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ABSTRACT

Computational thinking (CT) has become a necessity in
many professional domains. As such, scholars argue that
the acquisition of CT and application should be embedded
in existing school subjects. Within the CT literature, a tax-
onomy distinguishes CT practices in STEM education into
four categories: data related, systems thinking, modeling
& simulation and computational problem solving (CPSP).
Practical applications of these different categories are still
limited. This paper presents three examples in which edu-
cators of science teachers integrate CT within STEM con-
tent knowledge using the above mentioned taxonomy. The
first example applies to CPSP and data practices, the sec-
ond to CPSP exclusively, the final to systems thinking and
modeling & simulation. The examples provide practical
insight that makes the use of CT in STEM education more
tangible for practitioners.
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1. INTRODUCTION

Digital elements are embedded in every aspect of our so-
ciety. The Dutch educational system has not yet responded
to this development. In the Netherlands, computational
thinking (CT) is currently not a formal part of K-12 cur-
ricula. While plans are being drawn to include CT in cur-
ricula, teacher education needs to equip pre- and in-service
teachers with the knowledge and skills to execute these
planned innovations.

When classroom activities are becoming computational
endeavors, a theoretically grounded operationalization of
CT is required that describes the form it should take in
STEM classrooms. Weintrop et al. (2016) meet this need,
proposing a taxonomy in which four categories of prac-
tices are distinguished and illustrated: data related-, sys-
tems thinking-, modeling & simulation-, and computa-
tional problem solving practices (CPSP).

2. EMBEDDED CT

This paper presents three examples in which educators of
pre- and in-service science teachers at the Amsterdam
University of Applied Sciences (AUAS) integrated CT

within STEM content knowledge using Weintrop et al.’s
(2016) taxonomy.

2.1. Retrieving information from large datafiles

The know-it-all has an answer to every question, the
wise asks the right questions. (Bais, 2007)

In a robotics/CT-course, part of the main phase of the
bachelor program for pre- and in-service STEM teachers,
students were trained to use JavaScript and Python. As a
skills training and versatility test, they were asked to re-
track information from a COVID-19 dataset (World
Health Organization, 2021) and create graphical represen-
tations of cases and deaths for different countries in a py-
thon notebook environment. Despite limited experience,
students proofed capable of performing the task (Figure
1). Particularly interesting was the eagerness students
demonstrated to find answers to a number of self-formu-
lated questions. An animated societal and ethical discus-
sion followed.

source: https://covid19.who.int/WHO-COVID-19-global-data.csv 2021-03-10
Cumulative nr of cases in USA, UK, NL, G & B per #inhabitants

— B
— K
NL
G
— USA

= = =
(=} o =}
k= & @

=
=1
[}

Cumulative cases/number inhabitants

=
=<}
=

o 50 100 150 200 250 300 350 400
Days from first reported case

Figure 1. Graphical representation task

based on WHO-COVID dataset
Practicing dataset skills with a specific dataset showed an
un foreseen educational gain. Students surpassed the task-
given boundaries and became architects of a personally
relevant learning process. We regard this as an added
value of integrating CT and content knowledge: creating a
learning environment in which meaningfulness is shaped
by learners themselves using CT-tools to answer their own
questions.

2.2. Use of a CT-design map

In the same robotics/CT course students were trained to
design programs for several tasks, partly self-defined.
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Although usually capable of performing such tasks, stu-
dents failed to explicitly identify key concepts of CPSP in
their code. To address this problem the CT-design map
was introduced in order to disentangle key-concepts. Fig-
ure 2 is (part of) a student made example. The top row
shows the task description, following rows contain a de-
scription of subproblems with associated code lines and an
explanation and/or description of action(s) performed.
Bottom rows (not in figure) describe testing and debug-
ging processes.
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Figure 2. CT-design map — student’s work

Using this map has several advantages. Firstly, it stimu-
lates CPSP in a structured manner. Secondly, key facets
of CT, such as abstraction, decomposition, pattern recog-
nition and algorithmic thinking are clearly distinguishable.
This contributes to the development of consciously com-
petent teachers. An additional merit is offered by the ‘ex-
planation’ column. In science education we emphasize the
value of ‘thinking-back-and-forth’ between representa-
tions. Students are trained in ‘talking-science’, a type of
storytelling to describe phenomena from different per-
spectives. The articulation of code is an expression of this
form of thinking.

2.3. Systems thinking approach of modeling

All models are wrong, some are useful. (Anony-
mous)

With the ubiquity of covid-, climate- and other models, the
societal relevance of dynamic modeling is indisputable.
By embedding modeling in science education students
learn about the possibilities and limitations of models.
Furthermore, dynamical models are used to enhance con-
ceptual understanding and test hypotheses. A complica-
tion in teaching modeling is the high cognitive load under-
mining learning effects (Van Buuren, Heck, and Ellermei-
jer, 2016). To cope with this problem a new strategy is
explored in a kinematics and dynamics course in physics
teacher education at AUAS. Before confronting students
with modeling tasks, models are presented as concept
maps constructed with modeling software.

The map in Figure 3 represents the relation between two
of Newton’s laws and kinematic quantities. As in the pre-
vious example students are encouraged in thinking-back-
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and-forth between the different perspectives (i.e. concept
map, graphs, equations, movement description etc.).
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Figure 3. Systems thinking concept map

With this approach we plan to contribute to a better under-
standing of related concepts in mechanics and increase the
learning efficacy of modeling tasks.

3. FUTURE WORK

In the near future embedded acquisition and application of
CT will be part of existing school subjects. At the AUAS,
science teacher education is preparing for this change with
the  introduction of a  CT-curriculum. We
explicitly articulate CT knowledge and skills, we investi-
gate further CT enrichments embedded in STEM content
knowledge, and we study, develop and apply the pedagogy
of a subject-integrated approach. Our intention is not to
deliver IT experts, but innovative professionals instead,
with sufficient experience and self-confidence to imple-
ment the curriculum revision in a meaningful way in their
own teaching practice.

The presented examples demonstrate our explorations to
develop a CT-content knowledge integrated curriculum.
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