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CHAPTER 1 

Introduction 
Programming and computational thinking in technology education 

Jonas Hallström 
Dept. of Behavioural Sciences and Learning, Linköping University, 
Sweden 
 

Abstract 

In recent years, digital technology, programming, and computational 
thinking have been incorporated on a larger scale as curriculum 
components in technology education in many countries across the globe. 
Technology education research about programming and computational 
thinking is needed, and this edited book, Programming and Computational 
Thinking in Technology Education: Swedish and International 
Perspectives, contributes with new research that has many international 
applications and grounds for comparison, both in schools and in the 
research community. This introduction not only serves as a background for 
the reader as s/he delves into the various chapters of the book, but also 
introduces some pertinent and sometimes longstanding issues in 
technology education and its relation to computers and computing. These 
issues are: 1. Programming and computational thinking in school curricula: 
the early 21st century wave; 2. Computational thinking and literacy; 3. 
Teacher competence in programming; and 4. Computational thinking, 
programming, and learning in technology education. 
 

Keywords 

Programming – Computational thinking – Computational literacy – 
Teacher competence – Technology education 

  

 



Computers and computer systems are arguably some of the most 
significant and iconic technologies to have emerged in the last hundred 
years. When the Technical Museum (Tekniska museet) in Stockholm ran 
its interactive exhibition “100 Innovations”, adults and school students 
were given the opportunity to vote for what they believed were the 100 
most important innovations of all time. Not surprisingly, the computer was 
selected as one of these, and so were related digital technologies such as 
computer games, robots, the Internet, the mobile phone, and the Global 
Positioning System, GPS (Tekniska Museet, 2023). This museum 
investigation was, of course, very subjective though statistically solid. It 
shows, however, that at least in Sweden – and probably in the whole 
Western world – people rate the importance of computers highly and think 
of themselves as affected by computers in their daily lives. School curricula 
have also to varying degrees included computers, computing, 
programming, and similar areas for decades, even though it is only recently 
that there has been a concerted movement motivated by the resurgence of 
the concept of computational thinking, CT (Denning & Tedre, 2019; 
Williams, 2018; Wing, 2006). 

In spite of the ubiquity of computers and computing in society, they have 
been rather slow in coming in technology education, at least as more 
comprehensive curriculum components. The reasons for this may be the 
historical roots of technology education in crafts, sloyd and vocational 
subjects in many countries (e.g., Hallström, Hultén, & Lövheim, 2014) and 
the ensuant focus on designing and making of physical products (Hallström 
in this volume). It is also conceivable that it has to do with the academic 
division between engineering and computer science (CS) since in many 
countries technology education has at least partly been modelled on 
engineering in a broad sense, not computer science (de Vries, Gumaelius 
& Skogh, 2016). 

Whatever the reasons for the slow pace of including computing in 
technology education, in this edited volume we explore historical, 
philosophical, educational, and pedagogical perspectives on programming 
and computational thinking in technology education, particularly from a 
Swedish viewpoint. Sweden followed suit in the early 21st century push for 
more computing in schools. Swedish – and Nordic – research about 
computational thinking and programming in general has thereby been 
extensive, although in technology education it was especially after the 
compulsory school curriculum reform in 2018 when programming was 
introduced that research began to be carried out (cf., Hallström, 2018; 
Mannila, 2023; Nouri, Zhang, Mannila, & Norén, 2020). Technology 
education research is therefore needed, and this volume contributes 
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research perspectives based on Swedish examples which also have many 
international applications and grounds for comparison, both in schools and 
in the research community.  

The book was written by a team of internationally renowned technology 
education and computer education researchers, mainly based in Sweden. 
In the first part, chapters are more general in nature and provide historical, 
philosophical, and international perspectives on the introduction of 
computers, programming and computational thinking in schools. In the 
second and third parts chapters are mainly based on Swedish empirical 
data, from technology education contexts but also in a couple of cases 
mathematics because of the close relationship between these two subjects 
as it concerns computing in school. The problematics that are addressed 
throughout the book are, however, of a general nature, common to national 
and international contexts that deal with computing and programming in 
schools, particularly in technology education, STEM education and related 
subjects or curricular areas. As such, the book can therefore also be utilized 
as a resource for research about programming and computational thinking 
in education more broadly, across countries and school systems. 
Furthermore, there is a wealth of teaching examples in the chapters of the 
book, so it can also be used as a resource for teachers and teacher educators 
when teaching about programming and computational thinking. 

This introduction not only serves as a background for the reader as s/he 
delves into the various chapters of the book, but also introduces some 
pertinent and sometimes longstanding issues in technology education and 
its relation to computers and computing. These issues are: 1. Programming 
and computational thinking in school curricula: the early 21st century wave; 
2. Computational thinking and literacy; 3. Teacher competence in 
programming; and 4. Computational thinking, programming, and learning 
in technology education. 

Programming and computational thinking in school 
curricula: the early 21st century wave 

The innovation of automated systems and computers in the first half of the 
20th century was groundbreaking and led to demands for improved 
education by including computing (Denning & Tedre, 2019; Mindell, 
2002). Computing and programming in schools thus have a long history, 
dating back to the 1960s. Although the first part of this book deals with 
some historical examples of early computer and programming initiatives 
(see chapters by Nissen & Stenliden, and Rolandsson, Kilhamn & Bråting), 



the book mainly deals with the latest “wave” of computing in schools. This 
21st century wave of programming in schools owes a great deal to Jeannette 
Wing’s influential paper in which she introduced computational thinking 
as a central skill set for everyone to learn, not just computer scientists 
(Wing, 2006). Despite the fact that the CT concept was not new but was 
suggested by, for instance, Seymour Papert a decade earlier (Papert, 1996) 
and can be traced back at least to 1980 (Denning & Tedre, 2019), it really 
caught on and inspired renewed debate, curriculum innovation and 
research during the first two decades of the 21st century. Thus, it can be 
considered an early 21st century iteration or wave of computing in the 
schools. 

When CT was subsequently introduced in schools on a larger scale, a 
major way of doing this was through programming. In the last decade or 
so, programming has thus been introduced in school curricula and 
standards all over the world. In countries such as the UK a new school 
subject – computing – was created to harbour this partly new subject 
content, whereas in countries such as Sweden programming was included 
in existing subjects, notably mathematics and technology education. This 
inclusion was cheered on by politicians, teachers, and software companies, 
but it also met with resistance and criticism (cf. Raptopoulou, 2021). 
Following a long curricular debate, in 2017-2018 the Swedish National 
Agency for Education (Skolverket) thus updated the syllabuses in 
technology and mathematics for compulsory school to include a 
programming component (programming is also mentioned in the social 
science syllabus). Computing and digital components have also 
subsequently been strengthened in the curriculum for upper secondary 
school. 

The book addresses the introduction of computers, computing and 
programming in particularly Swedish but also international curricula and 
schools, primarily in the early 21st century wave. It is a complex 
introduction that is interwoven with the general development of society 
and various political ambitions and arguments. The goal was often for 
computerized schools to contribute to an industrialized and competitive 
nation, through the development of digital future citizens. Many actors had 
an interest in introducing computers and programming in schools, with 
varying and sometimes failed results, at least if we look at the late 20th 
century developments (e.g., Machado-Trujillo, 2021; chapter by Nissen & 
Stenliden).  

The introduction of computers, programming, CT, and information and 
communication technologies (ICT) in schools can be said to often, but not 
always, have been “hope-based”, that is, introduced with little if any prior 
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testing in schools. This was also a specific Swedish way of carrying out 
school reforms and has perhaps been especially evident when it comes to 
the 2018 introduction of programming (Raptopoulou, 2021; Mannila & 
Heintz, and Vinnervik in this volume). The actual impact of computers, 
programming, and ICT on educational outcomes has, however, proven to 
be complex, heterogeneous, and dependent on a range of factors such as 
school subject, learning objective, type of computer technology, and the 
uses of that technology (e.g., Fernández-Gutiérrez, Gimenez, & Calero, 
2020; Saqr, López-Pernas, Helske, & Hrastinski, 2023). The introduction 
of programming in Swedish schools is still ongoing and it remains to be 
seen how well it will be implemented. 

Computational thinking and literacy 

Jeannette Wing’s (2006) re-introduction and outline of the concept of 
computational thinking might hide the fact that it is really a contested 
notion with many different, and often conflicting, definitions. There are 
more generic perspectives according to which CT is defined in alignment 
with a more general skill set related to computer science but also so-called 
21st century skills such as problem solving and critical thinking skills (e.g. 
Voogt et al., 2015). Programming plays a role here, although it is more of 
a background activity compared to acquiring generic skills which could for 
all purposes be learned in many different situations, not just by a physical 
computer. 

There are, on the other hand, perspectives on CT that strongly advocate 
computer programming. For example, Grover and Pea (2013) wrote that 
“programming is not only a fundamental skill of CS and a key tool for 
supporting the cognitive tasks involved in CT but a demonstration of 
computational competencies as well” (p. 40). Denning and Tedre (2019) 
seem to support both generic and concrete approaches in their definition, 
although for them CT is largely a mental process in a science and 
engineering context: 

Computational thinking is the mental skills and practices for: 
• designing computations that get computers to do jobs for us, and  
• explaining and interpreting the world as a complex of information 

processes (p. 4). 

There have also been competing concepts such as diSessa’s (2000) 
computational literacy, which resonates more fully with the literacy 



discussions in particularly the STEM subjects in the last decades (cf. 
Dakers, 2006; Stolpe & Hallström in this volume). Computing has a strong 
connection to STEM – science, technology, engineering, and mathematics 
– and has been conceived of variously as a science, a branch of 
mathematics and/or a branch of technology and engineering (De Mol & 
Primiero, 2014). 

In response to the focus of this book, what is really needed is a 
conception of computational thinking and computational literacy adapted 
for technology education. In this volume, Isaksson Persson & Pears go 
some way toward developing such a literacy framework. Hallström also 
attempts to forge a conception of what technology is that does not 
foreground either concrete, abstract, analog, or digital components of 
technology but instead see them as a unified whole (cf. Grigoriadis, 
Poulsgaard, & Hua, 2022). Thus, computational thinking and literacy could 
be seen as part of a broader technological literacy, divided into several 
technological sub-literacies or multiliteracies including CT (Hallström, 
2023). 

As regards the definition of computational thinking, in this book we will 
not use just one single definition of computational thinking, but the chapter 
authors employ definitions appropriate for the particular contexts of their 
chapters. 

Teacher competence in programming 

As several chapters in this book show, technology teachers are largely 
unprepared for the introduction of programming that is now being 
implemented. There is generally a lack of competence among teachers, but 
there is also a corresponding insufficiency of in-service training in 
programming (see chapters by Engström & Björkholm, and Vinnervik). 
Existing in-service courses in programming, for example, include the 
programming language Python which has been considered difficult by 
participating novice teachers. One result of this lack of programming 
experience and competence among teachers is that they need to get help 
from outside of the immediate school context, for example, from science 
centers which have more competence in providing programming teaching. 
This is lucidly shown by Sparf, and Engström and Björkholm, in their 
chapters. 
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Computational thinking, programming, and learning in 
technology education 

The introduction of programming in technology education is particularly 
interesting because it presupposes a particular relationship between 
programming and technology. Programming is usually performed with 
technological artefacts – various types of computers – but it can also be 
used to control other artefacts, for example, sensors and other computers 
in control systems (Brey & Hartz Søraker, 2009). The context of 
technology education is therefore in many ways ideal for CT and 
programming because of the focus on technological artefacts and systems.  

This means that programming can be made authentic and related to real-
world uses, for example, in engineering and STEM projects which involve 
programmed solutions. Contemporary software such as Scratch or BBC 
Micro:bit are also good implements for programming control units in 
smaller systems, which are prominent in certain technology curricula (cf. 
Norström, 2022). In this volume, both Perez and Svensson, and Cederqvist 
address so-called programmed technological solutions (PTS) in which 
programming is employed to control artefacts or systems. Berg and Axell 
also address applications of programming in the primary technology 
classroom, by studying students’ views of the human – machine 
relationship when working with programmable robots.  

Furthermore, models and modelling feature more or less explicitly in 
many technology curricula. In her chapter, Brink expounds on teachers’ 
conceptions of programming as a form of modelling. Larsson also points 
to the fact that knowledge of how gesture and metaphor play out in 
programming education could improve learning. Finally, Björklund and 
Nordlöf bring up the important issue of assessment of programming skills, 
which has not gained much attention in technology education so far despite 
its importance in computer science education (e.g., Tang, Yin, Lin, Hadad, 
& Zhai, 2020; Weintrop, Wise Rutstein, Bienkowski, & McGee, 2021). 
Björklund and Nordlöf provide a typology for formative assessment of 
programming skills. 

 
The studies presented in the chapters of this book will hopefully contribute 
to a better implementation of programming and computational thinking in 
technology education, STEM education and across a broad array of other 
school subjects, in Sweden and elsewhere. This is all the more pertinent 
given the recent advances in generative artificial intelligence (AI). To 
equip today’s young generation with computational thinking skills could 
thus contribute to their developing even more dynamic and advanced 



technological multiliteracies that would include even AI literacy (cf. 
Hallström, 2023; Park & Kwon, 2023). 
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