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ABSTRACT KEYWORDS
This review article focuses on the teaching of computer program- computer programming;
ming in primary school mathematics, as reported by 37 empirical mathematics; primary

school; teaching; classroom

studies. Our findings show that a variety of research methods are i
action

used, which often combine qualitative and quantitative
approaches. Furthermore, we found the focus of attention to
vary from emphasis on the teacher and the teacher’s knowledge
regarding computer programming, to how use of tools and
devices can influence learning outcomes, and the actual teaching
and learning in the classroom. We found the implications for
teaching congregate in three categories: the relation between
mathematics and computer programming, tools and devices, and
didactical approaches. Based on the discussion of our findings, we
suggest two new possibilities for research on the teaching of
computer programming in primary school mathematics: focus on
computer programming and specific mathematical topics, and
focus on students’ in-depth learning in a way that makes it possi-
ble to explore connections between computer programming and
mathematics and use of computational thinking to solve mathe-
matical problems.

1 Introduction

Since the 1980s, computer science and computer programming have been a part of
school curricula throughout Europe, but its emphasis has come in waves (Benton,
Hoyles, Kalas, & Noss, 2017). To some extent, the responsibility for educating digitally
literate students has been left to especially interested teachers (Yadav, Gretter,
Hambrusch, & Sands, 2016). This is now changing, leaving teachers insecure when
faced with new situations and demands (Sentance & Csizmadia, 2017; Sentance &
Waite, 2018). Influenced by stakeholders such as the European Commission, and
through developmental programmes such as Shaping Europe’s Digital Future and
research programmes such as Horizon 2020, computer programming is now included
in revisions of school curricula, albeit in various ways. Some countries have chosen to
implement a separate subject on computer programming (e.g. the UK and Poland),
some work with it as an interdisciplinary competence (e.g. Iceland and Portugal), others
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integrate it into the existing school subject of mathematics (e.g. Spain and France)
(Balanskat & Engelhardt, 2015; Kaufmann & Stenseth, 2020). In the Nordic context,
Denmark has tried out both treating it as a separate subject, and as integrated in school
subjects (Borne- Og Undervisningsministeriet, 2021), while Norway, Sweden, and
Finland have all made computer programming part of the mathematics curriculum in
their revised or proposed school curricula (Bocconi, Chioccariello, & Earp, 2018;
Opetus- Ja Kulttuuriministerid, 2018; Skolverket, 2019; Utdanningsdirektoratet, 2020).

In 2013, a committee appointed by the Norwegian Ministry of Local Government
and Modernisation stated that there had been too much focus in school on learning
how to use computers for communicating, writing texts and other humanistic aspects,
and too little emphasis on algorithms, mathematics and technology (Kommunal- Og
Moderniseringsdepartementet, 2013). It stated that, to ensure growth in digital value
creation, it is necessary to educate future generations to be able to create, and not just
consume (Kommunal- Og Moderniseringsdepartementet, 2013). This point of view is
supported both by research (Fortunati, Manganelli, & Ferrin, 2020) and various stake-
holders, who argue that the society needs more emphasis on learning and innovation
skills, in-depth approaches to learning, complex problem-solving skills, and mastery of
core subjects such as mathematics and science, from its citizens in the future (e.g.
Battelle for Kids, 2015; National Research Council, 2012; World Economic Forum,
2016).

Computer programming is defined from various angles in the literature. Some
sources define it using a historical approach in an educational context (e.g. Benton
et al., 2017; Waite, Curzon, Marsh, & Sentance, 2020), while some loosely define it as
synonymous with coding (e.g. Benton, Saunders, Kalas, Hoyles, & Noss, 2018; Mason
& Rich, 2020). Others imply that computer programming is something more than
what coding is, as coding is understood as the actual of putting together computer
codes, and see it as an essential part of computing and computer science (e.g. Arfé,
Vardanega, & Ronconi, 2020; Kalelioglu, 2015). One definition, which we employ in
this article, is that computer programming is the creation and coding of steps that
allow a problem situation to be solved by a computer (Israel, Pearson, Tapia, Wherfel,
& Reese, 2015). This fits well with the common understanding of computer program-
ming as an approach that may foster computational thinking skills (e.g. Dag, 2019;
Piedade, Dorotea, Pedro, & Matos, 2020; Rios Félix, Zatarain Cabada, & Barrén
Estrada, 2020), and more precisely, skills related to computational thinking, such as
problem solving, critical thinking, creative thinking, algorithmic thinking, and reflec-
tive thinking (Durak, Yilmaz, & Yilmaz, 2019; Ertimit, 2020; Fokides, 2017; Kong &
Wang, 2019). Wing (2006): 35) suggested that computational thinking is “conceptua-
lizing, not programming. Computer science is not computer programming. Thinking
like a computer scientist means more than being able to program a computer”.
Various models of computational thinking have been added since (e.g. Brennan &
Resnick, 2012; Weintrop et al., 2016), but it remains that computational thinking is
a set of cognitive skills that is essential to a computer scientist and is very useful in
a variety of logical disciplines, such as mathematics. In Norway, for instance, the
Ministry of Education has decided to use this understanding of computational
thinking as basis for the curricular understanding. This is further used as
a motivation for how and why computer programming should be part of the
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mathematics curriculum (Utdanningsdirektoratet, 2022). This understanding is based
on the Barefoot Computing Organisation’s interpretation and illustration of concepts
and approaches relevant for the computational thinker (Barefoot, 2022). The connec-
tion between computer programming and mathematics is shown through the atten-
tion to problem solving and algorithmic thinking within both areas, which are core
elements in mathematics and emphasised in mathematics classrooms all over the
world.

An important insight from research is that curricular integration of computer
programming with mathematics is a complex and challenging endeavour for both
teachers and students (e.g. Dickes, Farris, & Sengupta, 2020; Humble, Mozelius, &
Sillvin, 2020; Rich et al., 2019; Yadav et al.,, 2016). There are a number of reasons
for this, including teachers’ lack of technical skills in computer programming (e.g.
Dag, 2019; Kaufmann & Stenseth, 2020), uncertainty about how to integrate com-
puter programming and mathematics (Stigberg & Stigberg, 2020; Vinnervik, 2020),
and the difference in opinion regarding whether computer science should be con-
sidered a foundational discipline instead of a subject in mathematics (Nardelli,
2019). Nevertheless, computer programming has now become part of the mathe-
matics curriculum in many countries. Students are therefore entitled to quality
teaching of the relations between computer programming and mathematics, to
meet central expectations of in-depth learning, development of computational
thinking skills, and use of computer programming in exploring and solving pro-
blems. In Norway, this focus is expected to begin in first grade. The teacher will find
competence aims related to algorithmic thinking at the second-, third-, and fourth-
grade levels, and competence aims specifically related to computer programming
from the fifth-grade level (Utdanningsdirektoratet, 2020). This early attention to
computer programming in school is supported by research (Arfé et al, 2020;
Fokides, 2017; Hassenfeld, Govind, De Ruiter, & Umashi Bers, 2020), and in the
years to come, we expect that a kind of common attention to teaching of computer
programming in primary school mathematics will become visible in schools. In
review articles focusing on computer programming and mathematics education,
like for instance (Forsstrom & Kaufmann, 2018) and (Hickmott, Prieto-Rodriguez,
& Holmes, 2018), we find a general attention to the connection of these two areas in
school. With a more concentrated focus in this review article, we aim to contribute
to an increase in the targeted development of contributions based on research that
will scaffold primary school mathematics teachers in the relocation from paying
attention to computer programming, to sustainable classroom action. We do this by
focusing on areas of research interest in peer-reviewed articles based on empirical
projects where use of computer programming is associated with the teaching of
primary school mathematics. Given these conditions, we focus on the following
three questions:

1. What methods have so far been used to examine teaching of computer program-

ming in primary school mathematics?

2. What is the focus of attention in research on the teaching of computer program-

ming in primary school mathematics?

3. What are the implications for the teaching of computer programming in primary

school mathematics?
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2 Method
2.1 Review parameters

To answer our research questions, we conducted a literature review with a systematic
search and selection of articles written in English. The selection process consisted of
three phases. In the first phase, we tested several terms connected with computer
programming, such as “computational thinking”, “programming”, and “coding”, and
combined them with “mathematics education” using search engines, such as Oria and
Google. Through this inductive, preliminary phase, we obtained an overview of possible
and relevant keywords to use in our formal search. We decided to use the following
keywords: “teach* programming”, “mathematics”, and “primary school” or “elementary
school”.

In the second phase, we entered a rigid and deductive search stage. The keywords
found in the first phase were used to search the ERIC, Scopus, ScienceDirect, ISI Web
of Science, and Springer Link databases. These five databases were chosen for the broad
influence they have within education research. The searches were limited to peer-
reviewed articles written in English and published between January 2013 and
September 2020 (the searches were completed at the beginning of October 2020). We
decided to leave out articles published before 2013 for two reasons: on the international
level, the implementation of a greater focus on computer programming in curricula
gained momentum throughout Europe from 2013 (Balanskat & Engelhardt, 2015); and
on the Nordic level, a 2013 Norwegian government report argued for the necessity of
moving away from a user perspective on information and communications technology
skills, and move towards development of understanding, creation and the progress of
such technology (Kommunal- Og Moderniseringsdepartementet, 2013).

In the third phase, maintaining a rigid and deductive approach, we excluded articles
that did not include empirical studies, did not focus on primary school/elementary
school students or teachers/pre-service teachers as informants, did not mention
“mathematics”, or were not published in peer-reviewed journals. Then, we removed
any articles that, after closer inspection, did not meet the selection criteria we decided
on in the first phase. This included articles that focused on special education or did not
pay attention to mathematics in school. After completion of the three phases, 37 articles
remained to form the basis of this review. Based on the description of the three phases
of the selection process for the articles in this review, the search should be easy to
reproduce. The requirement for articles to be written in English, be based on empirical
studies, focus on educational purposes, and be published in peer-review journals,
provides assurance that the articles in this review represent the worldwide research
publications on the use of computer programming with a focus on the teaching of
primary school mathematics.

2.2 Analysis

We started the process of analysis by dividing the articles between all five authors, for
a first round of reading. We used a summary table for each article, in which we each
outlined setting (number and type of informants), method and data sources, the focus
of attention in the article, and implications for teaching. The first author then combined
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these details into a single table (our protocol of analysis) and checked for inconsisten-
cies or missing information. To strengthen the reliability and validity of the analysis of
articles, the second author then went through all 37 articles and the protocol to check
that the presented information reflected the content of each article. When the second
author’s inspection identified inconsistencies, minor adjustments were made by agree-
ment between the first and second authors. The revision stage did not require any
major adjustments.

The three research questions defined the criteria for analysis. For each article, we
identified the methods used for data collection and the type of informants. Further, the
focus of attention in each article was identified and described according to recurrent
topics. Another criterion for analysis was therefore to identify the main question(s)
asked by the researchers and determine what main fields of attention the current
research could be grouped in. Third, each article provides implications of presented
results, discussion, and conclusions on some level. Because of this, a third criterion for
analysis was to identify from each article the experienced opportunities and challenges
related to the teaching of computer programming in primary school mathematics.
Through this we would gain an overall impression of the research’s progress and the
implications of its contributions to date. This allowed us to outline implications that
were offered by the reviewed articles, both insights from the interventions and con-
sequences this have for teaching computer programming in primary school mathe-
matics. This analytical approach is reflected in the structure of the presentation of
results in this article.

3 Results
3.1 Methods used in the reviewed studies

The studies included in this review employed a variety of qualitative and quantitative
approaches to answer their research questions. Studies defined their design as an
intervention study (Arfé et al.,, 2020; Chevalier, Giang, Piatti, & Mondada, 2020), case
study (Benton et al., 2018; Cakiroglu et al., 2018), or design research (e.g. Benton et al.,
2017; Carlborg, Tyrén, Heath, & Eriksson, 2019). However, they used a variety of
methods for data collection within these frameworks. An overview of the types of
methods used in this research is provided in Table 1.

Table 1. Types of methods.

Type of method Number of occurrences
Interview or conversationa 18
Assessment 15
Questionnaire and/or survey 14
Observationb 12
Student work or artefact 8
Written reflections 3
Feedback 1

*Structured and semi-structured interviews, focus group interview,
group conversation, and informal conversation.
**Qbservation, video recordings, and field notes from researchers.
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Most studies reviewed here combined two or more methods for data collection. This
was often a combination of quantitative and qualitative methods, in which the partici-
pants’ perspectives were expressed. Also in quantitative surveys, where a scale is used, it
was often the participants’ report of their own conceptual and procedural knowledge
and skills, as well as their confidence, that was expressed (e.g. Durak et al., 2019; Kong,
Lai, & Sun, 2020). It is noticeable that interviews or conversations with participants
were the most common methods, which highlights the importance of the participants’
perspective. Also when only one method was employed, we found several examples of
qualitative methods, such as interview (e.g. Kucuk & Sisman, 2018; Yadav et al., 2016),
group conversation (Vinnervik, 2020), or written reflection (Humble et al., 2020).
Observation was also a much-used method in this research material (e.g. Kim et al,,
2015; Stigberg & Stigberg, 2020), which indicates a large focus on process. This can also
be seen in the collection and analysis of student work as a customary method (e.g.
Benton et al., 2017; Fokides, 2017). Student work can also form the basis for assessment,
which was the second most common method (e.g. Kaplan, Pavlov, & Myradov, 2020;
Yallihep & Kutlu, 2020). The focus on assessing learning outcome shows that several
articles focused on the effect of an intervention or a new approach.

The studies included in this review were limited to empirical studies involving
primary school students and/or primary school teachers as participants or informants.
This allowed for considering both the student and teacher perspectives when answering
the research questions posed in this article. Fifteen of the studies focused solely on
students (e.g. Cakiroglu et al., 2018; Lambi¢, Pori¢, & Ivaki¢, 2020), while 10 studies
involved both students and their teachers (e.g. Dickes et al., 2020; Mladenovi¢, Boljat, &
Zanko, 2018). It is interesting to note that most of these studies revolved around upper
primary school level (approximately grades 5-7 or ages 10-13), while only seven articles
focused on the first years of schooling. This may suggest that research on computer
programming in the first years of primary school is not a large concern, even though
some studies suggest that starting early will enhance students’ understanding of the
concept and subsequent development of computational thinking (Arfé et al., 2020;
Fokides, 2017; Hassenfeld et al., 2020). Twelve studies included pre-service and in-
service teachers in primary school. Two of the studies including pre-service teachers
had participants with a particular interest in computer science (Dag, 2019; Piedade
et al, 2020), while three studies focused on pre-service teachers with no previous
knowledge of computer programming (Kim et al., 2015; Kucuk & Sisman, 2018;
Uzumcu & Bay, 2020). The studies involving in-service teachers were aimed both at
teachers who wanted to teach computer programming (e.g. Kong et al, 2020;
Vinnervik, 2020), and teachers who were already teaching computer programming
(e.g. Kalelioglu & Sentance, 2020; Yadav et al., 2016).

3.2 Focus of attention

The 37 articles that form the basis for this review represent several research topics but
based on their focus of attention they can be clustered into three major areas of interest.

First, some research projects were concerned with the teacher and the teacher’s
knowledge, skills, and attitudes regarding computer programming, and how to posi-
tively influence such aspects (e.g. Humble et al., 2020; Pérez-Marin, Hijon-Neira, &
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Martin-Lope, 2018). We see this as a natural starting point for research on the teaching
of computer programming because we understand that it is difficult for the teacher to
plan and conduct quality teaching if the content to be taught and the meaning of it are
insufficient.

Second, it is important to note that several research projects were concerned with the
choice of tools and devices. Some investigated use of tools such as Scratch (e.g. Fidai,
Capraro, & Capraro, 2020; Kalelioglu & Giilbahar, 2014), while others examined the use
of devices such as micro:bit or robots (e.g. Kucuk & Sisman, 2018; Noh & Lee, 2020).
These projects had similar aims; they wanted to investigate how teachers could use tools
or devices in their teaching to enhance the students’ learning of computer program-
ming (Cakiroglu et al, 2018; Carlborg et al., 2019; Kalelioglu & Sentance, 2020;
Psycharis & Kotzampasaki, 2019; Rios Félix et al., 2020).

Third, we see that research is concerned with teaching and learning programming in
the primary school mathematics classroom, although representing two perspectives:
Effects and classroom activities. In some projects it is apparent that the concern is with
impact and measuring the effects of teaching computer programming. (Iskrenovic-
Momcilovic, 2019) examined how to organise the students” way of working to increase
their learning outcome, and (Fokides, 2017) examined how the role of the teacher
affected the students’ learning outcome. The relation to learning outcome is also shown
in articles that attend to major educational areas, such as motivation and self-efficacy
(Dag, 2019; Durak et al., 2019), or major mathematics education area, such as devel-
opment of problem-solving skills (Carlborg et al., 2019), excellence of various computer
programming tools and devices (Kalelioglu & Sentance, 2020), and development of
algorithmic thinking (Eriimit, 2020).

Within the classroom activity perspective, the surveyed research focuses on investi-
gation and observation of teachers” and students’ classroom activity. Pérez-Marin et al.’s
(2018) investigation into the language metaphors teachers may use with young students
when introducing computer programming showed that computer programming can be
identified as cooking, and program-sequences as recipes. (Stigberg & Stigberg, 2020)
investigated how young students describe the relationship between programming and
mathematics, and (Mladenovi¢ et al., 2018) examined whether teachers can make
didactical choices in primary school education to prevent students’ misconceptions
regarding algorithmic loops. (Chevalier et al., 2020) worked on how to structure the
problem-solving process so that the students could postpone the computer program-
ming process and avoid the “trial and error” phase for as long as possible. (Dickes et al.,
2020) studied how primary school students and teachers can work together to investi-
gate how computer programming can be applied to the content of primary school
mathematics. They showed that through exploiting teaching approaches that are well-
known within problem solving and socio-cultural learning environments, the teachers
and students can develop computer programming skills together by reframing compu-
ter programming as mathematisation, in this particular case through designing mea-
sures of change. In fact, (Dickes et al,, 2020) demonstrated an explicit connection
between a specific mathematical topic and computer programming. Such
a relationship is also apparent in a few other articles. For instance, (Benton et al.,
2018) saw the students’ computer programming and development of algorithms in
relation to place value. However, we found that most articles that connected computer
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programming to teaching and learning activities by identifying a relation to mathe-
matics did this through broader concepts such as logic, computational thinking,
problem-solving, and reflective thinking (e.g. Durak et al, 2019; Ertimit, 2020;
Piedade et al., 2020).

3.3 Implications for teaching

In this article, we have surveyed the methods used and the focus of attention in
research, showing that a variety of quantitative and qualitative approaches are applied,
which address the teaching of computer programming in primary school mathematics.
Based on these impressions, one might perceive the research field to have little structure
and no specific aim, but in our opinion, quite the opposite seems to be the case. We see
all this research as valuable for reaching a higher goal in primary school mathematics:
to make the teaching of computer programming a manageable and relevant part of such
teaching. Based on the retention of such a goal within a research field that is currently
rather complex, combined with necessary attention to life in school, we classify the
implications of the current research into three areas: relations between mathematics and
computer programming, the importance of tools and devices, and didactical approaches.
According to (Durak et al., 2019) and (Eriimit, 2020), use of computer program-
ming, and the subsequent exploring of mathematics with the help of computer pro-
gramming, may help students improve their algorithmic thinking, problem-solving
skills, and reflective thinking. One of the participants in (Kalelioglu, 2015) research
even stated that “programming helped create a love of mathematics” (p. 207). On the
other hand, it would not be very productive at this stage to go to the research to find
exact relations between computer programming and specific mathematical topics. Our
review shows that research does not give much priority to this area. So far, it seems that
the area of school mathematics is applied mainly as a context for learning computer
programming. The broad attention to learning within specific mathematical topics and
to using computer programming to explore mathematical content has yet to come.
Although various software is being trialled, block programming offered by Scratch
has so far proved to be a kind of highway to the introduction of computer program-
ming in primary schools (Benton, Kalas, Saunders, Hoyles, & Noss, 2018; Cakiroglu
et al., 2018; Durak et al., 2019; Ertimit, 2020; Iskrenovic-Momcilovic, 2019; Rich et al.,
2019). We note that some devices, such as micro:bit, have been given more attention
than others (Carlborg et al., 2019; Kalelioglu & Sentance, 2020). Scratch and micro:bit
are examples of tools and devices that have already been chosen as main entries in
initial attempts to implement computer programming in primary school in some
contexts, for instance in Norway and the UK (BBC, 2015; Vitensenterforeningen, n.
d.). Support for these choices can be found in articles that are part of this review
(Humble et al, 2020; Mladenovi¢ et al., 2018). In addition, (Kong & Wang, 2019)
asserted that the use of devices may enhance young students’ interest in computer
programming, and that this may be explained by the visual effect, for example, the effect
that a robot gives when executing an algorithm. An important extension of such an
observation is that (Noh & Lee, 2020) found that the use of robots significantly
improved the students’ computational thinking and creativity. On a more general
level, (Eriimit, 2020) asserted that no matter how powerful a computer programming
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tool is, it is not the tool that influences the students, but how it is used. Using
a computer programming tool does not in itself make the students see the connection
to mathematical ideas or develop problem solving skills; it is necessary for a competent
teacher to select suitable tasks and to scaffold the students during their learning
processes (Benton et al., 2018).

The above reservations from (Eriimit, 2020) and (Benton et al., 2018) may offer an
impression of the implications from research on what to do in the classroom to be
somewhat divergent. This is strengthened by (Kalelioglu & Sentance, 2020) claim that
there is no such thing as a most powerful form of representation of subject knowledge.
Instead, they encourage teachers to use a variety of representations and scaffolding
methods in the teaching of computer programming. Such vague implications do not
offer much guidance about the role of the teacher or about how to teach computer
programming in primary school mathematics. However, several of the reviewed articles
try in some way to develop a pedagogical or didactical framework for teaching and
learning related to computer programming (e.g. Benton et al., 2017; Chevalier et al,,
2020; Dag, 2019; Kaplan et al., 2020). The main implications so far seem to be that
teachers have profited from participating in computer programming courses (e.g. Kim
et al., 2015; Kong et al.,, 2020; Kucuk & Sisman, 2018), and that teachers need to be
supported with a solid infrastructure that scaffolds their acquisition of computer
programming knowledge (Stigberg & Stigberg, 2020), for instance through participatory
designed teacher workshops (Haara, Engelsen, & Smith, 2020), and daily practice
support.

Research studies also show us that there is no need to wait for the students to reach
upper primary school before they start to work with computer programming, although
there is a lack of consensus in terms of what aspects to give priority to in the early
stages of introduction. Some suggest that unplugged programming is appropriate as
a general approach to computer programming in the lower grades, regardless of subject
(Humble et al, 2020; Uzumcu & Bay, 2020), while others recommend that the
“plugged” programming in school starts as early as possible (Fokides, 2017;
Kalelioglu, 2015). On a more concrete level, our review also reveals that there are
viable ways for the teacher to start in the classroom. Several research articles in this
review investigated how the students’ resources may be emphasised in the teaching.
(Mladenovi¢ et al., 2018) and Pérez-Marin et al. (2018) have both done research
projects on how to avoid challenges in learning and how to develop programming
algorithms together with upper primary school students, the former related to block
programming (Scratch), and the latter to development of familiar language to be used
as metaphors for computer programming concepts. Iskrenovic-Momcilovic (2019)
claimed that pair programming on individual computers has a positive effect on
students’ learning, while Dag (2019) and Kucuk and Sisman (2018) concluded that
teachers should connect computer programming to examples from daily life and
include real-life problems to make computer programming more relevant and interest-
ing for students. Dickes et al. (2020) and Rios Félix et al. (2020) encouraged teachers to
orchestrate the investigation of what computer programming is, as a joint exploration
between the teacher and the students. Finally, Durak et al. (2019) reported that students
without any prior knowledge of computer programming are more open-minded and
confident about taking on computer programming challenges than students with some
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experience in computer programming. This is a familiar pattern within knowledge
development, because more knowledge also makes one more aware of obstacles and
possible pitfalls. In any case, the power of student resources and student enthusiasm
reported in the research may be something to pursue in the introductory teaching of
computer programming.

4 Discussion and conclusions

In the introduction of this article, we Highlighted the expectations teachers must meet
when implementing computer programming in school, particularly in Nordic regions,
where it is introduced as part of school mathematics. We acknowledge the urgency of
this implementation, and the widespread attention to making teaching of computer
programming a manageable and relevant part of teaching in primary school mathe-
matics, when the decision to make computer programming part of school mathematics
(in fact) has been made. For this to happen efficiently in school, however, some issues
need to be addressed.

4.1 State of affairs

We see that a wide variety of research approaches and methods have been used, and
that the research community is not limited in its approaches, questions, or investiga-
tions regarding research on teaching computer programming in primary school mathe-
matics. This is promising, because we do not yet know much about this field and there
are many possibilities to consider and investigate, both for the researcher and for the
teacher. So far, we have learned that various tools and devices are being trialled, the
necessity of teacher competence has been highlighted, and there is focus on how to
teach computer programming in primary school. This is important, because schools
and teachers need to be given the opportunity to critically choose what to do in their
teaching, and which tools and devices they want to use. These are fundamental areas
that need to be addressed, and although such processes have begun, they are far from
complete. We therefore assume that this type of research will continue with strength.
We have not yet found much research on computer programming being directly
linked to learning within specific mathematical topics. This might be because, until
now, the research community has been focusing on the more fundamental areas high-
lighted above, instead of mapping the appropriate mathematical content for linking
with computer programming. The direct link between computer programming and
learning within specific mathematical topics is an area of research that will probably
develop once the common attention to teaching computer programming related to
school mathematics has started to materialise through classroom action. On the other
hand, we note that more general concepts related to mathematics - such as algorithmic
thinking, problem solving, and computational skills - have already been highlighted.
This is a crucial link between mathematics and computer programming, as shown by
the argument for computer programming to be related to the future need to educate
citizens who can create digitally and solve problems with help from computers
(Fortunati et al, 2020; Kommunal- Og Moderniseringsdepartementet, 2013). This
aligns in general with the attention to 21st century skills in school, and specifically
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with the expectation of using computer programming in school mathematics to explore
mathematical connections and problems. This is a challenging endeavour that both
schools and the research community have yet to investigate, and which may be an
important contribution to school research on in-depth learning in mathematics. Dag
(2019) and Kucuk and Sisman (2018) concluded that teachers ought to connect
computer programming to examples from daily life and real-life problems. In this
way, computer programming can be considered as a real option and a tool that may
be used to explore and solve problems.

4.2 Recommendations for future research

Schools, teachers, and students need the research community to continue its work on
teaching computer programming in primary school mathematics. One aim for future
research should be to help teachers fulfil the expectations from stakeholders who call for
students’ improved digital competence. Another aim should be to investigate possibi-
lities and challenges related to learning mathematics through exploration, assisted by
computational thinking skills. In our opinion, the research community is on the right
track, but it is necessary to increase the emphasis on intervention studies and empirical
classroom studies, in collaboration with teachers. The articles by Dickes et al. (2020)
and Rios Félix et al. (2020) are examples of studies where the teacher and students are
active participants. Such studies will simultaneously bring the research on teaching
computer programming in primary school mathematics forward and scaffold mathe-
matics teachers first-hand in the shift from paying attention to computer programming,
to sustainable classroom action. In our experience, this kind of research is rare within
computer programming, and would mean increased emphasis on qualitative research,
based on studies of best-practice and design-based research and action research projects
involving teachers who develop teaching arrangements and are responsible for mathe-
matics teaching. At the same time, it is important to be aware that a vast collection of
teaching arrangements is now being developed at schools to meet the expectations of
implementing computer programming in the primary school mathematics classroom.
One example is the development of an algorithm together with first-grade students,
where the teacher has to carry out the algorithm commands from the students to move
through a trail from the classroom door to get hold of a “joint biscuit treasure” (lots of
fun and observations of the power of algorithms for both students and teacher, but yet
undocumented by the involved teacher). Another example is Taraldsen and Myhra’s
(2019) report on their work with the relationships between length, time, and velocity
using Sphero balls together with a fifth-grade teacher and students. Such development
projects ought to give rich possibilities for empirically based research, with emphasis on
the learning environment, learning outcome, and teacher role. On the Norwegian and
Danish venue, for instance, the national implementation of micro:bit (Danmarks radio,
n.d.; Vitensenterforeningen, n.d.) should provide such an opportunity.

We suggest two major new possibilities related to the content of research on teaching
computer programming in primary school mathematics, which also are two crucial areas
for mathematics teachers and students in the classrooms where computer programming is
expected to be part of learning mathematics. First, we need research that focuses on the
relation between computer programming and specific mathematical topics. Second, we
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need research that focuses on students’ in-depth learning in a way that makes it possible to
explore connections between computer programming and mathematics and use of com-
putational thinking to solve mathematical problems. In our opinion, the time is ripe for
a broad, qualitative research investigation of these two areas, to help teachers understand
and respond accurately and confidently to questions of why it is considered appropriate to
make computer programming part of the mathematics curriculum.

The research community on teaching computer programming in primary school
mathematics has made a promising start, but we have only just begun working our way
from paying attention to computer programming, to sustainable classroom action. We
believe that the continuation of this journey will be easier for teachers and primary
school students through the joint use of research and development forces. This will
prioritise research projects that involve primary school mathematics teachers who are
curious about how they can integrate computer programming and specific mathema-
tical topics, are already developing ideas about how this can be done, and are willing to
make this available for researchers. The future possibilities for research on teaching
computer programming in primary school mathematics are abundant, despite the fact
that there is no algorithm to follow.
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