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A B S T R A C T   

The technological development has raised awareness for the importance of digital competence and computa-
tional thinking (CT) to understand the digital world and has resulted in revised curricula in many countries. In 
Finland, a new curriculum for grades 1–9 came into force in 2016 introducing digital competence (including 
programming) to be integrated in other subjects. Most teachers lack prior experience in programming and there 
is a need for suitable instructional models. This article presents a cross-curricular teaching sequence and the 
results from a case study conducted in four Finnish schools. Students in grades 4–6 collaboratively worked on a 
project combining arts, design and CT with other subjects. The results show that students demonstrated several 
CT abilities while working on their projects, in particular creativity, tinkering and debugging. The findings also 
indicate that teachers and students learned together (co-agency) and suggest that models like the teaching 
sequence can help and encourage teachers to integrate programming and CT in a cross-curricular manner. Still, 
the teachers’ knowledge, ambition level and understanding of the task at hand, as well as the organizational 
support appear to play a notable role when planning and carrying out projects of this kind. While CT is 
commonly seen as developed through programming, the teaching sequence seems to have fostered CT abilities 
through the project as a whole, with programming playing the role of a tool or a glue depending on the time 
available, and the students’ skill and ambition level.   

1. Introduction 

The rapid technological development affects all societal areas and 
our everyday lives. As a result, voices have been raised globally for the 
importance of computer science and programming [30] and digital 
competence [93] for all. The rationale is that – in a digital world – 
everyone needs to understand the basics of the underlying technology as 
well as the opportunities and potential challenges it brings. 

Instead of mere programming, there has been an increased discus-
sion about computational thinking (CT) as a fundamental set of con-
cepts, approaches and attitudes for solving problems with the help of 
computers [96,102]. CT should hence not merely be considered a new 
body of knowledge but also seen as essential practices needed in a 
complex and increasingly digital world. As Schleicher [82] points out, 
success in education is no longer only about content knowledge but 
rather epistemic knowledge, as “thinking like a scientist, philosopher or 

mathematician – is taking precedence over knowing specific formulae, names 
or places” (p. 31). This is also reflected in a joint report from ACM Europe 
and Informatics Europe [90], highlighting that the ”foundational prin-
ciples of [Computer Science] and its characteristic ways of shaping thinking, 
expression, and work are more important for education than its specific 
technologies” (p. 6). 

Similar ideas have been put forward in other contexts, and as a result, 
many countries have renewed their curricula for K-12 education, 
introducing CT [20,21,28,104]. The new content has been introduced in 
different ways, not necessarily explicitly as CT, but rather as digital 
competence, computing or programming. While some countries have 
introduced a completely new subject, others, such as Finland, have in-
tegrated the new content into existing subjects. The integration has been 
accomplished by, for example, introducing the new content as an 
interdisciplinary element throughout the curriculum or as part of a few 
subjects [7]. 
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Even though CT is a common topic in K-12 education, there are no 
accepted standards for how to teach it. Programming is, however, 
commonly recognized as a key element for improving students’ CT skills 
[32,57]. Consequently, introducing CT through programming seems to 
be the prominent approach [7,105]. 

In Finland, a new national curriculum for grades 1–9 (approximately 
ages 7–15) was accepted in 2014, coming into force gradually starting in 
2016. The curriculum does not explicitly mention CT but introduces 
programming as part of the cross-curricular theme digital competence. 
In addition, programming is explicitly mentioned in two subjects: 
mathematics and sloyd.1 

The introduction of CT in national K-12 curricula has placed teachers 
worldwide in a challenging position, as they are expected to teach a 
topic that is completely new to most of them. As a result, both inter-
national (e.g., [79,92,106]) and Finnish (e.g., [86,107]) studies have 
shown that teachers struggle with integrating programming in their 
classrooms due to, for instance, lack of skills, time and professional 
development. 

In this paper, we present a model used to introduce CT in a cross- 
curricular manner at middle school level in Finland. The model builds 
on an art and design approach and has been empirically evaluated in a 
case study involving teachers and students at four Finnish schools. By 
analysing student projects as well as teacher and student learning di-
aries, we bring light on both teachers’ and students’ experiences as well 
as the CT abilities students demonstrated. While there is a growing 
amount of research on CT in K-12 education, as discussed below, most 
empirical studies focus on, for instance, tools, curriculum or assessment. 
Our goal was rather to get insight into what aspects of CT arise from the 
students’ projects and their work descriptions. In addition, we wanted to 
investigate how the student results related to the teachers’ experiences 
to bring light on how teachers transform their instruction based on the 
curriculum and thereby build agency in teaching CT. The main research 
questions addressed in the study were hence the following:  

• RQ1: How can a cross-curricular teaching sequence covering CT be 
designed for middle school level?  

• RQ2: How do teachers approach such a teaching sequence and build 
agency to implement it in the classroom?  

• RQ3: What aspects of CT do students engage in or experience when 
participating in such a project? 

The rest of the article is organized as follows. To set the stage for the 
study, we first present the background and some key concepts. Next, we 
present the study settings and method, including the cross-curricular 
teaching sequence, data collection, analysis frameworks and ethical 
considerations. Next, the findings are presented and discussed, after 
which the article is concluded with some words on limitations and future 
ideas. 

2. Background 

2.1. Defining and operationalizing CT 

CT was coined already in 1980 by Papert [68], who described it 
primarily as the relationship between programming and thinking skills. 
He believed that students’ constructions when programming in LOGO 
could facilitate their procedural thinking across multiple disciplines. CT 
gained renewed interest through a seminal article by Wing [96], sug-
gesting that CT is “a universally applicable attitude and skill set everyone, 
not just computer scientists, would be eager to learn and use” (p. 33). Wing 
defined CT as "solving problems, designing systems, and understanding 
human behavior, by drawing on the concepts fundamental to computer 

science." (2006, p. 33) and argued that CT, "just like reading, writing, and 
arithmetic, should be added to every child’s analytical ability" (p. 33). Wing 
later updated the definition to view CT as “the thought processes involved 
in formulating problems and their solutions so that the solutions are repre-
sented in a form that can be effectively carried out by an 
information-processing agent” [97]. 

In addition to Wing’s theoretical definitions above, other organiza-
tions have tried to operationalize CT. For instance, the International 
Society for Technology in Education (ISTE) included CT as one of the 
seven main standards describing skills and qualities needed to enable 
students to “thrive in a constantly evolving technological landscape” 
already in 2016 [43]. According to the standards put forward for CT, the 
goal is for students to learn how to “develop and employ strategies for 
understanding and solving problems in ways that leverage the power of 
technological methods to develop and test solutions.” 

Another way of operationalizing CT is through models of CT concepts 
and practices. Already in 2011, the American Computer Science 
Teachers Association (CSTA) and the International Society for Tech-
nology in Education (ISTE) proposed a definition identifying nine con-
cepts: data collection, data analysis, data representation, problem 
decomposition, abstraction, algorithms, automation, parallelization, 
and simulation [16]. Also in 2011, Barr and Stephenson [4] described 
how these nine core computational thinking concepts could be inte-
grated into different subject areas. A year later, Brennan and Resnick [9] 
proposed a model describing CT in terms of three dimensions: concepts 
(sequences, loops, events, parallelism, conditionals, operators and data), 
practices (experimenting and iterating: testing and debugging; reusing 
and remixing, and abstracting and modularizing) and perspectives 
(expressing, connecting, and questioning). This framework has later 
been extended by Zhang and Nouri [103] to include skills as a fourth 
dimension. 

Yet another example of this broader way of operationalizing CT is the 
definition used by Barefoot Computing [3] in England, which builds on 
seven concepts (logical thinking, algorithms, decomposition, pattern 
recognition, abstraction and evaluation) and five approaches (tinkering, 
creating, debugging, persevering and collaborating). The above con-
cepts and skills were synthesized by Fagerlund et al. [25] into a list of 14 
core educational principles describing the fundamental skills and areas 
of understanding involved in CT. Tikva and Tambouris [88] presented a 
conceptual model of CT in K-12 education. Through an analysis of 101 
relevant studies, they found six CT areas: knowledge base, assessment, 
learning, factors, tools, and capacity building. The first one, knowledge 
base, was identified as the core; over half of the studies represented this 
CT area. This area could be further divided into five sub-areas: concepts, 
skills, practices, perspectives, and skills. 

2.2. Introducing CT in the K-12 classroom 

In a review of studies on CT in K-12 education, Shute et al. [83] found 
no consensus on how to best teach CT, but rather a variety of definitions, 
assessment methods, interventions and models. Nevertheless, as 
mentioned in the introduction, CT is commonly introduced using pro-
gramming [7,57]. For instance, Hsu et al. [40] found that visual pro-
gramming languages were the most common tool for teaching CT, while 
Tang et al. [85] observed that most research on CT assessment focused 
on students’ programming skills. They also noted that many researchers 
define CT based on programming and computing concepts. 

The relationship between programming and CT has been explained 
in different ways. For instance, Grover and Pea [32] noted that pro-
gramming can both support the cognitive tasks involved in CT and be 
used to demonstrate computational competencies. Similarly, Tikva and 
Tambouris [88] point out that there is a dual association between the 
two: programming offers the mechanisms needed for implementing CT, 
while CT gives programming a new role as a way to explain the world. In 
their review from 2021, Sun et al. [84] concluded that programming 
education can cultivate K-12 students’ CT skills. 

1 Sloyd is a subject taught in the Nordic countries and can be described as 
crafts or handicraft using both soft and hard materials. 
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Studies on CT in K-12 education focus on a range of aspects. Cur-
riculum design (e.g., [35,94]) and teaching approaches (e.g., [20,108]) 
are naturally central areas when introducing new content in education. 
Another common research topic focuses on the tools used, such as un-
plugged programming [5,10,17]), the programming environment 
Scratch (e.g., [25,64,103]), robotics (e.g., [2,13]) or microcontrollers (e. 
g., [27]). 

As CT is a multidimensional concept, researchers have also studied 
how programming activities foster CT among students. Fagerlund et al. 
[25] found that some core educational principles (efficiency, data, 
abstraction and automation) are not as contextualized in students’ 
Scratch programs as others. Arfé and others [1] concluded that pro-
gramming practice can improve problem-solving and planning skills 
among children as young as six years old. Israel-Fishelson and colleagues 
[42] discovered associations between CT and two aspects of creativity: 
creative thinking and computational creativity. 

Another popular research topic is CT assessment. Many efforts are 
based on a given context (e.g., [24]), while others aim at developing 
more general assessment methods, for instance, in the form of tests [12, 
78], rubrics [62] and instruments for getting insight into, e.g., students’ 
thought processes [89], attitudes [51] and experienced self-efficacy 
[53]. Grover [31] argued that CT cannot be assessed based on one sin-
gle measure, but rather calls for "multiple measures or ’systems of as-
sessments’ that are complementary, attend to cognitive and 
noncognitive aspects of learning CT, and contribute to a comprehensive 
picture of student learning" (p. 269). One attempt at such a framework is 
the PESS instrument building the assessment on previous experience, 
self-efficacy and skills [109]. 

When CT is introduced in education, it is not sufficient to only focus 
on the students, but the teacher’s perspective must also be considered. 
This is reflected in previous research, as many studies cover the teach-
ers’ point of view. For instance, already in 2014, an international 
working group reviewed the current state of CT in K-9 education, sug-
gesting that some teachers were already engaged in CT-related teaching 
activities [110]. Teacher perceptions of and attitudes towards CT have 
also been studied (e.g., [81]), while other researchers have focused on 
professional development for in-service teachers (e.g., [51]), pre-service 
teachers (e.g., [29,54]) and the evaluation of such training initiatives (e. 
g., [76]). 

2.3. STEAM and maker culture 

CT is not an isolated skill set but includes skills that can be used to 
solve problems in a particular context or knowledge area. Consequently, 
researchers have explored the transversal potential of combining CT 
with other subject areas, such as science and mathematics (e.g., [58, 
95]), languages (e.g., [44,69]), geography (e.g., [33]), music (e.g., [74, 
80]) as well as arts and literature (e.g., [19]). 

One area in which CT is commonly seen as a natural component is 
STEM (science, technology, engineering and mathematics), as CT is 
considered the “connecting tissue” between computing and disciplinary 
knowledge [60]. For instance, CT is believed to have the potential to 
deepen students’ STEM learning by letting them engage in authentic 
practices [55]. 

STEM has traditionally been considered an essential part of educa-
tion in many countries as the subjects are commonly seen as the source 
of innovation and ground-breaking research. During the last decade, 
however, we have seen an increasing shift in the discussion from STEM 
to STEAM, that is, STEM complemented with arts. Already in 2010, Piro 
argued that “if creativity, collaboration, communication, and critical 
thinking – all touted as hallmark skills for 21st century success – are to 
be cultivated, we need to ensure that STEM subjects are drawn closer to 
the arts” [75], p. 29. Both STEAM and arts and design projects are 
multidisciplinary in their nature and promote learning through and with 
other disciplines [72]. Integrating arts with STEM subjects can also 
encourage creativity and more expansive domain learning [34]. In a 

literature review of 44 articles covering STEAM education, Perignat and 
Katz-Buonincontro [73] found that educators agree that STEAM en-
hances creativity and thinking skills. However, it is not always clear how 
to add arts to the mix. 

Although several CT-based STEAM curricula have been suggested in 
the literature, research indicates that these commonly lack apparent 
pedagogies [91]. Hence, suitable instructional plans and supporting 
learning activities are needed for integrating CT in a STEAM context. 

Simultaneously with the move towards STEAM, maker culture has 
become increasingly common in both K-12 education and informal 
learning settings. Maker culture has its origin in the do-it-yourself (DIY) 
culture. It is described as “a technology-based extension of DIY culture 
that intersects with hacker culture […] and revels in the creation of new 
devices as well as tinkering with existing ones” (Wikipedia). The 
popularity of “making” originates in, for instance, the idea of helping 
students learn how to be producers in the tech domain rather than 
merely being consumers of existing solutions and tools [36]. The in-
crease in affordable and available tools needed for making activities, 
such as electronic kits, microcontrollers, and 3D printers, has made it 
easier for anyone to engage in these types of activities. 

Making lets students use various materials and resources as they 
“embrace tinkering, or playing, in various forms of exploration, exper-
imentation, and engagement, and foster peer interactions as well as the 
interests of a collective team” [98], p. 35. Making activities are 
interest-driven and creative, support tinkering and play, and encourage 
collaboration [67]. When engaging in a maker activity, students can 
implement their own ideas and are encouraged to let their interests and 
abilities guide the process [46,49], which can increase their personal 
investment in the task [59]. Maker activities are also seen as a way to 
bridge the gender gap in STEAM education [61]. 

While maker culture initially had a rather heavy focus on STEM 
subjects, there are many openings to include arts. For instance, Lindberg 
and others [56] studied the opportunities of arts in maker education and 
found that making became a means of “personal, artistic expression with 
quite literal layering of coded meanings.” It has also been argued that 
arts and design practices can develop students’ curiosity, and such an 
approach could therefore play a role in addressing the decline in interest 
towards science [52]. 

Integrating making in education can offer several benefits to stu-
dents, but it also requires new skills from the teacher. As STEAM and 
maker culture are rather new phenomena in K-12 education, most in- 
service teachers have not received any training in maker pedagogies. 
Consequently, there is a gap between teacher education and desirable 
classroom practices [111] as well as a lack of understanding for how 
teachers are to integrate making approaches in their teaching [37]. 
Maker pedagogies also imply that the teacher needs to be comfortable 
with not knowing exactly where a lesson will end nor all the details of 
the equipment and materials used [50]. 

To support novice maker teachers, training should start with a 
limited set of tools and co-created lesson plans [41]. In addition, Hughes 
and colleagues [37] found three major themes for supporting teachers in 
becoming “making educators”: 1) personal and professional identifica-
tion with the values of the maker movement (playfulness, experimen-
tation, problem-solving aptitude), 2) familiarity with curricular 
objectives and proficiency with interdisciplinary planning, and 3) sup-
port from a multidimensional maker culture for continuous 
development. 

2.4. CT in the Finnish national curriculum 

A new national curriculum for grades 1–9 (approximately ages 7–15) 
was accepted in Finland in 2014 and came into force gradually starting 
in 2016. The curriculum does not mention CT explicitly but introduces 
programming as part of digital competence, which includes four areas: 
1) practical skills and own production, 2) responsible and safe ways of 
working, 3) information management as well as exploratory and 
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creative work, 4) communication and networking. Digital competence is 
in turn one of seven dimensions of the so-called transversal competence, 
which plays a central role in the curriculum as a whole: 1) thinking and 
learning to learn, 2) cultural competence, interaction and self- 
expression, 3) self-care and managing everyday life, 4) multi-literacy, 
5) digital competence, 6) working life skills and entrepreneurship, and 
7) social participation, influence and building a sustainable future [28]. 

These seven competencies are closely related to the 21st century 
skills, such as critical thinking, communication, collaboration, problem- 
solving, creativity and digital competence [6,65]. They are not taught in 
isolation but are to be covered throughout the curriculum, and offer 
opportunities to combine different subjects, topics, and content areas. 
According to the Finnish curriculum, digital competence – including 
programming or CT – should therefore be integrated into other subjects. 
In addition to this implicit integration, programming is explicitly 
included in two subjects (mathematics and sloyd). 

In mathematics, the focus is on logical thinking, problem-solving and 
algorithms, starting with creating and testing step-by-step instructions 
in grades 1–2, followed by programming in visual environments in 
grades 3–6. In grades 7–9, students are to deepen their programming 
skills and develop good programming practice. Programming in math-
ematics can thus be completely unplugged in grades 1–2 [5], while 
computers, robotics or other digital devices should be used starting in 
grade 3. The Finnish curriculum does not state when text-based pro-
gramming languages should be introduced. The choice of programming 
environment is instead left to the teacher, as it depends on the learning 
objectives and the types of problems to be solved. 

Sloyd is a subject taught in the Nordic countries and can be described 
as crafts, handicrafts or handiwork using both soft and hard materials. 
As programming became part of sloyd education, new materials and 
tools were introduced, such as microcontrollers, electronic components, 
3D printers, and robotics. Introducing programming in sloyd is hence 
closely related to the maker culture discussed above. Sloyd has been part 
of the Finnish curriculum for over 150 years, so schools in Finland have 
had their own kind of maker activities long before the establishment of 
the maker movement [8]. 

Finally, in addition to viewing programming as a tool for solving 
problems, implementing ideas and expressing oneself creatively, it can 
also be introduced from a societal point of view in subjects such as 
religion, history and social sciences. For instance, questions related to 
ethics, safety and privacy can be pondered in connection with discus-
sions on the role of algorithms, data and programmable devices in so-
ciety, as well as potential future scenarios. 

Introducing programming in the curriculum placed teachers in 
grades 1–9 in a new situation, as they were expected to teach a topic 
entirely new for most of them. As stated in the introduction, both in-
ternational and national studies [79,86,92,106,107] have shown that 
teachers lack previous programming experience and struggle when 
trying to integrate it into their teaching. The curriculum revisions 
naturally required – and continue to require – time and resources, 
including professional development and teaching materials. 

2.5. Interdisciplinary teaching 

As digital competence in general, and programming in particular, is 
introduced as a transversal skill set, the curriculum calls for interdisci-
plinary teaching approaches. In addition, the Finnish curriculum defines 
cross-curricular learning areas that should promote students’ 1) under-
standing of the relationship and interdependencies between different 
learning contents, 2) ability to combine the knowledge and skills pro-
vided by different subjects to form meaningful wholes, and 3) ability to 
adopt and use these in collaborative learning. Every student should 
participate in at least one cross-curricular learning area every school 
year. 

Research indicates that integrated approaches can benefit both 
learning outcomes and personal development, for instance in terms of 

self-regulation, creativity and emotional health [23]. Hus and Grmek 
[38], p. 160] point out that “besides acquiring new knowledge, the 
emphasis is also on motivation, acquiring practical knowledge and 
developing social learning.” Interdisciplinary teaching can also enrich a 
student’s “lifelong learning habits, academic skills, and personal 
growth" and support the development of “advanced thinking skills 
leading to discovery and real-world problem solving” [45]. Moreover, 
integrated approaches can make fragmented or crowded curricula more 
efficient and coherent [23]. 

Naturally, there are also potential disadvantages related to inte-
grated approaches. Assessment may be more difficult when many sub-
jects are intertwined, and such instruction may be seen as reducing the 
status of a given subject [45]. Maybe the most common challenges are, 
nevertheless, quite practical in their nature. Interdisciplinary teaching 
requires planning and time, which is scarce in most teachers’ workdays. 
It also takes a collaborative effort, which may not be easy due to both 
logistical issues regarding scheduling and what Drake and Reid [23] call 
“territorial battles” and “teacher identity”. 

Interdisciplinary approaches naturally require good planning for 
them to be implemented in practice. Different strategies have been 
identified when planning and carrying out interdisciplinary program-
ming projects in grades 1–9 [108]: "1–2–3′′, "spiral", and "together". The 
first of these, 1–2–3, refers to a situation where teachers plan the work so 
that it is divided into subject-specific parts, which are completed one at a 
time. The spiral strategy is similar but occurs in a cyclic manner, where 
students re-encounter the project in the same subject several times. 
Finally, the together approach describes a situation where students work 
continuously and seamlessly with the project in different subjects. 

3. Method 

3.1. Study setting 

As the new Finnish curriculum came into force in the fall 2016, 
teachers faced a situation requiring training and ideas for how to 
introduce programming in different ways. The goal of our study was to 
create and evaluate a model addressing three of the objectives presented 
in the curriculum: teaching programming and CT in a cross-curricular 
manner while at the same time covering the aspects of interdisci-
plinary teaching put forward in the curriculum (understanding co- 
dependencies between different subjects, combining knowledge and 
skills from different subjects to meaningful wholes, and learning 
together with peers). In addition to covering parts of digital competence, 
we also wanted the model to make possible the aims of the first 
dimension of the transversal competence, that is, thinking and learning 
to learn (freely translated from the Finnish curriculum text): 

“Thinking and learning skills lay the foundation for the development of 
other competencies and lifelong learning. […] This competence is pro-
moted through exploratory and creative ways of working, collaboration, 
and opportunities to go deeper and focus. Teachers should encourage 
students to trust themselves and their views while being open to new so-
lutions. […] Students should be given space to ask questions and be 
encouraged to look for answers, to listen to the views of others while at the 
same time reflecting on their own knowledge. […] Students should learn 
to use knowledge independently and together with others to solve prob-
lems, argue, reason, draw conclusions, and innovate. […] Innovative 
solutions presuppose students to learn to see alternatives without preju-
dice, combine different perspectives and use their imagination to tran-
scend existing boundaries.” 

To accomplish this, we designed a cross-curricular teaching sequence 
in which small groups of 3–5 middle school students were to create 
interactive installations of stories they wrote collaboratively. The in-
stallations were to be created using arts and design practices, while 
interactivity was to be achieved using tools common to the maker cul-
ture: a simple microcontroller (Makey Makey), basic electronics (LEDs, 
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batteries, conductive materials) and a block-based programming lan-
guage (Scratch). The model was designed to primarily be implemented 
according to the together strategy mentioned in Section 2.5; that is, the 
project work should proceed seamlessly, covering different subjects. 

3.2. Teaching sequence 

The teaching sequence was used and evaluated in four schools (S1- 
S4) in Finland, involving five teachers. We collaborated closely with the 
teachers involved, who all participated in introductory workshops. 
During the first workshop, they were introduced to the teaching 
sequence and given the freedom to develop it further and decide on the 
details for it to fit their respective experience, student groups and 
schedules. In a follow-up workshop, the teachers were trained in the 
tools to be used (Makey Makey, Scratch, basic electronics). Thus, we 
aimed to provide the teachers with the support needed according to the 
research discussed above (e.g., [37,41]): we gave them the backbone for 
a cross-curricular teaching sequence introducing a limited set of tools, 
while also providing training and support. The project involved five 
main elements:  

1. Collaboratively brainstorm and write a story on a given topic  
2. Divide the story into three parts and identify events in the parts that 

can be made interactive  
3. Design and visualize the story with props, materials and tools  
4. Build and program the interactive events  
5. Exhibit the installation 

The final element, an exhibition, was deemed relevant to bring the 
students’ work out of their classroom. This is a way of giving the stu-
dents a voice, as considering the intended audience can take an artefact 
”beyond the ’making’ process and into the exhibition process where the 
piece could stand alone and be meaningful to both the designer/maker 
and other viewers” [56]. 

The teaching sequence was designed to cover 20 lessons (á 45 min). 
To make it easier for teachers to decide whether the project would suit 
their student group and if they would have time to integrate it into their 
schedule, a draft outlining the project was created based on the five 
elements above. The main objectives of each phase are described in 
Table 1, together with the estimated time. 

The sequence covered transversal competencies (thinking and 
learning to learn, digital competence) as well as concrete learning ob-
jectives in six subjects: mother tongue (storytelling, communication and 
writing in Swedish or Finnish), mathematics (programming), arts 
(drawing, painting), sloyd (building, creating), science (electronics) and 
music (recording and editing audio files). The cross-curricular model 
hence brought together academic subjects with esthetic and practical 
subjects. 

3.3. Pilot study 

A pilot study involving 12 students and two teachers was conducted 
before the actual study. The project was carried out according to the 
drafted sequence, with 1–2 researchers observing the work in the 
classroom. The pilot showed that the estimated time slots for the 
different phases of the project were suitable. For instance, six hours 
proved enough for the students to build and finish the installation 
without the need to hurry. No changes were hence made to the 
timetable. 

The pilot study did, however, highlight aspects of the content that 
needed to be revised. For instance, the pilot indicated that more practice 
was needed for the students to work with Scratch and build electrical 
circuits with the Makey Makey. The teaching material was therefore 
further developed by providing additional examples for the teacher to go 
through in class. Recording sounds in Scratch turned out to be chal-
lenging for some groups, which called for more detailed instructions on 

how this is done in practice (e.g., making sure the browser has access to 
the microphone) and the importance of finding a quiet space when 
recording. The pilot also highlighted the need for rotating roles within 
the groups so that all students could try the different parts of the project. 

Table 1 
Main objectives and timeline of the teaching sequence.  

Phase Subjects/topics Number of 
lessons 
(20) 

Content 

Presenting the 
project 

General 1 Let students know the 
overall plan (a 
collaboratively written 
story to be visualized and 
made interactive), briefly 
introduce the tools to be 
used and divide students 
into groups. 

Presenting the 
maker tools 

Programming, 
science (physics, 
electronics) 

2 Let students explore and 
modify a simple project (e. 
g., creating an interactive 
piano using conductive 
materials, Makey and 
Scratch) in order to get 
familiar with the tools, see 
what can be done and 
discuss how the tools 
could be used.  
Introduce basic electrical 
concepts: current, voltage, 
resistance. Let students 
grab something from their 
bag or desk, reflect upon 
whether it conducts 
electricity or not and why, 
before testing the 
conductivity using Makey. 

Writing the 
story 

Mother tongue, 
storytelling, 
languages 

4 Discuss collaborative 
writing and best practices 
when creating text 
together.  
Write the story, 
highlighting the idea of 
including aspects that can 
be made interactive using 
the tools used in the 
previous phases.  
Divide the story into three 
parts. 

Planning the 
installation 

Mother tongue, 
science, arts, 
programming 

4 Discuss the basics of 
project planning. 
Create a plan including 
the interactivity to be 
added and a list of tools 
and materials needed. 

Presentation 
and 
feedback 

Mother tongue 2 Group presentations of the 
plans including feedback 
from peers and teacher(s). 

Building the 
installation 

Programming, 
science, arts, sloyd, 
music, mother 
tongue 

6 Creative work including, 
for instance, drawing, 
painting, building out of 
cardboard of wood, 
creating conductive 
sections in the 
installation, adding LEDs, 
hiding batteries, 
connecting electronics 
using cables and tape, 
recording voice, creating 
music, and programming.  
Documentation of the 
work at the end of each 
lesson. 

Exhibition Mother tongue, 
digital competence 

1 Exhibition for students, 
teachers and parents. 
Filming of all 
installations.  
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During the pilot, some students, for instance, chose to only focus on their 
favourite parts, resulting in some students not programming or working 
with the electronics at all. Finally, the number of LEDs per group was 
limited to three for the circuits to be more manageable and easier to 
debug. Also, as different types of LEDs may need different amounts of 
voltage, the decision was made to restrict the choice of LEDs so that a 
project only included LEDs requiring the same amount of voltage. 

3.4. Data collection 

The research questions were addressed based on student and teacher 
written diaries as well as photos and video material of students’ pro-
totypes, intermediate versions and final installations. All in all, the 
following data were collected: 163 student diary entries (from 71 stu-
dents), six (6) stories and learning diaries (from 27 students making up 
six groups2), 14 teacher diary entries (from 5 teachers), as well as 85 
photos and 15.6 min of video material documenting the process and 
outcomes of the students from the four schools. The results ranged from 
interactive two-dimensional posters to installations with spatial ar-
rangements. The data collected are summarized in Fig. 1. 

To answer the research questions, the intention was to study complex 
activities in the context they occurred. Such research settings advocate 
for collecting “messy data” [14]. Using several types of qualitative data 
made it possible to review different perspectives on the process and the 
outcomes. Furthermore, triangulation was applied in three ways: (1) 
data triangulation; the use of a variety of qualitative data sources, (2) 
investigator triangulation; the use of several different researchers in the 
analyses of the data, and (3) methodological triangulation; the use of 
multiple methods of analysis [18]. 

As part of the data consisted of self-reported diary entries, consis-
tency was promoted by providing students and teachers with guiding 
questions for writing the entries. Students and teachers were asked to 
reserve five minutes for answering the questions, and the short amount 
of time naturally limited the number and depth of the questions asked. 
The questions were designed to be reflective and aimed at bringing light 
on the process from both a student’s and a teacher’s perspective. The 
students were given four questions, which they were to answer three 
times during the project: at the beginning, mid-through and the end. The 
teachers similarly built their diaries based on a set of questions, but these 
differed depending on the time they were asked (see Table 2). 

In addition to the qualitative data mentioned above, two researchers 
visited the classrooms during the project, observing, and taking photos and 
videos. The pictures and videos were later used to get further insight into 
both the progress and the final results. Other than that, the observations 
mainly served as a way for the researchers to follow the work at school 
and help the teacher if needed. 

3.5. Analysis 

In the first stage of the analysis, each learning project was reviewed 
and described based on the students’ and teachers’ diaries, as well as 
photos and video material. The goal was to create a joint view of what 
type of projects the students had made, and researcher discussions were 
an essential part of this stage. As the student diary entries were the 
largest source of information over time, they were used as the primary 
data source. The teacher diaries, photos and videos were used as sup-
porting data to provide more detailed insight during the analysis. 

The initial review of the qualitative data and the subsequent nego-
tiations were the basis for developing a coding scheme for the student 

data. The diary entries were thematically analysed using predefined 
categories selected and designed by four researchers based on one of the 
CT frameworks presented above [3] and the Finnish core curriculum. 
The CT framework was chosen based on two reasons: 1) it had been used 
previously in teacher training efforts in Finland, and 2) was deemed to 
capture several concepts and approaches mentioned in the Finnish 
curriculum. The process resulted in six CT-related categories aimed at 
revealing to what extent students were involved in activities dealing 
with CT concepts or approaches. The categories are similar to those used 
in the framework but based on the data review, some related categories 
were combined to make it easier to map excerpts from the diary entries 
to a given category. In addition, three of the original concepts were not 
found during the initial review (algorithms, decomposition, patterns) 
and were hence not included as categories in the coding scheme. Table 3 
gives an overview of the final categories, the corresponding original CT 
concepts and approaches, as well as the connections to the curriculum. 

In addition to the six main categories, two categories were included 
to capture students’ feelings of 1) success and joy as well as 2) frustration 
and challenges, as such emotions may affect students and their learning 
in different ways [70]. Since these emotions can be affected by class-
room factors, such as instruction and curriculum content [71], the added 
categories were considered important to get insight into how students 
experienced the project and consequently be able to draw potential 
conclusions about the cross-curricular model. The resulting coding 
scheme is shown in Table 4. 

When the coding scheme had been designed, the student diary data 
were coded using content analysis; that is, the textual material was 
analysed, reduced and summarized according to, in our case, predefined 
themes [15]. Four researchers participated in the analysis phase. The 
student data were analysed first, and the findings were shared, 
compared, discussed, and refined in analysis meetings. Relevant ex-
cerpts from the student diary entries were selected to be included in the 
article to exemplify the categories. Finally, a frequency analysis was 
conducted of the six CT categories, resulting in an overall view of what 
categories were mentioned the most: what CT activities students seemed 
to engage in the most, and what activities were less common. 

Next, the teacher diary data were analysed following a similar pro-
cess to the one described above, except for the final part (frequency 
analysis). The goal was to get insight into the teachers’ experiences 
working with the teaching sequence at the beginning, mid-through and 
at the end. The teacher data coding scheme was finalized after the stu-
dent data had been analysed and coded for it to include any potential 
additional areas arising from the student data. The final coding scheme 
included five main categories – experience, expectations, implementa-
tion, challenges, and surprises – as presented in Table 5. 

The coding phases are visually depicted in Fig. 2. 
The results from the coding phases and the photos and video material 

were used to bring further light on RQ1 – How can a cross-curricular 
project model including CT be designed for middle school level? While the 
question has already partly been addressed in the presentation of the 
teaching sequence in Section 3.2 above, that discussion covered the 
intended model. However, it is equally important to also address the 
actual implementation, e.g., How many hours were used and how many 
school subjects were involved in practice? Was the final project based on 
a story, and how well did the installation support it if so? How esthetic 
was the final installation (i.e., including different materials, hiding ca-
bles, etc.)? The implementation process was evaluated using these 
questions based on the diary entries, photos and video material. 

3.6. Ethical considerations 

As the students in the participating schools were minors, parental 
consent was needed. All parents were given information about the 
project, its objectives, and the data to be collected, after which they were 
asked to approve or disapprove their child’s participation in the study. 
Next, the teachers in each school created a list of aliases for the students 

2 The stories and learning diaries by the 27 students were from school S4, 
which carried out the project according to our original plan. Both the stories 
and the diaries were created groupwise, which has been taken into account 
during the analysis as well as the presentation of the results below. 
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who were allowed to participate in the study. The aliases revealed only 
the gender and the school of each student. Throughout the study, the 
researchers only saw and used the aliases and never had access to the 
students’ names or any other personal information. Moreover, all photos 
and video material were captured so that potential students close by 

were not recognizable. 

4. Results 

In this section, the results are presented, focusing on 1) the imple-
mentation of the teaching sequence and 2) the categories used in the 
students’ coding scheme. When needed, examples are provided in the 
form of diary excerpts and photos. 

4.1. Implementation 

At the onset, it was clear that the schools would not implement the 
teaching sequence in the same way. While S4 aimed at completing the 
project according to the original plan (20 lessons including several 

Fig. 1. Collected data.  

Table 2 
Questions to students and teachers at the beginning, middle and end of the 
project.   

Beginning Middle End 

Students 
(n ¼
98)  

(1) What did you do?  
(2) Tell us about two things, in which you succeeded.  
(3) Was something difficult or troublesome? If yes, tell us about those 

situations.  
(4) What was the best? 

Teachers 
(n ¼ 5)  

(1) Describe what 
kind of 
experiences you 
have with 
programming/ 
circuits/xxx? 
(other related 
issues in the 
project?  

(2) What 
expectations/ 
hopes/aims do 
you have for the 
project from your 
students’ 
perspective?  

(3) What 
expectations/ 
hopes/ aims do 
you have for the 
project from your 
own perspective?  

(4) (4) How easy/ 
difficult do you 
think it will be to 
adapt the 
teaching 
sequence? Do 
you think you 
will modify it to 
suit your 
students, or have 
you already 
modified it? If so, 
how?  

(1) What was it like 
to implement 
the project 
from a 
teacher’s 
perspective? 
(easy/difficult/ 
challenging)  

(2) How have the 
students come 
along/engaged 
in the project 
(challenges/ 
successes)?  

(3) How well did 
the teaching 
sequence work? 
Have you made 
any adaptations 
to it during the 
project?  

(1) What was the 
project like 
from a teacher’s 
perspective? 
(easy/ difficult/ 
challenging)  

(2) How did the 
expectations/ 
hopes/aims you 
had for yourself 
and your 
students 
realize?  

(3) How well did 
the teaching 
sequence work?  

(4) How do you feel 
about the 
outcomes of the 
projects?  

(5) Where could 
you use this 
kind of type of 
activity, in 
which subjects? 
How could you 
use it in the 
future?  

Table 3 
The categories used in the coding scheme, the corresponding CT concepts/ap-
proaches and their connection to the curriculum.  

Category Corresponding CT 
concept/approach 

Connection to the curriculum 

Step-by-step 
instructions and 
algorithms 

Algorithms Step-by-steps instructions is the 
term used to introduce 
algorithms 

Reason, consequence 
and causality 

Logic When solving problems and 
innovating students should 
argue, reason and draw 
conclusions. 

Creating, tinkering 
and debugging 

Creating, tinkering, 
debugging 

Student should, among other 
related learning objectives, 
engage in practical production, 
as well as exploratory and 
creative ways of working. 

Collaborating Collaborating Collaboration is mentioned 
throughout the curriculum. 

Abstraction and 
conceptualization 

Abstraction In addition to abstractions and 
generalizations, students need to 
learn terminology that aid in 
communication and 
collaboration. 

Persevering Persevering Persevering is key for developing 
both the competences in the 
curriculum and lifelong 
learning. 

Evaluation Evaluation Students are encouraged to ask 
questions and look for answers, 
to listen to the views of others 
while at the same time reflecting 
on their own knowledge.  
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subjects), schools S1-S3 opted for completing it on a tighter and more 
intense schedule resulting in longer sessions at a time over a few days, 
rather than spread over several weeks. Although the total number of 
hours was not much lower than in S4, the tighter schedule greatly 
impacted the process and the results. As the teachers could not skip the 
introduction (presenting the project and the tools) nor the creation 
(planning and building) parts of the project, most teachers in S1-S3 
chose not to require their students to write a story, present their plans 
or give feedback on the other groups’ plans. Hence, the learning ob-
jectives of storytelling, collaborative writing, presentation, communi-
cation, and feedback were left out. This also meant that the role of the 
mother tongue subject in the project notably decreased. 

Without a story, the final products became smaller and more “ad hoc 
creations” rather than complete installations. At the same time, the 
connection between the subjects suffered due to a lack of time. This does 
naturally not imply that the products were of poorer quality, only that 
these projects did not fulfill the original plan of transforming a story into 
an interactive piece of art. Fig. 3 shows two examples of artifacts that 
were not built based on a story. The example on the left is an interactive 
radio made from a cardboard box. The user can press the “buttons” and 
hear different sounds. On the right is an interactive poster, providing 
information on a given topic both in writing and by touching the 
conductive parts of the installation. 

In school S4, all groups created interactive story installations, 
starting from collaboratively writing a story and dividing it into three 
parts, creating a plan for how to visualize the story and make it inter-
active, presenting the story and the plan, and making adjustments before 
starting the building phase. They ended up using more than 20 lessons, 
needing more time for the introduction phases to ensure that the stu-
dents had sufficient background and skills to get started with the project. 
The process is shown in Figs. 4-6, beginning with a group of students 
reviewing their story and the corresponding plan in Fig. 4. 

Fig. 5 shows a ready-made installation. The three parts of the story 
are visible as three connected backdrops. The story is written on the 
white notes and prompts the user when to push, touch or otherwise 
interact with parts of the installation. 

As aesthetics was highlighted throughout the project, students also 
spent time hiding cables and making the final product as “clean” as 
possible. This is seen both in the interactive radio (Fig. 3) and the three- 
part installation (Fig. 6). 

Time was the main challenge when implementing the project, 
particularly in schools S1-S3. The teachers, for instance, mentioned 
extra events and holidays resulting in insufficient time for the project 
after all compulsory schoolwork had been taken care of3. 

Due to coincidences, the schedule turned out to be too tight for our group. 
In addition to the winter holiday, we have a school trip and two thematic 
days. Without these, we would have had time to internalize things better, 
and the final results might have been "deeper". Now some [students] 
finished the project hastily due to the plans changing too thoroughly (S1). 

The lack of prior knowledge was also problematic, mainly from a 
teacher perspective. Taken together, the lack of time and experience 
brought initial feelings of uncertainty, here described by the teachers in 
S1 and S4. 

The project has been challenging for me. I did not have time to absorb 
things as thoroughly as I should have. (S1) 

In the beginning, it was kind of difficult to know how everything would 
turn out; both I and the students were curious but still uncertain. […] 
Their background in programming and the way of thinking it requires 
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Underlining is used to show the reason for why a given excerpt belongs to the 
corresponding category. 
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differed. I felt that I was not enough; getting lots of questions and being 
alone with 21 students was not optimal. (S4) 

The teachers noted that some of these challenges were eased by the 
student-centered and collaborative approach as the students took re-
sponsibility for their projects and managed to work in groups. In gen-
eral, the negative feelings were relieved as the work progressed: 

I managed to get the students excited, and many other children have come 
by our classroom to spy on what we are doing. (S1) 

As we got to the planning and building phase, everything went well. I think 
it was easier to understand when it became more concrete. […] Then I 
almost felt like I was redundant. (S4) 

After completing the project, the teacher was positively surprised by 
the students’ work and their final installations while seeing opportu-
nities to use the same project model further on. 

Some of the results were very high quality […] the journey became more 
important than the final artefact. For my creative students, this [way of 

Table 5 
Coding scheme used for teacher diary data.  

School teacher Experience Expectations Implementation Challenges Surprises  

Start Mid End Start Mid End Start Mid End Start Mid End Start Mid End 

S1                
S2                
…                 

Fig. 2. The three coding phases.  

Fig. 3. Smaller-scale projects not based on a story.  

Fig. 4. A student group reviewing their story and the corresponding plan.  
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working] will give rise to something more still this spring. We have only 
just begun. (S1) 

My expectations were exceeded, as all groups ended up with something 
that worked. I think this model could be used in any subject, and we are 
already planning to create a story path along which other student groups 
can listen to different stories. (S2) 

I am so pleased, and it was nice to see how the children’s ideas changed 
and visions grew. […] This kind of project could be used in any subject. It 
comes down to your own ideas and daring to try. I will definitely use this 
way of working in the future. (S4) 

4.2. Diary entries 

Table 6 gives an overview of how frequent the different categories 
were in the students’ diary entries: the number of explicit comments 
relating to the category as well as the number of individual students and 
student groups mentioning the category. 

The second category – creating, tinkering and debugging – was the 
most common one, while the fewest occurrences were found for the 
categories “reason, consequence and causality” and “perseverance”. 
Most students also discussed success and challenges in their diaries. The 
frequencies shown in the table only account for students explicitly 
mentioning the given categories in their diaries. In addition, some of the 
categories could also be implicitly seen in the students’ answers, for 
instance, students writing in “we” form, indicating collaboration taking 
place. In the following, each category is reviewed separately. 

4.2.1. Reason, consequence and causality 
Most comments falling into the first category, Reason, consequence, 

causality (22 mentions by 17 students and 0/6 groups), were related to 
the students’ project, how it worked and what it did (Table 7). 

Both excerpts in the table highlight how the parts of the final in-
stallations were connected, as well as the cause and effects when 
interacting with them. The second excerpt relates to the interactive 
radio in Fig. 3. 

The teachers did not mention this category in their learning diaries. 
However, due to the nature of the projects, the work naturally called for 
reasoning and discussions on causality, actions and interactions when 
making design decisions, e.g., what should be done to arrive at a given 
result, and what the consequences would be if choosing a given design 

Fig. 5. A finished installation based on a story in three parts.  

Fig. 6. Cables and electronics hidden in the installation.  

Table 6 
Overview of the category mentions in student diary entries.  

Category # 
mentions 

# students (out of 
75) 

# groups (out 
of 6) 

Reason, consequence and 
causality 

22 17 0 

Creating, tinkering and 
debugging 

200 61 6 

Collaborating 55 3 1 
Abstraction and 

conceptualization 
52 22 6 

Persevering 18 10 4 
Evaluation 56 28 3 
Success and joy 189 67 6 
Frustration and challenges 122 51 6  

Table 7 
Diary excerpts related to reason, consequence and causality.  

Reason, consequence and 
causality (22,17,0) 

We made a teddy bear. It had a fork and knife as 
hands. And when these were pressed, a voice said 
what the thing was. 
We made a radio with six buttons out of a 
cardboard box. There was a handle made out of 
folio on top of the box. When you pressed a button 
you had to hold the handle at the same time. The 
buttons made different sounds.  
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path? As such, the task of building an interactive piece partly in itself 
raised the need for the reasoning and consequence aspects. 

4.2.2. Creating, tinkering and debugging 
As already discussed above, the scope of the project varied between 

schools. While the teacher in S4 followed the original plan, students in 
the other schools worked on smaller projects. Regardless of the scope or 
nature of the project, they all involved creating, tinkering and debugging 
(category 2, 200 mentions by 61/75 students and all six student groups) 
as students mentioned concrete activities such as programming, 
recording sounds, connecting cables, drawing pictures, writing stories, 
and so on. Table 8 presents the main types of comments related to this 
category. 

Some students described their projects in detail, highlighting the 
connection between design and functionality. In addition, as all projects 
were to be interactive, there was a need for tinkering, exploration and – 
if things did not work – debugging. Most problems that called for cor-
recting an error or re-exploring the situation were related to circuits or 
programming. Finally, students mentioned looking for creative solutions 
and learning by exploration and experimentation. This was also high-
lighted by the teachers, who were positive about both their students and 
themselves exploring and experiencing new areas. In school S4, where 
the interactive installations were relatively large and demanding, the 
teacher guided the students to explore several solutions when imple-
menting their designs. Tinkering and debugging were natural parts of 
the process, highlighted and encouraged by the teacher: 

“In the beginning, everything was new, and it was perhaps hard to know 
how to structure everything to arrive at a good outcome. The trickiest part 
was to get the students to understand how to think when they were to start 
planning and building the concrete parts. […] Slowly, they built a picture 
of what they wanted. Much has changed on the way. The challenges have 
varied [but the] students have dared to try, helped each other and found 
out [on their own].” (S4) 

All in all, 74 students stated that they had been engaged in creating, 
exploring and debugging activities while completing the project. In S1, 
S2 and S3, where the students worked on smaller interactive projects, 
the tinkering became more a matter of fact without teachers explicitly 
explaining its importance in the project. 

4.2.3. Collaboration 
Students from all schools mentioned collaboration (category 3, 55 

mentions by 33/75 students and 1/6 groups) and working in teams in a 
positive manner, either explicitly or implicitly (Table 9). They appre-
ciated working with others and acknowledged the importance of the 
other team members in finishing the project. They managed to divide 

the work among the team, found their own roles and encouraged each 
other. The importance of collaboration can also be found implicitly in 
several other comments, where students write in “we” form. While most 
students considered collaboration both an essential and a positive aspect 
of the project, some students also found it difficult and more stressful 
than individual work. 

Fig. 7 shows the box project described in the second excerpt of the 
“division of labor” subcategory. This project included more program-
ming than the others, as one of the students took on the role of software 
developer and designed a maze game to be included in the final project. 
In addition to the box having interactive elements, it also included a 
laptop with a game to be finished to complete the storytelling. 

The teacher diaries indicate that they expected teamwork to be part 
of the project through comments such as “students will learn from each 
other”. This is no surprise, as collaboration was a central part of the 
teaching sequence, and the projects were to be done in groups. 

4.2.4. Abstraction and conceptualization 
Students’ descriptions of what they did and how things worked 

highlighted their use of scientific terminology, with some abstraction and 
conceptualization (category 4, 52 mentions by 22/75 students and 6/6 
student groups). Quite a few students used concepts and structures that 
presented abstraction capabilities. All in all, 52 conceptualizations were 
found in the students’ comments. Some students described their work on 
electronics with everyday terminology, while others used more exact 
terminology, such as circuits, cables, and switches (Table 10). 

Most of the comments with exact electronics terminology came from 
students in schools S3 and S4. While one might expect that the teachers 
in these schools were confident with electronics and electrical circuits 
before the project, this was not the case. In fact, these were the two 
teachers who reported to be the least confident with this topic in their 
first diary entry. For instance, the teacher in S3 stated that electrical 
circuits were familiar mainly from her time as a high school student. 

In schools S1 and S2, the teachers seemed more worried about the 
schedule and how to motivate all students. Although the project was not 
primarily about electronics, the teachers in these schools made a 
connection from the project brief to that specific curriculum topic. For 
instance, the teacher in S1 had high expectations on the project in terms 
of promoting students’ understanding of electronics, conductivity, and 
the functionality of specific components, such as conductors and 
insulators. 

4.2.5. Perseverance 
When debugging and trying to learn something new, perseverance 

(category 5, 18 mentions by 10/75 students and 4/6 groups) is often 
key. The student diary entries (Table 11) showed how students over-
came obstacles and challenges by collaborating and asking for help from 
their peers and teachers. Other essential aspects of persevering were 
related to recovery from failure and not giving up. Even though things 

Table 8 
Diary excerpts related to creating, tinkering and debugging.  

Creating, tinkering and 
debugging (200, 61, 6) 

The project was a box, which we painted pink and 
wrote “party” and “magic box” on. We put an old 
school tray on the box, and on it a folio cup with 
marshmallows on metal sticks, three plates covered 
with folio. One plate had a cloth donut which had 
iron thread in it and decorations that conducted 
electricity, one had gingerbread dough on it and 
the third one was empty. And then there was a cup 
which was also covered with folio. The folio cup 
repeated the sound “drink”, two plates made drum 
sounds and the donut said, “don’t eat me” and the 
side of the box played music. 
It was difficult to get the cables in the right places. 
Every now and then the cables did not work. 
To get the sound to play from different things; 
sometimes the cables were connected incorrectly 
and there was no sound. 
I programmed and explored a lot of new things. 
The best thing was to invent.  

Table 9 
Diary excerpts related to collaboration.  

Collaborating (55, 
33, 1) 

The best thing with the project was that I could be with my 
friends and plan it together. 
The best thing was to do the project when we had a good 
team to do it with. 
I did well on everything, not just me but the entire team. 
We managed to divide the work and collaborate. 
We found a box and then A got a great idea to build 
everything around the box. While A and B built the box, C 
made a city and D programmed a maze. Then we connected 
the cables, added sound effects, and fixed the last things. 
And then it was done. 
We encouraged each other. 
I managed to come up with an idea for our work and 
distribute roles. 
The teamwork and stress were most difficult.  
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did not go as planned, students did not give up but tried again until they 
succeeded. 

The teacher’s role in supporting and maintaining students’ perse-
verance varied. In S4, the teacher was coaching and encouraging stu-
dents throughout the 20-hour process, while in the other schools, 
students had a much more limited time to design and implement their 
idea. Consequently, the respective teachers also had less time and op-
portunity to encourage students’ perseverance, as the deadline was 
coming up quite quickly. The project also required perseverance from 
the teacher, as many of the topics were new to most of them. For 
instance, at the beginning of the project, the teacher in S4 noted, “I will 
have to dare, dare to do something that I might not yet be 100% sure of, but I 
will also learn on the way”. 

4.2.6. Evaluation 
Students evaluated (category 6, 56 mentions by 28/65 students and 

3/6 student groups) their projects from different perspectives 

(Table 12). Some focused on the experienced difficulty level, while 
others took a more school-like approach and gave the project a final 
grade (on the scale 4–10, as commonly used in the Finnish school sys-
tem). Some students focused on the aesthetics, and others reviewed their 
final product in relation to the original plan and vision. 

The teachers also reflected on the students’ projects and learning to 
evaluate their own original expectations against what really happened. 
The teachers pointed out that the students had learned both subject 
knowledge and meta-skills (such as exploration, planning and collabo-
ration) while seemingly enjoying the process and showing ownership of 
their work. For instance, in S4, the teacher stated that 

“[t]he students have learned a lot during the project, and I could not have 
imagined the result. Everything turned out so much cooler and better than 
I thought. The goal of having students feel comfortable with this type of 
project was met and their work is impressive. … Most importantly, the 
students are pleased and, above all, proud of their work.” (S4) 

4.2.7. Joy and challenges 
Interestingly, no student or student group found their project too 

difficult. These feelings can be recognized from the students’ comments 
that were coded into the two final categories: students’ experienced 
level of success and joy and frustration and challenges (Table 13). 

Almost all students (67/75) and all six student groups mentioned 
aspects of being successful and being happy. Similarly, most students 
(51/75) and all student groups also reported on different types of 
challenges during the process. Although students mentioned times of 
frustration while working on the project, they simultaneously experi-
enced success and joy. With the challenges not being too difficult, 
overcoming these naturally resulted in positive feelings. 

Fig. 7. A story visualized and made interactive using a cardboard box.  

Table 10 
Diary excerpts related to abstraction and conceptualization.  

Abstraction and 
conceptualization (52, 22, 6) 

When you hold the folio ball and touch a thing 
that has a cable connected to it, it makes some 
noise. 
Connecting the threads, there were so many 
threads. 
I made an electric switch; I managed to come up 
with a way to hinder the flow of electricity. 
We got to learn about electrical circuits, circuit 
diagram and the symbols that should be part of a 
circuit diagram.  

Table 11 
Diary excerpts related to perseverance.  

Persevering(18, 
10, 4) 

At first we didn’t understand what cable to put where, but 
then we succeeded. 
After many “buts”, our story was finally written. 
The Makey was fun to work with, but when we saw it for the 
first time we thought “No, we’ll never manage this”. The 
Makey looked really difficult, but it turned out to be much 
easier than what it looked like. It took quite some time for us 
to come up with how to program it, but then we came up with 
it. 
We were almost done but then the Makey fell to the floor. And 
we had to do some things all over again. 
It was hard when the circuit thing did not work, but luckily in 
the end it started to work. 
Then we programmed. We did that for quite some time. But 
then we finished.  

Table 12 
Diary excerpts related to evaluation.  

Evaluation (56, 
28, 3) 

I think our project was too simple compared to the others. 
The final result was very good and not too challenging to 
implement. 
Our project was simple, but still many came to see it and we 
received positive feedback. 
Our project was successful, and I’d say it would get a 9. 
I think our project succeeded well, but due to some difficulties 
I would give our work the grade 8.5 out of 10. 
It worked well and was beautiful. 
It succeeded according to our plans. It was fun. 
We planned to have it on three walls, but it became a box, so it 
turned out completely different from what we had thought. 
But also, much cooler.  
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5. Discussion 

In this section, the results presented above are discussed and syn-
thesized based on the three research questions listed in the introduction. 

5.1. Cross-curricular model including CT for middle school level 

The first research question dealt with the cross-curricular teaching 
sequence. Curriculum reforms always require some level of effort from 
the teachers, and the introduction of programming and digital compe-
tence as an interdisciplinary trait in the Finnish curriculum affected all 
teachers. Due to the nature of education in grades 1–6, most teachers are 
used to interdisciplinary work; most of them are so-called class teachers 
and have the same student group in (almost) all subjects. This makes it 
possible to mix and relate subjects quite easily. Nevertheless, most 
teachers lacked previous experience in programming or CT and hence 
needed to learn both the new content and how to integrate it into their 
teaching. As pointed out by Strickland and others [112], integrating 
computing topics into other subjects “is a non-trivial task that may un-
fairly burden elementary teachers, who are often generalists” (p. 1149). 

The goal was to create a simple yet detailed project model that 
teachers could follow even without a background in electronics or 
programming. The project resulted in concrete installations ranging 
from interactive posters to interactive boxes, walls and games. The 
implementation process and the scope of the final project were, not 
surprisingly, related to the time spent on the project. The original plan 
was for the project to take 20 h, but only in one school could the teacher 
find this amount of time in the schedule. In her classroom, the model 
created a coherent whole in a crowded curriculum [23] combining many 
subjects and topics. All other teachers opted for completing the project 
in a shorter time, following a more intensive schedule. This led to fewer 
subjects being covered and fewer cross-curricular connections made. 
The final artefacts produced by the students were consequently also 
smaller. 

Nevertheless, giving each teacher the freedom to adapt the teaching 
sequence to the local context was crucial, as differing resources and 
institutional support affect the everyday classroom practice. Flexibility 
is also important to allow for modifications on-the-fly as practical 
problems may arise from, e.g., holidays mixing with the schedule, 
having to switch rooms between sessions or students being absent. Had 
the model been too normative or restrictive, those teachers and students 
had not been able to carry out the project at all. Although the process 
and the final result were not as “complete” as intended, the students 
nevertheless were given the opportunity to experience this way of 
working, learning how to use the tools and completing an installation 
with their group. 

Arts and programming both became a “fulcrum through which wider 
domain learning and creativity is promoted” [34], p. 167. While CT is 
commonly considered to be developed through programming activities 
[25,39,85,88], the teaching sequence seems to have fostered CT abilities 

throughout the project as a whole. Depending on the scope of the 
project, programming served as a tool supporting learning in other 
subjects or as a glue between several subject areas [108]. 

The hands-on workshop and joint planning sessions at the schools 
were essential to help each teacher find a suitable implementation plan 
as well as start and finish the project. Depending on the students’ pre-
vious experience in programming, electronics, microcontrollers, and 
maker activities, the two lessons reserved for introducing the tools may 
not be enough. On the other hand, the story can be written in less time 
than the initially reserved four lessons, as it can be further improved in 
the planning phase. Based on the teachers’ experiences, we have revised 
the teaching sequence by dividing the tool introduction into three 
separate phases, reserving two lessons for each. As a result, the total 
number of lessons has increased from 20 to 23. Some of the phases are, 
however, optional. For instance, there is no need to go through the ba-
sics of programming and Scratch if these are already familiar to the 
students. The revised plan is presented in Table 14. 

5.2. Teachers’ approach and experience 

The teacher’s role in the project varied. As already discussed in the 
previous section and according to Finnish practice, the teachers were 
free to modify the cross-curricular model to fit their student group and 
style of teaching. The teachers’ view of the project – that is, what they 
chose to focus on – and the time available for completing the project 
naturally affected what the students did and to what extent. This was 
also reflected in what CT areas students acknowledged the most. For 
instance, some teachers’ inclination to relate the project to the curric-
ulum topic “electronics” led them to guide their students to focus on 
abstraction and conceptualization. This may, at the same time, have had 
a negative impact on aspects such as creativity, tinkering and debug-
ging. It seems plausible that as teachers become more familiar with this 
type of teaching as well as the topics and tools involved, they will more 
easily see the model as an entity where all parts and subjects play a vital 
role and have their own learning objectives. 

There are natural connections between CT and other subjects. Still, 
for teachers to be able to map CT elements to curricular content, they 
first need to learn to identify opportunities where and see examples of 
how this can be done [22,77]. There is, hence, a need for explicitly 
supporting pre-service [101] and in-service teachers [81] in integrating 
CT in the curriculum. For in-service teachers, the introduction also needs 
to be made to meet their goals and practices [81], which was an 
important design criterion for the teaching sequence presented in this 
paper. As such, our study has, similar to other research (e.g., [100]), 
highlighted the importance of and possibilities for teachers and re-
searchers to serve as co-designers of teaching sequences and syllabi 
when integrating CT in the K-12 classroom. 

Both student and teacher diary entries were mainly positive, indi-
cating that they appreciated this way of working despite some practical 
challenges and difficulties. Compared to the positive aspects, the issues 
causing frustration can be considered relatively minor, as they were 
mainly related to project planning and organization. Similar challenges, 
related to, e.g., time constraints and shifting classrooms, have been 
found in other studies [37]. Nevertheless, such problems are everyday 
challenges for teachers and should not be underestimated. Organizing 
these types of activities in the classroom means extra work for the 
teachers. If they are not supported and the projects are not considered in 
relation to the entire school’s operational framework and schedule, the 
risk of failing increases. 

The teachers’ role can also be related to their mindset and self- 
experienced ability to learn and develop as teachers in the project. All 
teachers had limited, if any, prior experience working with program-
ming or making in their classroom, and naturally, the teacher with more 
time also had more opportunities to learn. Time was, however, not the 
only aspect but also the teacher’s aptitude for this type of work, or what 
Hughes and colleagues [37] call “personal identification with the values 

Table 13 
Diary excerpts related to success and joy, and frustration and challenges.  

Success and joy (189, 67, 
6) 

It was very fun to work with the cables. Our final 
result was a bit different than we planned, but we 
were still happy. 
The best thing was to succeed. 
It was really fun! We succeeded really well and we 
probably did the best in placing the cables. 
The best part was to figure out how electricity flows. 
The best thing was to finish the project. 

Frustration and 
challenges (122, 51, 6) 

[W]e could not find a place to record, that was 
difficult. 
It was hard to concentrate. 
It was hard to get the voice repeating. 
[W]e nearly ran out of time. 
We crawled forward.  
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of the maker movement”. While the approach was a good fit for the 
teacher in S4, the ambition level was lower in the other schools. 
Nevertheless, with support from the researchers and the teaching 
sequence they were allowed to modify, these teachers could also take on 
the role of beginning “making educators” [37]. The challenge now is to 
help them continue this journey to the extent that meets the curricular 
requirements. As knowledge and beliefs affect teachers’ practice, pro-
fessional development aiming to change their practice must also address 
their beliefs [11]. 

OECD has published several position papers on the future of educa-
tion, discussing the competencies, skills and values needed when 
educating children and youth for a rapidly changing world (e.g., [66]). 
One of the key aspects is to help students become “future-ready” and 
develop agency, that is, feel a responsibility to “participate in the world 
and […] influence people, events and circumstances for the better” (p. 4). In 
this context, co-agency becomes an important factor: teachers need not 
only focus on individual students but also recognize other, mutually 
supportive, relationships affecting the students’ learning (e.g., with 
peers, families, teachers, and broader communities). The OECD con-
cludes that “everyone should be considered a learner, not only students but 
also teachers, school managers, parents and communities” (p. 4). This 
co-agency could also be noted in our study, as not only individual stu-
dents but also the student groups and their teachers had to develop their 
skills and knowledge together. School leaders and other actors that can 
provide resources and organizational support should be included in the 
co-agency to further facilitate this type of cross-curricular projects. 

5.3. Students’ involvement in aspects of CT 

The coding scheme for analysing the student diary data was con-
structed based on an initial data review identifying CT concepts and 
approaches. This led to a scheme containing six CT aspects, which did 
not include three common elements: algorithms, decomposition and 
pattern recognition. The two latter ones may be too abstract for students 
to verbalize in their diary data. Students not mentioning algorithms was, 
on the other hand, quite surprising. Nevertheless, algorithms, or step-by- 
step instructions, are the foundation for programming activities in 
general and according to the Finnish curriculum. However, when 
reviewing the final artefacts and reading the diary data in detail, it 
became clear that programming had played a relatively small role in 
most student projects. 

There are several potential reasons for this. Maybe the most plausible 
one is that most groups had used programming to add sound or voice to 
their interactive artifacts, which can be done with only a small number 
of blocks in Scratch (events and sound). One group did create a maze 
program in Scratch, but they talked about the resulting game, not the 
process of constructing it, i.e., programming. Another possible reason is 
that students viewed programming as a tool for accomplishing a given 
project task and did not distinguish between the tools used when 
describing their work. This implies that the model is not necessarily 
optimal for learning to program per se, but rather provides a creative 

Table 14 
Revised teaching sequence.  

Phase Subjects/topics Number 
of lessons 
(23) 

Content 

Presenting the 
project 

General 1 Let students know the 
overall plan (a 
collaboratively written 
story to be visualized 
and made interactive), 
briefly introduce the 
tools to be used and 
divide students into 
groups. 

Introduction to 
programming and 
Scratch (optional) 

Programming 2 Review of the basics of 
programming and the 
Scratch environment 
(if needed). 

Introduction to basic 
electronics and 
Makey(optional) 

Science (physics, 
electronics) 

2 Review basic electrical 
concepts: current, 
voltage, resistance, 
circuits (if needed).  
Let students grab 
something from their 
bag or desk, reflect 
upon whether it 
conducts electricity or 
not and why, before 
testing the 
conductivity using 
Makey. 

Combining 
programming and 
electronics 
(Scratch, Makey 
and electronic 
components) 

Science (physics, 
electronics), 
programming 

2 Let students explore 
and modify a simple 
project (e.g., creating 
an interactive piano 
using conductive 
materials, Makey and 
Scratch) in order to get 
familiar with the tools, 
see what can be done 
and discuss how the 
tools could be used. 

Writing the story Mother tongue, 
storytelling, 
languages 

3 Discuss collaborative 
writing and best 
practices when 
creating text together. 
Write the story, 
highlighting the idea 
of including aspects 
that can be made 
interactive using the 
tools used in the 
previous phases.  
Divide the story into 
three parts. 

Planning the 
installation 

Mother tongue, 
science, arts, 
programming 

4 Discuss the basics of 
project planning. 
Create a plan including 
the interactivity to be 
added and a list of 
tools and materials 
needed. 

Presentation and 
feedback 

Mother tongue 2 Group presentations of 
the plans including 
feedback from peers 
and teacher(s). 

Building the 
installation 

Programming, 
science, arts, 
sloyd, music, 
mother tongue 

6 Creative work 
including, for instance, 
drawing, painting, 
building out of 
cardboard of wood, 
creating conductive 
sections in the 
installation, adding 
LEDs, hiding batteries, 
connecting electronics 
using cables and tape,  

Table 14 (continued ) 

Phase Subjects/topics Number 
of lessons 
(23) 

Content 

recording voice, 
creating music, and 
programming.  
Documentation of the 
work at the end of each 
lesson. 

Exhibition Mother tongue, 
digital competence 

1 Exhibition for 
students, teachers and 
parents. 
Filming of all 
installations.  
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and interdisciplinary context in which programming can be used as a 
tool in different ways depending on the students’ skill and ambition 
level. Introducing CT in education as part of other school subjects, 
without sufficient focus on teaching the basics of programming, might 
hence not solve the general call for a broader understanding of computer 
science in K-12 education [26]. 

The results show that the model fostered several CT-abilities, in 
particular creating, tinkering and debugging. This can be seen as a 
natural result of the making aspect of the model, as maker activities 
commonly let students explore, experiment, and play together with their 
peers [67,98]. Similar results have been found in other studies of 
physical computing: the focus of the projects will affect the abilities that 
students develop and use [47]. Moreover, creating, tinkering, and 
debugging come naturally in art and design projects when the task is 
open enough to allow for the students’ own creativity and design. 

When students are asked to design and build their creative art or 
design piece, the assignment needs to simultaneously be (1) open 
enough to give space to playfulness and creativity while also being (2) 
sufficiently framed so that one can fail and then fix things. The nature of 
the project hence also highlighted the need for teaching and learning 
topics not explicitly required in the curriculum, such as debugging. 
Mistakes are made in open and creative projects and debugging plays an 
important role when programming and engaging in maker activities. 
Learning how to deal with errors is challenging, yet novices are often 
expected to develop debugging practices on their own [63], although 
studies indicate that even young children can learn debugging given 
age-appropriate tasks and activities [99]. When introducing program-
ming, teachers, therefore, need to be able to help their students debug 
their programs. Such explicit instruction can improve both self-efficacy 
and debugging performance [63]. Even though students found errors 
and problems frustrating, the diary entries also show the joy and positive 
feelings of success when managing to fix the mistakes. This may partly 
be related to working in groups, as research has shown benefits from 
participatory debugging, that is, collaborative troubleshooting [87]. 

The teaching sequence simulated a collaborative design activity 
common among professional designers and artistic collectives. In the 
sequence, the importance of individual contributions was deliberately 
faded: the projects were team projects with collective responsibility. 
This highlights the crucial shift from the traditional view of program-
ming as an individualistic and tool-oriented problem-solving approach 
towards “computational participation” [48]. Our results suggest that 
this was the case in all schools, as all students were able to create their 
artifact collaboratively. Many students were also proud of their work, 
indicating that they had invested personally in the task, which is com-
mon to making activities [59]. 

The results show that the challenges faced were real but not insur-
mountable. Clearly, during a short project, the deadline comes up quite 
fast, and there is only limited time for reviewing different ideas and 
solutions. This was the case in three schools, whereas the students in S4, 
where the model was carried out according to the original plan, had 
greater opportunity and more time to experience the importance of 
persistence in practice. The results hence indicate, in no way surprising, 
that creating, tinkering, and debugging require persistence over a longer 
period. 

5.4. Limitations 

The results presented in this paper are based on one case study car-
ried out in a Finnish setting, positioning it in a specific educational 
context with its own opportunities and constraints. More research is thus 
needed for making generalizable claims. Nevertheless, as programming, 
CT, maker culture and STEAM are considered important areas in K-12 
education at an international level, the project model and experiences 
described can be interesting also when considering other educational 
systems. 

Naturally, many factors play a role in classroom settings. In this 

study, for instance, student and teacher demographics have not been 
considered. Although the student and teacher diaries provide some 
insight into their previous experience, attitudes, background knowl-
edge, and school culture, no detailed information was collected about 
these aspects. As such, it is not possible to fully conclude what factors 
affected the success of the projects, and for the findings to be used as the 
basis for theory building, additional empirical research is needed. 

6. Conclusions 

In this paper, we have described the design and evaluation of a cross- 
curricular teaching sequence in a middle school context. The goal was to 
create a model to help teachers address many parts highlighted in the 
national curriculum, including digital competence, programming, stu-
dent collaboration and cross-curricular learning. The results from our 
study in four Finnish schools indicate that teachers managed to integrate 
the model into their teaching, while the ways in which this was done 
differed due to the time available and the level of organizational and 
collegial support available. Teachers and students learned together, and 
our results showed that students demonstrated several CT abilities while 
working on their projects. The results suggest that a model like the one 
designed for this study, with a clear plan using a limited set of tools, can 
help and encourage teachers to integrate programming and CT in a 
cross-curricular manner [41]. Doing so, teachers move towards 
becoming “maker teachers” [37] while letting students learn basic 
programming skills and approach different aspects of CT while planning 
and designing their projects. Nevertheless, the model does not neces-
sarily teach programming per se as, depending on the artefact designed 
and created, the programming needed can range from only a few blocks 
to long programs. 

Our work contributes to current research on CT and STEAM in K-12 
education, both by presenting the cross-curricular model and by 
describing how students and teachers experience and approach such a 
project. In addition, the results of our study give insight into which as-
pects of CT students experience less often, and that may therefore need 
to be made more explicit when planning and implementing such pro-
jects. A similar approach can be used when evaluating future cross- 
curricular implementations of CT, programming, STEAM and making 
in the classroom. 
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