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Computational thinking (CT), the thought processes used in solving computational problems, has been added
to the educational standards in many countries around the world. However, this new content presents chal-
lenges around preparing teachers to integrate computational thinking robustly into the STEM disciplines. In
this proceedings, we conduct a preliminary investigation of the challenges of preparing secondary pre-service
teachers to integrate computation into their subject teaching. We present data from interviews with three pre-
service secondary subject teachers in the KURT at UiO to highlight two challenges of pre-service teacher (PST)
preparation: first, (1) the computation learned in upper division subject courses does not directly translate to the
computational thinking that they will be teaching their future students; and (2) in their pedagogy courses, they
learn about computational thinking but are not able to translate that into their practice of teaching. We consider
the implications of and solutions for these challenges on pre-service teacher preparation.
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I. INTRODUCTION

Since the 1980s, supercomputers have transformed how
science and mathematics research is conducted, adding com-
putational branches of these sciences. It is important to teach
science in a way that is aligned with and prepares students for
the modern "doing" of the sciences [1], which means incor-
porating computational thinking (CT) into middle and high
school science courses. Additionally, CT has been incorpo-
rated into primary and secondary school standards across the
world, including the United States [2, 3], the United King-
dom [4], and Norway [5]. So, it is essential to prepare teach-
ers to integrate CT into their teaching, so that their students
can leverage CT to gain physical insights in their related dis-
ciplines. There have been efforts to equip both pre-service
and in-service teachers to incorporate computational thinking
into their teaching.

In 2020, Advancing Interdisciplinary Integration of Com-
putational Thinking in Science, a conference report, articu-
lated a set of research areas and recommendations to guide the
international effort to incorporate CT into K-16 schooling [6].
One of the main focuses of the report was professional devel-
opment and teacher learning. In our study, we focus on of
three of the four recommendations relating to teacher learn-
ing, which are to: (T1) determine the scope of pre- and in-
service science teacher and science classroom computational
needs at all levels, and determine the quantity and duration
of professional development necessary for teacher expertise
to develop and to be maintained; (T3) articulate and leverage
theoretical frameworks for integrated computing education to
guide the development of classroom tools, software, content
standards, assessments, and expectations for teacher prepa-
ration and ongoing teacher certification; and (T4) understand
whether and how teachers come to value computing as a com-
ponent in science and mathematics education [6].

In this paper, we present a preliminary study responding
to these recommendations, a first step in pursuit the follow-
ing research question: What challenges arise when preparing
pre-service, secondary STEM teachers to integrate computa-
tional thinking into their disciplinary teaching?

address this research question, we analyze interview data
from a Pre-Service secondary, subject Teacher (or PST) train-
ing program at the University of Oslo, in Norway.

II. LITERATURE REVIEW

To meet these new standards, Norwegian teacher educa-
tors must prepare PSTs to integrate CT into their disciplinary
teaching. The turnaround between the introduction and im-
plementation of these new standards is short. Because of the
lack of historical research and experience, teacher educators
face challenges related to preparing teachers in CT. As re-
searchers, we are looking to identify these challenges so that
we can improve PST education. In this section, we look to
the literature to understand the current practices for preparing
PSTs in CT, especially previously documented challenges in
computational education.

CT, defined as "the thought processes involved in formu-
lating a problem and expressing its solution(s) in such a way
that a computer - human or machine - can effectively carry
out" [7], extends beyond simply coding and programming. In
this paper, we envision disciplinary CT as a set of computa-
tional problem-solving techniques and meta-knowledge that
students can use to make inferences about mathematics and
science subjects.

CT is not a single construct, but rather a cluster of con-
cepts, skills, and practices used in computational science [6]
and is domain-dependent [8]. So, CT lacks a clear framework
or definition. This flexibility allows secondary, subject PSTs
to incorporate CT into their teaching in a way that is consis-
tent with how CT used in their field; however, it complicates
teacher training. How can teacher educators prepare a variety
of subject teachers in CT?

Some PST training programs have incorporated CT into
their science and math teaching methods courses; however,
few researchers have studied this development. Within the
limited body of research that exists, PSTs have learned about
CT and its pedagogy through week-long modules in their
math and science teaching methods courses [9–11]. In Ya-
dav’s course [11], the first module covered a CT framework.
In the second module, the PSTs were engaged in CT activi-
ties. The authors found that after the modules, PSTs’ under-
standing of and attitudes towards CT improved. While these
efforts show that PSTs’ have an increased understanding of
CT, they do not examine teachers’ preparedness to incorpo-
rate CT into their disciplinary teaching.

Some researchers and reports have documented some of
the emergent challenges of training K-16 students and teach-
ers in CT [1, 12]. At a professional development seminar,
Hestness et al. [12] found the following challenges for train-
ing in-service elementary teachers: the need for professional
support; a lack of time; and their lack of familiarity with CT.
The teachers had no previous experience with computational
thinking, so extra preparation and support is necessary.

The American Association of Physics Teachers, or AAPT,
[1] published a report on incorporating computation into
college-level physics major programs. They reported the fol-
lowing challenges: lack of explicit curricular goals; a range
of instructor backgrounds; a range of student backgrounds;
shortage of educational research; and lack of community and
support. College physics instructors have limited access to
resources based on their own backgrounds and the schools
where they teach.

While neither of the articles in the previous paragraph fo-
cus on secondary, subject PSTs, we anticipate similar chal-
lenges occurring in our research context as found in Hestness
[12] and the AAPT report [1]. However, there is a need for
more research on the specific challenges that secondary sub-
ject PSTs face. In this paper, we present an exploratory study
of two of those challenges. We will use these findings to fur-
ther investigate PST preparation.
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III. CONTEXT AND METHODS

In this paper, we present a pilot study which is the first step
in a larger project investigating a pre-service teacher educa-
tion program at the University of Oslo (UiO). We plan to use
these findings to find strong themes, and refine the next iter-
ation of our interview protocol. The data collection in this
paper is limited to three interviews with PSTs.

A. Context

The study takes place in a Norwegian university secondary,
PST preparation program. At this university, computation
has been integrated into physics courses for many years. Re-
cently, Norway has added CT standards into the K-12 cur-
riculum.

The KURT (Kompetansesenter for undervisning i realfag
og teknologi) program at UiO offers a 5-year integrated mas-
ter’s degree where the PSTs learn to teach in lower (age
13-16) and upper (age 16-19) secondary schools. Here the
PSTs follow an educational "dual track" program contain-
ing courses from both subjects, like physics and mathemat-
ics, and pedagogical courses containing pedagogy, teaching
methods and student teaching. The PSTs take the same sci-
ence and mathematics courses as "pure" science and mathe-
matics students. Since 2017, computational science has been
integrated from the first semester in all science and mathemat-
ics subjects at the Faculty of Mathematics and Natural Sci-
ences at UiO, including a first-year mandatory programming
course. However, at the moment there is no emphasis on CT
teaching methods in these subject courses. Thus, the teacher
education program at UiO ensures that newly qualified teach-
ers have a strong understanding of disciplinary computational
science in their chosen subjects. However, the integration of
CT-specific pedagogy is currently limited.

This context provides a unique case study where compu-
tation has already been robustly integrated into the subject
courses since at least 2017. But, computational thinking was
only recently added to their pedagogy courses. We study the
early challenge that arise in preparing teachers to not only use
computation but teach it effectively.

B. Data collection and analysis

We conducted interviews with a few PST students (N=3) at
the end of the academic year. These students were recruited
by email and financially compensated for their time. Our par-
ticipants were in the last two years of their program and had
completed their student teaching.

The interview protocol was developed by the first author,
who is familiar with physics education research, and reviewed
by the second author, who is familiar with both the teacher
education program and Norwegian culture. She ensured that
the protocol made sense within the Norwegian teacher train-
ing context.

We designed the interview protocol to investigate three as-
pects of their experience in the education program: (1) the

PSTs’ experience and confidence with computational science
in their subject courses and, (2) their experiences with CT in
their teaching methods courses, and (3) their perceived readi-
ness to incorporate CT into their own teaching. The questions
were designed to elicit the PSTs’ day-to-day experiences and
to provide context into what aspects of their program were
helpful or not helpful.

The interviews were conducted in English by the first au-
thor, which both the first and second author attended. When
necessary, the second author translated between the inter-
viewer and interviewee. Follow-up questions were asked
when more clarity was needed. After the set of interviews
was complete, the audio was transcribed by the first author.

A thematic analysis [13] was used to investigate which as-
pects of their dual track program prepared or did not prepare
the PSTs to integrate computation into their teaching. The
themes centered on disconnections between the PSTs’ prepa-
ration in CT and their perceived readiness to teach CT in their
future teaching placements. These disconnections highlight
current challenges in the KURT program.

From this analysis, two themes, or challenges of teacher
preparation, emerged. Due to the preliminary nature of the
interviews and the limited data set, we report on only two
themes which were representative across the data set. With
such a small data set, this is appropriate. We will use these
themes to inform the next round of interview protocol revi-
sion. We considered themes to be challenges where all three
students reported feeling unprepared.

IV. FINDINGS

We report two challenges across PST preparation at UiO.
We found: (1) there is a disconnect between computation in-
tegrated into disciplinary courses and the necessary prepara-
tion for the PSTs to use that in their teaching practice; and (2)
there is a disconnect in pedagogy/teaching methods courses
where the knowledge and standards of CT is disconnected
from their integration of CT into their teaching practice. We
demonstrate these themes with quotes from the PSTs. All
names are pseudonyms.

A. Challenge 1

Although the PSTs learned disciplinary computation in
their subject courses, the PSTs saw those programming ex-
periences as less relevant to their future practice.

During her interview, Camilla articulates this disconnec-
tion:

I would have liked to have seen more program-
ming with the level of maths that we’re going to
teach because most of my programming has been
done at a higher level in maths or physics. So to
have done it at a lower level would have been
nice. And to have done it practically because
programming is something that you have to do
to learn it. That’s what I feel like I’ve missed
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most... I can’t really use the fact that I can find
the eigenvalues or matrices in the uh high school
level maths. (Camilla)

Similarly, Kristoffer discusses how he sees his earlier pro-
gramming experiences as more relevant to what he will teach
his future students than most of what he learned in his subject
courses.

I believe that like the first year, the first semester,
and the physics mechanical introduction course
is the most relevant for programming that we
are teaching in upper secondary school, the next
years... that meets the curriculum for the upper
secondary school most, and there were several
times that I felt that the programming we did in
the later physics courses was nice to work with
it, but that was way above what we’re supposed
to teach. (Kristoffer)

Camilla and Kristoffer do not see their upper division pro-
gramming as continuous with what they will be teaching.
They see the CT in their introductory courses as more rele-
vant than the upper division courses. Camilla and Kristoffer
propose a way forward: to learn CT in the context that they
will be teaching it rather than in upper division courses.

Camilla and Kristoffer did not see the same disconnection
with physics concepts in their upper division subject courses,
which also included material beyond the level of what they
will be teaching.

Diana highlights a difference between what she learned in
her subject courses and what her students will be expected to
learn, but offers a different perspective.

It’s not the purpose that they’re [the students]
going to be programming the whole thing, but
they need to understand how the program works
and how to use it. So, at university, we learn how
to program everything from scratch. (Diana)

While Diana highlights the disconnection, she distinguishes
between what she, the teacher, is expected to know and what
her future students will learn, which might involve under-
standing and using programs, but probably not writing them
from scratch, similar to the use-modify-create [14] and min-
imally working program [15] frameworks. Diana does not
elaborate on why teachers learn beyond what they teach their
students. She accepts that it is that way, so it makes sense for
CT to be the same way.

With just their upper division programming experience, the
PSTs do not feel prepared to authentically incorporate CT
into their teaching of disciplinary subjects because they lack
experience with CT at the level they will be teaching. They
are not sure how to translate what they learn in their upper
division courses to the content that they will be expected to
teach in their future teaching placements. This disconnection
highlights a challenge of PST preparation: it is not enough
for them to learn computation in their upper division courses.

That knowledge is not connected to their practice of teaching
yet.

B. Challenge 2

Additionally, the PSTs learn about CT and its standards in
their pedagogical courses. However, the PSTs did not learn
how to integrate those ideas into their teaching practice.

When asked what she learned about CT in her pedagogy
courses, Camilla summarizes this disconnect, saying

We discussed that [the CT standards were] com-
ing in, right as it was being introduced. So, it
was like, how will this look like? How much pro-
gramming are they going to know at each stage?
... But not that much about directly about how to
teach it. I think there was an underlying assump-
tion that it would be similar to maths. (Camilla)

Kristoffer also discusses how there was very little focus on
CT during the pedagogy courses that he took:

I don’t remember having a lot of focus on
programming during those [pedagogy] courses.
Very little, I think. And that’s a thing that
I’ve been thinking about those last months when
I thought about teaching programming... But,
I definitely think that I could or should have
had more knowledge on teaching programming.
(Kristoffer)

In their interviews, Camilla, Kristoffer, and Diana recall
learning about the CT standards in their teaching methods
courses when it was first introduced to the standards. Camilla
learned about what she will be expected to teach her future
students, but not about pedagogy for CT. Kristoffer states that
he feels like he should have learned more about CT pedagogy;
and that it was missing in his pedagogy courses, especially
given its presence in the standards.

Kristoffer and Camilla emphasize a disconnection between
learning about CT and learning to implement it in their teach-
ing practice. They feel unprepared to integrate CT in their
lesson plans. From this disconnect, another challenge can be
inferred: it is not enough to learn about CT and its standards.
They must learn how to integrate CT into their teaching and
meet the standards.

V. DISCUSSION

A. Challenge 1

The PSTs did not see a connection between their upper di-
vision subject CT experiences and the computational thinking
that they will be teaching. However, we, the authors, still see
value in their upper division coding experiences. Since disci-
plinary computation is domain-dependent [8], a disciplinary
understanding of CT in the subjects can help them integrate
authentic CT into their science and math teaching. One chal-
lenge that Hestness [12] identified was that teachers may need
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to cultivate their understanding of what CT looks like in the
disciplines. Therefore, upper division coding experiences are
valuable for PSTs’ understandings of how computation can
be used in the service of gaining physical disciplinary in-
sights. Although that computation may exceed what they will
teach, the computational methods and techniques that they
learn may be valuable in their practice of teaching CT.

College-level subject courses are frequently very busy with
set curriculum [1]. Often times, science and math depart-
ments do not prioritize PSTs in their curricular decision mak-
ing. So, it may be difficult to convince departments to pro-
vide CT experiences in the introductory courses, especially
in a way that considers equipping PSTs to translate it to their
teaching.

B. Challenge 2

The PSTs also learned about CT during their teaching
methods courses. However, they only learned about the stan-
dards and what they are expected to teach their students,
rather than CT-specific pedagogy. "Drop-in" programming
and CT lessons have been well-documented in literature for
the preparation of elementary PSTs [9–11]. These modules
on CT have been studied and shown to be effective for help-
ing those PSTs develop a more authentic understanding of
CT. These modules respond to the challenge of limited time in
the busy pre-service teacher curriculum [12]. While the mod-
ules are helpful, our findings suggest that a week-long module
on CT may be insufficient for secondary subject PSTs, who
may need more development in both their own computation
and their ability to integrate into secondary-level science and
math lessons.

C. Across both challenges

Each of the two challenges occur on a different side of the
PSTs’ dual-track program. The first challenge occurs in their
subject courses, while the second manifested in their teaching
preparation courses. Although the PSTs were given adequate
experience programming themselves, they were not able to
bridge the connection between the two sides of the program.
This raises the question: how can we get these two compo-
nents to integrate together?

Furthermore, the PSTs reported feeling unprepared to in-
tegrate CT into their teaching, we see the PSTs as close to
prepared, just not feeling prepared. With their disciplinary
computation experiences and pedagogical training, the PSTs
are almost ready to design lessons that integrate CT into their
subjects. We suspect that this gap can be bridged by hav-
ing the PSTs explicitly reflect on their experiences with disci-
plinary computational science experiences and consider how
to bring those ideas to a high school level. Additionally, we

can further prepare the PSTs by integrating pedagogical tools
for teaching CT in their pedagogy courses.

D. Limitations

Due to the limited number of interviews, this study has sig-
nificant limitations. We interviewed three PSTs and reported
out some themes of challenges that were common among
them. We are using this data to start to scope out the potential
challenges of training PSTs and refine our understanding of
the space for future studies.

The research setting provides a limitation since 2017 (and
earlier for physics courses), UiO has incorporated program-
ming and computational science into all physics and math-
ematics courses. The PSTs enrolled in the KURT program
likely receive more disciplinary computational instruction
than at other institutions. For this reason, the PSTs would
likely be more prepared to teaching CT than those from an-
other institution. Yet, they still reported being under-prepared
and unsure of how to integrate their learning into their teach-
ing practice. At another institution, the pre-service teach-
ers may be even less sure of how to connect upper division
subject learning to computational thinking at the high school
level.

VI. CONCLUSION

We responded to the recommendations of the Advancing
Interdisciplinary Integration of Computational Thinking in
Science report [6] for professional development and teacher
learning by conducting a preliminary investigation in the
KURT program at UiO. From our interviews, we identified
two challenges that guide our future research and prepara-
tion of teachers. We have determined that secondary subject
PSTs might need more preparation than they are currently
receiving. We need to guide the PSTs in making explicit con-
nections between the computational science that they learn
in their upper division subject courses, and give them more
pedagogical tools to integrate CT into their teaching practice.
This finding also helps us start to identify a framework for
PST preparation. Both sides of the dual track program are
critical for our PSTs’ CT teaching practice, however, the con-
nections are not obvious and may require some explicit reflec-
tion on the PSTs part. Finally, the PSTs saw value in learning
computation that would be relevant to their practice of teach-
ing; they valued CT that was useful. We use these findings
to guide our next iterations of both research on PSTs learn-
ing computation and future iterations of our teaching methods
courses.
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