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Abstract
There is a recognized need to understand the current state of programming implementation 
in the Swedish compulsory school system. This study focused specifically on the imple-
mentation of programming in the school subject of technology for grades 4–6. In Swe-
den, the responsibility for choosing teaching and learning material lies with individual 
teachers. Recent studies have indicated the prevalence of visual programming languages 
(VPLs) in classrooms. However, no empirical research has specifically investigated why 
teachers select particular programming learning environments (PLEs) and the challenges 
they have overcome in this process. Therefore, this study aimed to explore the PLEs used 
by teachers and the factors influencing their choices. In addition, this study explored the 
role of pedagogical content knowledge (PCK) and the influence of systemic and situational 
amplifiers and filters in shaping the programming education landscape, highlighting the 
importance of understanding these factors for effective implementation. Semi-structured 
interviews were conducted with 14 experienced programming teachers in grades 4–6 to 
gather insights. The results revealed that VPLs, particularly Scratch, have been widely 
adopted, but the study also identified three textual programming languages being utilized. 
Furthermore, the findings indicate that teachers’ previous education plays a significant role 
in shaping their PLE preferences. This suggests that programming education in both pro-
fessional development and preservice teacher training is crucial for effective implementa-
tion. By investigating PLE choices and the factors influencing them, this study contributes 
to a better understanding of the current landscape of programming education in Sweden’s 
compulsory school system.

Keywords  Pedagogical content knowledge (PCK) · Swedish compulsory school grades 
4–6 · Technology · Teacher choice · Programming learning environment (PLE)

Introduction

Changes in society often result in changes in curriculum content. The European Par-
liament, in its decision to incorporate digital competence into lifelong learning (EU, 
2006), marked a significant turning point. While several countries had made attempts 
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to integrate computer programming into their curricula before the EU’s decision, it 
was not  until 2006 that the momentum truly caught up with us. This pivotal moment 
prompted countries across Europe to embrace computer programming as an integral 
part of their educational programs. In England, this resulted in a new subject—com-
puting—with specific instructions as to what should be taught (e.g. using sequence, 
selection and repetition in programs, working with variables and understanding key 
algorithms; (the Office for Standards in Education, 2013). Many of these programming 
concepts are seen as essential in programming education (Saeli et  al. 2010, 2012). In 
Sweden, however, computer programming was combined with two existing subjects, 
mathematics and technology, in which the content is described broadly and without 
specific instructions on what should be taught (Statens Skolverk, 2018). (Hereafter, the 
subject names are indicated with italics.) Therefore, it is up to each Swedish teacher to 
determine how to include programming in technology and in what ways. In this article, 
programming learning environment (PLE) refers to a specially designed digital platform 
where a beginner can learn to program (Kelleher & Pausch, 2005). PLEs can be either 
open [flexible and allowing creativity and experimentation, e.g. self-contained program-
ming; Rich et al., (2022)] or closed [predetermined tasks, e.g. software/game develop-
ment kits or learning games; Rich et al. (2022)].

Additionally, in Sweden, teachers are free to choose suitable teaching and learn-
ing material (TLM). However, few studies have examined how teachers choose TLM. 
Reichenberg (2014) concluded that content, previous experience and other colleagues’ 
opinions influence the choice of TLM but that most teachers tend to choose what their 
colleagues recommend. Consequently, as visual programming languages (VPLs), or block 
programming, and tangible robots have been found popular in previous studies (Humble, 
2021), this may affect teachers’ choices. Nevertheless, Humble’s data were collected from 
an open forum, which may not accurately reflect the use of PLEs in Swedish schools.

When new content is added to the curriculum, it can lead to major changes in teach-
ers’ practices, and any such change can cause teachers difficulties (Ertmer & Ottenbreit-
Leftwich, 2010). Correspondingly, it is essential to consider the various individual, situ-
ational and systemic A & F that may have an effect. It is important to note that while 
these factors have the potential to influence teachers’ practices, they may not be the sole 
determinant of their actions; rather, they can be seen as a way to explain the contextual 
factors that may affect a teacher’s idealistic classroom intentions (Doyle et  al., 2019). 
For example, when technology was implemented in the curriculum for primary schools 
in Queensland, Australia, teachers’ intrinsic and extrinsic challenges were investigated 
and strategies to prevent them were developed (Finger & Houguet, 2009). In computer 
programming, it appears that teachers confront a multitude of obstacles, such as feeling 
cut off, a lack of appropriate understanding of programming and an absence of profes-
sional education and other resources (Yadav et al., 2016). Recent evidence suggests that 
these challenges also occurred in Sweden when computer programming was added to 
the curriculum (Vinnervik, 2020). However, it is not yet clear what challenges teachers 
who have included computer programming have managed to overcome.

This paper aims to characterize the TLM choices of technology teachers in grades 
4–6 (pupils aged 10–12) who have taken on the teaching of programming. The research 
questions were as follows:

1.	 What TLM do Swedish teachers in grades 4–6 include in technology?
2.	 What factors influenced their choice of TLM?
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Background

Programming in Swedish curricula

This is not the first time that programming has been included in Swedish curricula. For 
a short period in the 1980s, a new subject called datalära (i.e. computer science) was 
included in the curriculum, but was removed from subsequent curriculum due to the lack 
of software and trained teachers (Utbildningsdepartementet, 2002; Vinnervik, 2021). When 
programming was reintroduced into the curriculum in 2018 as part of strengthening pupils’ 
digital literacy, the new core content was introduced mainly in mathematics and technology 
(Statens Skolverk, 2018). Unquestionably, this new subject content created several chal-
lenges for teachers.

First, the description of programming in technology is broad in the syllabus: ‘Con-
trolling pupils’ own constructions or other objects by means of programming’ (Stat-
ens Skolverk, 2018, p. 298). Furthermore, in support material concerning digitization in 
Swedish schools, programming is described not just as writing code but also as a means 
of solving problems (i.e. formulating the problem, choosing a solution and testing, debug-
ging and documenting it). Additionally, official guidance stated that pupils should be given 
opportunities to see programming from a broader perspective through creative creation, 
control and regulation, simulation and democratic dimensions (Statens Skolverk, 2017a). 
In contrast, common concepts are not visible in the Swedish curricula, in contrast to how 
computer programming was included in the computing syllabus in England (the Office for 
Standards in Education, 2013).

Second, in the mathematics syllabus, the recommendation is to use a VPL, which offers 
a graphical approach to programming with pre-programmed icons. To construct a program, 
the programmer moves the icons and glues them together with an easy drag-and-drop tech-
nique. Many VPLs include an option to configure the icons easily. Comparatively, to con-
struct a program in a textual programming language (TPL), the programmer has to write 
the program using the correct spelling, syntax and special keys like ()”}*. Moreover, a TPL 
is often case-sensitive. Existing research recognizes VPLs as suitable for novice program-
mers because they make it easy and quick to create a program (Price & Barnes, 2015; 
Weintrop & Wilensky, 2015). However, questions have been raised about the use of VPLs. 
Since Swedish pupils most likely will have to learn a TPL later (Statens Skolverk, 2017b), 
it may be better to learn it from the beginning (Meerbaum-Salant et al., 2011). Not only are 
pupils novices, but over half of teachers recognize the need to improve their skills to equip 
their pupils with effective digital literacy (Statens Skolverk, 2019).

Teachers can use knowledge requirements in the curriculum to develop lesson plans 
focused on meeting learning objectives. Assessment can help identify areas requiring more 
attention, and feedback from pupils can provide insight into the topics that are most sig-
nificant to them, allowing teachers to adjust their teaching methods accordingly. However, 
when computer programming was introduced into the curricula, no knowledge require-
ments were changed. Since there are no obvious knowledge requirements in the Swedish 
curricula that can be used to assess pupils’ programming projects, this creates uncertainty 
for teachers, and their assessment is based on other elements of the pupils’ work other than 
the code or how the program solved the problem (Vinnervik, 2021).
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Teaching and learning materials in computer programming

In Sweden, there is no system for approving TLM (Reichenberg, 2014), and few stud-
ies have examined how teachers choose TLMs. In a study of 319 Swedish teachers, 
Reichenberg (2014) found that most teachers responded that the most important fac-
tor when choosing TLM was content, followed by past experience and collegial rec-
ommendations (p. 86). By talking to colleagues, teachers increased the likelihood that 
they would choose textbooks recommended by their colleagues. Moreover, the longer a 
teacher had been working, the less important the content was in the choice of the TLM. 
In this case, however, the question was how the teachers chose textbooks and traditional 
TLM, such as books and slides. Admittedly, traditional TLM is not appropriate for pro-
gramming teaching; furthermore, traditional TLM is static and does not provide imme-
diate feedback (Cheah, 2020; Zhang et al., 2013). Nevertheless, while studying teach-
ers’ choices, the above factors may be relevant to programming education.

Physical objects are a common tool in primary programming (Rich et al., 2022). A 
programmable robot is a tangible object that can be programmed to perform actions. 
Through, the use of a robot, children can learn programming concepts, including input, 
output, sequencing, loops and conditional statements (Przybylla & Romeike, 2015). 
However, the task of choosing the right educational robot has become increasingly com-
plex in recent years, primarily due to the integration of advanced features and capabili-
ties in modern robots (Evripidou et al., 2022). When selecting an educational robot, it 
is essential to consider not only technical aspects such as the type of robot, the number 
of motors and sensors, programming options (e.g., physical interaction, VPL, or TPL), 
and compatibility with computing devices, but also pedagogical factors. These peda-
gogical considerations encompass what pupils are expected to achieve using the robot 
(Evripidou et al., 2022). For example, when comparing learning gains in programming 
with a tangible (physical) or a simulated (virtual) object, on the one hand, Fessard et al., 
(2019) demonstrated that both methods resulted in significant learning gains in pro-
gramming. However, they found no significant difference between the two methods in 
terms of learning conditional and iterative structures.

TLM in computer programming in Sweden has been studied before. Humble (2021) 
described in four groups the programming tools listed on a Swedish website for K–12 
teachers (www.​Lekti​on.​se), where teachers can share lesson plans:

•	 Tangible programming involves a physical programmable object;
•	 Textual programming;
•	 Block programming or VPLs; and
•	 Unplugged programming is a style of coding using pictures and/or arrows to ‘pro-

gram’ each other to do something [i.e. pupils can learn coding concepts without 
using a digital device; (Bell & Vahrenhold, 2018; Kong et al., 2020)].

Humble (2021) found that VPLs are common in all compulsory school grades. Of 
26 analysed lesson plans, 7 referred to VPLs, of which 3 referred to Scratch, which has 
become increasingly popular in recent years. By comparison, textual programming was 
not present in grades 1–6. Furthermore, 11 lessons were directed to education with tan-
gible robots, of which 7 were aimed at the Blue-Bot®. However, as www.​Lekti​on.​se is an 
open forum, the content may not reflect the extent to which each PLE is used in schools 
in Sweden. Moreover, as there is a plethora of PLEs, it can be difficult for teachers to 

http://www.Lektion.se
http://www.Lektion.se
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choose the most appropriate one for their pupils. In another study on trends in tools for 
teaching computational thinking, Rich et al. (2022) categorized more than 300 coding 
tools into 3 categories and 10 subcategories. The software category, includes subcat-
egories such as self-contained programming environments (e.g. the open PLE, Scratch), 
software/game development kits and learning games. The second category, hardware, 
includes subcategories such as tangible computing, robotics and microcontrollers and 
microprocessors, which includes devices that control physical elements such as motors 
or LEDs (e.g. micro:bit). The third category, unplugged, has four subcategories: games, 
which refers to board or card games that focus on teaching computational concepts, as 
well as books, hands-on manipulative and other, which includes any unique tools not 
already listed that can help young pupils learn coding concepts through coding to inter-
act with these tools. One example of a tool in this category is CT Illustrations. However, 
the study did not distinguish between VPLs and TPLs, which is an interesting question 
regarding which type of programming language is suitable for which pupil level. One 
potential solution to this problem has been presented by Fessakis et al. (2019), who pro-
posed a classification system with five axes to make it easier to choose tools depending 
on the teaching goals:

•	 Axis A PLE Programming language. This axis concerns the level of abstraction of the 
programming language. Here we find a span of programming languages from low-level 
programming languages, which are programmed with complex statements and can allo-
cate memory space, to high-level programming languages, which have a more human-
friendly syntax, and further on to even higher-level programming languages, for exam-
ple, VPLs with their pre-programmed graphical objects.

•	 Axis B Suitability for the pupils’ developmental level. Fessakis et al. (2019) argued that 
this can often be dictated by pupils’ general skills.

•	 Axis C How many programming models the PLE supports. For example, event-driven 
(where functions are triggered by being called after an incoming event), visual (with 
graphical pre-programmed objects) and procedural programming models (where code 
is read from left to right and from top to bottom) are three common programming mod-
els in primary schools.

•	 Axis D Number of supported programming languages—the more the better.
•	 Axis E Abstraction level of the programming process. The level of abstraction influ-

ences pupils’ perceptions of the meaning of programming.

Challenges in technology education

In examining the reintroduction of programming in Swedish schools, Vinnervik (2020) 
studied the challenges teachers faced due to the new content four months before program-
ming was included in the Swedish curriculum. The study involved 19 teachers teaching 
grades 1–9. The data collection consisted of focus group discussions in March 2018. Few 
participating teachers in his study had experience in programming, either as programmers 
or as teachers. Vinnervik did not participate in the study focus groups; instead, the teachers 
described their individual experiences and challenges and then discussed digitization and 
programming with each other. In his discussion, Vinnervik notes that the teachers wanted 
to integrate programming into their teaching and considered it relevant. However, some 
teachers raised concerns about activities lacking a purpose or goal and focusing on enter-
tainment value. The Swedish Schools Inspectorate has previously highlighted this issue as 
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a potential problem, as criticism has been directed towards the technology subject for the 
unreflected use of ready-made teaching materials (Skolinspektionen, 2014). Vinnervik’s 
(2020) results indicate that teachers desire teaching materials that can help them deliver 
what they perceive is expected of them. In addition, guidelines can assist with the success-
ful integration of digital devices in the classroom (Makki et al., 2018). Nevertheless, Vin-
nervik (2020) recommends assessing learning material quality before purchase as it var-
ies. One of the shortcomings reported by Vinnervik’s participants was time, and alongside 
resource allocation, issues related to professional development and support emerged as par-
ticularly pressing concerns that required discussion. This view is supported by Yadav et al. 
(2016), who wrote that teachers face both content and pedagogical challenges of teaching 
computer science, emphasizing the need to prepare teachers through teacher education pro-
grammes. According to Vinnervik (2020), Swedish teachers expect their school leaders to 
take control of the situation to meet the need for professional development, but the condi-
tions for professional development vary both between and within schools. This expectation 
is in line with the importance of school leaders as key actors in the implementation of 
reforms, as emphasized by Statens Skolverk (2018).

Together, the above-mentioned studies emphasize the need for methods to overcome 
these barriers and present suggestions on how to counteract the barriers that may arise. 
Both pedagogical and content challenges exist (Yadav et al., 2016), and teachers must be 
given time to build the subject-specific teaching skills (Ertmer & Ottenbreit-Leftwich, 
2010) that are necessary for good teaching (Vinnervik, 2020). Through various meeting 
places, teachers can be offered opportunities to discuss and reflect on the subject content 
and share successful examples (Ertmer & Ottenbreit-Leftwich, 2010; Finger & Houguet, 
2009; Yadav et al., 2016). In addition, teachers require time for professional development, 
such as courses, meetings and workshops, to familiarize themselves with the content and 
experiment with it (Ertmer & Ottenbreit-Leftwich, 2010; Finger & Houguet, 2009). In 
addition, these professional development events are not only needed once, but are required 
on multiple occasions (Yadav et al., 2016) and within regular working hours (Vinnervik, 
2020). Ertmer and Ottenbreit-Leftwich (2010) and Finger and Houguet (2009) suggested 
that networks for teachers and the resources purchased by schools could perhaps be shared 
between schools (Finger & Houguet, 2009). However, there are risks that teaching will 
be planned according to purchased PLEs rather than in accordance with the curriculum 
(Vinnervik, 2020). At the same time, it is important to have IT support staff (Ertmer & 
Ottenbreit-Leftwich, 2010; Vinnervik, 2020). According to Vinnervik (2020), teachers are 
enthusiastic about exploring programming and are committed to creating positive learning 
environments.

Theoretical framework

Shulman (1987, 2013) argued that when a teacher combines their pedagogical and con-
tent knowledge, a new field of knowledge, pedagogical content knowledge (PCK), is 
created (i.e. a teacher’s unique professional knowledge). This theoretical framework 
can be used to describe the teacher’s knowledge of how a particular content, problem 
or representation should be presented to different levels of learners to be understood. 
PCK also includes the teacher’s knowledge of typical problems that pupils encounter 
in the subject. That is, PCK is subject-specific and pupil-level-specific and grows over 
the years of teaching. Over the years, PCK has been applied in numerous educational 
fields, for instance, science education research (Loughran et al., 2012) and technology 
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education research (Rohaan et al., 2011). The meaning of PCK and research based on 
PCK have been problematized (Friedrichsen et  al., 2011), and the digital evolution of 
the past decades has spurred a direction towards technological pedagogical content 
knowledge (Koehler et al., 2013). However, since the Swedish context firmly places pro-
gramming as an integrated part of the technology syllabus, we continue with PCK as 
part of design and technology education.

Since design and technology education has a unique tradition, (Doyle et  al., 2019) 
developed a methodological framework for understanding PCK in enacted teaching 
practice. The framework presented in Fig. 1 is based on the development of PCK within 
science education research. On the one hand, Doyle et al. (2019) adapted Friedrichsen 
et al. (2011) framework in relation to design and technology as a subject and its teach-
ing and learning. On the other hand, they adapted a model concerning teachers’ profes-
sional knowledge (eg. Gess-Newsome, 2015). Both are further elaborated on below with 
respect to Doyle et al.’s (2019) descriptions.

The first part of the framework, Beliefs in Fig. 1, concerns all teachers having beliefs 
regarding the subject itself, how to teach it and how learning may be facilitated. It is one 
of the cornerstones of Doyle et  al.’s (2019) framework. The field of design and tech-
nology education has developed over the past 30 years, and today, it focuses on tech-
nological capability and literacy. However, Doyle et al. (2019) concluded that much is 
still debated, and a common concern is defining design and technology too narrowly. 
Such a definition might lead to a loss of uniqueness in design and technology and a 
non-desirable limitation of the subject. Another challenge is the silent nature of tech-
nology. Compared to science with its revisable theories and truths, technology focuses 
on actions and applicability, relevant knowledge and problem solving, values and how 
to create (Doyle et al., 2019). In addition, technology teachers’ autonomy in relation to 
the dynamic nature of the subject leads to very different learning goals and classroom 
practices. Hence, during the process of understanding technology teaching, it is possible 
to apply PCK frameworks, and general results are challenged in the specific teaching 

Fig. 1   Pedagogical content knowledge framework, A&F = amplifiers and filters; D&T = design and tech-
nology. Adapted from “Reconceptualising PCK research in D&T education: Proposing a methodological 
framework to investigate enacted practice.” by Doyle et al. International Journal of Technology and Design 
Education, 2019, 29(3), 473–491. Reproduced with permission
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situation: ‘In D&T education therefore, understanding teachers’ implicitly held beliefs 
about the nature of D&T and the nature of activity in D&T is of interest in understand-
ing enacted practices’ (Doyle et al., p. 477).

In the second part of the framework (Knowledge in Fig. 1), Doyle et al. (2019) refer to 
developments in PCK research. This part focuses on teacher professional knowledge bases 
(TPKB), topic-specific professional knowledge (TSPK) and PCK. TPKB include general 
teacher knowledge, for instance assessment and curricula, while TSPK makes disciplinary 
expert knowledge explicit, for instance certain strategies, representations, pupil under-
standing of the topic at hand and habits within the subject (e.g. Content Representation 
Saeli et al., 2010). Both TPKB and TSPK are shared knowledge; they are the knowledge of 
the profession (Doyle et al., 2019). PCK, on the other hand, refers to the teacher’s experi-
ence—a kind of situated knowledge.

Continuing with Fig. 1, Doyle et al. (2019) summarize two levels of amplifiers and fil-
ters: situational amplifiers and filters of practice (situational A & F) and systemic ampli-
fiers and filters of practice (systemic A & F). Situational A & F work both holistically 
(e.g. the school culture) and day-to-day (e.g. the available resources). Situational A & F are 
rooted in research proposing that situational forces (e.g. the teaching material, assignments 
and pupils) may impact pupil learning more than the individual teacher. Hence, to under-
stand the enacted practice, situational A & F need to be addressed. Concerning systemic A 
& F, one important factor is the culture. If a school practises a certain pedagogy, it influ-
ences the teachers’ own ideas and choices. Over time, such factors affect teachers’ knowl-
edge and beliefs. Systemic A & F is a part of teacher enculturation. As with situational A 
& F, systemic A & F need to be identified to understand enacted practice. In this research 
study, we neither followed the teachers in their authentic settings nor present results regard-
ing the enacted practice. Still, the framework offers opportunities and theoretical concepts 
that help us conceptualize different choices made by the teachers as they began teaching 
programming as part of the Swedish grades 4–6 technology curriculum.

Method

Data generation and sampling

This is a qualitative study based on semi-structured interviews conducted in autumn 2018 
and spring 2019, when programming was new to the Swedish curriculum. The sample 
was purposive (Bryman, 2014; Robson & McCartan, 2016); in this case, all the participat-
ing teachers had already taught programming in primary school (grades 4–6, pupils aged 
10–12). A representative sample would not have yielded much data, since most Swedish 
teachers needed professional education in programming at that stage (Statens Skolverk, 
2019).

In total, there were 14 participants in this study from all over Sweden. Of these, 13 
teachers were contacted through social media, and one was reached through contact with 
several principals in a medium-sized municipality in Sweden. Of the 14 participants, two 
were full-time teacher trainers working in two Swedish municipalities at KomTek, whose 
mission is to provide coursework and increased skills in technology for schoolchildren and 
youth. This means that all the participants were working or had recently worked as technol-
ogy teachers in grades 4–6. The 14 participants were given fictitious names following the 
alphabet from A–N, with male nicknames for the male participants and the same for the 
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female participants. Emma and Maria are full-time teacher educators, while Grace, Kate 
and Liam work part-time training colleagues. Almost all the participants have teaching 
qualifications, except Frida, who was soon to have one, and Jack, who has a qualification as 
a games programmer. Other participants with some form of higher education in program-
ming were Anna, Bella and Camilla. Of these, Anna has 90 European Credit Transfer Sys-
tem (ECTS), while the other two have 7.5 ECTS. Four participants had learned to program 
on their own, while the rest had taken some short course(s). The participants had been 
working as technology teachers for between 4 and 29 years (Bjursten et al., 2023).

Data analysis

Braun and Clarke’s (2006) analytical method was used to thematize the content (Fig. 2). 
In Fig.  2, the whole analytical process is illustrated. The 14 interviews were conducted, 
recorded and transcribed verbatim in NVivo 12 Pro by the first author. The data formed 
approximately 10 h of digital audio with roughly 43,000 words. Afterwards, the analysis 
was split into two parts to answer the first research question on the PLEs the participants 
used (Fig. 3) and the second research question on which factors influenced their choices 
(Fig. 4). In the last phase, the report was produced by combining the two different analyses.

In the second phase  (the first research question,  Fig.  3), we scanned the materials 
and identified 20 TLM items related to programming and technology. These included 
unplugged programming, Scratch, Micro:bit, GameMaker Language (GML), books, Code.
org, and Kodboken.se. We then generated initial codes based on these TLM items. In the 
third phase, searching for themes, the 20 codes were thematized according to Humble’s 

Fig. 2   Analytical process

Fig. 3   Analytical process for 
the first research question. 
PLE = programming learning 
environment; TLM = teaching 
and learning material; TPL = tex-
tual programming language; 
VPL = visual programming 
language
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(2021) system. This resulted in seven tangibles, five VPLs, three TPLs and unplugged 
programming. However, as TLM is a broader concept than Humble’s programming tools, 
some codes did not fit the system. Kodboken.se is a website that provides programming 
tasks divided by programming experience, including some of the above-mentioned pro-
gramming environments and both VPLs and TPLs. Also, two books were used and Makey 
Makey, a kit that can be both programmed and used as an input device. In the fourth phase, 
the three examples from Code.org, Hour of Code and Kodable were considered as under-
lying themes that support the parent theme of Code.org. This means that while the three 
examples were related to the broader topic of Code.org, they were not the main focus of 
the discussion or analysis. Rather, they provided additional context or details that helped 
support and expand upon the parent theme. In the fifth phase of the analysis, we conducted 
a comprehensive check to identify the TLM that met the criteria for inclusion as a digi-
tal learning environment for programming (i.e. a PLE). TLM items that did not meet the 
criteria were categorized as another theme. We also verified the names of the TLM items 
during this phase.

Analytical process for the second research question

In the second phase of the analysis (the second research question, Fig. 4), the material 
was searched again to look for factors that influenced the participants’ choice of PLE. A 
total of 134 text excerpts were found. In the third phase, the text excerpts were grouped 
into themes, resulting in 15 themes. These 15 themes were revised in phase four, and 
coherent patterns were sought. We chose to bring together school factors. Furthermore, 

Fig. 4   Analytical process for the second research question. PLE = programming learning environment
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we decided to merge statements that could be directly attributed to the teacher’s atti-
tude and emotion, previous education and assigned mission separately because these are 
likely to be related to the teacher’s personal engagement and not constraints that exist 
within the school. In addition, we also chose to place statements about assessment, cur-
riculum, syllabus and other steering documents in a different theme outside the school. 
These are not decided at the school itself, but at the national level. In the fourth phase, 
we decided to add a category for statements that addressed a challenge but were not 
related to any specific PLE. These statements were more general in nature (see exam-
ples below):

The principal: ‘We have had very good support from our principal. She has insisted 
that we should work with programming, but also with the technology subject. It has 
been very important for her to see in our seasonal planning that we have planned in the 
technology subject so that the programming does not fall between the cracks. For her, it 
has been important’.

Economy: ‘No, there are not enough resources! I have 3 computers in the classroom 
and 25 pupils, so if I want to do something, I have to borrow from all the other classes. 
And I don’t have an iPad. If there’s anything you wish to purchase, it must be covered 
by the teaching materials budget’.

Attitude and emotion: ‘I am passionate about programming’.
This phase resulted in the Table 1. In addition, the table presents the number of par-

ticipants who mentioned each theme rather than how many times a single participant 
mentioned a theme.

Table 1   Factors influencing 
teachers’ choice of programming 
learning environment (PLE)

Factors Total

PLE features 11
The school
The principal 4
Colleagues 7
Time 1
Education 2
Advertising 1
Textbooks 1
Economy 8
Home (children) 1
Social media 6
The teacher
Attitude and emotion 7
Previous education 12
Assigned mission 4
Curriculum documents
Assessment 12
Other curriculum parts 9
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Results

The results describe which TLM primary school teachers use in teaching programming 
in technology and the factors influencing their choices. The results are organized into two 
sections. First, we present the results of the first research question about the TLM used 
(Table 2). Second, we present Table 3 on the aspects that influenced the teachers’ choice 
of PLE. All the interviews were conducted in Swedish. All the excerpts were translated to 
English by the first author. Since the teachers’ fictitious names are created according to the 
alphabet, it is possible to infer which teacher is shown in the tables. 

Included teaching and learning materials

Table 2 illustrates the TLM used by the various teachers in their classrooms. By referring 
to the alphabetical names assigned to the teachers, it is possible to determine which TLM 
each teacher uses. This also highlights the diversity of TLM utilized in technology educa-
tion across primary schools in Sweden. The table has been arranged in descending order 
according to the frequency of TLM usage among the participants.

The participants use many different TLM items. Looking at how many participants men-
tion each TLM item, we see that 12 participants mention the block programming language 

Table 2   Teaching and learning materials

a PLE Programming learning environment
b TLM Teaching and learning material
c VPL Visual programming language
d n/a Not applicable
e TPL Textual programming language

PLEa/Other TLMb Category (Hum-
ble, 2021)

TLM Mentioned by participant Total

PLE VPLc Scratch A B C D E F G H I K M J 12
PLE VPL Code.org A B C H I K L M N 9
PLE Tangible Micro:bit B E F G K M N 7
PLE Unplugged Unplugged B C E G K M N 7
PLE Tangible LEGO D G H L M N 6
PLE Tangible Blue-Bot® G K L M N J 6
PLE Tangible Sphero A K 2
Other TLM n/ad Books A C 2
Other TLM n/a Makey Makey B I 2
Other TLM n/a Kodboken.se A G 2
PLE Tangible M-bots J 1
PLE Tangible Ozobot K 1
PLE Tangible Quirk Bot M 1
PLE VPL ScratchJr E 1
PLE TPLe CodeMonkey D 1
PLE TPL GameMaker Language J 1
PLE TPL Swift L 1
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Scratch; almost as popular is Code.org, mentioned by 9 participants. However, Jack said 
that block programming does not reflect real programming and should therefore not be 
used. This means, in fact, that Liam, Nora and Jack do not use Scratch in the classroom. 
However, Liam uses another block programming language by having his pupils program in 
Code.org and the tangible Blue-Bot® with an application on the iPad. Nora’s pupils, on the 
other hand, get to use block programming in Micro:bit and Code.org.

Half the participants use Micro:bit. As a rule, it is used together with a physical micro-
controller, but one teacher only uses it virtually. Micro:bit is used by participants in very 
different ways. Most let their pupils program the microcontroller with the attached block 
programming language, but three participants said that textual programming occurs, 
mainly with JavaScript. Half the participants use unplugged programming, often in com-
bination with an introduction to programming. Six participants mentioned that the pupils 
program LEGO robots, which makes it slightly more prevalent than the Blue-Bot®, which 
five participants use. Besides JavaScript, which was mentioned in relation to working with 
Micro:bit, three different TPLs were mentioned, two of which are open programming envi-
ronments, GML and Swift, while CodeMonkey is closed, that is, with ready-made tasks to 
be solved.

Although only a small number of participants used Makey Makey and ScratchJr, these 
tools are still noteworthy. One participant who mentioned Makey Makey noted that it 
mainly involves wiring, but programming functions are also available. However, there 
was no evidence to suggest that the participants actually used the programming feature 
of Makey Makey. ScratchJr, on the other hand, is a simplified version of Scratch and was 
mentioned only in relation to assessment.

When the participants described the TLM they use in teaching technology, we did not 
always find an explanation of why they use it, meaning that some TLM items that appear in 
the results here cannot be found in the results of research question two.

Factors influencing teachers’ choices

Table 3 shows which teachers talked about the factors that influenced them to use a particu-
lar PLE. The table does not describe how many times a teacher mentioned the same factor 
for the same PLE. Rather, the table should be seen as a qualitative evaluation of the diver-
sity of PLEs used in the programming classroom.

As an example, Nora chose the Blue-Bot® because of her colleagues. Liam also chose 
the Blue-Bot® but the school’s economic situation affected his choice of TLM. By com-
parison, the economy affected teacher Dora’s choice to use CodeMonkey, since the school 
had a good economy in those days.

PLE features

The participants told us that several different PLEs are useful for starting programming. 
Emma found Blue-Bot® to be a clear and concrete environment. She said that Blue-Bot® 
is not something that years 4–6 should use continuously, but as an introduction, it is excel-
lent, especially if programming is new. Others made it clear that unplugged program-
ming is good for an introduction because it is simple and practical, while some suggested 
that pupils should start with Hour of Code. Blue-Bot® can also be used by programming 
the little robot via an app, and both Liam and Nora stated that this can also be included 
as an introduction to programming. On the one hand, the participants stated that these 
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PLEs provide an understanding of the programming conditions, that accuracy and clarity 
are important and that PLEs increase understanding. On the other hand, the participants 
seemed to disagree on what is easy and good for pupils. Jack described how his pupils 
use GML because it is easy to code and explained that GML is designed to make games 
very quickly. Furthermore, Jack expressed the reservation that Bee-Bot® and Blue-Bot® 
should not be used in middle school, as they are too simple. He said that his pupils used the 
more advanced M-bot robot once before he switched all his teaching to GML. Following 
this, Jack also made it clear that he does not think that Scratch reflects real programming. 
Hence, Jack neither uses Scratch, Bee-Bot® nor Blue-Bot® although he mentions them.

The participants said that a PLE can be both flexible and inflexible. Camilla explained 
that the choice of the hardware Micro:bit was due to its flexibility, as pupils can program 
it with both block and text programming. Maria stated that this was the most important 
reason why they chose Micro:bit in the first place. In contrast, Camilla stated that Code.org 
(the website where Hour of Code is located) is inflexible and pupils lose creativity because 
the exercises are static. Choosing a programming language can also provide the flexibility 
of choosing hardware, which Maria explained in relation to when they decided to teach the 
JavaScript programming language:

We have found that this [JavaScript] is what the pupils know, so it has been easy. 
If we say Python or C, they [the pupils] don’t know it. It’s an industrial language, 
whereas JavaScript is familiar to most people. They see it on websites, and they say 
they’ve seen it before. Then, of course, it also depends on the different hardware that 
we have here. LEGO, Micro:bit, and robots are also supported by JavaScript. It’s 
been pure simplicity because Java works on many devices.

Furthermore, to enable pupils to progress in programming and to see how a programmed 
robot moves, Nora said she would like the school to buy new hardware that is programma-
ble. Her pupils control the virtual Blue-Bot® through iPad applications and therefore have 
not seen how a robot moves.

The school

The school includes seven sub-themes: the principal, colleagues, time, education, advertis-
ing, textbooks and economy. While the seven sub-themes under the school are relatively 
clear, one sub-theme may require further clarification or explanation. Specifically regard-
ing education, we gathered text excerpts from the participants about the educational activ-
ities initiated by the school. Each sub-theme includes text excerpts that provide further 
insight into and context for how the school shapes programming education in technology.

Support from the principal is closely linked to the assigned mission theme because 
some participants had been tasked with establishing digital support or digital programming 
in their school. Support from the principal, however, was not very visible in our data, as 
only two participants mentioned it. Nora said that her principal supports the implementa-
tion of programming but does not interfere with which PLE they choose. Moreover, Frida 
pointed out that the principal not only provides support but stresses the importance of pro-
gramming and technology being included in the year plans. In contrast, others perceived no 
support from the principal or, as Camilla put it, ‘It is up to each individual to acquire the 
skills’.

Colleagues provided good support to the participants in choosing a PLE. IT educators, 
science and technology inspirators and first teachers (i.e. a teacher with particular skills in 
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this area) provide advice and train their colleagues. Nora receives in-service training when 
there are workplace meetings and study days and said, ‘We learn a little bit at a time’. She 
said that all the PLEs she uses in teaching had been reviewed, and everyone in the school 
had also received training from the company they bought the hardware from.

Furthermore, other colleagues (i.e. regular teachers) also helped and supported each 
other in finding a PLE suitable to use in teaching. However, not all the teachers have a 
colleague or other support in their schools. Irene teaches programming in all classes at her 
school, and she argued, ‘And of course, it would have been good if I had a parallel teacher 
to compare notes with’. For instance, not all municipalities have a KomTek department that 
supports teachers’ technology teaching.

Liam was the only participant to talk about how time can dictate the choice of PLE. He 
explained that it is important that any teacher is given time to make the change and not to 
rush through anything. Liam was given the task of investigating how programming could 
be carried out at his school by his principal about a year and a half before programming 
was introduced into the curriculum.

We bought different robots, and then I sat down and evaluated which ones we should 
continue with, which languages, and which ways we should program. /---/ First, I had 
to think and test with my class with programming. /---/ After that, I had workshops 
where I showed the teachers. /---/Then my task was to think about what to do in the 
different classes to make it happen.

Liam explained that it is important that teachers and pupils both feel comfortable and 
that it is not too time-consuming to get into programming for it to work. It cannot be 
too difficult for teachers. The principal needs to guide and provide the conditions. Liam 
believed that the school does not need to buy the latest programming equipment: ‘You can 
do cool stuff even if you have some older programming equipment’, he added.

Only one participant mentioned that they had received training through the school they 
work at. As reported earlier, Nora has both good support from the principal and a colleague 
who has a mission to implement programming in technology education. At her school, all 
teachers receive in-service training. However, the company they bought the hardware from 
had been running the courses. Anna described another form of in-service training. As she 
initiated contact with KomTek in the municipality where she works, she also received in-
service teacher training regarding the Sphero Robot, as her class worked with it.

Only one teacher talked about how advertising influenced her choice of PLE. Dora 
reported that her school purchased an annual subscription to CodeMonkey. Nevertheless, 
her school could not afford to buy that PLE twice.

Since programming in Swedish schools is new, it is not surprising that textbooks have 
not been updated with the new content. Bella described this difficulty. On the other hand, 
she did not want to be guided by a textbook. She continued by explaining that she does not 
see this as a problem. This suggests that she does not want to be guided on how teaching 
can be conducted.

Some participants’ schools were short of money, while others seemed to have plenty. 
The teachers working in schools where there was a shortage of money said that it often dic-
tates which PLE they use in teaching. Those teachers use Code.org and Scratch because it 
is free and Blue-Bot® and Micro:bit because they are cheap. Frida confirmed that Micro:bit 
can be simulated on computers; there is no need to buy it. On the other hand, Frida argued 
that she wanted to buy Sphero: ‘Working with robots that have to complete some kind 
of track/…/That’s the goal I want to reach.’ Likewise, Bella emphasized her situation as 
quite desperate. However, Henric made it clear that there was enough in relation to the 
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limited timetable that the technology subject has. Other teachers agreed. For example, Nora 
explained:

We have one computer for two pupils, and they are the kind of computers that other 
pupils have used before, so it takes a very long time to start. But once the pupils are 
in and the internet is working, so I think the resources are okay here.

In contrast, the teachers working in schools where there is no shortage of money said 
that more hardware needed to be purchased. Liam said that 20 computers are needed and 
that is a matter for the management, but he explained that if he can justify it, this is put into 
the budget and then purchased. At the school where Jack works, this seems to be already 
underway, as the school planned to purchase desktop computers to allow pupils to program 
in 3D. A more modest investment was described by Kate. She explained how her school 
had received funding for a digitization project through a university. This enabled them to 
purchase hardware. They then created boxes similar to the NTA (i.e. Science and Technol-
ogy for All) concept for programming. Kate added that this increased the equality of teach-
ing, as all pupils have the opportunity to try programming. Similarly, Bella confirmed that 
she also has some support from a nearby university, where they have started a project that 
aims to increase interest in science and technology. The project is funded by a number of 
independent organizations.

Social media

Most of the teachers reported that the internet, YouTube, Facebook and other social media 
are important for spreading the word about which PLEs are good to use. Anna described 
how she heard about Scratch.

I’m a member of a lot of Facebook groups, and most of them are Finnish groups. One 
is about how to use the iPad in teaching. One group is about programming and then 
there’s a very big group that’s about everything in primary and secondary school. In 
Finland, programming came into the curriculum earlier and then there were a lot of 
teachers crying out for help – ‘Now it’s bad. I have no idea what I’m doing’ and then 
there were many colleagues who said, ‘Start with this, this is really easy’. And when 
I read those discussions, I thought, I want to try this too.

As several participants confirmed that they are alone in the school in programming with 
pupils, they turned to social media as a channel to get quick help on programming or if 
they felt they needed to discuss something with a programming-savvy colleague. Scratch 
was the PLE that most participants described learning about from social media.

The teacher

The teacher is a key figure in the educational process, and three important sub-themes 
relating to teachers are attitude and emotion, assigned mission and previous education. 
Attitude and emotion refer to the teacher’s demeanour and approach to the new content 
on programming, while assigned mission relates to the mission or objectives given to the 
teacher by the principal. Previous education refers to the teacher’s academic and profes-
sional background, including any education they received before computer programming 
was introduced into the curriculum or any education that the principal or the school may 
not have provided or supported.
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In some cases, the teacher’s attitude and emotions determined the choice of PLE. 
Scratch and Micro:bit, according to the participants, are easy to use. In addition, Maria said 
that the teachers who come to KomTek are comfortable with unplugged programming (i.e. 
programming without digital devices). The Code.org website was also mentioned as simple 
and accessible.

Most of the participants told us that it was their own interest that seemed to be the main 
driving force for them to start programming. They mentioned not only Blue-Bot® and Hour 
of Code, but also that anything to do with technology is interesting. Two participants, Bella 
and Jack, stressed that they are passionate about programming. Anna, who said that she 
started Scratch in her class because she had heard about it, mentioned that she is interested 
but clarified that she ‘tested’ when she programmed with her class for the first time.

However, it is sometimes easier said than done. One teacher argued that it is a problem 
being a primary school teacher because they have to teach so many subjects:

And if I had only been familiar with the methodology and the technology, I would 
have found it enjoyable. But I feel that in [grades] 4–6, we have so many subjects that 
we have to be good at, so there is not enough time, so we can’t have any special inter-
est. We have to keep ahead and be up-to-date in all subjects, and we can’t be super 
good at, for example, technology or history.

Seven participants had some kind of assigned mission to help teachers at their school or 
the whole municipality teach programming. Here, we found all sorts of preparation, such 
as Liam’s list of programming tasks, corresponding to each school grade, along with Maria 
and Emma, who work as full-time teacher trainers at KomTek. Mostly, the participants 
talked generally about their mission. For instance, Grace said that this is partly because 
she is interested, but also because she ‘has a mission to develop such things’. Nevertheless, 
Nora was very specific about her role in leading the school forward in this new content: ‘I 
led the digitization project at my school’. In contrast, Jack has a special assigned mission, 
as he was hired solely to teach technology, especially programming.

The influence on which PLE the participant uses in their teaching was not always related 
to previous experience. Although Anna has 90 credits in programming and knows both 
JavaScript and C++, she had programmed in Scratch with her pupils. Moreover, her previ-
ous training made her confident in programming.

I have so much basic knowledge, the colleague had no idea about programming, and 
she thought it was really hard. It’s probably hard for regular classroom teachers.

For one participant, programming was not an obstacle but rather an opportunity. Jack 
has a professional background as a games programmer and teaches textual code in GML 
to pupils from grade 3. He admitted, ‘It can be a bit tricky, but it works just fine’. He noted 
that he had gained a lot of knowledge about what works and what does not work in the 
classroom. GML is the TPL his pupils use. Jack believes that GML, which is similar to 
JavaScript and C#, paves the way for his pupils’ further education as that programming 
language provides a good grounding.

Correspondingly, Kate had attended a short course in creative and digital storytelling 
more than five years ago, which inspired her to use Scratch in the classroom. Most partici-
pants had started to implement programming in their classrooms before it was mandatory. 
However, not all had prepared their whole school as Liam did:

When I heard that programming was going to be inserted into the curriculum, we 
[the school] were a year to a year and a half ahead. We had already bought different 
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robots, and I evaluated which ones we should continue with, which languages, and in 
which ways we should program.

Several described how the courses they took influenced their choice of PLE, which 
Camilla made clear influenced her teaching.

The course was good because you got some tools; it was concrete. We got to practise 
the tools that you could use with the pupils. However, 7.5 credits are not that much, 
so you realize how little you know when you have completed a course like that. But 
it was a good foundation to be able to work with programming with the pupils in the 
classroom and in the meantime, you learn more and more. /---/ I started with them 
[these particular PLEs] entirely because I took this course. The literature and assign-
ments in the course were directed to these software. And I was expected to do a pro-
ject with my pupils.

Curriculum documents

Assessment and other parts of the curriculum are the two sub-themes that fall under the 
larger theme of the curriculum. Assessment refers to the text excerpts that in some way 
relate to knowledge requirements, while other parts of the curriculum encompass all the 
different areas of study beyond knowledge requirements, such as core subjects, electives 
and extracurricular activities. Together, these sub-themes offer a comprehensive look at 
how the curriculum impacts programming education in technology. Given that assessment 
is a fundamental part of the educational process, it is not surprising that the participants 
discussed it in their responses. Additionally, as part of the enquiry, assessment was one of 
the key areas of interest, and the participants’ insights offered valuable perspectives on this 
critical aspect of education.

When the participants were asked about assessment of programming in technology, they 
did not describe it in relation to any PLE, and therefore opportunities for assessment do not 
control the choice of PLE. During the interview, Bella explained how an assignment could 
be designed to allow pupils to choose one of the PLEs they have used in teaching. This was 
also described by Nora; however, she gave a broad and vague example of Micro:bit: ‘If you 
have worked a lot with Micro:bit, then you can give them an assignment’. Another sugges-
tion came from Emma, who said that the teacher could show the pupils what happens when 
a program is run and then let the pupils program it. Emma went on to say that program-
ming can be used to demonstrate other knowledge: ‘For example, the water cycle. Can you 
illustrate that in Scratch? Yes, you can’, she continued.

The absence of knowledge requirements was something that Camilla thought about. In 
mathematics, she assessed tasks in which pupils were given the choice of presenting a task 
using either analogue or digital aids. However, whether the pupil chose to present an ana-
logue or digital result was not assessed, only the mathematical content. In the technology 
subject, she was more uncertain:

Yes, it’s a bit weird that it’s not in the knowledge requirements. On the one hand, 
you are supposed to teach programming, but on the other hand, you don’t know 
what they should be able to do at different grade levels. How long a program 
should you be able to write or what should you program to reach a certain grade 
level? There’s no such thing. It’s more that you have to know that you can do it. 
/---/ It’s all about understanding how computers...understanding the accuracy...
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the computer just does what I say. So, if it [the computer] gets it wrong, I’m the 
one who got it wrong. But then exactly in any assessment...I don’t know...

Grading and assessment are done on the whole or on other elements that the partici-
pants felt the programming could demonstrate, which some described as problem solv-
ing, or as Liam described it, ‘Those who have the energy to sit and try and try’. Most 
of the participants were still unsure whether it should be assessed. Nevertheless, if 
programming should be assessed, they were hesitant about how assessment should be 
done, what should be assessed and what can be classified as good or less good. Emma 
was confident that this would be clearer in the next curriculum because she thought 
that there would be knowledge requirements then.

Despite the lack of clarity in the curriculum, it seems that the majority of the par-
ticipants thought that pupils in grades 4–6 should use block programming (VPL). Kate 
said that it is ‘natural’ to do block programming in grades 1–6. She said that this is 
good because pupils do not need to be able to type on the keyboard, but can move 
pre-programmed graphical objects. Both Jack and Henric said that pupils should learn 
several programming languages. Although it looks like Jack and Henric thought alike, 
there was a big difference, as Jack only uses TPL, while Henric only uses VPL. Henric 
argued:

...it says in the curriculum that they should know some different programming 
languages and how to control something using programming...

Some participants also mentioned that they think it is bad that every school has to 
develop its own concept for programming (e.g. which PLE is suitable for which grade). 
Kate explained, ‘You start with the robots [Blue-Bot® or Bee-bot®] and you press 
them, and you see immediately what happens’. Because the curriculum is unclear, the 
participants felt that they were freedom to choose the PLE they wanted.

Some of the participants also referred to other parts of the curriculum. Jack argued 
that the product that pupils create with programming is a form of entrepreneurial learn-
ing, which can be found in the curriculum under the fundamental values and tasks of 
the school and in the civics syllabus (Statens Skolverk, 2018). In contrast, Liam argued 
that he uses Blue-Bot® together with iPad and Code.org for pupils to understand algo-
rithms and follow instructions. Algorithms are part of the core content of mathemat-
ics, and instructions are found in the Swedish-language curriculum. However, he also 
confirmed:

With the LEGO Mindstorm PLE, I wanted to cover the knowledge requirement 
to create something that could move. That was one of the thoughts; plus, it would 
be a bit challenging [for the pupils].

This confirms that there were also thoughts on the curriculum in the technology syl-
labus (see the introduction). Henric also mentioned the programming content of the 
technology syllabus, ‘… it says in the curriculum that they should know some different 
programming languages and how to control something using programming’. However, 
in the technology syllabus ‘some different programming languages’ refers to grades 
7–9.

Jack stressed the importance of multiple programming languages as an important 
part of programming. He thought that pupils should learn several programming lan-
guages. Either way, Jack probably meant several TPL, while it is unclear whether Hen-
ric meant VPL or TPL in his statement.
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Discussion

The discussion is divided into two parts. First, we answer the question of which PLE the 
participants use. This is followed by a discussion of the challenges that the participating 
teachers have overcome.

What teaching and learning material do Swedish teachers in grades 4–6 include 
in technology?

The participants provide pupils with a variety of opportunities for extended learning in pro-
gramming by offering instruction with multiple PLEs. Half the participants use Micro:bit 
in their teaching and all but Jack teach some VPL. Scratch is the most common VPL, as 
Humble (2021) also shows. An unexpected result, which differs from Humble, is that one 
participant, Jack, only uses TPL in his teaching. In addition to Jack, both Dora and Liam 
have used TPL, but for Dora, finances put a stop to further programming with CodeMon-
key. A possible explanation for why Jack uses TPL is his previous training as a games 
programmer.

Although there are several references to Blue-Bot® in Humble’s (2021) material, the 
results of this study show that Blue-Bot® is not very relevant to grades 4–6. Blue-Bot® is 
used as an introduction to programming before the teaching moves on to more advanced 
programming. Jack strongly opposed using Blue-Bot® in the classroom at all. Follow-
ing this, Fessard et al. (2019) reported uncertainty regarding the extent to which physical 
programmable objects contribute to increased learning outcomes. In contrast, while some 
studies have suggested that these tools can enhance pupils’ learning (Przybylla & Romeike, 
2015), the evidence is not yet conclusive, and further research is needed to determine the 
effectiveness of these tools in promoting learning in different contexts.

Many participants in this study use some form of internet resource; however, one par-
ticipant felt that the closed software Code.org does not allow for spontaneous programming 
and allows only inflexible teaching opportunities, as all closed programming environments 
are static in form (Rich et  al., 2022). Nonetheless, the popularity of these programming 
tools may be attributed to the fact that they are free to use. In Humble’s (2021) data, Code.
org is classified under the VPL category. However, it should be noted that the web page 
also offers opportunities for pupils to program in TPL, making its placement in Humble’s 
system inexact. Thus, although our data do not provide evidence that Code.org has been 
used by participants for their pupils to program in TPL, the possibility exists and war-
rants discussion. In contrast, Rich et  al. (2022) identify Code.org as software and as a 
software/game development kit in their appendix, which we can agree upon. Moreover, 
Rich et al. discuss the advantages and disadvantages of VPL and TPL, yet it is not used 
in the categorization. For this reason, by using both VPL and TPL in the categories, we 
can better understand the capabilities and limitations of different programming tools and 
make informed decisions about their use in education. Overall, it is important to consider 
all aspects of programming tools to make informed decisions about their use in educa-
tion. Furthermore, this is also evident with Micro:bit, where pupils have the opportunity to 
engage in a TPL, which was evident in our data. As technology teachers are autonomous 
and the subject is dynamic, it results in very different classroom practices and learning 
outcomes (Doyle et  al., 2019). When considering programming and TLM as part of the 
Swedish technology curriculum, it is obvious that teachers’ different beliefs and choices 
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result in different teaching opportunities and learning outcomes for our pupils. However, 
what teachers do in their classrooms has not been studied here. Still, the choice of PLE 
is an example of situational A & F, implying that both the reform itself and the teach-
ers’ choices of PLE impact what the pupil may learn in programming within technology. 
Apparently, most Swedish grade 4–6 technology teachers include unplugged programming, 
tangible objects and VPL.

What factors influenced their choice of PLE?

In the data, we saw many references to participants using a particular PLE for its proper-
ties. Since we asked in what way they use a PLE, the interviews revolved around how they 
use the PLE, which may be what Vinnervik (2020) describes as ‘tool-centric’. Surprisingly, 
the participants did not discuss any programming concepts when talking about interacting 
with a PLE. Admittedly, this result could possibly be explained by how vaguely program-
ming is described in the curriculum (Statens Skolverk, 2017a, 2018). Moreover, it is cru-
cial for the participants to engage in discussions related to programming concepts, as they 
have been shown to be essential in programming education (Saeli et al., 2010). Therefore, 
if the participants do not engage in such discussions, it may hinder their ability to fully 
grasp the fundamentals of programming and hinder their progress in this field.

Few participants mentioned that the principal supported the introduction of the new 
core content. Camilla’s statement that it was up to each individual to acquire knowledge of 
programming is an example of that attitude. This is in line with the findings from Vinner-
vik (2020), where support from the principal was unclear. School finances are the responsi-
bility of the principal, and major investments are requested, while others have solved finan-
cial shortcomings by using what is free of charge. In contrast to the unclear support of the 
principal, colleagues seemed to provide support. In addition, it was not only colleagues 
from their own school who mattered, but also support via other colleagues from social 
media. This underscores the value of social media as a tool for supporting teacher pro-
fessional development and the potential benefits of incorporating it into teacher education 
programmes. It also connects the study’s findings to the broader literature, which holds that 
opportunities to discuss in different forums are relevant (Ertmer & Ottenbreit-Leftwich, 
2010; Finger & Houguet, 2009; Yadav et al., 2016). It is obvious that the teachers’ effort 
to work within the new content relied on different situational A & Fs (Doyle et al., 2019). 
However, with respect to Doyle et al.’s summary of systemic A & F, we found little or no 
evidence of such in the results. With respect to this, the situation in Sweden and the sample 
itself may be one possible explanation for this fact. The sample included interested teach-
ers who had begun teaching programming within the subject of technology prior to it being 
mandatory. No culture existed; instead, these teachers may have been in the process of 
developing different school cultures. In addition, there is only one requirement in the tech-
nology syllabus: ‘Controlling pupils’ own constructions or other objects by means of pro-
gramming’ (Statens Skolverk, 2017b). Hence, teachers are autonomous in choosing both 
the PLE and the programming content to include. Still, with respect to Doyle et al.’s (2019) 
descriptions of systemic A & F, we found the boundaries for the educational context and 
the meaning of culture somewhat problematic. For instance, are social media and advertis-
ing an integrated part of today’s educational context, thus impacting pedagogical practice 
and the choices teachers make? What we can see is that home, advertising, textbooks and 
time did not seem to matter in the choice of PLE. However, this study was conducted prior 
to programming being mandatory. Therefore, we find it important to take social media and 
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advertising into consideration as part of the systemic A & F. As can be seen in Table 3, 
one participant mentioned that her child had inspired her to use Scratch, but no one else 
mentioned home. Dora, who received advertisements about CodeMonkey, was able to use 
it because the school could afford it at the time, but she did not see the possibility of pur-
chasing it multiple times. Dora’s situation is supported by the findings of Player-Koro et al. 
(2018), who point out that certain IT providers see schools as a potential market for their 
products. However, Dora’s situation also highlights the economic challenges that many 
participants in similar circumstances face. The issue of limited financial resources can con-
tribute to the problem of unequal access to educational technology. Specifically, schools 
with limited budgets may struggle to provide their pupils with the necessary resources to 
succeed. This could result in a situation where only schools with sufficient resources are 
able to provide their pupils with certain educational technology, leaving pupils from less 
affluent families at a disadvantage.

In our study, Jack exemplified a teacher who possesses both content knowledge and, 
digital and professional resources, thereby providing his pupils with a comprehensive 
and thorough technological education compared to the other teachers and their respective 
pupils. It is noteworthy that pupils who lack access to the same resources as Jack’s pupils 
may not acquire the same capacity to learn and develop crucial skills within the technology 
subject, potentially contributing to a widening of the achievement gap and the exacerbation 
of existing educational inequalities.

During the interviews, all the participating teachers, except Emma, shared their per-
sonal perspectives. However, despite not explicitly discussing her occupation as a full-
time teacher trainer, Emma’s viewpoints align with the themes of attitude and emotion, 
previous education and assigned mission that emerged in the study. Therefore, her insights 
contribute to a more comprehensive understanding of teaching experiences and challenges. 
Although evidence in the interviews suggests that some participants had not discussed the 
topic, the absence of a response from one participant may be due to limited questioning 
or a missed opportunity. Nevertheless, this supports Vinnervik’s (2020) study, in which 
he explains that teachers are passionate about the new content and are fostering a love of 
learning programming among their pupils. Admittedly, although several studies suggest 
that teachers need time for professional development and networking to effectively incor-
porate educational technology into their teaching practices (Ertmer & Ottenbreit-Leftwich, 
2010; Finger & Houguet, 2009; Yadav et al., 2016), this study’s results suggest that a pas-
sion for programming and a willingness to take on new challenges can also be important 
factors. As the subcategories discussed here demonstrate, a teacher’s interest in technology 
and programming, as well as their mission and experience in the field, can all play a role 
in their ability to successfully integrate educational technology into their teaching. Further 
research is needed to explore these factors in more depth and to identify additional strate-
gies and resources that can support teachers in effectively incorporating technology into 
their teaching practices. As noted above, it is obvious that the knowledge domains (Doyle 
et al., 2019) of programming as part of the Swedish technology curriculum indicate a prac-
tice in which shared knowledge (TPKB and TSPK) will develop as more teachers begin 
to teach programming. This, for instance, is apparent with respect to assessment (TPKB). 
There are ambiguities concerning assessment, and even though 12 of the 14 teachers talked 
about assessment, only 7 linked assessment and their choice of TLM.

Although we did not specifically analyse the interviews according to Fessakis’s 
(2019) axes, we will discuss each axis in detail to examine how participants’ responses 
can be aligned with each axis, based on our interpretation of the data. This is important, 
as these five axes can make it easier to choose suitable tools depending on the teaching 
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goals and can provide a framework for understanding the factors that influence educa-
tors’ decisions.

First, with respect to axis A, it became apparent that the participants did not explic-
itly discuss the abstraction level of programming languages, although one participant, 
Jack, acknowledged the potential even for third-grade pupils to use TPLs. However, 
such a possibility may be contingent on Jack’s individual background. Conversely, most 
participants expressed the view that block-based coding (VPL) should be introduced in 
grades 4–6. It is worth noting that such opinions may also be influenced by the partici-
pants’ professional and content knowledge.

Second, regarding axis B, the data did not support teachers considering pupils’ 
developmental levels when selecting instructional materials. On the one hand, this lack 
of consideration may result in instructional materials that are too challenging or too 
simplistic for certain pupils, leading to suboptimal learning outcomes. To address this 
issue, a more nuanced approach to material selection that takes into account pupils’ 
developmental levels and learning needs is recommended. On the other hand, it’s essen-
tial to empower teachers with the autonomy to adapt and customize materials to better 
suit the individualized needs and levels of their students. Teacher emancipation in the 
adaptation of learning materials to pupils can play a vital role in enhancing the overall 
learning experience.

Third, while we did not have any specific data related to axis C, our analysis of the 
PLEs used by participants suggests that many of the programming models exist in primary 
programming in technology in grades 4–6. For example, the participants used a variety of 
PLEs, including Scratch and TPL, which provide different programming models, such as 
event-driven and procedural programming. By using PLEs that support different program-
ming models, the participants can tailor their instruction to meet the needs and interests of 
their pupils and help them develop a range of skills and competencies.

Fourth, we found that the participants’ responses regarding axis D, the number of sup-
ported programming languages, did not always align with Fessakis’s (2019) perspective. 
Fessakis (2019) suggests that having more supported programming languages is an impor-
tant factor in choosing the correct PLE. However, Maria’s response contradicts this view-
point, as she stated that they chose Micro:bit precisely because it has Java, which can be 
used in several programming environments, rather than the number of programming lan-
guages supported by the PLE. This suggests that, while the number of supported program-
ming languages may be an important factor for some educators, it is not necessarily the 
deciding factor for all.

Lastly, the abstraction level of the programming process, axis E, is an important factor 
that affects pupils’ perception of the meaning of programming. The results demonstrate 
that the participants did not discuss this axis explicitly, but their responses provided some 
insights into how this axis can influence their choice of PLE. For instance, some partic-
ipants reported using Blue-Bot® first, a simple tangible robot that allows pupils to pro-
gram it and see how it moves, and then moving on to another PLE that is more abstract. 
This suggests that the participants recognized the importance of gradually increasing the 
abstraction level of the programming process to help pupils better understand program-
ming concepts.

In summary, our discussion of Fessakis’s (2019) axis has shown that educators do, 
in some cases, consider these five axes when selecting PLEs. The axes offer a valuable 
framework for aligning tools with teaching goals and identifying factors that inform deci-
sion-making. However, while considerations such as compatibility and specific features 
are important, it is essential to take a holistic approach to PLE selection. Further research 
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could explore the potential impact of these axes on educational outcomes or investigate 
additional factors that influence educators’ decisions.

Conclusion and implications

The aim of this study was to characterize the choices of teachers in grades 4–6 (pupils aged 
10–12) in relation to the selection of TLM for programming education in technology.

The findings highlight the significance of three key factors in choosing a learning envi-
ronment: the characteristics of the PLE, the teacher’s own education and the curriculum. 
These three components emerged as crucial determinants of effective learning experiences, 
while other factors had a relatively limited impact. Undoubtedly, the role of teachers in 
facilitating learning experiences and their own level of education cannot be overstated. 
Equipping teachers with the necessary knowledge and skills is essential for creating an 
optimal learning environment. Moreover, it is crucial to recognize the role of teachers’ pre-
service education in preparing them for effective programming education.

The analysis underscored a clear focus on Scratch and other VPLs, which is appar-
ent in the limited range of offerings for learners. This narrow focus on Scratch may pose 
certain limitations in terms of diversifying the learning opportunities available to pupils. 
It is worth considering how programming education in technology could be expanded to 
encompass a wider variety of tools and approaches beyond Scratch to broaden the learning 
opportunities available to pupils.

When our study was conducted, there was a limited range of PLEs. Now, the market has 
exploded and a huge number of PLEs are available—internet-based or installed on pupils’ 
own digital devices, open or closed, with a tangible robot or not. Given the multitude of 
options available, choosing the right PLE can be challenging (e.g., choosing an educational 
robot, Evripidou et al., 2022), particularly when there is a lack of support from school prin-
cipals or a specific curriculum guiding the decision-making process.

It is worth noting that neither Doyle et al. (2019) nor Gess-Newsome (2015) explicitly 
mentioned the role of colleagues as situational A & F, which could be the result of their 
primary focus on the knowledge base of PCK. However, we firmly believe that the role of 
colleagues as situational A & F should be considered. The collaborative interactions and 
support provided by colleagues can significantly impact the implementation and refinement 
of instructional strategies. Colleagues serve as valuable resources that can enhance teach-
ing effectiveness. Therefore, we advocate for further exploration of and research into the 
role of colleagues, as the presence and impact of situational A & F in the classroom remain 
difficult to assess due to the limitations of our semi-structured interview approach. On the 
other hand, programming in technology currently lacks an established culture, which can 
be explained by the novelty of the core content. However, the participant teachers were 
actively working towards creating a new culture (i.e. systemic A & F), and they did not feel 
constrained by a heavily controlled curriculum.

Ultimately, this study emphasizes the importance of understanding the support systems 
available to teachers and the influence of systemic factors in implementing programming 
education. The findings underscore the significance of professional support, the poten-
tial benefits of making use of social media for professional development and the need to 
address economic disparities to ensure reasonable access to educational technology.

Furthermore, the curriculum plays a vital role in shaping teaching. Due to the broad 
description of programming in governing documents and the fact that the syllabus in 
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technology currently lacks defined abilities and knowledge requirements that could easily 
be used to assess programming tasks, we have begun a study to investigate how teachers 
teach and assess pupils’ programming tasks in relation to the curriculum (Statens Skolverk, 
2022).

Future studies should explore the cultural implications of programming education in 
technology (c.f. Systemic A&F, Doyle et al., 2019). With a wide range of schools and edu-
cational settings, it has become crucial to investigate the cultural aspects that have emerged 
within these contexts. Understanding cultural dynamics will help gain insights into how 
programming education is implemented and received across different schools.

It is also important to address the concepts that should be included in programming edu-
cation for pupils in grades 4–6. Further research should evaluate whether the programming 
concepts identified in Saeli’s (2010, 2012) study are suitable for pupils in these grades. It 
is necessary to examine the relevance and applicability of programming concepts within 
the Swedish context, considering the unique characteristics of the technology syllabus and 
the autonomy enjoyed by teachers. Additionally, given that some PLEs may not support all 
commonly used programming concepts, it becomes crucial to assess their compatibility 
with the learning objectives for pupils. By conducting such studies, researchers can prob-
lematize relations between the curriculum, programming concepts, and available PLEs. 
This will ultimately improve the learning experiences of pupils in grades 4–6.
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