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Abstract

Computational thinking (CT) is often regarded as providing a ‘soft start’ for later involvement with artificial intelligence
and, hence, as a crucial twenty-first century skill. The introduction of CT in primary mathematics curricula puts many
demands on teachers, and their understanding of CT in mathematics is key to its successful introduction. Inspired by an
information ecology perspective, we investigate how four primary school teachers understand CT in mathematics and how
they go ahead to include CT in their mathematics teaching practice. Through observations and interviews, we find promis-
ing starting points for including CT, related to pattern recognition, problem solving and the use of programming activities.
Our findings indicate that teachers’ lack of knowledge affects CT adoption in two ways: during its inclusion in the existing
mathematics curriculum and as a new element focussed on programming and coding, leaving mathematics in the background.
For the inclusion to be fruitful, we suggest there is a need to help teachers understand how CT can be used productively in

mathematics and vice versa.

Keywords Acrtificial intelligence - Computational thinking - Primary school - Mathematics education - Mathematics

teachers

1 Introduction

Artificial intelligence (AI) plays an important role in society,
being used in everything from maps and smartphones to
search engines, smart refrigerators, and virtual assistants.
Al can be described as the development or creation of com-
puters that are able to engage or perform imaginable human
jobs and human-like thought processes such as learning,
reasoning and self-correction [1].

According to Papert [3] computational thinking (CT)
helps students to gain access to powerful ideas in procedural
thinking in writing programs. Kandlhofer et al. [2] argue that
it is necessary to introduce Al at an early stage in school
in order to familiarize children with basic concepts of Al/
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computer science and developing underlying concepts of Al
literacy. This highlights a relationship between Al and CT.
For instance, developing a self-driving car includes building
computational systems of how the car moves and interacts.
Gadanidis [4] suggests that conceptualizing models build-
ing such systems requires skills in CT; he claims that CT is
not distinct or separate from Al but that the two can be seen
through the lenses of each other.

In line with this, Yu and Chen [5] stress that CT is central
to gaining literacy in the field of information technology and
reflects the intrinsic values of the Al curriculum, which is
taught at the high school level. While Al refers to the intelli-
gence evident in machines or software and is often focussed
on in higher grades [4], CT is considered a skill that can
be added ‘to every child’s analytical ability’ [6 p. 33] and,
therefore, can be included from the early years of primary
education. CT is described as a skill that goes beyond com-
puter science, as CT ‘represents a universally applicable
attitude and skill set for everyone’ [6 p. 33], referring to a
set of thinking skills, processes and approaches that can be
used to solve complex problems by drawing on concepts
from computer science [6]. Rich et al. [8] argue that the
rationale for including CT in education is our increasingly
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computer-oriented world, in which students need to ‘under-
stand principles of how a computer works and [what] kinds
of problems that could be solved computationally’ [8 p.
165]. In this way, CT can provide a ‘soft start,” setting the
stage for later involvement with Al This is reflected in the
rising interest in bringing CT into educational contexts and
school curricula in recent years [7].

Some countries have included CT as its own subject,
while others have embedded it in current subjects such as
mathematics and information technology, and a key ques-
tion is how to best prepare and support teachers to include
CT into their teaching practices [9]. Several professional
development efforts have been conducted to help teachers
implementing CT [e.g. 10, 11] and these studies suggest that
there is a need to upskill teachers and give specific guidance.
However, research on how in-service teachers understand
and adapt CT in their teaching practice is limited.

Norway introduced CT into the mathematics curriculum
in 2020. In this paper, we explore mathematics teachers’
understanding of CT as part of the mathematics curriculum
three months after its introduction, as well as throughout the
scholastic year. Due to teachers’ difficulties in integrating
mathematics and CT [12] and their sparse knowledge on
how to implement CT in their teaching [13], we follow up
on Bocconi et al.s’ [9] call for more knowledge on how to
prepare and support teachers in including CT in their teach-
ing practices. We do this by exploring teachers’ first efforts
of integrating CT in the teaching of mathematics. Our aim is
to investigate teachers’ initial understanding of CT and how
they go ahead to include CT in their mathematics teaching
practices.

2 Literature Review

CT in an educational context is not new, as it originated with
Papert in 1980 [3]. In framing CT in an educational con-
text, Wing [6] suggested that CT includes solving problems,
designing systems and understanding human behaviour. In
the wake of the resurgence of interest in CT, several defi-
nitions have emerged, leading to a new concern: ensuring
a coherent shared understanding of CT [14—18]. Haseski
et al. [16] conducted a content analysis of the definitions of
CT in publications up to 2016—spanning various categories
from problem solving to technology utilisation and thinking
strategies—and found 59 different definitions. However, the
different definitions did share some common underlying fea-
tures, such as their relation to problem solving [28, 16] and
their thought processes that involve expressing a solution as
computational steps or algorithms, which would usually be
carried out by a computer [19]. Through the broad lens of
problem solving, definitions of CT move towards providing
a foundation within the realm of Al by emphasising different
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aspects of intelligent automation—for example, CT being
‘a problem-solving methodology that can be automated and
transferred and applied across subjects’ [20 p. 51], and CT
using algorithms or simulations [14, 15, 21].

Even though a shared understanding of CT in education
has not yet been established, a review of the literature shows
that there are frequent references to the use of three types
of activities: screen-based computer programming [8, 22],
digital tangibles such as programmable robots and circuits;
[23, 24] and, more generally, the off-screen design of algo-
rithms or pseudocodes [25, 26]. While most of the empirical
studies on the development of CT among students have been
conducted in high school contexts [27] fewer are situated in
primary school contexts. In a systematic review of empiri-
cal studies of CT in primary mathematics between 2015 and
2020, Nordby et al. [28] found only 10 empirical studies of
CT in primary school mathematics. However, the existing
studies did show that screen-based computer programming
and digital tangibles were dominant in primary mathemat-
ics classrooms, and that most CT interventions were led by
researchers rather than the teachers themselves [28]. Con-
sequently, Nordby et al. [28] raised the question of whether
teachers lack CT proficiency and what challenges they face
in relation to their CT expertise. Adding to these concerns,
after analysing 47 lesson plans in mathematics across grades
1-5, Israel and Lash [12] found that the majority of the les-
sons did not include any integration of mathematics and
CT—the lessons focussed either on mathematics (less often)
or on CT (more often).

Research focusing on teachers’ understanding of CT in
mathematics at the primary school level is sparse. Sands
et al. [13] used a survey to examine 74 in-service teachers’
conceptions of CT. They found that teachers have little knowl-
edge about what CT entails and how to implement CT in their
teaching. Similar findings were reported in a study conducted
by Reichert et al. [29]. In their case study of 28 mathematics
teachers, the teachers were willing to include CT in math-
ematics but lacked knowledge about how to include it.

Rich et al. [8] presented an in-depth qualitative study
investigating what 12 elementary school teachers thought
about integrating CT in their existing elementary school cur-
ricula. Using the description of Bocconi et al. [9] of the key
components of CT as their point of departure, the teachers
were asked to comment on how these key components fit
their existing mathematical and science practices, revealing
that the teachers most often related CT to problem solv-
ing. This is not surprising. A recent review investigating CT
in mathematical problem solving in K-12 education found
that problem solving is an important and fundamental term
within both CT and mathematics; this overlap forms the
base of the well-established argument for integrating CT
in mathematics [Refvik & Bjerke, submitted]. Despite this
stated ‘bridge’ between mathematics and CT, Rich et al. [8]
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reported on the related challenges, such as concerns about
how to bring CT into mathematics teaching in a way that
results in high-level CT in students. Taken together, we see
that there is a need to focus more on teachers’ knowledge
and understanding of CT.

2.1 Background

A report initiated by the Norwegian Government argued
that if Norwegian schools are to keep pace with the rapid
development in digital systems, digital competence must be
included in existing school subjects [30]. Norway introduced
CT in a revised curriculum in autumn 2020, with explicitly
visible CT competence goals in mathematics. Acknowl-
edging that such substantial changes in curricula put many
demands on teachers [30], a work package was developed
by the Norwegian Ministry of Education and made available
online for teachers to use [31].

Adding to the complexity that comes from the many dif-
ferent definitions of CT, in the Norwegian curriculum, CT
was translated as algoritmisk tenkning (algorithmic think-
ing"). This has muddied the waters further, mainly due to the
association of this term with standard algorithms in math-
ematics. In the curriculum, algorithmic thinking (or CT) is
operationalised as follows:

e Create and follow rules and step-by-step instructions in
play and games (by the end of Grade 2).

e Create and follow rules and step-by-step instructions
in play and games related to the coordinate system and
explore and describe structures and patterns in play and
games (by the end of Grade 3).

e Create algorithms and express them using variables, con-
ditions and loops (by the end of Grade 4).

After Grade 4, programming (building on the three above
points) is mentioned in all stages in the primary education
curriculum as a tool for working with CT in mathematics.

2.2 Research Question

Our study is inspired by an information ecology perspective,
wherein an information ecology is looked upon as a ‘system
of people, practices, values, and technologies in a particular
local environment” [32 p. 49]. Applying a metaphorical use
of the term ecologies, Nardi and O'Day [32] argued that in
information ecology, the spotlight is not on technology but
on human activities that are served by technology, wherein

! Algorithmic thinking in this paper refers to the Norwegian transla-
tion of CT. Algorithmic thinking is understood differently in research
papers about CT.

the social and the technical co-evolve, and people’s activities
and tools adjust in an attempt to fit.

Nardi and O'Day [32] pointed out that a change in an
ecology is ‘systemic’, as changing one element affects the
whole system. Hence, the introduction of a new element may
change the whole system; some of these changes, whether
negative, positive or neutral, may be unintended. Taking an
information ecology perspective allows for an understand-
ing of the complexity of the classroom, wherein CT is a
new element that is being introduced and embedded in an
established context. Carrying the analogy further, the intro-
duction of a new curriculum defines a new, and current,
set of core values for the people who inhabit the classroom
ecology, including both the teachers (who have to implement
the curriculum) and the students (who are at the receiving
end). Understanding how a tool, such as CT, that is enter-
ing an established setting may or may not fit in, is crucial to
understanding the practices and activities that will emerge.
As gatekeepers to practices and activities in the classroom,
teachers may take on the role of being either gate openers
or gate closers with regards to CT. For instance, Larke’s
[33] study of programming in English schools found that
‘teachers have acted as gatekeepers to block a curriculum
that they view as narrow, difficult to teach and in conflict
with their beliefs and practices as educational professionals’
[33 p. 1137].

Keeping in mind that CT is relatively new to educators
in general, and that Norway has recently introduced CT into
their new mathematics curriculum, we find it important
to investigate the teachers’ roles as gatekeepers and give
them a voice in the matter. Given the argument that CT is a
fundamental skill that everybody should learn to meet the
digital demands in society, it is crucial to know more about
teachers’ understanding of CT and its inclusion in already
established classroom ecologies. By this, we acknowledge
their pivotal role in the quality of the integration.

In this paper, we conduct an in-depth investigation of pri-
mary mathematics teachers’ understanding of CT and how
they include CT in their mathematics teaching practices.
The above literature reveals the opportunities and challenges
encountered when implementing CT in curricula; hence, we
argue that it is important to investigate how teachers under-
stand their curricular needs and how they can be looked
upon as gate openers for their students in developing CT
through the subject of mathematics and, consequently, Al
knowledge. This study aims to answer the following research
question:

How do primary school teachers understand the inte-
gration of CT in their mathematics teaching practices?

@ Springer
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Table 1 Participants Teacher Grade Number CT resources Years of teach-  Years of mathematics ECTS in
of pupils ing experience teaching experience mathemat-
ics
Kimmi 4 24 N/A 26 26 30
Kyra 4 20 Textbook: Robot- 19 7 30
Laura 1 10 byen [Robot 8 45
city]
Olivia 4 15 Hour of Code® 1.5 1.5 60

#Hour of Code is a non-commercial initiative aimed at school students to provide insight into programming

(see https://hourofcode.com/no).

3 Methodology
3.1 Participants and Data Collection

In this paper, we draw on two sets of data: semi-structured
interviews with four primary school teachers (grades 1-4)
conducted 3 months after the introduction of CT in math-
ematics classrooms in Norway, and non-participant observa-
tions of their teaching the following spring. The first author
contacted 20 schools in the southern part of Norway which
all had Information, Communications and Technology (ICT)
as one of their focus areas. Two teachers from two different
schools were recruited through this method. The other two
teachers heard about the project and initiated contact with
the first author. The teachers’ mathematics teaching experi-
ences ranged between 1 and 26 years, and none of the teach-
ers had any formal education in programming, computer
science or CT (see Table 1).

The interviews were conducted online by the first author
and lasted for about 30 min. The overall intention was to
capture how teachers understand the introduction of CT in
mathematics, and key topics were as follows: their under-
standing of algorithmic thinking/CT as it appears in the
national curriculum; how they see the connection between
CT and mathematics; and which sources they draw upon
when implementing CT in mathematics.

The first author observed, and video recorded the four
teachers in mathematics classes in lessons where CT was
included. A video camera was placed in the back of the
classroom, capturing teachers’ activity and instructions.
Audio was obtained with a wireless microphone that was
attached to the teacher. An overview of the observations is
given in Table 2, together with a summary of the pre- and
post-observation conversations that the first author had with
each teacher before and after each observed lesson where
possible (in which questions such as, “‘What is the goal of the
lesson?” and ‘In what way is CT emphasised in this session?’
were raised). As Table 2 reveals, pre- and post-observation
conversations were not always possible, for instance with
Olivia where she had schoolyard duties prior to the lesson
and a new lesson right after. Both the interviews and the
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pre- and post-observation conversations and observations
were transcribed in full in their original language (Norwe-
gian) by the first author.

3.2 Data Analysis

We employed a case study approach [34] as a way of study-
ing the thoughts and actions of the primary school teachers
to capture how they understand the introduction of CT in
mathematics. The analysis was conducted in three steps, fol-
lowing Neuman’s [35] qualitative coding techniques.

First, the transcribed interviews and observations were
analysed by the first author using the software HyperRe-
search. Focussing on the teachers’ understanding, an open-
coding approach was used to capture their ideas and under-
standing of different CT concepts and their utterances about,
for instance, attitudes, knowledge, and mathematical con-
tent. This initial coding resulted in 34 different codes that
were discussed amongst the three authors.

In the second step, axial coding was carried out to deter-
mine emergent themes by grouping the codes from step one.
All three authors were involved in this step, resulting in a
refinement of the codes from step one and allowing us to
revisit the data several times.

Table 2 Data collection

Pre- and post- Observation
observation
conversations
Pre Post Length Content Length
Kimmi 0 1 3min  A.Figure numbers 60 min
A Multiplication 80 min
Kyra 1 0 3min  A.Unplugged programming 60 min
B.Unplugged programming 60 min
Laura 1 1 4 min  A.Unplugged programming 30 min
B.Unplugged programming 40 min
C.Unplugged programming 30 min
D.Unplugged programming 30 min
Olivia 0 O N/A A.Screen-based programming 75 min
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In step three, the selective coding phase, we settled on
four main themes. In doing so, we revisited the data once
more, filling in categories that needed further refinement and
development. The first theme, teachers’ understanding of
CT, captured teachers’ understanding of different CT-related
concepts and approaches (e.g., problem solving, algorithms,
patterns and debugging). The second theme, teachers’ views
on knowledge, consisted of the various aspects of knowl-
edge that appear in teachers’ understanding (e.g., utterances
about their knowledge of the revised curriculum and their
own knowledge). The third theme, teachers’ emotional utter-
ances, included their feelings related to implementing CT in
their mathematics teaching and was associated with words
such as positive, reluctant, nervous and stressed, among oth-
ers. The fourth theme, feachers’ understanding of possible
activities related to CT, captured teachers’ understanding
of the strategies, techniques, choices, and pedagogical ideas
related to the implementation of CT in mathematics teach-
ing. Phrases that were coded in this theme were related to
the types of resources on which the teachers draw.

To ensure validity, we used both investigator and data
triangulation [34]. While the first author collected and tran-
scribed the data, all three authors were involved in all but
the first step of data analysis (as described in detail above).
All the themes and codes were discussed until agreement
was reached, often resulting in a re-reading of the original
transcripts. The data triangulation ensured that the results
from the interview data were supported by the observation
data, and vice versa.

In presenting our analysis, we are necessarily limited to
illustrative quotes only. Excerpts presented in the results
were selected on the basis of their typicality; that is, an
excerpt was chosen if it was illustrative of utterances that
were typical across the data material or if it presented a view
that was atypical. To ensure that such quotes were represent-
ative of the trends identified across the group of teachers, we
aimed to stay close to our research questions and to make
sure that all teachers were represented in the reporting. Pas-
sages selected for further analysis and reporting were then
translated into English and each translation was discussed
between the authors to safeguard the original meaning.

The overall project was given full ethics approval by the
Norwegian Social Science Data Service, ensuring the inter-
ests of the participants. We are aware of the limitations of
this study, which are mainly connected to the small number
of interviews conducted with only female teachers,” and we
are mindful of the limits to the generalisability of our results.
However, we propose that our findings can provide insight

2 The proportion of women in Norwegian primary school is 74.4%
[29]; see https://www.ssb.no/utdanning/barnehager/statistikk/ansat
te-i-barnehage-og-skole).

into how primary school teachers understand the introduc-
tion of CT in mathematics three months after the inclusion
of CT in mathematics in Norwegian primary schools.

4 Results

By viewing the mathematics classroom in terms of a well-
established ecology, inspired by Nardi and O'Day [32], we
highlight how the introduction of CT may affect pre-existing,
habitual classroom activities. With this in mind, we start
this section by investigating teachers’ understanding of CT,
before we examine teachers’ views on the related knowledge
and their emotional utterances. We end the section by pre-
senting a description of the possibilities that teachers have
noticed in conjunction with the introduction of CT in math-
ematics, while acknowledging the need for adjustments in
their attempt to make CT fit in the mathematics classroom.

4.1 Teachers’ Understanding of CT

Our data reveals that the teachers struggled to determine
what ‘algorithmic thinking’, or CT, is and, hence, how to
connect CT and mathematics. In terms of CT ‘invading’ an
established ecology, this struggle to understand what CT is
also means that it is difficult for the teachers to determine
CT’s place. Due to this disparity, drawing on both inter-
view and classroom data, our findings indicate that teachers’
understanding needs to be understood a) in connection to
programming, and b) in connection to mathematics.

The teachers in our study discussed algorithms both in
terms of following and in terms of creating instructions.
When planning mathematics lessons that involved CT, both
Laura and Kyra relied heavily on instructions given in a text-
book that their school used. This textbook followed a plot:
freeing robots from captivity. The book emphasised to stu-
dents and assured teachers that the included tasks focussed
on problem solving, algorithmic thinking, programming
and mathematical skills. Drawing on this textbook, Laura
explained to her students that they had ‘been given a code to
follow’ (Laura, observation 1, 05:25), while Kyra described
to her Grade 4 students that they had to ‘follow some kind
of written code enabling the robots to escape’ (Kyra, obser-
vation 1, 00:30). Their explanations were given exclusively
with reference to the textbook, without any additional efforts
to connect the tasks to mathematics (but, as noted above, the
textbook did that job for them).

When creating algorithms, Olivia, using Hour of Code,
instructed one of her Grade 4 students to leave the class-
room while the rest of the class created a code for the
student to follow upon re-entering the classroom: ‘Go
five steps right ahead, then another two. Turn right 90

@ Springer


https://www.ssb.no/utdanning/barnehager/statistikk/ansatte-i-barnehage-og-skole
https://www.ssb.no/utdanning/barnehager/statistikk/ansatte-i-barnehage-og-skole

40

Kl - Kiinstliche Intelligenz (2022) 36:35-46

degrees, go three steps straight ahead. Lift your right
arm...” (Olivia, observation 1, 26:15).

One of the overarching goals in Olivia's lesson was for
her students to learn programming skills such as loops and
sequences. The above activity and its instructions were
intended to illustrate how to create algorithms and to show
the outcome of such algorithms. The excerpt demonstrates
how the introduction of a new element into the curriculum
was party to the creation of new activities in the math-
ematics classroom, with limited effort from the teacher to
connect it to mathematics.

Kimmi took a somewhat different approach. She
interpreted working with algorithms (as in algorithmic
thinking) as something similar to working with standard
algorithms (Kyra and Olivia also reported a similar under-
standing in their interviews). This was visible in both of
Kimmi’s CT lessons. She talked her students in Grade 4
through the standard algorithm for multiplication, solving
the Eq. 15 6: ‘Begin with the ones place: six times five
is thirty. Then, multiply by ten, and therefore, put a zero
below. Six times one is six. Finally, add them together:
thirty plus sixty equals ninety’ (Kimmi, observation 2,
21:00).

In doing this, she reasoned that she had included algo-
rithmic thinking, or CT, in her teaching. In the same man-
ner, she argued that she teaches her students CT by explain-
ing how pattern recognition (teaching figure numbers) and
trial and error (using word problems) are activities that we
already do in mathematics: “What I think [CT] is, is that one
should, in a way, increase the understanding of numbers,
perhaps by seeing patterns in numbers and playing around a
bit’ (Kimmi, interview 2, 02:26).

As such, she reasoned, because the algorithmic thinking
is ‘already there’, there is no need to add anything to ‘tick
off’ the added competence goals in the curriculum following
the inclusion of CT in mathematics.

The same was true, in Kimmi’s view, for problem solv-
ing: ‘But algorithmic thinking... I would think that there are
procedures [in algorithmic thinking] to solve problems—
that there are many ways to solve different types of tasks’
(Kimmi, interview 1, 02:14). Because problem solving is
an established method used in mathematics education, it
appears that Kimmi understood CT to be connected to prob-
lem solving, which was already included in her teaching. In
the same manner, Kyra suggested the following: ‘Perhaps it
[CT] involves problem solving, but in a different way to how
we work with it [now, before CT], but I don’t know’ (Kyra,
interview 1, 03:31).

Although the teachers, during the interviews, related CT
to algorithmic thinking and problem solving and argued
that CT was already present in the curriculum, it turned out
somewhat differently in Kyra, Laura and Olivia’s lessons.
Kyra stayed close to the textbook and gave her students a
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map and a set of five codes. Their task, addressing trial and
error, was to find the correct order of the codes:

Here, you have the codes: one, two, three, four, five
codes. Their order is incorrect, so you have to figure
out which of the codes has to come first. You have to
use the map to find out where the start is and where
you are supposed to end up. (Kyra, observation 2,
13:00)

Kyra’s instructions are also illustrative of the way in
which Olivia described decomposition (‘Yes, [it’s] a rather
long and difficult goal. It’s about breaking [something] down
to the smallest detail to get your agent to do exactly what
you say. Break it down in detail’ [Olivia, observation 1,
04.11]), the way in which Laura addressed loops (‘to repeat
a sequence’ [Laura, observation 3, 02:15]) and the way in
which Olivia described sequences (‘to do something that
results in an action’ [Olivia, observation 1, 03:40]). All these
explanations were given without any reference to mathemat-
ics; Kyra, Laura and Olivia all addressed these CT concepts
as being exclusively related to programming.

We found one exception to the disconnect between pro-
gramming and mathematics: when addressing pattern rec-
ognition, Laura saw how the pattern recognition that is nec-
essary when working with algorithmic thinking is already
focussed on in ‘established” mathematics classes:

Being able to see patterns . . . creates a foundation. In
fact, I think we do a lot on this already, without being
conscious that this is what we are doing. . . . Perhaps,
in mathematics in Grade 1, disconnected from this
[referring to the textbook on programming], I can see
pattern recognition [. . .]. It is very relevant. (Laura,
interview 3, 01:17)

Our data revealed two distinct understandings of CT: (1)
CT as an add-on (i.e., it is understood as a first meeting
with programming that is disconnected from mathematics,
as it appeared in Kyra, Laura and Olivia’s accounts), and
(2) CT as an untreated component (i.e., it is understood as
being covered by things that are already part of an every-
day mathematics classroom, such as standard algorithms,
as it appeared in Kimmi’s account). These findings form
a basis for how we understand the remaining three themes
that emerged from our analysis; essentially, what the teach-
ers understood CT to be is important as a backdrop when
investigating what they said about their need for knowledge,
their emotional utterances and the possibilities they saw for
including CT in mathematics in their future teaching.

4.2 Teachers’Views on Knowledge

From an information ecology perspective, the introduc-
tion of CT initiated the need for knowledge. Our analysis
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revealed two categories of such knowledge change: that of
the teachers, and that of the students.

All four teachers expressed uncertainty about how CT
appears in the curriculum, either because they had not read
the curriculum carefully enough or because they struggled
to fully understand it. The former was highlighted by Kyra:
‘I have read the [new] curriculum, but I do not remember
it right now. But it probably says something about CT, I
think’ (Kyra, interview 1, 3:57).

The latter was expressed by Kimmi:

Earlier, I held the view that you always have to
explain how you think when conducting word prob-
lems, but when I try to read a little about it now, it
seems like it has to do with patterns, that it is about
computers and formulas. But I cannot quite imagine
what it really is. (Kimmi, interview 2, 04:17)

Both these utterances show a need for more knowledge
to understand the role of CT in the curriculum and, as we
shall see, for more knowledge about what CT is and how
it can be included in mathematics instruction. While many
of the teachers’ shortcomings in teaching CT are dissemi-
nated in the previous section, we now draw on what they
revealed about their need for more knowledge:

[1] do not know anything about it [CT] and have not
been able to learn it by myself, and I have therefore
not included it in my teaching. (Olivia, interview 1,
08:13)

How would I manage to teach coding? Because I do
not know what it is, almost. I am aware that we do
not get any training to learn it because there is no
money set aside for it. (Kyra, interview 1, 08:08)
It’s not that I do not want to [include CT in my teach-
ing] but that I do not know enough and lack aware-
ness of it. (Laura, interview 1, 20:51)

The insecurity appeared even more clearly as they kept
answering questions with questions, such as when Kyra was
asked about which subjects in mathematics are best suited in
the work with CT and answered, ‘It’s a bit related to func-
tions, isn’t it? In math?’ (Kyra, interview 1, 08:00). Kimmi
used the same counter-question approach: ‘Could it be the
four types of calculations?” (Kimmi, interview 1, 11:20).

When asking the teachers about external and internal
upskilling opportunities, it seemed that both were absent.
Even if the schools prepared teachers for the revised cur-
ricula, the teachers’ utterances showed that they are not
aware of how to include CT in mathematics:

There has been no upskilling in mathematics. I've
never heard anyone talk about that term [CT] at [my]
school. I have worked on it on my own . . . with coding,
a task I have just started. (Laura, interview 1, 05:40)

I have not been put on the subject of mathematics in
the work with the new curricula [the teachers are split
into different groups working on different subjects], so I
have not worked with it at our school. (Olivia, interview
1, 07:30)

This indicated that it is up to the teachers to take the initia-
tive to understand how to implement CT into their mathemat-
ics teaching.

Added to the shortcomings in the teachers’ own knowledge
are their contrasting views of their students’ knowledge. The
teachers experienced their students to be fast learners and to
have more knowledge about coding and programming than
themselves:

I really think they [the students] have understood it very
easily. Many of the students have understood it faster
than me. It’s quite intuitive because they seem to [under-
stand it]; even if there’s only one here doing some coding
at home, they’re pretty quick. (Kyra, interview 2, 2:20)

While Kyra was visibly impressed by her students, Olivia
found her students’ high level of knowledge challenging: ‘the
students [in Grade 4] have had an iPad since Grade 1, and they
have code courses that may make them better than me. This
makes the threshold level [of introducing CT] even higher [for
me]’. (Olivia, interview 1, 20:13).

The classroom observations gave a similar impression, as
Olivia repeatedly praised her students, stating at one point,
‘Oh, you are so much better than me’ (Olivia, observation 1,
30:30). She also used her students’ knowledge as support when
she struggled to help a student with a task. As seen in the fol-
lowing excerpt, Olivia specifically asked a student for help in
solving a particular task:

Then it must be like that, right? I do not know if it’s
right—try. No. . . . Did you try? Wait a minute. . . .
[Olivia calls for another student] . . . Come here. How
do we get the agent to keep destroying things? (Olivia,
observation 2, 54:10)

Although our data indicated that the teachers, to some
extent, viewed their lack of knowledge as a hindrance to the
inclusion of CT in their teaching, as we have seen above,
three of the teachers made an effort to implement CT into
their mathematics instruction anyway, either by following a
textbook or through trial and error and asking for assistance
from the students. In the following section, we take a closer
look at the teachers” emotional utterances while navigating the
inclusion of CT in mathematics education.

4.3 Teachers’ Emotional Utterances

Drawing on Nardi and O'Day [32], as a newcomer, CT
can inspire engagement and increased participation in new
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shared activities, or it can inspire the opposite—resistance.
According to Nardi and O'Day [32], the two extremes are
uncritical acceptance or blanket rejection. In our study,
the teachers seemed to operate somewhere between these
two extremes. This is not to say, however, that the way in
which they navigated the inclusion of CT did not prompt
emotional reactions in terms of, for example, nervousness
or annoyance.

The data suggests that it was the teachers’ lack of
knowledge that evoked their emotions. To some extent,
the teachers’ lack of knowledge about what CT entails
made them feel stressed, nervous and, at times, irritated,
as the interviews with Kyra and Olivia showed:

I’m a bit unconfident not knowing what algorith-
mic thinking is. But if it’s about coding, I get a little
nervous, because this [coding] is something I know
nothing about. I saw someone code something quite
simply once; it’s a bit related to functions, isn’t it?
In math? I do not know, I’m a little stressed about it;
how do I manage to teach coding? Because I do not
know what it is. (Kyra, interview 1, 07:48)

I feel it [the introduction of CT] can be disruptive
because I have no knowledge about it, which makes
it annoying. (Olivia, interview 1, 20:30)

In addition, the teachers expressed concerns related to
the already packed mathematics curriculum; they argued
that basic mathematics teaching needs to be in place before
they can start introducing a ‘foreign’ element such as CT:
‘There is so much basic [mathematics] that is missing, and
I want them [the students] to learn that first, before I move
on’. (Olivia, interview 1, 09:10).

However, during an observation session, Oliva seemed
eager to motivate her students to engage in coding and
programming:

You can build programs and games, and it is use-
ful and educational and simply entertaining [. . . ].
You also learn to take control over the computer or
the iPad. It is also [related to] how we live, the way
you talk about work later in life—we live in a very
technological world that is becoming more and more
technological each year. Think about it: soon maybe
cars or planes will drive by themselves. Then, it is
technology and programming that is needed. (Olivia,
observation 1, 14:27)

While Olivia sounded troubled by everything that
needed to be done, Kimmi appeared to be calm and on
top of things. Remembering that Kimmi was more reluc-
tant and convinced that she already includes the neces-
sary work on algorithmic thinking in her mathematics
classes, she kept reassuring herself (or us) that no change
is needed:
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I have been in school for so long [26 years], and I
have been through so many curricula, that I do not
throw myself around thinking that everything is new.
I use a lot of what I have done before. I know what’s
important for the kids to know when they finish Grade
7. (Kimmi, interview 1, 05:00)

The first three themes in this section gave an account of
the teachers’ understanding of CT, their views on their own
knowledge about it (or lack thereof) and their emotional
utterances in connection to the inclusion of CT in mathemat-
ics. In the next section, we report on what our data reveals
about the possible activities the teachers’ identified for use
in teaching students CT; while not directly resistant to CT,
the teachers relied heavily on existing teaching materials
that they found, and they struggled to find a place for CT
activities within the mathematics ecology.

4.4 Teachers’ Understanding of Possible Activities
Related to CT

Previous literature has suggested that the inclusion of CT
in education often results in three different types of activi-
ties: screen-based activities, activities using tangibles/robots
and off-screen/unplugged activities [23, 26, 36]. In our data,
we identified the use of screen-based programming and
unplugged activities.

Both Laura and Kyra’s teaching activities were based
on a textbook that contained only unplugged programming
activities. Each reported following the textbook chapter by
chapter, starting with chapter one. The goal given to students
in the textbook was to free robots from captivity by solv-
ing different tasks, such as placing a code in the right order
(sequencing):

You will be given this mission called Roberto’s
Revenge [a sheet with a map and some codes]. And
here, you have the codes [she points to the bottom
of the sheet]: one, two, three, four, five codes. Those
codes are in the wrong order, so you need to find out
which of these codes should be number one—which of
these codes you have to start with first. You also need
to look at the map to find out where the start is and
where you have to move to solve the mission. (Kyra,
observation 2, 09:20)

As we see in the above excerpt, the students were to re-
order codes into the right sequence in an activity they per-
formed using a grid on a piece of paper. Hence, there was
no use of computers or tablets.

We only observed screen-based activities in Olivia’s
class. Her main goal was for her students to learn program-
ming skills such as loops and sequences, and to be able to
follow instructions using code blocks in Minecraft:
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Let’s go into Minecraft [. . .]. Now, we come to the first
page [referring to the first task shown on the screen];
we go into the code lesson and choose 2019, then push
‘create world’. To find the agent, we click here, and we
will use blocks. (Olivia, observation 1, 41:07)

Activities using tangibles and robots were only briefly
mentioned, but not used, as the teachers’ lack of knowledge
stopped them from using such activities:

We have our own innovation room, where we have
Lego robots that are supposed to fit all grade levels.
We have Beebots, but [I] have not tried them. [I] can-
not do it myself and have not been able to learn it, and
I have, for that reason, not used it. (Olivia, interview
1, 08:05)

As the above excerpt illustrates, the school had invested
in CT equipment, but Olivia viewed the use of tangibles as
a possibility that was not available to her because she had
not ‘been able to learn’ how to use the robots. This resulted
in her not using them in class. As such, Olivia assumed
the role of gate closer with regard to using tangibles in the
mathematics classroom, due to her lack of knowledge and
competence in the field.

5 Discussion

Approaching the mathematics classroom as an established
information ecology enabled us to investigate the introduc-
tion of CT as a conceptual tool and as a foreign element.
This perspective allowed us to gain insight into what hap-
pens when teachers’ habitual activities need to be adjusted
in an attempt to fit the new content area (CT) within the
established ecology. Building on Nardi and O'Day [32]
metaphorical use of the term ecologies, we argue that CT—
which is at the starting line, just entering Norwegian primary
mathematics classrooms—is about to be transformed into its
own local ecology. This local ecology can be understood as
a new, separate satellite orbiting the established mathemat-
ics ecology, creating confusion and uncertainty in teachers.

In this section, we revisit our research question that
guided our work and discuss how our analysis shows how
primary school teachers understand the integration of CT in
their mathematics teaching practices.

The existing body of research presents a divergent under-
standing of CT [14-18]. The teachers in our study strove to
understand both what CT is and what CT is supposed to be
in mathematics. Our analysis indicates that the Norwegian
translation of CT as algoritmisk tenkning (algorithmic think-
ing) leads to misunderstandings and misconceptions, as the
term algorithm has associations with standard algorithms.
In mathematics, algorithm is a common term referring to the

use of standard procedures and standard methods to perform
and solve routine arithmetic tasks. Consequently, the transla-
tion appears to have unfortunate repercussions in terms of
how CT in mathematics is approached, especially in the first
three school years, before the term programming appears in
the Norwegian curriculum.

The teachers’ understanding of CT and their expressed
uncertainty indicate that the adoption of CT occurs in two
different ways: either through sticking to the established rou-
tines and practices, where CT orbits the established practices
(e.g. Kimmi), or through treating CT as a new element that
causes change in the existing practices, expressed as an add-
on in terms of new activities (e.g., Laura, Kyra and Olivia).
These two outlooks when dealing with CT in mathematics
are expressed in teaching that either focuses mainly on math-
ematics or exclusively on programming and coding.

This is in line with Nordby et al. [28], who found that
there are only a few empirical studies that document ‘full
integration’ (i.e., mathematical concepts taught directly
through CT activities, which can be used in a mutually sup-
portive manner), perhaps due to the many demands that full
integration puts on teachers. This twofold focus on either
mathematics or coding/programming was also found by
Israel and Lash [12], who evaluated 47 lesson plans and
found that the majority did not include any integration
between CT and mathematics. While they did identify some
lessons that featured full integration, this was not the case in
our study, perhaps due to the fact that CT has only recently
been introduced in Norwegian classrooms. The closest thing
to integration we observed was Laura’s view that some CT
concepts may be connected to what she already does in her
mathematics classes. We next take a closer look at the CT
concepts that were understood by the teachers to be potential
links to the existing mathematics curriculum.

Interestingly, pattern recognition and problem solving in
CT appeared to be the two concepts that were the most con-
nected to the established mathematics information ecology
in the minds of the teachers. When discussing pattern rec-
ognition, for example, Laura pointed out that this was some-
thing she already focussed on in her mathematics teaching.
Rich et al. [8] reported a similar finding—teachers’ perspec-
tives of CT reflected their prior knowledge in pedagogical
and instructional practices in mathematics.

In the same way, and in line with Weintrop et al. [18],
who put forward seven computational problem-solving prac-
tices, the teachers in our study understood problem solving
to be a connecting term between CT and mathematics. While
the term problem solving has a different meaning in CT and
in mathematics [Refvik & Bjerke, submitted], the teachers’
awareness of the similarities appeared to be a promising
start, as an element that connects the ways of approaching
CT to familiar and traditional approaches in mathematics.
This connection is also promising in terms of Kandlhofer
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et al.’s [2] definition of Al literacy, which highlights problem
solving as an essential concept in working with Al. While
there are similarities between problem solving in mathemat-
ics and CT which can be used to develop a computational
thinker, problem solving provides a good support in develop-
ing computational systems, which is connected to the field
of machine learning. In this way, student CT skills can give
implications for solving Al problems.

In line with the findings of Sands et al. [13] and Reichert
et al. [29], all four teachers in our study revealed having little
knowledge of CT. At the same time, they experienced having
few upskilling opportunities. The Directorate of Education
[31] made an online resource package available, but none of
the teachers reported having used it. This suggests the need
for greater awareness of resource packages available and for
CT to appear more prominent in the time set aside for teach-
ers’ CT knowledge and skills.

As professionals, teachers play a pivotal role in transfer-
ring curricula goals to classroom practices. Given that our
teachers addressed uncertainty both about what CT is and
entails and about how it can become part of mathematics
teaching, it is important that this uncertainty does not end
in teachers ‘blocking the gate’, as was found in Larke’s [33]
study. This is because, as Olivia argued, CT and program-
ming are necessary skills for meeting the digital demands of
modern society; we meet such demands by learning how to
control computers. This echoes several of the arguments put
forward in favour of featuring CT in education, such as the
idea that understanding the principles that form the basis of
how computers work [8] can ‘expand our understanding of
ourselves as biological systems and of our relationship to the
world around us’ [20 p. 49]. In terms of an information ecol-
ogy, CT does not yet appear to have a clear, designated role.
This is needed if teachers are to be given the opportunity to
be gate openers for CT.

Algorithmic thinking is mentioned only once in the Nor-
wegian mathematics curriculum, and the term program-
ming is used to describe the competence goals after Grade
4. In our study, the teachers referred to CT (or algorithmic
thinking) as programming or coding, which is not surpris-
ing given the fact that the curriculum uses these terms. In
the activities observed in the classroom, we saw the teach-
ers make use of coding in the form of both screen-based
programming activities and unplugged activities. Drawing
on results from previous research, we can see these activi-
ties as promising, as past studies have reported that learn-
ing screen-based programming languages such as Scratch
[36] and engaging in unplugged programming tasks [26]
seem to have a positive impact on learning CT skills (but
not on mathematics, as such). In addition, Kandlhofer et al.
[2] found that using unplugged tasks sorting algorithms
with LEGO bricks has a positive impact on introducing
kindergarten and primary school students to fundamental
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Al/computer science topics. In the same manner, various
studies have demonstrated that mathematics can benefit from
the implementation of CT through computer programming
[28] and through building, creating and developing algo-
rithms [17]. We found that the teachers in our study were on
their way to implementing these activities in their teaching.
Unfortunately, these activities are still disconnected from
mathematics, and activities featuring digital tangibles were
only mentioned and not used by the teachers. This lack of
knowledge gives rise to concerns about the successful entry
of CT into the established information ecology, as teachers
may unintentionally take on the role of being gate closers.

Another concern is how the unplugged and screen-based
tasks used by the teachers contribute to changing the math-
ematics ecology. That is, CT takes up time and space that
can, at times, move the mathematical content into the back-
ground; more importantly, it can lead teachers to misinter-
pret or lose focus on the primary goals of the curriculum,
such as when Kimmi introduced standard algorithms in
Grade 4. This decision stands in stark contrast to what is
recommended in the mathematics education literature [37].
This is a finding that warrants further investigations.

Keeping in mind that the inclusion of CT in the Norwe-
gian mathematics curriculum is at an early stage and that
our participants are still standing at the proverbial starting
line, it appears to us that they have started walking in dif-
ferent directions, seemingly because they are experiencing
a lack of guidance and do not feel prepared to teach the new
material. Our analysis reveals two possible directions for
teachers: (1) rejection and some resistance, or (2) inspira-
tion and a willingness to engage with new ideas and activi-
ties. Despite encountering some resistance, we see promis-
ing starting points at the places where the teachers strove
to embed CT into their mathematics teaching; it is hoped
that focussing on and cultivating these areas will result in
teachers becoming gate openers, welcoming the CT into the
established mathematics ecology. What is missing is teach-
ers’ knowledge of how to merge CT and mathematics in a
way that enables CT to become an integrated tool that helps
students enhance their learning of mathematics. Remember-
ing that we are still at the starting line, the goal of enabling
teachers to become gate openers rather than gate closers is
within reach and is crucial if CT is to become part of the
established mathematics ecology.

6 Concluding Remarks

This study provided a lens through which to understand
more about how teachers understand the integration of CT
in their mathematics teaching practices. There is certainly
a need to empower teachers with more knowledge, but even
now, the introduction of CT in mathematics is promising,
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with most teachers revealing a willingness to give CT a place
in their established mathematics ecology. However, there is a
need for more research to determine how to fruitfully use CT
to teach mathematics through full integration, as described
by Israel and Lash [12], and how to integrate the already-
existing knowledge of CT-related terminology (e.g., distin-
guishing algorithmic thinking from standard algorithms).

As Norway has chosen mathematics as a subject in which
to include CT, this is also the arena for investigating how to
better connect CT and Al concepts in educational contexts.
This means that working with teachers’ understanding of CT
in mathematics, and the productive use of CT by students
in learning mathematics, and vice versa, is crucial both to
strengthen teachers’ position as gate openers for CT (rather
than gate closers), as well as in establishing CT as part of
the mathematics ecology. This is crucial for later involve-
ment with AL
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