
Inspiring Computational Thinking: a Science Fair
Activity

Mats Daniels
Dept of Information Technology

University of Uppsala
Uppsala, Sweden

orcid.org/0000-0002-8465-7629

Arnold Pears
Dept of Learning in Engineering Sciences

KTH Royal Institute of Technology
Stockholm, Sweden

orcid.org/0000-0002-5184-4743

Aletta Nylén
Dept of Information Technology

Uppsala University
Uppsala, Sweden

orcid.org/0000-0003-0513-9338

Abstract—This Research Full Paper introduces a model for
structuring playful, challenge-based learning activities drawing
on a process of decontextualisation of a challenge to access its
Computational Thinking intellectual and conceptual components
and subsequent computationalisation of these components into
computational artifacts that are recontextualised to render them
attractive and accessible to school pupils. The case study follows
a thick description approach to evaluating the engagement
potential of the instructional design, as well as the didactic
choices made during implementation. We conclude that Bebras
cards and Dash robots provide considerable support for a playful
engagement with computational concepts and engaging children
with different scientific backgrounds in Computational Thinking.
In particular, flexibility in how they are used and easy adaptation
of challenge level make them useful in contexts with broad
participation. Additionally we find that using robots to provide
a link between the theoretical presentation of CT in the Bebras
card and a physical representation and programming challenge is
engaging and helps participants to focus on algorithmic concepts.

Index Terms—computational thinking, science fair, school
education

I. INTRODUCTION

This paper presents the analysis of a case study activity
held at a large Science Fair. The activity was designed to
inspire pupils in the age range 11-13 to engage in Compu-
tational Thinking. However, during the case study we had the
opportunity to use the activity also with a series of special
learning needs students up to the age of 16. The intention of
the research was to evaluate how a combination of Bebras [1]
cards and Dash robots [2] could be used to motivate pupils,
and scaffold scientific reasoning in the form of Computational
Thinking [3], [4] in a collaborative setting. Of particular
interest was the accessability and motivational power of the
activity in a context with broad variety in science capital [5]
among the participants.

The definition of Computational Thinking (CT) has been
under considerable discussion since the term was first coined
by Wing in her 2006 position paper on the topic [6]. Wing’s
definition was both sweeping, and imprecise, but argues that
there is a specific type of thinking associated with formulating
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solutions in terms of computational components for subse-
quent automation. The definition of CT concepts has recently
been the subject of a discussion of their utility by Pears [7] and
both the definition of what CT might be and the implications
this has for teaching are discussed at length by Tedre and
Denning [8], [9]. However, despite the limitations of existing
definitions, which focus almost exclusively on computation
from a third generation imperative programming language
perspective, in this study we adopt the definition of CT as
consisting of skill-sets in: data analysis and representation,
computing artefacts, decomposition of problems, abstraction,
algorithms, communication and collaboration, computing and
society and evaluation of solutions proposed by Dagiene et
al. [10], page 273, table 3.

The case study utilised the activity design in the context
of a School Science Fair, and the research data collection
consisted of a structured documentation of the activity and
detailed observations of the participants behavior.

The theoretical framing of our activity draws on the This
work illustrates the application of a conceptual framework, as
shown in Figure 1, developed by Barendsen [11], in combina-
tion with a repository of activities to construct and develop an
activity. We explore how the combination of these theoretical
and concrete resources provides support for contextualising
Computational Thinking concepts scaffolding relevance and
engagement in pupils. The study was conducted in the context
of a larger EU project promoting science capital approaches to
engaging pupils in compulsory schooling with fun-based and
playful learning.

II. THEORY AND METHOD

To help to structure our investigation into computational
thinking we adopt a theoretical model based on the work of
Barendsen [11], [12].

The didactic model is presented in Figure 1. The left-hand
side of the figure concerns the design of learning activities. In
the case of this study these aspects of the model are connected
to the design of the activities used, in particular the Bebras card
designs, and the didactic choice to physically represent one of
the situations depicted on the card (a computational artefact)
as a robotic programming exercise (a re-contextualised appli-
cation): in summary four phases are explored through explicit



instruction, instructional design exercises, classroom practical
evaluation and reflection. The final stage of pedagogical in-
sights may be coupled to assessment approaches, if required.
In our case, no assessment was conducted, purely observations
of engagement and the impact of societal context and relevance
of the activity.

Data in the form of observations regarding how the partic-
ipants approached the activity, including how they interacted,
type of interaction needed from facilitators, sophistication
level of Computational Thinking demonstrated, and potential
impact of assumed level of science capital were collected
by the three researchers, also serving as facilitators. The
researchers recorded observations regarding the participants’
mood, activity, interaction and engagement during sessions of
the activity. Each session was followed up with a reflection
session with all three researchers discussing their observations.
The data collected consist of the researchers’ individual notes
as well as notes from the reflection sessions.

The combination of observations and active participation
in the activities by the researchers provide a rich data set
for a qualitative analysis in the form of a reflective narrative
surrounding the activity and its implications. This data, which
for our analysis constitute the key observations, are both
analysed and presented here in a manner intended to be
relevant to the transfer of this practice to other contexts.

The analysis draws on the “thick description” technique
(See Ponterotto [13] and Geertz [14] for additional explanation
of the method), which is suitable for this relatively small
qualitative case study. The ”thick description” technique is
commonly used in qualitative research to situate the research
and to provide as many contextual details as possible to the
reader. The intention is to spur further questions and provide
some insights regarding the activities as they were performed
in the study context.

To collect relevant information about the practices we
adopted an approach to observation that results in a reflective
narrative surrounding the activity and its implications in regard
to the primary research objectives. The reflective narrative
approach consists of three parts:

• An observation of the practice under investigation follow-
ing the guidelines as given in Ponterotto [13].

• A reflection relating aspects of practice to the intentions
of the activity.

• An executive summary of the analysis indicating the key
observations which are considered relevant to the transfer
of that practice to other contexts.

III. RESOURCES

Bebras cards and Dash robots were the two main resources
used in this case study.

Bebras [1] is an international initiative aiming to promote
informatics, computing and Computational Thinking among
school students at all ages. The cards used in the activity
each contain a Bebras task, an easily understandable task
representing informatics concepts that can be solved within
3 minutes. An aim is that the tasks should be interesting and

funny. The Bebras tasks concentrate on smaller learning items.
The focus of the tasks is intended to be the understanding of
principles, ideas and concepts that are involved in informatics
systems.

The Dash robot [2] was designed to be used by children
aged 6-12 years to learn programming in a playful setting.
It can be programmed or remotely controlled in apps that
are available for iOS and Android devices. For younger
children, the programming is done in a graphical environment
without any text where different actions are represented with
graphics. The next programming environment is a block-based
environment using Blockly [15], a graphical programming
environment similar to Scratch [16]. For older students and
adults, a programming API is available for Python and other
text-based programming languages.

To sense the surroundings, the robot is equipped with
proximity sensors at the front and rear, and a microphone. It
has high-precision motors for movement and head movement,
a speaker and some lamps. Connectors for peripherals can
extend the robot’s ability, especially with the Lego connector
that supports adding Lego constructions to the robot. Built-in
are some pre-programmed sound clips, but it is also possible
to record and upload sound clips to the robot.

These robots were chosen since they are relatively inexpen-
sive and easy to control.

The activity in question consisted of two parts. Both were
using Bebras [1] cards as a source of Computational Thinking
conceptual content. In one part the cards were used, in
accordance with the intention of the developer, to solve a
a question/task in a small group promoting discussion and
reflection in relation to a computational or informatics concept.

The second part of the activity used two Dash robots [2] to
navigate a structured playing field (a maze-like construction)
in order to concretise a solution to a Bebras card question (see
Figure 2 in the physical domain, where explicit programming
of robot motion in pseudo-synchronicity provides the contex-
tualisation of the abstract computational artefact that the card
represents into the lived context of the pupil. This is illustrated
by the process blocks on the right hand side of the model in
figure 1.

IV. THE CASE STUDY

The study was conducted in the informal setting at a science
fair organised by a research intensive European University.
The main purpose of the fair is to inspire interest in science
and science education, rather than achieve specific learning
objectives, targeting both school classes (formal education)
and the general public. In 2020, the fair had more than 6800
visitors of which approximately 4100 were visiting school
classes. This study investigates one of the many activities
offered at the fair. An activity that was offered only to school
classes that had to sign up in advance.

A. The Activity

The learning activity under study was of 30 minutes dura-
tion, and consisted of two parts: 1) the participants solved



Fig. 1. Didactic Model Adapted from Barendsen

Fig. 2. Cat Hunting Mouse Bebras Card

problems from a selected number of Bebras cards, and 2)
the participants solved a problem from a Bebras card and
implemented their solution using Blockly to program Dash
robots. During the activity the participants worked in groups
of four, sitting on chairs gathered around the activity. In part

1, the participants sat around a table, and in part 2, they sat
around a playing-field taped on the floor, see Figure 3. The
activity was conducted in the Local Language of the European
country involved.

B. Participants and Facilitators

In this qualitative study, we had 140 participating students
from eight different schools divided into 10 sessions. Three
researchers, two male and one female, were present and
functioned as facilitators for the two activities. In some cases
teachers were also present, but did not take an active part in
the activity.

Participants were selected through a sign-up process, in
which all school classes attending the Science fair were offered
the opportunity to attend one of the sessions offered by the
facilitators. Almost all available time slots during the two-

Fig. 3. A group around a 4 by 4 maze.



day event were booked in advance. That is, the researchers
had no real influence over the selection other than in how the
activity was described. However, the attendees covered a broad
demographic, from well equipped schools attended by students
of families of greater economic and educational means, to
schools with students from immigrant and less affluent socio-
economic segments of the population. Overall we judge the
activity to have attracted participants who might be expected
from prior research to demonstrate a wide range of personal
science capital. The students were between 10 and 13 years,
except a group of 8 special needs students that were older,
i.e. 16-17. The gender distribution was roughly 50/50 in most
groups. One group consisted of only male students and one
group had mainly female students.

TABLE I
DISTRIBUTION OF PARTICIPANTS OVER SESSIONS.

Session School Students
T1 A, B 16 (8 female)
T2 A, B 16 (8 female)
T3 A 16 (7 female)
T4 B 16 (7 female)
T5 C 16 (7 female)
T6 C 16 (8 female)
F1 D, E 16 (12 female)
F2 F 8 (4 female)
F3 D 16 (6 female)
F4 G 4 (all male)

The participating students were from schools in the Local
region and had a reasonably homogeneous background given
the region. That is, on average roughly a third of the pupils
had a background as a recent immigrant, but the ratio dif-
fered between schools. Being signed up by their schools, the
students can be assumed to have heterogeneous interests and
backgrounds. However, their teachers can be assumed to value
this kind of activity, which may have a homogenising effect
on the participants.

Socio-economic differences in the local city region were
reflected in the participants, some of which were possible
to observe. The even gender distribution contributed to an
environment where all students were free to expose their
strengths. It was however observed that the sub-groups of
four tended to be less evenly distributed. Table I shows the
distribution of genders and schools in the different sessions of
the activity.

The facilitators were university teachers in computer sci-
ence engaged in computing education research, and all have
extensive experience with qualitative methods. One of the
facilitators had some teacher training and experience from
teaching children the age of the participants and all had
children of their own. All of the facilitators had more than
20 years of teaching experience.

C. Procedure

The study was conducted over two days of the Science
Fair. Ten sessions of the activity were conducted in the same
manner. In each session, 4 groups of at most 4 students

participated. No student participated in more than one session.
Two of the groups started with part 1 of the activity (Bebras
cards) and the other two started with part 2 (Dash robots).

Each part consisted of a short introduction, typically less
than five minutes before the pupils started with the activity.
At the end the facilitators gave a short summary, less than five
minutes, related to what the pupils had done in the activity.
This was combined with interventions during the activities
when a facilitator found that there were some misunderstand-
ings.

Both activities were set up to encourage collaboration and
active participation from all participants. Part 1 was introduced
as a think - pair - share activity, but then left open for the
participants to decide how to work. The facilitators needed in
some cases interact with the group to ensure either collabora-
tion (rarely) or to encourage all to participate (more common).
There were no specific roles assigned to the pupils.

The setting was that one of the facilitators integrated with
either the two Bebras card groups or the two Dash robot
groups. The short introduction and summary were given to
the two sets of groups simultaneously. The interaction was
intended to be minimal, but leading questions were asked when
the facilitator felt that the group had either got stuck or did
not manage to engage everyone in solving the problems. The
setting was such that all participants could have eye contact
and be close enough for all to hear what someone said.

The Bebras cards were used to inspire discussions around
problem solving and computational thinking. The researchers
had prior to the event selected a small set of cards. Some of the
cards presented problems that allowed for different solutions.
This encouraged a discussion focused on argumentation and
motivation rather than just stating answers. The cards were
also chosen to provide a progression of reasoning required to
discuss each card. The researchers had selected more cards
than needed for a typical session. This allowed for adjusting
the level of difficulty to the current participants.

In part 2, the Dash robots were used to reason around a
Bebras card that presented a challenge related to the outcome
of two autonomous agents (a cat and mouse) navigated the
field synchronously. Could the cat catch and eat the mouse?
about what could happen in a maze when two robots were
navigating the maze. The sixteen individual squares were only
roughly of the same size. Additional navigational information
was given on the Bebras challenge card, which the pupils
needed to translate into programs for the two robots (see
Figure 2).

The participants started by trying to program one Dash robot
to follow a pattern according to the playing field depicted
on the card. The intention with this part was to familiarize
the participants with writing a program for the robots and
to reason about unexpected outcomes. Unexpected outcomes
were, for instance, that the individual squares were not all
identical in size, and that the real robot didn’t navigate in strict
accordance with the manner in which it was programmed, for
instance due to wheel slippage due to loss of traction on the
polished linoleum flooring. The second step was to reason



about outcomes related to interactions between the two Dash
robots (representing a Cat and a Mouse) moving on the playing
field starting from different access points. The full scenario is
described on the card.

V. OBSERVATIONS

A. Engagement/activity

Most of the students were very much engaged in both
activities of the session. However, it was clear that towards
the end of the day students became less engaged in problem
solving using Bebras cards. This did not occur to the same
extent in the robotics activity. In one late session, classmates
that did not participate in the activity were a distraction for
those participating. We observed no difference in engagement
between male and female students.

Engagement and enjoyment of participants was palpable,
demonstrably so. For instance, slightly more than half the
groups stayed on after their slot to pursue the challenge to
completion. In addition several keen students returned with
their teachers later in the day and over lunch to demonstrate
their approach, and discuss the robotics challenge and potential
alternative solutions with us.

B. Interaction/collaboration

The activities were set up to encourage interaction and
discussion. An observation was that in general female students
were more inclined to collaborate throughout the problem
solving process, while male students preferred to think on
their own first and discuss after they had reached a solu-
tion. Most students discussed their solutions with their peers
without prompt from the facilitator after the first problem.
Some, but not all, groups organised their collaboration as a
competition while others preferred a collaborative construction
organisation.

C. Diverse experiences from school

It was obvious that students’ previous experience of problem
solving differed between schools, and possibly even between
classes in the same school. In one session, the participating
students were already familiar with the Bebras cards since
they had been used in their math class. In another session,
the participants wished that maths would be taught in similar
ways in school.

The level of problem solving ability in the different student
groups varied. In one session, the level needed to be lowered
significantly and in another the students solved more than
twice as many problems as the average. Note that this was
not the students that had previously been exposed to Bebras
cards. This difference can only partly be explained by age
differences.

D. Diverse conditions

In one of the sessions, the number of non-native participants
was significantly higher than in the others. Some of the
participants had difficulties in reading and comprehending the
problems and needed the help of other students to translate

for them. Once they understood the problems their problem
solving skills were good, but the language barrier causes
an unnecessary obstruction to their participation in science
contexts, e.g., by impairing their ability to perform at their
actual level in tests.

We also had a session with special needs students, since the
participants were from a school specialising in students with
special needs. To cater to the needs of these students, their
teachers supported the facilitators. Challenges encountered
were for example that the context for interpretation of prob-
lems could not be assumed to the “normal” extent. Working
with these students also required the facilitator to be open to
different modes of communication, e.g., through images rather
than words. In this session, it was also not possible to rely
on students spontaneously communicating with each other.
To engage these students in the robot activity, all students
were using the iPad. An observation is that the challenges
encountered when working with these students were present
even in the other sessions, although to a lesser extent. Facing
these challenges tests the activity’s ability to cater for broad
diversity in participants.

E. Impact on society

The science fair SciFest constitutes a meeting point for
research, industry and community. In 2020 it had 6836 visitors
of which 4097 were visiting school classes. By inviting schools
broadly, it has potential to reach children of all socio-economic
backgrounds, genders, etc. Participation, however, depends on
teachers’ values and interests and the activity may therefore
not reach the students with the lowest science capital. It still
reaches a number of students that would not normally visit
science activities and that do not have personal connections to
researchers, i.e., children with low science capital.

One of the aims of the activity under study was to introduce
affordable materials to teachers. In particular the Bebras cards
attracted much interest. Teachers were less confident that they
could get funding for purchasing robots.

F. How well did the materials work?

Both activities engaged and motivated the students. In
particular, the robots could engage even tired students. Two
of the teachers commented on robots as useful for creating
engagement, even in otherwise silent students. In the activity,
control of the iPad was successfully used as a means to engage
silent or passive students.

The activities could easily be adapted to different levels of
difficulty. The robots could either be used to program the robot
to follow a given path or extended to a cat and mouse game.
For the Bebras cards, the selection of cards defined the level
of challenge.

Some of the Bebras cards assumed familiarity with com-
puter science for interpretation of the problem. For some cards,
solving the problem did not depend on understanding but could
easily be done by pattern matching. Therefore, the value of
these particular cards for learning can be questioned.



G. The role of the facilitator

The facilitators needed in some cases interact with the group
to ensure either collaboration (rarely) or to encourage all
to participate (more common). The interaction was intended
to be minimal, but leading questions were asked when the
facilitator felt that the group had either got stuck or didn’t
manage to engage everyone in solving the problems. The
facilitators occasionally interacted to engage the shy pupils
in a roughly equal opportunity manner. In Activity 1 the fa-
cilitator sometimes intervened to ensure that discussions were
focused on seeing different perspectives without valuing them,
to embrace diversity. This was combined with interventions
during the activities when a facilitator found that there were
some misunderstandings.

VI. LESSONS LEARNED

A. In general

The participants could in general participate well in the
activities, but we propose that this was due to the presence
of experienced facilitators. Several of the teachers that came
with the pupils showed interest and could in our opinion use
the activities themselves later in their classes.

B. Implications (for practice, research or theory)

For activities targeting broad participation, it is important
that the activity is flexible in order to cater to different interests
and styles, and that it is possible to adapt it to different levels
of prior knowledge and skill. Manipulation of physical objects,
e.g. robots, help participants to stay focused on the task.

Not all Bebras cards lend themselves to discussions related
to computational thinking. It is important that tasks are con-
structed in a way that promotes scientific reasoning and that
experienced facilitators note and intervene if participants fail
to reason in a scientific manner and resort to other means to
solve the task, like for instance pattern matching.

C. Limitations

The science fair was offered on a voluntary basis and the
researchers could not control which schools signed up for the
activity. It is thus likely that the participants had teachers that
are more interested in science than the average.

VII. THE CASE STUDY AS SEEN THROUGH A DIDACTIC
MODEL

The case study and the results presented so far are related
to the structure chosen for the large European project. In this
section we present our findings through the didactic model of
figure 1 lens. We start in the lower right hand corner to capture
what we saw in the case study and end up in the lower left
hand corner pointing out changes from the teacher/facilitator
perspective.

A. The computational artifact phase

In our observations of the cohorts we noted that some of the
Bebras cards lent themselves to pattern matching rather than
computational thinking. These cards should not be used for
an activity like our case study. We also noted that there were
some cards that were too hard for some cohorts with regard
to their experience with IT.

We noted that not having squares of identical size in the
maze and wheels sometimes losing traction caused navigation
problems. Using an iPad to control the robots worked well.

B. The application phase

There were some difficulties, as mentioned above, regarding
the competences in a cohort. For instance, some cohorts had
difficulties with the level och computational thinking required.
This was, in our case study, amended by the facilitators giving
hints. Other solutions to this issue could be considered.

The squares in the maze were not identical, which led to
problems with the navigation of the robots. This, and the loss
of traction, could be seen as a problem or a feature. In some
cohorts we noted a reluctance to hand over the iPad to another
pupil.

C. The challenge phase

The challenge as such is not changed, but insights regarding
the societal context were gained though the case study. For
instance the importance of being flexible regarding differences
in communication and language competences as well as in
problem solving abilities. That the previous experience with
IT in a cohort was also noted as a factor that should be taken
into account.

The implications of having identical squares in the maze or
not should be explicitly considered. The non-identical squares
could provide an interesting problem to deal with, but it
is important that the facilitators are aware of this learning
opportunity.

D. The computational elements phase

The selection of cards should be more careful. The selection
should for instance take what we observed regarding pattern
matching approaches in the case study into account.

If non-identical squares should remain as a feature of
the activity this would need to be explicitly addressed and
explained in terms of its connection to computational thinking
in terms of planning robot navigation.

VIII. CONCLUSIONS

This paper analysed a playful and challenge-driven approach
to engaging pupils in the age range 11-13 with CT concepts.
The two activities we designed are framed within the didactic
model of Barendsen in terms of both design for engagement
and also contextualisation for pupil societal relevance. Our
observations of both activities confirm high levels of pupil
engagement and motivation. Pupils from schools from areas
with less advantageous socioeconomic background required



more scaffolding to stimulate engagement, but, once engaged
were clearly active and enjoyed the activities.

The importance of competent facilitators cannot be overem-
phasised, adaptability and mastery of CT concepts is crucial
in order to cope with the differences between the cohorts.
In most cases the standard selection of Bebras challenges
functioned well, but there were cohorts that certainly needed
an adjustment to the activities in order for them to interact
meaningfully around it.

We recommend the documentation format used to capture
this activity as a tool for future research in similar settings.
We note that the didactic approach requires that the team
setting up such an activity has a good understanding of the
computational thinking conceptual ecology. Knowledge about
Bebras card and robots are not as critical, and many other
resources are available that can be leveraged in conjunction
with the Barendsen model to create suitable challenges, e.g.
csunplugged.org.

Applying the Barendsen didactic framework has proved
valuable as a means to analyse why and where an activity
was useful, providing new perspectives on what happened and
what might be changed for the better. The model also provides
support for design of new activities helping to extract and
contextualise the required CT concepts and explaining what
types of learning outcomes they can be expected to achieve.

IX. FUTURE WORK

The design of our study was affected by the onset of the
Covid-19 pandemic, which precluded focus group follow-up
interviews with pupils and teachers, and collecting science
capital surveys for the school classes who participated. This
phase of data collection remains to be completed, and we have
plans to complete this data collection phase in the near future.

In addition we have no data on long term effects on interest
in computational thinking associated with the activities and
the Science Fair. The implications of pupil’s standing in terms
of science capital was only studied superficially using school
and county demographic data. We intend to use surveys and
additional interviews with teachers to explore this avenue
further. Anyone pursuing similar initiatives should consider
collecting Science Capital data prior to the school classes
engaging in the activity. Followup surveys can then be used
to track any long-term affect these activities might have on
development of Science Capital in young people.
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