perspectives in all its complexity occurs during the define stage
[40]. The goals during this stage are to fully understand your users’
needs and correctly frame your design challenge (IDEO, 2015). The
Bootcamp Bootleg (2018) discusses the use of “Howmight we” state-
ments to frame the design challenge. Using the “How Might We”
technique is designed to “open the way for new ideas, acknowl-
edges that we do not currently know the answer, and encourages
a collaborative approach to solving it” [42]. If the How Might We
is framed correctly, it should not suggest one specific solution but
many diverse ones [43].

2.2.3 Ideate Stage. In the previous stage, the design problem has
been defined. The Ideate stage is concerned with creating several
possible solutions using brainstorming [22]. Choosing one of the
How might we statements is a great starting point. Quantity and
diversity are two important concepts when discussing the formation
of ideas [43]. Idea generation and evaluation should be separated as
much as possible at this stage to promote openness and encourage
wild innovative ideas without judgement [39], [40].

2.2.4 Prototype Stage. In the prototyping stage, focus is on physi-
cally representing the best ideas created in the Ideate stage [39]. A
“bias towards action”, one of the design thinking mindsets, is central
to this stage [37], [21]. Protypes can take on numerous different
forms, such as, a storyboard, an object, an interface or simply a
wall of post-it notes. The generation of several iterative disposable
prototypes allows for the testing and refining of ideas in the final
stage without investing a lot of resources [35]. The focus is not
necessarily on the creation of the final product but to “prove and
improve ideas and concepts” [38].

2.2.5 Test Stage. “Prototype as if you know you’re right but test
as if you know you’re wrong.” [37] Crucial to the success of your
design is gathering feedback from the potential users. Through
the process of user testing, designers can gain more knowledge
and experience with the problem and potential solution [34], [38].
Redefinition of the problem and design may occur as this stage [40].
Although outlined in a linear fashion here, the different stages of
design thinking are iterative by nature [34], [35], [40].
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2.3 The Benefits of Design Thinking for
Computer Science Education

Due to the current advancements in technology, computer science
teachers will be responsible for enabling students to create innova-
tive products which design thinking has been proven to facilitate.
The post-primary computer science specification argues that design
is “one of the key practices and principles of computer science” [1].
The concepts of user-centred design and the design process are
embedded in the curriculum through the completion of team based
applied learning tasks, one of which requires the student to develop
an interactive website.

The development of these products will require the higher-order
thinking skills of creativity and problem solving.

Alongside these skills, design thinking allows for self-awareness
and persistence as the teacher must evaluate the ideas created
and not attach to any one idea. This closely ties to the creativity
fostering idea of experimentation and embracing failure that is
found in computer science [32], [40].

Similar to Problem-based learning, the design thinking process
begins with a real-world problem designed to foster experiential
learning which allows the teacher to build on previous knowl-
edge. This problem or scenario serves as the basis for learning in
a classroom environment. Knowledge construction through the
construction of a concrete artefact was found to be an effective
methodology in constructionism theory [23], [26]. The use of a
real-world problem has been found to increase student motivation
and engagement within the classroom.

When creating computational artefacts, it is vital to fully under-
stand a users’ needs. During the first stage of design thinking, the
designer must empathise with the user to facilitate definition of the
correct problem which subsequently leads to the best solution.

The results of the Define stage is the creation of a set of How
might we statements which define the problem statement. These
statements are created from viewing the problem from multiple
viewpoints and link with the idea of the constructionist classroom
[26].

Another essential skill related to Problem Based Learning incor-
porated in the Ideate and Prototype stages of the design thinking
approach is problem solving. The creation of several diverse ideas
is facilitated through brainstorming which supports divergent and
convergent thinking [34].

Looking more specifically at the skill of creativity, several studies
have found an increase in creative confidence through the design
thinking process. Kelley & Kelly (2013) claims that it “relies on the
natural and coachable human ability to be intuitive, to recognise
patterns and to construct ideas that are emotionally meaningful as
well as functional” [20]. Another study mentions “Trust in one’s
own creative skills” as a positive outcome of the design thinking
process [21]. Research in the area of educational problems of prac-
tise [40], has also found strong links between design thinking and
creativity.

In the area of computer science specifically, studies have shown
that using the design thinking process enhances creativity, engage-
ment and empathy [12], [14], [44], [45]. One study conducted in
mobile application development found evidence that design think-
ing allowed teachers to understand “how the users think, do, dream

and what are their real needs” while brainstorming allowed for
collaboration which helped with interactivity and idea creation
[14]. Also noted in this study was the value of using the design
thinking process in mobile application development. Following on
from this study, Pham et al found indications of a positive change
in perspective on the human-centred approach in mobile applica-
tion development having taken part in a design thinking workshop
(Pham et al., 2018).

Lastly, group work, a key principle of Problem Based Learning,
facilitated in Design Thinking has been found to increase engage-
ment in the problem solution.

The studies presented thus far provide evidence that indicates
that creativity and problem solving, all skills necessary for computer
science, are enhanced in design thinking.

3 METHOD
This study examines the relationship between using the design
thinking process as a teaching approach with pre-service teachers
in web application development and its’ ability to foster creativity
and problem solving.

3.1 Context and Participants
The workshops, which were compulsory, took place with 16 pre-
service teachers undertaking an initial teacher education degree in
Mathematics and Computer Science education at a university in
Ireland. The workshops were part of an education module engaging
students critically and reflectively in topics associated with essen-
tial teaching and learning skills. The workshops were designed to
bring the pre-service teachers through the five stages of the Design
Thinking process based on the Stanford Virtual Crash course. The
workshops were delivered over four hours in total broken up into a
two-hour workshop each week for two weeks. The artefacts created
during the workshops did not contribute towards their final grade.

The classroom used allowed for a flexible design thinking
workspace where the pre-service teachers could move around. They
were also given materials including large sheets of paper, markers,
stickers, post-it notes to enable them to be creative in their design.

3.2 Real World Design Challenge
At the beginning of the workshop, the teachers were introduced
to the five stages of the design thinking process, the benefits of
design thinking, a design thinking example and the methods used as
outlined in section 2.2. In order to help the teachers feel comfortable,
a short ten-minute creative exercise was undertaken before the real-
world design challenge. This exercise asked the teachers to ideate
and write or sketch out what their dream college looked like. This
was a low risk fun activity that let the teachers give their opinions
on a familiar topic.

Once finished with the exercise, the real-world design challenge
was presented. For maximum engagement with the methodology,
the pre-service teachers were given a choice of two challenges
that they would be familiar with. The first was “The transition
from post-primary to third level” and the other option was “The
1st year college experience”. As the pre-service teachers were in
the first year of their studies, these options were chosen as they
were decidedly relevant. The students were made aware that the
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eventual solution should be a web application that other first year
students could use.

3.2.1 Empathise Stage. The pre-service teachers started the Em-
pathise stage working individually to create relevant interview
questions. Their task was to seek stories from their partners. It
was important that these questions allowed their partner to talk
through a tangible experience which would allow them to consider
what they thought, felt and what they did in the situation.

Examples of sample questions that the teachers were given.
• Could you tell me about. . .?
• What’s the worst experience you’ve had?

In groups of 3 and 4, the pre-service teachers were asked to
interview one of the other teachers for 15 minutes. Initially, one
pre-service teacher interviewed another pre-service teacher while
the third took a note of the answers. This is important as it is not
possible to take notes and actively listen simultaneously. They then
swapped around so that each pre-service teacher had experienced
each role. The pre-service teachers were directed to focus on the
interviewee with a view to seeking stories and points of view. They
were advised to pay attention to nonverbal cues as sometimes body
language or lack of information can provide valuable information.

As soon as the interviews were completed, the pre-service teach-
ers were asked to create an empathy map based on the answers
and observations they had collected from their interviews.

3.2.2 Define Stage. Next, the pre-service teachers moved on to
stage 2, where they were invited to narrow down the general de-
sign challenge into a more specific problem statement using the
information collected in the previous stage. They were instructed
to generate multiple “How might we. . .?” statements that would
allow them to reframe the problem definition and come up with
innovative ideas in the Ideate stage.

Examples of sample questions that the teachers were given.
• How might we make the transition easier for students who
are moving away from home?

• How might we better prepare students before they start
college?

The pre-service teachers were encouraged to review their How
MightWe question and ask themselves if it was both narrow enough
to know where to start brainstorming, but also enable enough
freedom to give room to explore unusual ideas. [37]

Some example HowMightWe’s developed by the teachers during
this stage were:

• “How might we make it easier to meet new people?”
• “How might we find more people with the same interests?”

3.2.3 Ideate Stage. Generation of Ideas is the focus of stage 3. One
“How might we” statement was chosen to brainstorm on. During
this activity, the pre-service teachers were urged to generate lots of
ideas without judgement. They were encouraged to listen to each
other and to build on the ideas of others.

Some examples of ideas generated at this stage were:
• Upon arrival at college, students take a survey to identify
their interests and are encouraged to join or create new clubs
or societies

• Create more informal hangout areas

These ideas became the input into the next stage, prototyping.

3.2.4 Prototype Stage. As the first activity in stage 4, the pre-
service teachers were asked to “create a story” from the ideas gen-
erated in the Ideate stage. The task was to tell the story of their
ideas from the future or describe their idea as if it were published
on the college website. “Sketch it Out” was the next activity where
the pre-service teachers were asked to choose one idea and flesh
it out into a web application using a prototype form that suited
their needs. Due to the nature of the solution, they created mock-up
screens of their web application using simple sketches on paper.

3.2.5 Test Stage. The final stage allowed the groups to test their
idea with another group to get feedback in order to refine their
prototype/idea. This allowed them to share their idea with others
and discuss how to further refine it. They were interested in what
worked and what they could improve on in their design. Finally,
they reflected on their designs and the feedback to see if it led to
any new questions or ideas. They were encouraged to use the “I
like/I wish/What if” tool from the Bootcamp Bootleg in order to
ensure that feedback was constructive and not too personal.

After finishing the final stage, the pre-service teachers were
asked to report their perceptions of the approach through a ques-
tionnaire and reflections.

3.3 Data Collection
This study used a combination of qualitative and quantitative anal-
ysis tools through teacher reflections and a questionnaire.

Quantitative data collectionwas completed using a questionnaire
adapted from one previously validated by Noweski et al [46]. The
questionnaire consisted of Likert scale questions seeking to find
the answers to the following four research questions:

1. Do pre-service teachers view design thinking as a good
approach to teaching computer science concepts in post-
primary level?

2. Do pre-service teachers view design thinking as a good ap-
proach to the creation of computational artefacts in computer
science at post-primary level?

3. Do pre-service teachers view design thinking as an engaging,
motivating approach to teaching computer science concepts
at post-primary level?

4. Would pre-service teachers use the design thinking approach
in their own classrooms?

In addition, teachers were asked to reflect on the design thinking
workshops from an educational viewpoint.

4 ANALYSIS AND DISCUSSION
On completion of the questionnaire, data analysis was completed to
ascertain the pre-service teachers’ perceptions of design thinking
with reference to the four research questions outlined in section
four and its’ ability to foster creativity. Figure 2 presents the findings
of a subset of the questions.

Our initial analysis of the data was completed through the lens
of the four original research questions.

Firstly, we explored the findings of the pre-service teachers’ per-
ceptions of whether design thinking is a good approach to teaching
computer science. The data provides convincing evidence of this
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with 81% of the teachers believing that it would be useful when
creating a website or web application and one pre-service teacher
summing it up as follows:

Different aspects in math may require this design
thinking to be applied but I think it will be especially
beneficial in computer science classes.

This strengthens the previous evidence from other studies un-
dertaken [12], [14], [44].

Along similar lines, our second research question seeks to un-
derstand whether the pre-service teachers believed that design
thinking was a good approach to use to foster creativity in the cre-
ation of a web application as has been shown in numerous studies
[12], [14], [44]. A strong association is shown here with 81% of the
pre-service teachers believing that it would be useful when creating
a website or web application. In the words of one teacher:

Although at this point, we aren’t fully aware of what
the curriculum will be for computer science I can
imagine it will include the development of some sort
of program or webpage in which this design process
will be extremely useful.

Previous research [14] has shown that motivation and engage-
ment is high during a design thinking session. Regarding the view
of design thinking as engaging and motivating as set out in our
third research question, our pre-service teachers teachers supported
previous findings with 62% of Pre-Service teachers believing that
our youth would be more engaged and 69% believing that our youth
would be more motivated if there were occasional Design thinking
projects at school. This is summed up in a comment from one of
the pre-service teachers:

This week’s session on design thinking was highly
engaging and thought provoking.

Our final question seeks to determine the pre-service teachers’
overall view of the value of design thinking. Consistent with re-
search on design thinking in other fields [40], [43] our data provided
preliminary evidence of the teachers perceptions of its ‘value with
62% of the pre-service teachers agreeing that they would definitely
carry out a Design Thinking project if they had a chance if they
were working with kids in school and one teacher stating:

By caring out this task it has made me think of when
and where I can apply this design thinking in my
classroom and with my future students.

Finally, we analysed the relationship between creativity and
design thinking. This claim has been proven extensively in the
literature. With certain studies [47] claiming that empathy is a
core skill needed to create artefacts that satisfy another’s needs.
Brainstorming by its nature promotes creativity through the use of
divergent and convergent thinking and facilitates the creation of an
abundance of different ideas. The idea of risk taking or experimen-
tation, central to creativity [20], [47] is closely tied to the ideate
and prototyping stages of the design thinking process and foster-
ing creativity in computer science [32]. The pre-service teachers
felt a clear link between creativity and design thinking with one
pre-service teacher mentioning that:

During the past two weeks in this class, we thought
and reflected on creative thinking. Firstly, we were

Figure 2: Subset of Quantitative Data Analysed

asked to describe and draw our dream college. This
allowed us to express our creative thinking and was
a way to begin our design thinking.

While another observed that:
The design thinking process is used in everyday busi-
ness and is very effective in creating solutions to mod-
ern everyday problems.

5 CONCLUSION AND RECOMMENDATIONS
With the introduction of computer science at post-primary level in
many countries, CS teachers will be tasked with the responsibility
of fostering their students’ creativity and problem-solving skills
using innovative and engaging approaches. One such approach
used by many companies and educational institutions is the design
thinking process. This process encompasses a human-centered
approach to problem solving and solution creation, where the core
components and values consist of a bias towards doing and making,
a focus on human values, embracing experimentation and radical
collaboration. These mindsets are closely related to the computer
science pedagogies of constructionism and problem-based learning.

The aim of this article was to present an evaluation of the design
thinking process with a cohort of pre-service CS teachers with a
view to understanding their perceptions of its effect on creativity
and problem solving. This exploratory study demonstrated that the
design thinking process was extremely beneficial when teaching
CS concepts such as web application development, with this group
of pre-service Computer Science and Mathematics teachers. The
pivotal role of creativity in design thinking and its relevance to CS
was established and pre-service teachers reported positive views
on the completion of the design thinking workshops. The potential
for increased motivation and engagement within the computer
science classroomwhen using the process was evident in the results
presented. Furthermore, a strong link between the design thinking
process and increased empathy was identified.

The study is not without limitations and a primary limitation is
the narrow focus, with such a small number of participants from
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one specific initial teacher education programme and the time con-
straints which had to be accommodated. Generalisations are not ac-
ceptable, however the results gained from the study can effectively
point out possible avenues which require further investigation and
validation with larger groups of pre-service teachers. Future re-
search will be carried out in the next academic year investigating
the role empathy plays in creativity and CS teacher education.

While this study demonstrates the potential for twentieth-first
century skill development at post-primary in Ireland, more research
is needed to confirm the positive effects of design thinking in the
computer science classroom.
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