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Within a theoretical framework grounded in design for learning, this article presents a
research project about pupils’ engagement during programming education. In a design-
theoretical perspective, everyone who is somehow engaged in a learning process is a
designer. The results show that how pupils design their learning when programming is
related to different types of engagement. By analysing pupils’ engagement when pro-
gramming, the study contribute to an insight how behavioural, emotional, and cognitive
engagement can be identified and understood. The study was carried out during pro-
gramming lessons adapted for novice learners (age group 7-15), visiting Swedish science
centres (SCs) as a part of their school day. SCs had experience of programming educa-
tion and was used as complement to education at school ahead of the implementation

of programming as a mandatory subject in Swedish compulsory schools.
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Introduction

Children and youth of today are growing up in a society
where the boundaries between the physical and digital
worlds are becoming increasingly blurred (Mannila, 2017).
Digital technology is visible everywhere in the society and
in schools there is a need to meet the digitalisation in a
constructive way. In order to increase pupils’ digital com-
petence, programming has been emphasized as a peda-
gogical tool. This has led to a support of programming
education from an early age in compulsory school (e.g.
Asad et al., 2016; Casey et al., 2018). In the recently revised
Swedish compulsory school curriculum, digital tools are
mentioned across the syllabus, whereas programming are
pointed out as content in the school subjects mathemat-
ics and technology at all grade levels (Regeringskansliet,
2017). At the time of this study, Swedish science centres
(SCs) already had experience of programming education
by conducting programming courses. This was used as a
complement to education at compulsory school in con-
nection with the implementation of the revised curricu-
lum. Lessons at SCs therefore form the basis for the data
collection for this study.

In a design-theoretical perspective, everyone who is
somehow engaged in a learning process is a designer (Kress
& Selander, 2012). Learning takes place in different ways in
different environments (Kress & Selander, 2012; Selander
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& Kress, 2017) and design can be expressed both in terms
of planning something new and as a process. There is thus
a relationship between the work of teacher and pupils
as designers (Levinsen & Serensen, 2019). The planning
for external conditions, design for learning, affects how
individuals design their own learning, design in learning
(Selander & Kress, 2017). This means that learning design
as a process is also affected by the type of engagement
the pupil has in the specific learning situation. The pro-
cess includes different ways of participating, trying, and
modelling. Pupils design their own learning depending
on how they perceive specific situations and what choices
they make. From a pedagogical point of view, it therefore
becomes useful to examine what it is in a learning situ-
ation that engages, instead of afterwards solely examine
how much someone has learned (Chang et al., 2017). By
analysing pupils’ engagement during programming les-
sons, we thus get an understanding what the process
looks like when pupils design in their learning.
Engagement is a way to make learning meaningful to
the individual (Selander & Rostvall, 2010). In the pre-
sent study, it is considered that engagement is a meta-
construction consisting of behavioural, emotional, and
cognitive engagement (Fredricks & McColskey, 2012).
In this way, knowledge can be obtained about how the
pupils are, and remain, engaged in the tasks they are
faced with. An important aspect is that pupils can partici-
pate and engage actively in the specific learning context
(Cochran et al., 2017). Some studies indicate that there
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is a correlation between pupils’ perceived engagement
and their performance (e.g. Halverson & Graham, 2019;
Hymers & Newton, 2019). Teachers often want to see
direct signs of pupils’ engagement during lessons, as this
is considered a sign that pupils are learning (Abrahamsson
etal., 2019). The importance of engagement has been doc-
umented in both formal natural science teaching settings
(Changetal., 2017; Hymers & Newton, 2019) and informal
contexts (Melander Bowden, 2019). This suggests that it
will be useful to study the role of engagement in different
learning activities and contexts, including programming
education.

To contribute knowledge about how pupils design their
learning in programming, the purpose of this study is
to investigate pupils’ engagement during programming
lessons.

In response to the aim, the following research question
has been raised:

How do various types of engagement become vis-
ible during programming lessons at science cen-
tres?

In the article, based on the results from the analysis, it
is discussed how behavioural, emotional, and cognitive
engagement are related to how pupils design in their
learning process.

Digital competence and programming

Worldwide, increasing demands are being placed on
digital competence (e.g. Godhe, 2019; Siddiq, 2018). The
Swedish National Agency for Education specifies four
aspects of digital competence: understanding the effects
of digitalisation on society, being able to handle and
understand digital tools and media, having a critical and
responsible approach, and being able to solve problems
and translate ideas into action (Skolverket, 2017). It is the
last of these four aspects that focuses on programming,
as problem-solving relates to programming within tech-
nology and mathematics (Godhe, 2019). However, digital
technology and digital competence do not automatically
lead to higher engagement in learning. Pupils require dig-
ital technology to lead to something more than learning
‘state-of-the-art’ technology (Olofsson et al., 2018). Since
the digital development is moving at a rapid pace, there
is much to do to encourage pupils’ creative potential and
to engage them in different types of learning experiences
(Ceratto-Pargman et al., 2012). For that reason, it is use-
ful to give pupils opportunities to become engaged, by
talking about the learning content and why it should be
learned (Cochran et al., 2017).

Casey et al. (2018) are some of those who have explored
the possibility of encouraging pupils to understand pro-
gramming. By letting 235 pupils try out programming
robots and writing code, they show that this is something
that engages. They argue that this is particularly important
for the future of pupils who do not have access to techni-
cal equipment or come from underserved backgrounds.
Shim et al. (2017) claim based on their research in pro-
gramming education that positive attitudes to program-
ming often remain stable when the programming tools
have high usability and are perceived as entertaining.
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Chang et al. (2017) show that pupils’ self-confidence can
increase by understanding how codes are constructed
when programming in visual programming environments.
In the long run, this can encourage them to be much
more involved in the topic. However, pupils who work
with programming often show both positive and negative
emotional engagement (Lindberg & Laine, 2018). This can
be understood, for example, by pupils’ verbal interactions
(Falcao et al., 2017). A study of primary school pupils’ atti-
tudes to programming shows that the pupils who were
engaged from the beginning also wanted to continue with
programming in other contexts (Asad et al., 2016). Kong
et al. (2018) shows that if pupils are not interested in the
programming activities offered, it becomes more difficult
to influence their sense of meaningfulness and their self-
efficacy regarding programming.

Previous studies show that learning engagement and
educational outcomes are connected (e.g. Cochran et
al., 2017; Halverson & Graham, 2019; Hymers & Newton,
2019). Engagement should be promoted since there is
a correlation between pupils' perceived engagement
and their performance. As pupils' engagement is not
always visible in different digital learning environments
(Kjallander, 2011), there is a risk that their entire learning
processes will not be noticed. Pupils’ engagement can be
encouraged by using different types of teaching strategies
(Hymers & Newton, 2019). Therefore, it is essential to plan
for a learning design that uses learning technologies that
support engagement (Bergdahl et al., 2018).

Theoretical framework

The theoretical framework, design for learning, provides an
opportunity to facilitate the understanding of learning in
various environments and situations (Leijon & Lindstrand,
2012). In this study, the concept of design is used theo-
retically and analytically to primarily interpret the pupils’
own design in learning during the programming lessons.
By studying how pupils in different situations invest their
engagement and direct their attention, we can thus get
clues to their learning process (Leijon & Lindstrand, 2012).
The focus will then be on design as a process (Levinsen &
Serensen, 2019).

The use of engagement as concept can be considered
somewhat controversial as social semiotics and design
for learning primarily refers to the (closely related) con-
cept of interest (see for example Jewitt, 2017; Selander,
2017). However, Kress (2015) argues that an interest can
control how someone directs their engagement. Therefore
engagement, which is always situated, nevertheless
becomes relevant to study in specific learning situations.

Both teachers and researchers use the concept of
engagement as a predictor for learning (e.g. Abrahamsson
et al., 2019; Isiag & Jamil, 2018). However, there are still
some discrepancies in how engagement is identified and
defined. Halverson and Graham's (2019) review of current
engagement research describes engagement with vary-
ing indicators. Notably, emotional/affective, and behav-
ioural engagement are recurring types of engagement in
most publications. Fredricks and McColskey (2012) define
three types of engagement: behavioural, emotional, and
cognitive engagement. Using a meta-construction, they
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describe engagement to understand how different types
of engagement interact with each other. The following
table illustrates relevant indicators for the different types
of engagement (Table 1).

According to Fredricks et al. (2004), all dimensions
of engagement (behavioural, emotional, and cognitive)
are important in order to understand the learning situ-
ation. By using qualitative research methods, important
values of the learner's engagement can become visible.
Observations of pupils’ engagement can provide detailed
descriptions of the learning situation and combining
observations with interviews provides an insight into
why some pupils engage while others do not (Fredricks &
McColskey, 2012).

Conducting the study

The data in this article is based on pupils’ activities and
statements during programming lessons at three SCs.
The study was conducted in spring 2017, shortly before
programming became part of mandatory education in
Swedish compulsory schools. Lessons at SCs provided
an opportunity to ensure that pupils had access to try
out digital technology, whether or not they had access
to computers and software at home. However, at that
time, Swedish SCs had already been teaching program-
ming for many years and were selected as an appropriate
arena to study. SCs states at their website that visiting a
SC increase engagement to science and technology (Sven-
ska science centers, n.d.), therefore it is particularly inter-
esting to investigate whether and how this can become
visible. All examples are taken from lessons when pupils
visited SCs as part of the school day. Each lesson lasted for
about two hours.

Table 1: Indicators of engagement.
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The education had been planned by SC staff and was
adapted for novices. All settings had been tested and pre-
pared in advance. The lessons consisted of an introduction
explaining the role of programming in society, and the
pupils were then given the opportunity to try one or more
programming tools based on given assignments (author,
submitted). The pupils usually worked in pairs, but in
some cases they worked alone. Each class rarely has the
opportunity to visit SC more than once to try program-
ming which makes it difficult to study the same class on
several occasions, therefore, ten classes are included in the
study. The data collection is presented in Table 2.

Ten classes that had been booked for programming les-
sons at three SCs were contacted, and an information let-
ter about the purpose of the study was sent. 220 pupils
ranged in age between 7 and 15 years, corresponding to
Swedish compulsory school participated in the study. For
most of the pupils in the study, programming is some-
thing they have not worked on during school hours.
However, how much experience the pupils actually have
of programming can differ as some pupils have tried pro-
gramming in other contexts.

Due to the purpose of investigating pupils’ engagement,
careful ethical considerations were made. All participants
were asked in advance if they were willing to participate
in the study, and written permission was granted by the
pupils’ legal guardians (Vetenskapsradet, 2017). At the
start of each observation, the participants were informed
about the project once again, and that they had the oppor-
tunity to withdraw their participation at any time during
the observation. In line with the General Data Protection
Regulation (GDPR) (European Data Protection Supervisor,
2020), the personal data included in the data material was

involvement in academic, social, or other activities; following rules; following classroom norms; absence

positive and negative reactions to activities, equipment, people (e.g. teachers or classmates) or the learn-

Type of engagement Indicators of engagement
Behavioural
of disruptive conduct
Emotional
ing context; feelings of belonging or being important
Cognitive

strategic; being creative

willingness to put necessary effort into understanding complex ideas or mastering difficulties; being

Definition based on Fredricks et al., 2004; Fredricks and McColskey, 2012.

Table 2: Overview of the data.

Lesson 1 Lesson 2 Lesson 3 Lesson 4 Lesson 5 Lesson 6 Lesson7 Lesson8 Lesson 9 Lesson 10
SC SC1 SC1 SC2 SC2 SC2 SC3 SC3 SC3 SC1 SC1
Grade in com- g 8 6 1 4 5 8 8 3 3
pulsory school
Number of 4 5 10 4 6 0 2 2 7 8
conversations
Programming Laptop, Laptop, Laptop, iPad, Laptop, Laptop, Laptop, Laptop, Laptop, Laptop,
tool used Scratch ~ Scratch  Lego Scratch  Scratch  Makey-  Makey- Makey- Lego Lego
robot JR Makey,  Makey, Makey, Robot Robot
Lego Lego Robot, Lego Robot,
Robot,  Arduino, Arduino,
Kojo Kojo Kojo
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processed anonymously. All data is stored on an approved
server. The names appearing in published material are
pseudonyms. No individuals or school classes will be iden-
tifiable on publication.

To ensure that the sample was wide enough to embrace
the purpose of the study (Twining et al., 2017), the data
was collected using observations and conversations on ten
occasions and from different SCs. The observations were
conducted as partial participant observations (Gunnarson,
2019). No predetermined observation scheme was used.
Observation notes were taken about pupils’ ways of being
active, how they interacted with their peers, the instructor,
and the digital equipment. Furthermore, conversations
were noted in which the observed pupils participated. In
order to supplement the notes, parts of the lessons were
filmed with a mobile camera. Using a mobile camera made
it possible to be flexible in the classroom and get close to
the pupils’ activities; the filming also allowed to go back
and study interesting parts of the observations. The same
type of notes as during the observations were then made
based on the films. The conversations, with one or two
pupils at a time, were audio-recorded using a portable
device and lasted about 2—-5 minutes.

Field notes and notes from the films were edited and
conversations were then transcribed. In line with the
theoretical framework design for learning (Selander &
Kress, 2017), different ways of communicating are con-
stantly intertwined. An important aspect of the analysis
is therefore to identify both what the pupils do and say
and how they do it. Brackets were used to notate laugh-
ter, emphasis, etc. Likewise, pupils’ movements and how
they interacted with the instructor and their peers were
also noted. Empirically anchored descriptions provided
a satisfactory basis for the theoretical analysis (Larsson,
2005). By using observation as a data collection method,
the observer gained an insight into pupils’ behaviour dur-
ing lessons. Interviews provided an opportunity to obtain
explanations and clarifications from the participants.
Combining these methods gives the study a detailed char-
acter (Loseke, 2017). Credibility and trustworthiness are
ensured through the iterative analytical process described
below (Twining et al., 2017).

Analysis

A thematic analysis was used to sort the data into themes
(Braun & Clarke, 2006). The thematic analysis included
several steps, such as generating initial codes, searching
for themes and defining and naming themes. Events and
terms that are generally linked to engagement such as
happy exclamations, disappointed gestures or deep con-
centration, were highlighted and coded throughout the
transcribed material. These initial codes were defined by
qualitative differences and not by quantitative occurrences.
Particularly interesting sections were arranged into tables
where they were coded line by line using the indicators for
the different types of engagement (Fredricks & McColskey,
2012). At this stage, some types of engagement were identi-
fied as being more conducive to the pupil's general engage-
ment and were used to name the various themes. These
themes were interpreted to understand the possible links
between the different types of engagement. In addition,
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the ways in which the pupils’ engagement were related to
how they designed in their learning were analysed.

Results

By observing pupils when programming knowledge was
gained about which aspects generated engagement,
as well as insights into what could negatively influence
engagement. In this way various types of engagement
became visible. Each type of engagement was observed on
several occasions. The results are primarily represented by
three selected examples. The examples illustrate how dif-
ferent types of engagement relates to how pupils design
their learning. The categorisation of engagement is car-
ried out by the author based on the theories of Fredricks
and McColskey (2012).

The content of the lessons observed in this study was
designed to let pupils try one or more programming tools
by solving assignments presented by an SC instructor. The
programming tools used in the given examples are LEGO
robots, Makey-Makey and Scratch. All tools used in the
study are presented in Table 2. In the excerpts, Mia is the
name of the observer.

Behavioural engagement
The most observable criterion for behavioural engagement
is the absence of disruptive conduct (Fredricks & McCols-
key, 2012). In a social context, this means for example fol-
lowing rules or following classroom norms. Behavioural
engagement also means involvement in various social and
academic activities. During the lessons, there were sev-
eral examples of behavioural engagement. It was visible,
among other things, in the way in which pupils collabo-
rated to solve the tasks they were faced with. There were
also examples when the behavioural engagement seemed
to be negative, for example pupils who disturbed their
peers with irrelevant comments or that they used the com-
puters for purposes other than programming. However,
there is a risk that what appears to be negative behavioural
engagement will conceal the cause of the situation. This is
exemplified by Frida (Grade 3). Frida was with her class at
the SC, where they had access to a LEGO robot and a com-
puter per pair. The instructor initially gave step-by-step
instructions, and the pupils were then supposed to work
at their own pace with various assignments. See Table 3.
The pupil does not violate any classroom norms as she
walks around looking at what her peers are doing (lines
1-3), that is accepted at SC. However, she shows a negative
behavioural engagement — when hanging over the table —
that she is not particularly involved in the activities (lines
8-9). Her response that the activities are going well (line
11) contradicts the way she also shows that she is tired.
Her engagement continues to be contradictory, as she fora
while being cognitive engaged and showing willingness to
put in the necessary effort to tell her peer what needs to be
done for the program to function (lines 19-22). Although
the pupil at first cannot answer why it is boring (line 16),
she gives us a clue when she says that the programming
assignments are easy (line 29), which shows that she is
not challenged in her cognitive engagement. During the
lesson, there is nothing that stops the pupil from explor-
ing on her own after completing the first assignments.
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Table 3: Analysis 1 of engagement in a programming
workshop.
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Table 4: Analysis 2 of engagement in a programming
workshop.

1 Frida now walks around the room,

2 looking at what her friends are

3 doing. After a while, she sits down at beh
4 the computer again where her peer beh
5 tries to solve the assignment. The

6 observer sits down next to her.

7 Mia: Are you getting tired?

8  Frida: Uhm.. (Frida is hanging

9 over the table) beh
10  Mia: How has it been so far today?

11  Frida: Good (Frida rubs her eyes emo
12 when she answers) beh
13 Mia: Has it been fun?

14  Frida: It has been a bit boring. emo
15  Mia: Why?

16  Frida: I don't actually know.

17  During the interview, her peer asks

18  Frida something about the program.

19  Frida immediately gets up and

20 points at the screen and shows what beh
21 todo. She tells her peer that the part beh
22  of the program “must be unlimited”. cog
23

24  Frida then sits down again with her

25  arms crossed. The interview beh
26  continues.

27  Mia: Has it been too difficult or too

28  easyor.

29 Frida: Easy!! (Frida answers emo
30 quickly and cuts off the question.) beh

31 Mia: Has it been too easy, is that why
32 it’s boring?
33  Frida: Um..

However, the intertwined engagement does not energise
her, instead of trying to learn more about programming,
she is hanging over the table. What at first appeared to be
a negative behaviour seems to be linked to the fact that
the pupil's cognitive and emotional engagement are low.
This means that the pupil’s design in learning is affected,
she does not actively participate in the activities offered.

Emotional engagement

Emotional engagement focuses mainly on positive and
negative reactions (Fredricks and McColskey, 2012). In a
learning context, these reactions may apply to activities,
equipment, and people (e.g. teachers or classmates). In
the data material both happy exclamations and pupils’
irritated comments was analysed to belong to emotional
engagement. The pupils showed their emotional engage-
ment by for example, getting annoyed when their solu-
tion to the program did not work or stretching their arms
in a gesture of victory when they were pleased with their
program. The view of how pupils’ emotional engagement
can relate to how they design their learning is exempli-
fied by Anna (Grade 5). When Anna is with her class at the
SC, they try three different types of programming assign-
ments during two hours. After a quick change, the pupils
meet a new instructor before each assignment. In the cur-
rent excerpt, Anna and her classmate are working with the
tool Makey-Makey. See Table 4.

34  The instructor explains that they should
35 now try another assignment which also
36 includes plugging in a programming

37  tool to get a closed circuit to send the

38  signals to the computer. When the

39 instructor shows that it is connected by
40  holding the cables in his hands, Anna

41  bursts out (anxiously): It feels like you

42  are going to die! emo
43 When Anna and her peer later connect

44  their tools, she sounds fascinated when

45  she says: This is so cool, I had no idea emo
46 that it worked this way! cog

47

48  As the workshop continues, the pupils

49  constantly talk to each other. They talk

50 about what they are doing and how to beh

51  connect. They wonder if “it can be

52 stronger” if they put the cables in a cog

53  special way. They show each other

54  what they have done. Anna and her beh

55  peer get their tools working and Anna

56 calls out to the room: I am magic! I emo
57 amsmart! emo

There are several aspects of engagement that affect how
the pupil in the example designs in her learning. However,
the emotional engagement is the most distinct, identified
mostly by the way she communicates. The pupil expresses
strong feelings and concern as the instructor holds the
electric cables (lines 40-42). However, she also exhibits
cognitive engagement, striving to understand complex
ideas when seeing how the programming equipment
works, which makes her excited (lines 45-46). The fact
that she is satisfied and thus emotionally engaged when
coping with the whole programming assignment (lines
55-57) is due to her behavioural engagement, namely her
positive conduct and collaboration with her peer. Anna’s
intertwined engagement energises the learning process.
Although she expresses some concern, she continues,
which leads to new discoveries. Anna expresses emotional
engagement however she also has a willingness to put
necessary effort into understanding complex ideas and
mastering difficulties. This also affect her behavioural
engagement as she actively takes part in everything that
happens during the lesson. It seems that the pupil uses
her engagement to design her learning in order to make
it meaningful. It is when she realises that she understands
how the equipment works that she expresses that she is
smart.

Cognitive engagement

Isolated cognitive engagement can be difficult to identify,
as behaviour and emotional engagement are often more
visible. However, by being creative and by showing will-
ingness to put in the necessary effort to master difficul-
ties, pupils can demonstrate their cognitive engagement
(Fredricks & McColskey, 2012). This can be illustrated,
among other things, by a pupil who said that learning
programming is something that is important and that he



40

therefore did not want to give up despite all difficulties.
Cognitive engagement can also give pupils the opportu-
nity to understand complex ideas (Fredricks & McColskey,
2012), for example when a pupil was looking for a solution
to a problem and realised why his robot was not work-
ing due to a bug in the program. Cognitive engagement
can also mean being strategic. This is exemplified by Jens
(Grade 8). He had designed for his learning by bringing his
own private computer equipment. He worked by himself
throughout the lesson, leaning over his computer. When
the observer (Mia) looks at his screen there are no avatars
as in Scratch, only numbers and letters. See Table 5.

The pupil is quickly identified, despite attending a nov-
ice lesson, as having a special interest in programming. The
pupil focuses his interest on programming which leads to
a cognitive engagement. He already has a definite idea
of what he thinks programming is, and he shows strong
emotional engagement against the Scratch software for

Table 5: Analysis 3 of engagement in a programming
workshop.

58  Mia: May I ask what you are doing?

59 Jens:Iam programming in Python. beh
60  Mia: In Python?

61 Jens: Yes! cog
62  Mia: Because you have done a lot of

63  Scratch and stuff before?

64 Jens: No, not so much Scratch.

65 Mia:.. Huh?

66 Jens:Ithink so, well yes, I get a

67 little cross as soon as someone calls emo
68 it programming, I think it is

69 graphically rendered. cog
70  Mia: Okay??

71  Jens: It is a bit like that, ahhh. (Jens

72 clenches his fist and shows

73  resistance.) emo
74  Mia: And you do not think it is..

75  Jens: NO! It is not exactly the same emo
76  thing!

77 [.]

78  Mia: How did it come about that you

79  chose to participate in this pupil’s

80 choice today?

81 Jens: Because I think programming

82 isfun. emo
83  Mia: Yeah, and then you didn't know

84 it was going to be Scratch it was

85  about, or what?

86  Jens: Well I probably knew it would

87  befor the most part, but I also knew cog
88  that it would be possible for me to

89  work with other languages as well... cog
90 Mia: OK..

91  Jens:.. because it does not usually

92  happen that someone complains

93  when I am programming. cog
94  Mia: No..

95  Jens: Besides, I did the project! (Jens

96  giggles a little.)

97  Mia: What did you say?

98 Jens: Additionally, I did it in cog
99  seconds if you really want to see. beh
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which the lesson was designed. However, his strategic
plan is to get time to work on his own project, program-
ming in Python (lines 86—-89). In the unlikely event that
anyone was to question him, he protected himself strate-
gically by carrying out the proposed task in Scratch (lines
98-99). There are tendencies towards negative behav-
ioural engagement, as the pupil shows resistance (lines
71-73). still, it also explains his choice to design his own
learning, he brings his own computer. He says it is fun to
work with his own programming. His cognitive engage-
ment makes him want to learn more, and as he states, no
one usually complains about it.

Discussion

This study shows how a learning design process can be
understood by studying pupils’ engagement during pro-
gramming lessons. The results show that pupils affect
the design in learning, having different types of engage-
ment in various learning situations. In some cases, it is
easy to identify how pupils express their engagement
with spontaneous jargon or stretching their arms, while
other situations may need to be analysed more carefully
to understand the more elusive types of engagement. In
the analysis of pupils’ engagement when programming,
different indicators are used to identify behavioural, emo-
tional, and cognitive engagement (Fredricks et al., 2004;
Fredricks & McColskey, 2012). The results also confirm
that the types of engagement are interrelated and not iso-
lated processes. This is valuable knowledge, otherwise it
would have been easy to perceive several of the pupils in
the observed situations as being unengaged in learning
programming.

Initially, it was expressions such as “WOW — check this
out” and “I am magic”, after which this article is named,
that were noted as engagement. Several of the pupils in
the study show the types of engagement that teachers
often find it easiest to identify, namely positive behav-
joural and emotional engagement (Abrahamsson et al.,
2019). However, when carrying out an analysis using
the framework of engagement (Fredricks et al., 2004;
Fredricks & McColskey, 2012), the results confirm — in line
with Isiaq and Jamil (2017) — that engagement is multidi-
mensional and includes different factors. Only listening to
how pupils express themselves with spontaneous jargon,
which can be extremely positive (who does not want to
feel magic?), entails a risk of missing the cause of their
engagement.

From a design-theoretical perspective, everyone
involved in a learning process is a designer — both those
who plan the activity and those who participate (Kress &
Selander, 2012; Levinsen, & Sorensen, 2019). As initially
noted, several studies on programming focus on edu-
cational tools and methods for learning. There may, for
example, be a positive effect on pupils’ attitudes towards
programming when they try different types of program-
ming tools (e.g. Asad et al., 2016; Shim et al., 2017).
Orchestration and planning using special engagement
techniques often increase pupils’ engagement (Bergdahl
et al., 2018). At the same time, engagement is an interac-
tion between the learning environment and the learner. It
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means that how pupils design in their learning depends
on their situated personal engagement. Learner character-
istics and previous learning experience influence pupils’
engagement and their learning outcome (Halverson &
Graham, 2019). The results of this study illustrate how
pupils’ types of engagement differ. One answer to this
may be the pupils’ personal interest and that they there-
fore direct their engagement differently. This can also
depend on the individual's previous experiences in dif-
ferent learning situations, on the surroundings, peer
responses and contact with the instructors. The fact that
the study was done at SCs, which are special learning
environments, can also affect the pupils’ engagement.
However, one type of engagement can lead to that other
types increase or decrease depending on how the engage-
ment is stimulated.

To have power to engage, it is important that every
pupil feels that they have access to the learning content
(Cochran et al., 2017). Visual programming, which is used
during the observed lessons, can, for example, facilitate
an understanding of how codes are constructed (Chang et
al,, 2017). The pupils can get an aha-experience when they
see the codes and how things are connected (see example
in Table 4). However, whether pupils perceive the activi-
ties offered to be emotionally engaging may depend on
whether they think the assignments are meaningful and
cognitively stimulating. This study shows that this applies
to both younger and older compulsory school pupils. As
in the example, when the interest in programming does
not match the lesson content (Table 5). Here, however,
the pupil had such a strong cognitive engagement that he
brought his own computer. When pupils feel that assign-
ments are too simple and not cognitively challenging, they
easily become bored, resulting in what can be perceived as
negative behaviour (Table 3). When pupils are not chal-
lenged, there is a risk that their cognitive engagement
will not be strong enough to activate and obtain posi-
tive emotional and behavioural engagement (Kong et al.,
2018). However, the study also shows how understanding
how to solve a problem, thanks to behavioural and cog-
nitive engagement, can lead to strong emotional engage-
ment. This signifies that engagement is multidimensional,
and that one type of engagement can affect the others.
Consequently, how this individual multidimensional
intertwined engagement is articulated, in turn, affects
how the pupils design in their learning. As the pupils in
this study visit a SC only once to try out programming, it is
difficult to say whether their engagement extends beyond
this opportunity. However, this is also a sign of engage-
ment; it is situated in a certain time and place.

Conclusion

Engagement is both personal and situational, leading
everyone to design in their own learning process. This
can allow pupils, when encountering and understand-
ing a new area of knowledge, to feel that they are ‘magic’.
Indicators of emotional engagement are significant, in a
positive sense, especially when pupils can discover and
experience something they have not previously encoun-
tered or mastered. Negative aspects of both behavioural
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and emotional engagement are visible when pupils are
not challenged in their learning. Cognitive engagement
during programming lessons can cause pupils to design
for their own learning in advance. Cognitive engagement
can also grow when pupils understand new aspects of pro-
gramming. In summary, the study raising awareness about
how pupils design in their learning is related to all three
types of engagement.

Limitations

This study is explorative in nature and aims to under-
stand the role of engagement in a learning context. The
project was implemented when programming was about
to become mandatory in Swedish compulsory schools in
all grades at the same time. No claims are made that the
examples documented here are the only combinations of
engagement that can be observed when learning program-
ming. The extent to which engagement affects learning in
programming in the long term needs more research.
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