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Programming has become an integral component of technology edu-
cation around the world and is an important part of Swedish curric-
ulum reform and classroom teaching. This thesis aims to explore re-
lations between programming teachers’ knowledge and beliefs about 
programming teaching and how it is enacted in their practice. In re-
sponse, three studies were designed to investigate teachers’ 
knowledge on three analytical levels: metaphorical expression, 
meaning, and understanding. The research relies heavily on triangu-
lation and draws on Conceptual Metaphor Theory (CMT) and the Re-
fined Consensus Model (RCM) for Pedagogical Content Knowledge 
(PCK) as an analytical framework. Data consists of metaphorical ex-
pressions in four educational texts, three classroom observations and 
interviews, and eighteen online video clips. Metaphors were analysed 
by deploying the Metaphor Identification Procedure (MIP), Meta-
phor Identification Guidelines for Gesture (MIG-G), and Procedure 
for Identifying Metaphorical Scenes (PIMS), respectively. Study 1 re-
vealed that programming metaphors (designated in uppercase) can 
be categorised as being either related to the function (e.g., 
PROGRAMMING IS BUILDING, or DATA IS A PHYSICAL OBJECT) 
of the computer, or the intention of the programmer (e.g., “jump be-
tween code lines”, or “tell the system that…”). In addition to confirm-
ing that many of the metaphors in Study 1 are employed in classroom 
teaching, Study 2 shows the teachers use of metaphor in gestures 
when teaching programming. For example, a teacher might hold an 
“object” while speaking about a programming concept, and thereby 
expose the use of the metaphor A PROGRAMMING CONCEPT IS A 
PHYSICAL OBJECT. The study also found that the teachers frame 
their teaching in relation to building, instructing, mentoring, and 
problem solving. Study 3 explored spatiality of a teacher’s metaphor-
ical expressions. Findings illuminated that the teacher’s utterances 
rarely display connections between programming concepts and spa-
tiality. Overall, the thesis identifies key metaphors contained in texts, 
speech, and gestures in the programming classroom. The research 
also shows how the teachers enact teaching differently, thus implying 
salient connections between their knowledge, beliefs, and action.

Keywords: Conceptual Metaphor, Gestures Analysis, Program-
ming Education, Technology  



Programmering är en integrerad del av teknikundervisning värl-
den över samt en viktig del av svensk läroplansreform. Denna av-
handling syftar till att undersöka programmeringslärares kunskap 
och självupplevda förståelse för sin undervisning samt hur den 
manifesteras i klassrummet. För att uppnå detta syfte har tre stu-
dier utformats. Studierna lärarnas kunskap på tre analytiska ni-
våer: metaforiska uttryck, mening och förståelse. Avhandlingen 
använder triangulering samt en kombination av konceptuell meta-
forteori och the Refined Concensus Model for PCK som analytisk 
grund. Datan består av metaforiska uttryck identifierade i fyra tex-
ter, tre klassrumsobservationer och intervjuer samt arton vide-
oklipp. Metaforerna har analyserats med hjälp av Metaphor Iden-
tification Procedure (MIP), Metaphor Identification Guidelines for 
Gesture (MIG-G) och Procedure for Identifying Metaphorical Sce-
nes (PIMS). Studie 1 visar att programmeringsmetaforer (noterade 
med versaler) kan kategoriseras som antingen relaterade till da-
torns funktion (PROGRAMMERING ÄR BYGGANDE eller DATA 
ÄR FYSISKA OBJEKT) eller programmerarens intentioner (t.ex. 
”hoppa mellan rader” och ”berätta för programmet att…”). Föru-
tom att de metaforer som identifierats i Studie 1 även används i 
klassrummen visar Studie 2 att lärarna använder gester som me-
taforer i sin undervisning. Exempelvis kan en lärare hålla ett ”ob-
jekt” medan han berättar om ett programmeringskoncept. På så 
sätt blir handen en metafor för PROGRAMMERINGSKONCEPT 
ÄR ETT FYSISKT OBJEKT. Studien visar även att lärarna ramar 
in sin undervisning i relation till byggande, instruerande, mentor-
skap och problemlösning. Studie 3 undersökte rumsligheten i en
lärares metaforiska uttryck. Studiens resultat visar att läraren säl-
lan gör kopplingar mellan programmeringskoncept och rumslig-
het. Sammantaget påvisar denna avhandling vissa nyckelmetafo-
rer som används i klassrummet. Forskningen visar även att lärare 
utformar sin undervisning på olika vis, vilket tyder på att lärares 
kunskap om och självupplevda förståelse för sin undervisning på-
verkar hur undervisningen formas

Nyckelord: Konceptuella metaforer, Gestanalys, Programme-
ringsundervisning, Teknik
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Programming has increasingly become an integral part of most 
school systems. In Swedish compulsory school, programming is 
organised as sub-components of technology and mathematics
(Skolverket, 2022). In Swedish upper secondary school, however, 
programming education takes on a more specialised form. Here, 
programming is more related to understanding different compu-
ting concepts, aspects of software development, and computer-
based problem solving (Skolverket, 2011). Moreover, upper sec-
ondary programming education is organised as discrete courses 
that are supposed to differ in relation to the general objectives and 
orientations of other upper secondary programmes (e.g., the Sci-
ence programme, or the Technology programme) (Skolverket, 
2011). Consequently, programming can be expected to take on dif-
ferent forms in different classrooms throughout the country. 

Prior to the inclusion of programming as an integral part of the 
technology curriculum, Sweden’s contribution to programming 
education in a technology context was sparse (Hallström, 2018). 
Since then, an increasing body of Swedish scholars have contrib-
uted insights. For example, scholars such as Vinnervik (2022a, 
2022b), Otterborn et al. (2020), and Raptopoulou (2021) have in-
vestigated the rationale for introducing programming in Swedish 
schools. Meanwhile, researchers such as Axell and Stolpe (2019), 
Cederqvist (2021), and Bjursten et al. (2022) have investigated 
how programming activities and teaching strategies take form in 
the classroom. Furthermore, there have been studies on specific 
aspects of programming, such as computational thinking 
(Carlborg et al., 2019; Nouri et al., 2020; Pears et al., 2021; Zhang 
et al., 2020), students’ perception of the functionality of program-
ming languages (Anderhag et al., 2021), and programming activi-
ties in informal learning environments (Sparf et al., 2022). Schol-
ars such as Nordlöf et al. (2022) have begun to explore the nature 
of programming as a sub-component of technology education. In 
addition, Björklund and Nordlöf (2021) have investigated teach-
ers’ individual assessment criteria for assessing programming in 
relation to technology education.
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In this thesis, I intend to contribute with knowledge about rela-
tions between programming teachers’ knowledge and beliefs about 
their teaching practice and how this is enacted in the classroom.
Buehl and Beck (2015) argue that only parts of these relations can 
be made explicit by teachers themselves, and this is my point of 
departure. To explore these relations further, it is essential to dis-
tinguish between the characteristics of teachers’ knowledge2 (col-
lectively held ideas and concepts that can be externally verified) on 
the one hand, and their beliefs (ideas and concepts that an individ-
ual holds true in a specific situation) on the other. For instance, a 
teacher may have an explicit strategy for teaching a certain subject 
content (the teacher’s knowledge) then suddenly realises that this 
way of teaching might not be the most suitable way to approach the 
topic in that particular setting (the teacher’s belief). In that sense, 
beliefs may act as an obstacle to implementing the plan for the les-
son. On the other hand, similar beliefs may act as a motivator for 
finding alternative ways of teaching what might be considered a 
“hard” topic for a particular group of students. Hence, teachers’ 
beliefs can also serve as a catalyst and facilitator for acquiring new 
knowledge. Recent work by scholars such as Carlson et al. (2019), 
Doyle (2020), and Fahrman et al. (2020) collectively suggest con-
nections between teachers’ knowledge and beliefs about: (1) the 
purpose and aims of teaching of a specific subject, (2) their roles 
as teachers, and (3) how (1) and (2) are enacted in their teaching
practices. As argued by, for example, Doyle et al. (2019), gaining 
an understanding of said complex links is essential for increasing 
knowledge of the formation of technology education in the class-
room. 

One way to approach the study of teachers’ knowledge and beliefs 
is to look at how teachers use metaphors (Leavy et al., 2007; 
McGarr, 2022; Munby, 1987; Oxford et al., 1998; Ridenour, 2020; 
Saban, 2006, 2010; Thomas & Beauchamp, 2011). Several such

2 Terms and abbreviations that are central to the theses will be italicised when 
introduced for the first time.
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studies have focussed on teachers’ self-generated metaphors – for 
example, by asking teachers to create a metaphor by completing 
the statement: “A teacher is a …” (e.g., Ridenour, 2020; Saban et 
al., 2007), or by analysing how teachers use a selection researcher-
generated metaphors that best describes their beliefs about their 
teaching (e.g., Ben-Peretz et al., 2003). Also, there are studies pro-
moting an episode-based methodological approach, where teach-
ers’ own narratives and reflections on their teaching are the focal 
point (Gholami et al., 2021; Munby, 1987; Park & Oliver, 2008; 
Park & Suh, 2019; Zhao et al., 2010). This thesis aligns with the 
latter.

Research on aspects of teachers’ knowledge, beliefs, and how these 
are manifested in the classroom is often grouped under the term 
Pedagogical Content Knowledge (PCK). The term was originally 
coined by Shulman (1986) to describe the type of knowledge that 
teachers need to teach a subject content in a specific situation. 
Originally, the PCK framework was conceived to foreground teach-
ers’ Content Knowledge (CK) as an integral part of teaching 
(Shulman, 2015), but it has since been developed into a framework 
for approaching questions such as teachers’ professional develop-
ment (Fox-Turnbull, 2019; Jones & Moreland, 2004; Williams & 
Lockley, 2012), and also for exploring the nature of programming 
as subject content (Barendsen et al., 2014; Saeli et al., 2011; 
Woollard, 2005). In recent years, the focus for PCK research has 
transitioned towards an exploratory approach to consider the in-
terplay of knowledge during teachers’ planning, implementing, 
and reflection on their practice (Alonzo et al., 2019; Carlson et al., 
2019; Mientus et al., 2022). This thesis aligns with the latter recent 
developments. 

Over time, PCK has been subject to numerous (re)conceptualisa-
tions, both in relation to specific subjects such as technology edu-
cation (e.g., Doyle et al., 2019; Fox-Turnbull, 2019) and as more 
general theoretical constructs (e.g., Carlson et al., 2019; Gess-
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Newsome, 2015). Hence, the focal point and the theoretical bases 
for PCK varies from discipline to discipline and from time to time. 
In a review article, Hubbard (2018) argues that PCK research re-
lated to programming education mainly addresses teachers’ 
knowledge-on-action (i.e., the knowledge used when planning a 
lesson (Park & Oliver, 2008)) in relation to teachers’ understand-
ing and use of computing concepts. Albeit so, Hubbard (2018) 
identifies some studies concerning, for example, problem solving 
and the use of metaphor. In addition, Hubbard (2018) concludes 
that, to a large extent, “computing PCK or its development at a 
broad level, shares similarities with PCK models created in other 
disciplinary communities”3 (p. 130). Nevertheless, two conceptu-
alisations stand out:  

“Woollard (2005) demonstrated how the metaphoric 
nature of computing can inform the categorization of 
pedagogic metaphors used to explain concepts to 
learners. Similarly, Koppelman (2008) considered 
the problem-based nature of computing when pro-
posing a format for portraying computing PCK as 
pedagogical cases centered around a computing 
problem specific to a particular topic. Such models of-
fer not only portraits of computing PCK but also tools 
for understanding teaching knowledge of specific 
computing topics.” (p. 130) 

 
In this thesis, my exploration of PCK aligns with both Woollard 
(2005) and Koppelman (2008). 
 

 
3 All quotations from the literature will be italicised within quotation marks. 
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Based on the above, the overarching aim of this thesis is to explore
relations between programming teachers’ knowledge and beliefs 
about their teaching practice and how it is enacted in the class-
room. To meet this aim, three separate studies were designed:

• Study 1 explores the metaphorical nature of programming 
by analysing how metaphorical expressions are used to ex-
plain programming concepts in textual resources relevant 
for upper secondary programming education. The study 
provides insights about potential ways in which program-
ming concepts may be communicated in the classroom. The 
study is reported in Paper I. 

• Study 2 investigates how programming is communicated 
by teachers in a classroom situation. The study also ex-
plores teachers’ reflection on action. The study provides in-
sights about how teachers communicate a subject and the 
underlying reasons why. Further, the study provides 
knowledge about how teachers’ knowledge and beliefs can 
be investigated in relation to their use of metaphors. The 
study is reported in Papers III, IV and V. 

• Study 3 explores the nature of a teacher’s metaphorical ex-
pressions. The study provides insights about how the 
teacher’s use of metaphors is linked to a specific program-
ming activity set in a specific situation. The study is re-
ported in Paper II. 

This compilation thesis encompasses an extensive summary 
(termed ‘kappa’) and five appended peer-reviewed research papers 
that are either published (Papers, I, III, and V) or accepted for pub-
lication (Papers II, and IV). The thesis operates in relation to three 
main bodies of scholarly work: (1) Conceptual Metaphor Theory 
(CMT), (2) Pedagogical Content Knowledge (PCK), and (3) pro-
gramming education (PE) (Figure 1). 
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Figure 1. The three individual studies (S1, S2, and S3) explore the interaction 
between programming teachers’ knowledge and beliefs about their teaching 
practice and how that is enacted in the classroom. Studies 1 and 3 mainly con-
cern the interaction between the teacher’s metaphor use in relation to pro-
gramming education. Study 2 concerns a similar relation but is set in the class-
room. 

The thesis is structured as follows: Subsequent to this opening 
chapter, Chapter 2 presents the theoretical framework that has 
guided my research. Here, I present the Refined Consensus Model 
(RCM) for PCK. Furthermore, I provide an ontological and episte-
mological basis for the thesis by stating my interpretation of Con-
ceptual Metaphor Theory (CMT) and how it is employed in relation 
to the aim of the thesis. Subsequently, in Chapter 3, I provide a 
brief overview of the previous research that has underpinned and 
motivated the studies presented in this thesis. In building upon the 
theoretical elements of the thesis, Chapter 4 the attends to the de-
sign and implementations of the individual studies. Chapter 5, 
then displays and discusses the main finding of the thesis. Lastly, 
in Chapter 6, I provide an overview of the main contributions and 
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implications for programming education, for teachers’ PCK and 
professional development, and for conceptual metaphor theory. 
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This thesis adopts the Refined Consensus Model (RCM) for (PCK)
(Carlson et al., 2019) as an analytical base for describing the relations 
between teachers’ knowledge and beliefs and how it is enacted in the 
classroom (Figure 2). The model is based around the idea that teachers’ 

knowledge informs and shapes the act of teaching and focuses on “the 
unique subset of knowledge that a teacher draws on to engage in 
pedagogical reasoning during the planning of, teaching of, and 
reflecting on a lesson” (Carlson et al., 2019, p. 83); this kind of 
knowledge is known as enacted PCK (ePCK). Alonzo et al. (2019) de-
scribe ePCK as the kind of knowledge that teachers draws upon when 
planning, implementing, and reflecting on teaching. As ePCK is implicit 
(Alonzo et al., 2019; Carlson et al., 2019) it can only be elicited and ana-
lysed in teachers’ action (Park & Suh, 2019). 

Figure 2. A representation of the RCM as described by Carlson et al. (2019). 
The model’s premise is the teacher’s knowledge in the classroom (ePCK) and 
how that interacts with the other PCK-components (cPCK and pPCK).
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In addition to ePCK, RCM recognises two additional kinds of 
knowledge: collective PCK (cPCK) – the kind of knowledge that, 
when explicated becomes accessible to a collective of teachers4, and 
personal PCK (pPCK) – the knowledge held by an individual 
teacher. Another central aspect of the model is that it assumes an 
ongoing knowledge exchange between cPCK, pPCK, and ePCK –
thus implying that this knowledge exchange is unique to each in-
dividual and that PCK is a “[a] specialised knowledge and set of 
skills for teaching particular […] topics for particular students in 
particular learning contexts” (Carlson et al., 2019, p. 88).

Based on a systematic review of literature employing the RCM, 
Mientus et al. (2022) recommend that “PCK components and 
realms [should] be investigated in relation to each other, with due 
consideration of amplifiers and filters and the role of pedagogical 
reasoning in knowledge exchanges with and between realms of 
PCK” (p. 15), and if so “research on teachers’ beliefs and motiva-
tional constructs might present further important insights into ef-
fective professional development programs that foster relevant 
competencies for teachers” (p. 15). The RCM does not, however,
presuppose any ontological or epistemological claims. Nor does it 
prescribe any special analytical or methodological approaches 
when implementing the model. In that sense, the model can be 
seen as a guideline for analysis rather than a ready-made theoreti-
cal framework (Mientus et al., 2022).

Researchers such as Colburn and Shute (2007, 2010), Hubbard 
(2018), and Chibaya (2019) argue that metaphors play an im-
portant role when teaching, learning, and engaging in program-
ming. Research from Manches et al. (2020) and Solomon et al. 
(2020) indicates that programming metaphors are present in both 
speech and gestures when teachers and expert programmers are 
explaining programming. In that sense, it seems reasonable to sug-
gest that there exists a connection between teachers’ use of pro-
gramming metaphors and their pedagogical content knowledge 
(e.g., Woollard, 2005). In addition, research shows a connection

4 Carlson et. al (2019) describes cPCK as an equivalent to Shulman’s (1986) con-
ceptualisation of PCK.
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between teachers’ use of metaphors and their knowledge and be-
liefs about their teaching practice (Buehl & Beck, 2015; Fives et al., 
2015; Worden-Chambers, 2020). I argue that one feasible way to 
approach questions concerning programming teachers’ PCK 
would be to study how teachers’ use of metaphors in the classroom 
relates real-world physical experiences by employing Conceptual 
Metaphor Theory (CMT).  

CMT assumes the position that our concepts and ideas origi-
nate from physical engagement with the environment which gives 
rise to embodied concepts (Gibbs, 2006a; Grady & Johnson, 1997; 
Johnson, 1987, 2007). Embodied concepts are manifested as met-
aphorical expressions in thought, language, and gesture as well in, 
for example, posture and tone of voice (Grady, 2005; Lakoff & 
Johnson, 1980b, 1999). Furthermore, CMT assumes that embod-
ied concepts primarily work on an unconscious level and are com-
posites of neural connections that are recruited and strengthened 
continually when we interact with reality (Grady, 1997; Lakoff & 
Johnson, 1980a, 1999). In that sense, both knowledge (an expli-
cated “product”) and cognition (an internal “process”) are two 
sides of the same coin. Consequently, embodied concepts are not 
something that we as humans are completely aware of; nor is it a 
phenomenon that I as an analyst will be able to study directly. 
However, due to the inherent structure of our metaphorical ex-
pressions, it is possible to “use metaphorical linguistic expressions 
to study the nature of metaphorical concepts” (Lakoff & Johnson, 
1980b, p. 7). 

This thesis also assumes that metaphor is a “dynamical con-
straint on action that is distributed across brains, bodies, and 
real-world ecologies” (Gibbs, 2019, p. 35). In that sense, metaphor 
may be understood as a relation between an embodied concept and 
a person’s experiences that “structure embodied simulation” 
(Müller & Kappelhoff, 2018, p. 45). This way of regarding meta-
phor introduces a distinction between understanding embodied 
concepts as structures/patterns of relations between a source do-
main and a target domain that emerges in, for example, a text cor-
pus, and embodied concepts as a result of real-world interaction 
where metaphor is a matter of full-body engagement with a sur-
rounding environment. This thesis represents a transition from a 
static view of metaphor foregrounded by for example Lakoff and 
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Johnson (1980b, 1999) towards a dynamic view as proposed by for 
example Müller (2007), Jensen and Greve (2019), and Cienki 
(2016).

There are several ways to define and delimit metaphor. However, 
in its most general sense, metaphor can be described as “speech
where speakers mean something other than what they literally 
say” (Gibbs & Colston, 2012, p. 1). Still, this definition does not 
cover the analytical needs of this thesis, and for that reason, I have 
limited the studies to include only instances of metaphoric lan-
guage and gestures that demonstrate connection(s) between 
body/mind/real-world experiences and abstract concepts/do-
mains. I term these instances embodied expressions (e.g., words, 
phrases, and gestures that are manifested in discourse and hence
visible to the researcher’s eyes). 

All metaphorical expressions “convey metaphorical meaning 
based on their use in context” (Pragglejaz Group, 2007, p. 2). Con-
sider, for example, a programming-related metaphorical expres-
sion such as “jumping between code lines”. By using the phrase, 
the speaker (or the author for that matter) manifests a connection 
between “jumping” (as related to an abstract concept) and a real-
world experience (“to push oneself off the ground and into the air 
using one’s legs”). Thus, the use of the phrase indicates that the 
teacher uses the metaphoric expression in relation to the concep-
tual metaphor AN ABSTRACT PROGRAMMING CONCEPT IS 
MOTION5. As noted above, the same metaphoric expression may
also be manifested in gesture as for example a “jumping” motion 
with one hand. Thus, by analysing the relations between an em-
bodied expression and its underlying metaphorical meaning (the 
conceptual metaphor to which the metaphorical expression is re-
lated) will provide the analyst with a general understanding of how 
(in this case) a teacher’s metaphorical programming language may
be structured and explicated in relation to interactions with the 
world.
Exploring metaphor as a dynamic and cognitive phenomenon, 
however, requires the analyst to study the connection between an 

5 Instances of conceptual metaphors will be notated in capital letters.
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embodied concept and the personal “real-world” physical experi-
ences by which the concept is understood in a specific situation 
(Johansson Falck & Okonski, 2022). In the thesis, I term this met-
aphoric understanding. Metaphoric understanding is similar to 
metaphorical meaning, with the exception that it places metaphor 
in a situation and introduces an element of uncertainty to the anal-
ysis. Take, for example, the same embodied concept as above, 
“jumping between lines”. In a real-world setting, such as during a 
physical education class, the concept reflects a real-world spatial 
relation between the actor “in” the expression (the jumper) and the 
real world. However, if the same expression is used in a program-
ming lecture as a part of a programming concept, the utterance 
(now used to refer to a programming concept) is now metaphoric 
by means of personal experience of an activity that is performed in 
a physical space (i.e., jumping). There are also ambiguous cases 
that cannot be explained in terms of either non-metaphoric or met-
aphoric. One such example would be if a teacher was to use the 
same expression while interacting with the computer – a situation 
where the computer screen provides a real-world experience of 
“jumping” via the cursor on the screen.  

In the thesis I use the above concepts to explore metaphor on 
three analytical levels (Figure 3):  

 
(1) Metaphorical expressions: the physical manifestations of 

embodied concepts made explicit in, for example, verbal ex-
pressions, texts, and gestures. Consequently, metaphorical 
expressions exist on a collective level and are available as 
data for this thesis. 

(2) Metaphorical meaning: the connection between experi-
ences (sources for a conceptual metaphor) and abstract 
phenomenon (the targets for a conceptual metaphor). Met-
aphorical meaning exists on a personal level and can be seen 
be seen as recurring patterns between source and target do-
mains accessible in personal discourse.  
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(3) Metaphoric understanding: the relation between an embod-
ied concept and the personal experiences by which the con-
cept is understood in relation to a specific context in a spe-
cific situation. Thus, metaphorical understanding exists on 
a cognitive level and concerns metaphorical action, i.e., how 
embodied concepts are enacted in practice.  
 

 
Figure 3. The idea of metaphor on three analytical levels results in a structure 
that can be visualized as the interaction between metaphor on different levels 
and interaction. As implied by the figure only interaction between the world 
and the body can be explicated by the speaker. 

An implication of the above is that the thesis refutes the idea that 
there can only be one correct way to describe the world (Lakoff & 
Johnson, 1999). However, as we all live and interact in the same 
physical reality, we as humans still have enough embodied con-
cepts in common to share a stable common-ground understanding 
of how the world is constituted (Johnson, 1987). This common un-
derstanding of reality can be extended in relation to our personal 
real-world physical experiences in relation to our experiences of 



Andreas Larsson

15

abstract phenomena and embodied concepts, thus forming a per-
sonal understanding of the world (Fauconnier & Turner, 1998; 
Grady, 1997). Lakoff and Johnson (1999) term this relation be-
tween real-world physical experiences, body, and mind an embod-
ied realist perspective on knowledge. 

As noted above, I will employ the Refined Consensus Model (RCM) 
for PCK as a guide for investigating the interaction between the 
different PCK components (cPCK, pPCK, and ePCK) (see Mientus 
et al., 2022). The RCM will be underpinned by an embodied realist 
perspective on knowledge, meaning that exploring teacher’s peda-
gogical content knowledge links to their use of metaphorical ex-
pressions in the classroom. Combining the RCM with the idea of 
embodied realism results in a model that includes the following el-
ements (Figure 4):

(1) Collective PCK (cPCK): the kind of knowledge that is acces-
sible in discourse corresponds to the term metaphorical ex-
pression (explored in Study 1).

(2) Personal PCK (pPCK): the kind of knowledge that is held by 
a teacher and accessible in discourse corresponds to the in-
terplay between metaphorical expression and metaphorical 
meaning (explored in Study 2). 

(3) Enacted PCK (ePCK): the kind of knowledge that is enacted 
in practice and corresponds to the interplay between meta-
phorical expression, metaphorical meaning, and metaphor-
ical understanding (explored in Studies 2 and 3).
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Figure 4. This thesis employs a theoretical framework that is a combination 
between the RCM and embodied realism where the respective PCK components 
(cPCK, pPCK, and ePCK) are explored in terms of metaphorical expression, 
metaphorical meaning, and metaphoric understanding. 
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Over the last four decades, Conceptual Metaphor Theory (CMT) 
has evolved into a powerful tool for exploring phenomena related 
to metaphor and figurative language in many different research 
fields. In physics education, for example, scholars such as 
Jeppsson et al. (2015) and Dreyfus et al. (2015) have made contri-
butions to our knowledge about how energy and thermodynamics 
are conceptualised in the physics classroom. Within biology edu-
cation, Niebert and Gropengießer (2014) have investigated the re-
lations between students’ embodied concepts and their under-
standing of the greenhouse effect. In addition, Núñez and Lakoff 
(2005) have made seminal contributions about the metaphorical 
nature of mathematics. Scholars have also tried to merge CMT to-
gether with other theoretical frameworks to better understand stu-
dents’ learning. Amin (2009), for example, has developed novel 
approaches to language and cognitive development by bridging 
theories about analogies and conceptual change with CMT. Thus, I 
argue that it is reasonable to suggest that the metaphorical nature 
of programming education can be investigated in similar ways as 
inspired by the studies cited above. In forming this position, I de-
scribe relationships between metaphor and computers, and then 
consider the role of conceptual metaphor and CMT in program-
ming education.

Prior to the “computer” becoming a household commodity and 
later an integral part of everyday life, the computing industry, ed-
ucational institutions, and copywriters had to invent metaphorical 
expressions that could give prospective users an idea of the poten-
tial use of the machine. The word “computer” itself can be traced 
back to the Latin computator, meaning “one skilled in calendrical 
or chronological reckoning” indicating that the machine is apt to 
perform tasks otherwise performed by a human being. Other com-
mon terms used in computing, such as “programming language” 
(Nofre et al., 2014) and “memory”, make strong connections with 
human traits. Whether or not these expressions are strictly meta-
phorical can, and will be, argued. Nonetheless, they indicate that 
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personifying the machine has been central for facilitating people’s 
understanding about what the computer is for and how it works –
a phenomenon that is wonderfully communicated in computer ad-
vertisements from the past (Figure 5). In addition, the close con-
nections between the anthropomorphic metaphors and computers 
are manifested in their frequent appearances as co-stars in block-
buster movies and television series (Figure 6), or portrayed in re-
lation to leisure and joyful insight (Figure 7). Hence, it is reasona-
ble to argue that metaphors and computers go hand in hand, to the 
extent that humans now have computational traits (e.g., she is a 
human calculator), or that student eventually will acquire “compu-
tational thinking”.

Figure 6. Computers have acted as co-
stars in several blockbuster movies 
and TV-series. From top-left: War 
Games, Star Trek, and Knight Rider.

There are several aspects of computers that can be explored using 
CMT. For example, Izwaini (2003) searches for metaphorical con-
tent in a corpus based on “online help files of computer systems 
and software as well as diverse IT material such as manuals, tu-
torials, software reviews and IT journalistic items” (p. 2). The 
analysis reveals that the metaphorical expressions in the corpus 
can be divided into two main categories: (1) metaphors related to 
computers (e.g., THE COMPUTER IS A LIVING BEING, THE 
COMPUTER IS A WORKSHOP, or THE COMPUTER IS AN 

Figure 5. Computer adverts from the 
past displaying use of metaphorical 
expressions related to human beings.
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OFFICE), and (2) internet-related metaphors (e.g., THE 
INTERNET IS IN A STATE OF WAR, THE INTERNET IS A ROAD, 
THE INTERNET IS A BUILDING/PLACE). Hence, with regard to 
the studied corpus (7 million words), Izwaini’s study shows that 
language related to computers is rich in metaphors. Also, the study 
indicates that differing computer concepts can be traced back to 
common experiences, implying that there exists a set of key em-
bodied concepts for communication about computers. 
 

 
Figure 7. Former computer adverts often advertised computers as a commod-
ity for leisure, which were combined with assertions of the joy of discovery, 
satisfaction, wonder and insight. 

CMT can also be used to explore more specialised discourse. For 
example, in a study of internet news, Puschmann and Burgess 
(2014) identified two conceptual metaphors for big data (BIG 
DATA IS A FORCE OF NATURE TO BE CONTROLLED, and BIG 
DATA IS NOURISHMENT/FUEL TO BE CONSUMED). Also, 
Alekseeva et al. (2013) used CMT when analysing academic papers, 
popular science magazines, and newspapers for metaphorical ex-
pressions related to computer viruses. More recently, metaphor 
studies related to the use of computers have become a tool to in-
vestigate people’s thoughts and feelings about the impacts that 
computers have on our lives (Wyatt, 2021) and artificial intelli-
gence (Demir & Güraksin, 2022). 
  



Positioning the thesis

22

Conceptual metaphor theory has become a well-established re-
search approach for gaining insight into teachers’ knowledge and 
beliefs about their teaching (Leavy et al., 2007; Oxford et al., 1998; 
Ridenour, 2020; Worden-Chambers, 2020). In studies focusing on 
teachers' selection of pre-generated metaphors to describe their 
role, teachers have been found to conceptualise themselves as 
caretakers, conductors (Ben-Peretz et al., 2003), gardeners, trav-
ellers, and even the Queen of England (Erickson & Pinnegar, 2017). 
Similar studies have found teaching being described in terms of 
providing, motivating, or steering (Stofflett, 1996); running a mar-
athon, or building a sandcastle (Leavy et al., 2007). Other studies 
have looked at teachers’ construction of metaphors as a means for 
studying their professional development and professional identity
(Badia & Iglesias, 2019). Meanwhile, there are also studies pro-
moting an episode-based methodological approach, where teach-
ers’ narratives about their teaching form the ground for the analyt-
ical process (Gholami et al., 2021; Munby, 1987; Park & Suh, 2019; 
Zhao et al., 2010)

In a review study, Saban (2006) argues that teachers’ meta-
phors fulfil several important roles in teaching of interest to this 
thesis. In particular: (1) metaphor can act as a blueprint of profes-
sional thinking, (2) metaphor can be an archetype 0f professional 
identity, and (3) metaphor can be used as mental models when 
teaching. In addition, Maxwell (2014) argues that studies on teach-
ers’ use of metaphors may shed light on what may be considered 
critical aspects for teaching a subject (see e.g., Barendsen et al., 
2014; Saeli et al., 2011). Also, Worden-Chambers (2020) argues 
that teachers’ metaphors function as “coherent, yet flexible con-
ceptual structures” (p. 199) underpinning their curricular 
knowledge, and therefore act as “psychological tools […] that me-
diate their developing knowledge of the curricula” (p. 199). In 
other words, Worden-Chambers (2020) suggests that the study of 
metaphors may be central to understanding how teachers’ 
knowledge and beliefs about their teaching develop their curricular 
knowledge.
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As our use of embodied concepts varies in relation to both the 
environment we are in, and previous personal experience thereof 
(Gibbs, 2019; Johansson Falck & Okonski, 2022), it will also vary 
over time. Thomas and Beauchamp (2011) have explored how the 
transition from pre-service teacher to first year in service changes 
teachers’ self-identity. The researchers’ findings suggest the 
following: firstly, the teachers had changed their use of metaphors 
related to teaching after spending one year as in-service teachers 
that what they did during their education meaning that the 
personal experience gained in the classrom had affect on the way 
they conceptualised their roles as teachers. Secondly, the first year 
of teaching seems to lower the teachers’ sense of self-esteem.  As 
argued by Buehl and Beck (2015), this may become an obstacle for 
the teachers to implement new teaching strategies to improve their 
teaching practice. Thirdly, the teachers, despite their use of 
student centered metaphors during their teacher training, seemed 
to have transitioned towards using metaphorical expressions 
related to  “survival mode”. Meanwhile, Vizek Vidović and 
Domović (2019) note that similar shifts in metaphor use related to 
professional identity are not to be found in students attending a 
teacher training programme. Their results are however 
contradicted by Martínez-de-la-Hidalga and Villardón-Gallego 
(2017), who suggest a transition from the trainee teachers using 
primarily family-related metaphors (year 1) to metaphors related 
to the ideas of providers and social agents (year 4). From this, it is 
reasonable to conclude that classroom practice affects teachers’ 
and trainee teachers’ professional identity. 

Based on an extensive literature review of discussions of 
teacher identity, Beauchamp and Thomas (2009) argue that “[a] 
teacher’s identity is shaped and reshaped in interaction with oth-
ers in a professional context” (p. 178), and that “identity can be 
viewed not just in relation to the personal dimension of the self, 
but also with respect to the profession itself” (p. 179). This would 
suggest that teachers’ professional identity depends more on a 
common culture at a school than a shared understanding of the 
content of a course. However, research by Alger (2009) refutes this 
idea and claims that, for example, teachers’ memories of their own 
education, rather than their explicit intentions with their teaching, 
that may serve as a de facto guide for their actions in the classroom 
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(see Buehl & Beck, 2015); a mismatch between how the teachers 
intend to teach and how they actually implement their teaching. At 
times, teachers may feel that this is out of their control, in turn 
lowering their self-efficacy as teachers (Alger, 2009; Baş, 2021). 
Similar contrasting behaviours have been noted by Dolphin and 
Tillotson (2015) and Russell and Johnston (1988).  

Fives et al. (2015) argue that teachers’ knowledge and beliefs 
about students’ learning are equally important to study as their 
knowledge and beliefs about teaching. One such study is reported 
by Munby (1987), who used stimulated recall interviews to eluci-
date how teachers understand their own practice. The results of the 
study showed that the teachers conceptualised learning in terms of 
motion, and a lesson as a moving object. Furthermore, the teachers 
regarded communication with the students as a conduit for 
knowledge and therefore essential for students’ learning. Munby 
(1987) was also able to identify that several metaphors used by the 
teachers seem to be related to each other in a loose network of met-
aphors. Therefore, he suggests that studying teachers’ use of met-
aphors may well be a feasible way to expand our understanding of 
why teachers teach as they do. In line with Munby (1987), McGarr 
(2022) found that journey-related metaphors were commonly 
used among computer science teachers, and that teachers tended 
to conceptualise students’ difficulties with programming in terms 
of obstacles along that journey. Conceptualising learning in this 
way may be problematic since students may be led to believe that 
as long as they work hard enough to pass the obstacles along the 
way, they will eventually reach the finishing line of the course.  

Martìnez et al. (2001) examined metaphorical conceptions of 
learning based on the reflections of 50 experienced teachers. One 
common learning metaphor used by the informants was related to 
digestion, where teaching was expressed as providing “food for 
thought”. Metaphors related to sight were also frequent. Most 
common, however, were metaphors related to activities rather 
than to experiences. The researchers argue that these metaphors 
reflect a behaviourist/empiricist view of knowledge and that other 
metaphors may reflect alternate ways of relating to students’ learn-
ing. Both studies are examples of how talking to teachers “about 
their practice can help highlight how they conceive their roles and 
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how they conceptualise the learning process amongst their stu-
dents” (p. 10).

Most studies concerning programming education and metaphors 
are designed to either (1) explore students’ use of metaphors, (2) 
explore the use of Conceptual Metaphor Theory (CMT) as a frame-
work for designing learning sequences, or (3) evaluate the use of a
metaphor crafted for a specific purpose. Although these studies do 
not directly correspond with the immediate scope of this thesis, 
they still provide an indication of the state-of-the-art on the role 
that metaphor plays in programming education and are therefore 
of importance when positioning this thesis in relation to previous 
research.

A key distinction between computer science, programming and the 
natural sciences is that the two former are both the creator and ob-
server of its own subject matter, and therefore also the “inventor” 
of its abstractions, and laws (Colburn & Shute, 2010; Denning & 
Tedre, 2019). Also, in stark contrast to the natural sciences – where 
the object of study (generally) provides the scientist with any im-
mediate understanding of their activities in the form of direct 
physical experiences/measurements – the computer scientist 
must instead rely on metaphors to describe the processes involved. 
Another salient difference between the natural sciences, program-
ming and CS is that a law of nature will describe “what is” and will 
allow no exceptions. The conception of what is law in CS, however, 
will instead concern what must hold true during computation 
(Colburn & Shute, 2010). Hence, computational laws act as con-
straints in a situation rather than a general rule that is applicable 
in all time and space. To navigate the constraints of CS, program-
ming concepts are termed in relation to what the programmer can 
do with them (e.g., variable, function, or procedure). Going outside 
these conceptual boundaries generally results in an error (Colburn 
& Shute, 2017). Hence, the name of the concept itself can provide 
an introductory understanding of a concept prior to putting it into 
use (Colburn & Shute, 2008). 
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There have been several attempts to characterise the nature of pro-
gramming education by eliciting programming metaphors and 
PCK. For example, Woollard (2005) uses the term “pedagogical 
metaphor” to create a taxonomy for programming education. 
Woollard (2005) concludes that programming teachers’ PCK is 
partly metaphorical and that conceptual metaphors may be used 
by teachers “where there are conceptual difficulties (concepts); 
when it is isolated knowledge to be learned; when pupils make 
errors and have misconceptions; as an alternative to algorithms; 
and when it is a boring topic” (p. 202). In addition, Saeli et al. 
(2011) use PCK to identify the cornerstones of programming edu-
cation. Based on a literature review, they argue the following:  
 
(1) Programming is taught mainly to enhance students’ problem-

solving skills and to provide them an opportunity to work with 
a multi-disciplinary subject. 

(2) Programming as a topic should involve programming 
knowledge (i.e., about data, instructions, and the syntax of 
programming languages); programming strategies (i.e., the 
ability to identify how syntax is used to create programs (or) 
to solve problems); and programming sustainability (i.e., the 
ability to create user-friendly and attractive programs/soft-
ware and attend to ethical and privacy issues).  

(3) Main difficulties for the students revolve around instructing the 
machine to solve problems, and the tendency to communicate 
with the computer as if it were human. Also, students often 
solve problems without regard to scalability or generalisation. 

(4) Effective teaching strategies would include choosing simple 
programming languages, choosing several programming prob-
lems to solve during lessons, carefully choosing problems inde-
pendently from programming language, and teaching by means 
of situated programming environments. 
 

Another effort to outline central aspects of programming educa-
tion can be found in Barendsen et al. (2014), who used Content 
Representation (CoRe) as a guide for focus-group interviews with 
the aim to describe the informants’ knowledge about their teaching 
practices. Surprisingly, the teachers spoke very little about tech-
nical aspects of programming. Instead, qualities such as logical 
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thinking and problem-solving came to the fore. Also, the study 
showed differences between novice and experienced teachers. For 
example, while the novice teachers regarded logical thinking as a 
prerequisite for learning programming, the experienced teachers 
saw logical thinking as a result of programming education. 

In rising to meet the challenges of teaching an inherently meta-
phorical subject such as computer science, Moape et al. (2017) em-
ploy CMT as one of three theoretical approaches to aid instructors 
in creating appropriate metaphors for use in teaching. Based on a 
five-stage process, the framework allows teachers to draw on per-
sonal connections, to model connections between source and tar-
get domains, and also to measure the “appropriateness” of a met-
aphor. Using a slightly less instrumental approach, Pérez-Marín et 
al. (2018), in an investigation into how to teach programming to 
children, propose using conceptual metaphors for four central pro-
gramming concepts (program/programming sequence, input/out-
put instructions, conditionals, and loops) in an introductory pro-
gramming course. The study shows promising results in revealing 
that the majority of the students seemed to understand the meta-
phors. I propose, however, that the finding might also reflect the 
students’ emergent conceptual knowledge about programming 
due to their programming activities rather than the teachers’ use 
of metaphors. In another study, Chibaya (2019) collected meta-
phors formulated by 80 students who had completed a program-
ming course. Chibaya (2019) identified metaphors for five differ-
ent programming concepts (variable, data type, data input, data 
output, and operators), all of which can be expressed using what 
Lakoff and Johnson (1980b) term ontological metaphors. In a sec-
ond stage of the study, two groups of students were selected to at-
tend an introductory programming course: one following a tradi-
tional approach to teaching programming (i.e., not taking meta-
phors into consideration) and another employing the metaphors 
generated in the first part of the study. The results of the study 
shows that the students following the metaphor-based course out-
performed those who had followed the traditional course.
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In one example of a study investigating teachers’ use of metaphors, 
Blackwell (2006) reveals a network of metaphors in relation to 
programming concepts, with a predominance of metaphors related 
to causal actions (e.g., an action that is to be performed by a com-
ponent), cognitive descriptions (e.g., a component having beliefs 
and intentions), and social descriptions (e.g., components sharing 
information). Moreover, Blackwell (2006) finds that many of the 
metaphors are framed “inside” the domain of the computer, mak-
ing the program rather than the programmer responsible for the 
actions taking place in the computer. In addition, Lombard (2005)
and Videla (2017) also arrive at results indicating clear connections 
between abstract programming concepts and conceptual meta-
phors. Burke (2016), instead, approaches teachers’ use of meta-
phors based on an analysis of 67 peer-reviewed books and articles 
about what Burke considers being “students’ learning”. Using 
Lakoff and Johnson (1980b), Burke (2016) identifies groupings of 
programming metaphors used by teachers: (1) CODE IS 
“GROUNDED MATHEMATICS”, (2) CODE IS LANGUAGE, 
CODE IS LITERACY, and (3) CODE IS TECHNICAL SKILLS. Even 
though the derived metaphors above may seem relatively simple 
and “tangible”, Munasinghe et al. (2021) show that teachers may 
have problems using such simple metaphors in “the right way” in 
a programming context. Hence, the use of “simple” relations be-
tween abstract programming concepts and everyday experiences 
(cf. Cederqvist, 2021) may become troublesome for teachers.

Based on semi-structured interviews with university-level CS 
instructors, Sanford et al. (2014) investigate metaphors used for 
explaining CS. Their analysis reveals that the instructors used var-
ied types of source domains (e.g., the Harry Potter universe, verbs, 
containers/boxes) for explaining different concepts. Moreover, the 
researchers found that instructors used metaphors based on the 
same physical experience in relation to several different program-
ming concepts, thus as alluded to previously, indicating the exist-
ence of a set of key concepts for programming (see Izwaini, 2003). 
In this way, the researchers were able to craft a network of coher-
ent metaphors for explaining basic programming concepts. In a 
study about metaphors used while teaching 15 to 19-year-old stu-
dents, Forišek and Steinová (2012) conclude that explaining 
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programming concepts using metaphors usually leads to a deeper 
understanding. However, the researchers also identified a number 
of misleading metaphors that may cause confusion for students. 
For example, the concept of “saving” one’s work indicates protec-
tion. In a computing context, however, clicking the save button 
also means destroying the previous version of a file. Other prob-
lematic metaphors identified by Forišek and Steinová (2012) often 
concern relations between computing concepts, physical experi-
ments, and/or living creatures. Altogether, these studies reveal a 
vast number of ways to embody “what we want to achieve” with 
programming (see Colburn & Shute, 2010; Colburn & Shute, 2017). 
However, despite the variety, there seems to exist at least some 
kind of common-ground understanding about what a computer is 
and what it can do.  

Studies concerning teachers’ spontaneous use of metaphors 
are, however, sparse. Using naturalistic classroom data, Solomon 
et al. (2018) and Solomon et al. (2020) aimed to explore teachers’ 
use of metaphors when teaching programming. These studies take 
inspiration from gesture research in mathematics (e.g., Alibali & 
Nathan, 2012; Hostetter & Alibali, 2008) and embodied cognition 
(e.g., Lakoff & Johnson, 1980b). In the first study, Solomon and 
colleagues set out on a pioneering endeavour to transfer gesture 
analysis from science education to programming education, result-
ing in two important observations: (1) several different gestures 
were used to in relation to a fewer number of programming con-
cepts, and (2) applying any established methodologies for analys-
ing gestures in programming education (Solomon et al., 2018). In 
the second study, the researchers’ analytical approach is somewhat 
adjusted, so that the researchers were able to observe instances of 
teachers’ embodiment of programming concepts (Solomon et al., 
2020). Similarly, Manches et al. (2020) investigated university-
level programming students’6 use of gestures to identify their use 
of embodied metaphors when explaining programming concepts. 
The analysis revealed several occasions where the students used 
gestures while explaining programming, indicating that embodied 

 
6 Even though the informants in this study are not teachers per se, I nevertheless 

regard the study as related to teachers’ use of metaphors on account of the 
educational level of the informants, and the programming content the re-
searchers examined. 
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metaphor was activated through embodied simulation (see e.g., 
Amin et al., 2015; Müller, 2019).  
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As stated in the introductory chapter, the aim of this thesis is to 
explore relations between programming teachers’ knowledge and 
beliefs about their teaching practice and how this is enacted in the 
classroom. The aim has been responded to by designing three in-
dividual studies (Studies 1-3) using three complementary ap-
proaches to metaphor identification (Figure 1, Table 2). According 
to Armstrong et al. (2011), “qualitative approaches to metaphor 
analysis are most effective when an intentional plan for triangu-
lation is built into the research design” (p. 153). Deploying trian-
gulation in this thesis could be best described as a between-method 
triangulation (see Flick, 2004). Methodological triangulation is 
most suitable for theory development, i.e., when new ideas have 
been identified and new explanatory models are required. Further, 
methodological triangulation can be used to address issues such as 
data saturation and validation (Flick, 2004) and has been adopted 
successfully by for example Berge and Ingerman (2017) in physics 
education.

As described by Mientus et al. (2022), research based on the Re-
fined Consensus Model (RCM) for PCK is generally used as a guid-
ing framework for charting the correspondence between the differ-
ent PCK components (collective, personal, and enacted PCK). 
Their review of recent studies implementing the RCM concludes 
the following:

“Existing studies related to PCK and teaching practice 
used predominantly qualitative methods for analys-
ing the relationships between PCK and teaching prac-
tice. […] Furthermore, many researchers engage in 
data triangulation to grasp these complex constructs 
such as PCK and teaching practice. In their research 
designs, the majority of researchers used data collec-
tion tools that help to capture teachers’ pedagogical 
reasoning, or more specifically teachers’ decision-
making during teaching situations, and qualitative 
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data analysis methods. […] Accordingly, these studies 
featured small sample sizes as researchers attempted 
to identify teachers’ reasons for their classroom ac-
tions from rich and extensive bases of qualitative 
data. Elements of the micro teaching cycle were then 
brought into explicit focus rather infrequently, with 
more attention in general paid to the macro cycle” 
(Mientus et al., 2022, pp. 13-14). 

In that sense, this study aligns with several contemporary studies 
employing the refined consensus model. 

The analytical approach for the thesis was inspired by the PCK-
map approach of Park and Suh (2019). The PCK-map approach 
assumes the existence of “coherent and synergistic interactions 
among the PCK components [that can be related] to the quality of 
PCK” (p. 189 ), and that “[t]hose coherent connections between the 
components are accomplished through the complementary and 
ongoing readjustment occurring through both reflection in action 
and reflection on action processes that are conceptualised as ‘ped-
agogical reasoning’” (p. 189). To capture the interactions between 
the different PCK components, the PCK-map approach proposes a 
three-stage analytical procedure based on (1) interviews focusing 
on the planning of a lesson, (2) classroom observations of the les-
son, and (3) interviews allowing the teacher to reflect on the out-
come of the lesson. This approach will provide the researcher with 
the data needed to describe the explicit aspects of teachers’ per-
sonal PCK (pPCK) and also to highlight events where the re-
searcher may find evidence/signs of enacted PCK (ePCK) being re-
organised in the classroom (Park & Suh, 2019). 

As the RCM for PCK assumes that teachers’ ePCK is mani-
fested only in action, it may seem somewhat unreasonable to at-
tempt to gain knowledge thereof. However, research shows that by 
employing, for example, stimulated recall interviews (see Lyle, 
2003), critical incident approach (e.g., Nilsson & Karlsson, 2019), 
or as in the case of the thesis, Episodic Narrative Interviews (ENI)
(Flick, 2000), the analyst will be able to approach a teacher’s ePCK, 
i.e., the metaphorical understanding that underlies the teacher’s 
behaviour in the classroom from the teacher’s perspective (Cienki, 
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2016; Müller, 2019; Park & Suh, 2019). During such interviews, the 
teachers will be allowed to elaborate on general aspects of teaching 
a subject, or for that matter on their subject content knowledge 
(i.e., their pPCK). Based on that information, the researcher will be 
able to elucidate how specific parts of cPCK transform to pPCK and 
ePCK during planning, teaching, and reflecting. Hence, it will be 
possible to detect any differences between the teachers’ expressed 
intentions regarding their teaching and their actions in the class-
room – the interaction between their knowledge and beliefs about 
their teaching practice and how this is enacted in the classroom. 

The thesis employs three different procedure for identifying meta-
phor, namely: (1) The Metaphor Identification Procedure (MIP)
(Pragglejaz Group, 2007) (employed in Studies 1 and 2), (2) The 
Metaphor Identification Guidelines for Gestures (MIG-G) (em-
ployed in Study 2) (Cienki, 2016), and (3) The Procedure for Iden-
tifying Metaphorical Scenes (PIMS) (Johansson Falck & Okonski, 
2022) (employed in Studies 2 and 3). Furthermore, in Paper V, the 
latter two procedures are synthesised to form the Integrative 
Method for Identifying Multimodal Metaphor (MIMM). 

Applying MIP, MIG-G, and PIMS are based on the same algo-
rithm-like structure:

(1) Select the unit of analysis (e.g., word, expression, or ges-
ture)

(2) Place the unit in context (e.g., subject content, co-speech ex-
pression, basic-level concept)

(3) Determine if the unit is metaphor or not (or, as in the case 
of PIMS, ambiguous). 

Here, MIP will provide the researcher with suggestions of the in-
terplay between metaphorical expression and metaphorical 
meaning; MIG-G will provide suggestions about the interplay be-
tween metaphorical meaning and metaphoric understanding,
while PIMS will provide information about the interplay between 
metaphors on all three levels. MIMM can then be used to either 
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swiftly obtaining an overview of a large data corpus or resolve am-
biguities remaining from the other methods. 

I regard MIP as being the simplest and most transparent approach 
to metaphor identification. Moreover, the method is efficient when 
analysing large data corpora. To determine whether a unit of anal-
ysis (e.g., a word, a concept, an utterance) is a metaphor or not, the 
MIP protocol compares the meaning of the unit in relation to the 
context of the corpus. This is then compared to the meaning of the 
same unit in other contexts. Consider the following example: the 
metaphorical expression “the stock market is about to crash” rep-
resents a connection between economic events and “to hit some-
thing, often making a loud noise or causing damage”. When com-
pared to another context, as in the expression “the plane lost alti-
tude and almost crashed”, the same unit reflects a direct connec-
tion between the word and its meaning. Hence, the unit “crash” –
used in relation to stock markets – is to be determined as a meta-
phorical expression (Pragglejaz Group, 2007). The fact that a 
“unit” may have many different meanings in many different con-
texts will sometimes make it difficult to determine the relationship 
between that source and the target of the metaphor, i.e., the form 
of the metaphor (CONCEPT A IS CONCEPT B, or CONCEPT B IS 
CONCEPT A). As a rule of thumb, the most basic meaning of the 
unit should be determined as the source domain of the metaphor. 
Often, this can be established by consulting a dictionary or estab-
lished metaphors on a specific topic. 

MIP was designed to increase the systematicity and delimit re-
searchers’ use of “instinct” when studying metaphor (Pragglejaz 
Group, 2007).  On this front, MIP has become widely used as a 
central analytical tool for identifying metaphorical expressions 
(Amin et al., 2012; Burke, 2016; Jeppsson et al., 2015; McGarr, 
2022; Munby, 1987; Support 1). In the thesis, MIP is used to ex-
plore metaphorical expressions in both text (Study 1) and speech 
(Study 2).  
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MIG-G can be applied as a protocol for identifying instances where 
a gesture7 is used as a metaphor by the speaker. To determine 
whether a gesture is being used as a metaphor or not, the MIG-G 
protocol compares the form of the gesture (see e.g., McNeill, 1992)
with an embodied concept that is expressed in close temporal 
proximity to the gesture (Cienki, 2016). For example, if a speaker 
forms their hand into the shape of a telephone, holds it up to the 
ear and says, “I spoke to my mother yesterday”, the analyst will 
determine whether there exists a physical resemblance between 
the physical referent (in this case the gesture of the right hand) 
and the concept (in this case “speaking to my mother”). In this 
case, it is reasonable to suggest that the hand represents a phone, 
and that a metaphorical relation is activated. In other, more subtle 
cases, a speaker may form a gesture that is similar to holding an 
“imaginary object” (e.g., one hand formed as a cup). This type of 
gesture can be understood as a physical enactment that stands for 
a container-schema (see Lakoff & Johnson, 1999). Kendon (1988)
terms such gestures ontological gestures and sees them as gestural 
metaphors that can be combined with metaphors expressed in 
speech to form novel metaphors, an idea that has been studied by 
Dreyfus et al. (2015) and Manches et al. (2020). 

The role of gestures in education has been widely researched 
in areas such as mathematics (Alibali & Nathan, 2012; Núñez, 
2008), science (Roth & Lawless, 2002; Solvang & Haglund, 2021; 
Tang et al., 2022), and programming (Almjally et al., 2020; 
Almjally et al., 2023; Solomon et al., 2018), as well in design and 
metaphor studies (Arvola & Artman, 2007; Cuccio & Fontana, 
2017; Iriskhanova & Cienki, 2018; Mittelberg, 2018; Mittelberg & 
Waugh, 2009; Müller & Tag, 2010). Nevertheless, the application 
of MIG-G remains sparse. In this thesis, MIG-G is used to explore 
connections between metaphors in speech and gesture as well as 
applied to identify indications of metaphor activation (Study 2).

7 Gesture is defined in this thesis as spontaneous movements with the hands and 
upper body.
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The Procedure for Identifying Metaphorical scenes (PIMS) rests in 
the assumption that linguistic meaning is based on mental simu-
lations (Bergen, 2012; Cuccio & Fontana, 2017; Gibbs, 2006b; 
Hostetter & Alibali, 2008) of embodied concepts (Johansson Falck 
& Okonski, 2022). Consequently, PIMS explores metaphor on an 
individual and cognitive level, rather than in relation to emergent 
patterns of metaphorical expressions on a collective level. In ap-
plying PIMS it is assumed that an embodied concept is non-meta-
phorical if it can be directly understood in relation to a real-world 
physical experience, for example, if a speaker asks to “pour a glass 
of water”. However, if the same speaker says, “as I left the house 
the rain started pouring down”, the same concept would be under-
stood by means of experiencing rain, meaning that the concept is 
now metaphoric. To determine whether a concept is metaphoric, 
non-metaphoric, or ambiguous, the PIMS protocol is initiated by 
establishing the scene (context) and the elements (embodied con-
cepts) to be included in the analysis (Johansson Falck & Okonski, 
2023). Then, elements that can only be understood directly are 
deemed non-metaphorical and elements that can be understood by 
means of another type of experience as metaphorical. All other el-
ements are then deemed ambiguous. 

Since PIMS introduces an element of ambiguity into the anal-
ysis, the procedure allows the analyst to deduce to what extent a 
concept is metaphorically understood, id est, determining the met-
aphoricity of an embodied concept in relation to the context in 
which it is enacted. Hence, the procedure can be used to investigate 
how the meaning of an embodied concept changes over time; the 
dynamics of metaphor (Müller & Tag, 2010). Also, in combination 
with MIG-G, PIMS can be used to explore conventional language 
in terms of “resting” metaphors (see Müller, 2009). In this thesis, 
PIMS is used to identify connections between the use of embodied 
concepts in speech and gesture and potential activation of meta-
phor (Study 2) and to explore the connection between program-
ming metaphors, spatiality, and conventional language (Study 3).
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The general approach adopted for this thesis project has been to 
explore the data corpus with an open mind rather than comparing 
the emerging patterns of metaphors in relation to pre-determined 
and established patterns that is supposed to exist in the “real 
world”. This has allowed me to develop new methodological ap-
proaches to metaphor analysis, while still having teachers’ enact-
ment of metaphor in focus. As seen in the previous section, the 
metaphor analyst bares two questions in mind: (1) Does this par-
ticular concept reveal any connection(s) between the world, the 
body and the mid? and (2) if so, why? Consequently, metaphor 
studies need to be set into context.

As described, the aim of this thesis is to explore the interactions 
between upper secondary level programming teachers’ knowledge 
and beliefs about their teaching practice and how this is enacted in 
the classroom. I have approached the aim by studying (1) program-
ming in textual resources, (2) programming teachers’ actions in 
the classroom, and (3) the nature of spatial programming meta-
phors used by a teacher. Together, the studies explore program-
ming metaphors relevant to programming in the Swedish Technol-
ogy Programme (i.e., collective PCK), programming metaphors 
relevant to individual teachers at the Technology programme (per-
sonal PCK) and the enactment of these metaphors (i.e., enacted 
PCK). The thesis encompasses three data-sets: (1) four textual re-
sources of relevance to Swedish upper secondary, and higher edu-
cation level programming education (Study 1), (2) three classroom 
observations and post-observation interviews (Study 2), and (3) 
eighteen YouTube-clips8 of an upper secondary teacher demon-
strating code (Study 3) (Table 2). 

8 At the time of the study, the clips were available on the YouTube-platform. At 
present time, however, the clips can be made available on request.
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Table 2. Summary of methodological and analytical approaches adopted in the 
thesis. 

Purpose of 
the studies 

Context, 
materials, 
and par-
ticipants 

Type and 
volume of 
corpus 

Analytical 
prodedure  

Research 
paper 

The nature of 
metaphorical 
expressions 
related to 
program-
ming (Study 
1) 

Texts (4 
program-
ming re-
sources) 

ca. 2500 met-
aphorical ex-
pressions 

MIP I 

Program-
ming teach-
ers´ meta-
phor use in 
the class-
room (Study 
2) 

Observa-
tions (3 
class-
rooms) 
 

ca. 180 min 
video data 
 
 

MIP, MIG-
G, PIMS, 
MIMM 
 

III, V 
 

Interviews 
(3 teachers) 

ca. 3*30 min 
video data PIMS IV 

The nature of 
a teacher’s 
enacted met-
aphorical ex-
pressions 
(Study 3) 

Videos (18 
YouTube 
clips) 

ca. 18*6 min 
video clips PIMS II 

 
To source teachers to partake in Study 2, I contacted four princi-
pals in the same area of Sweden. Based on the principals’ recom-
mendations, we then contacted four participating teachers9,10. 
Since one of our boundary conditions for Study 2 was to keep a 
naturalistic environment, we chose not to interfere with any aspect 

 
9 After careful consideration, Stolpe and I decided to remove one of the teachers 

from the data set. 
10  To ensure teachers’ anonymity, pseudonyms (Lennie, Johannes, and Robert) 

are used throughout this thesis. The pseudonyms are inspired from the Swe-
dish TV series “Gäster med gester” (“Guests with Gestures”). For those un-
familiar with Swedish TV, the concept is similar to the British TV series “Give 
Us a Clue”. 
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of the observed lessons. Thus, the teachers were asked to plan and 
implement an “ordinary” lesson, resulting in classroom observa-
tions of lectures concerned with: (1) Receiving and formatting data 
using JavaScript, (2) validating data using Swift, and (3) Calculat-
ing multiplicatory resistance using Python.

All video data for Study 2 were collected using commercially avail-
able video cameras mounted on tripods. The cameras were set up 
with the intention to capture the teachers’ speech and gestures 
without disturbing the progress of the class. Thus, we chose to 
place the camera approximately 45 degrees off-axis in relation to 
the teacher, as far away as possible. All data collected during the 
interviews was done with one tripod-mounted camera placed be-
hind me, facing Stolpe and the teacher (Figure 8). After each data 
collection, the video data were transferred onto encrypted hard 
drives that have been stored in locked cabinets. The data for Stud-
ies 1 and 3 are based on metaphorical expressions identified in text 
and video using MIP and PIMS.

Figure 8. A video camera positioned facing the informant’s position.
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The European Code of Conduct for Research Integrity (ECCRI) 
(ALLEA, the European Federation of Conduct of Sciences and Hu-
manities, 2017) describes research as a “quest for knowledge ob-
tained through systematic study and thinking, observation and 
experimentation […] common enterprise [that] involves collabo-
ration, direct or indirect, which often transcends social, political 
and cultural boundaries” (p. 3). Therefore, research ethics often 
develops independently from, for example, national legislation and 
policy and often becomes a matter for the research community to 
regulate. The ethical considerations for this thesis draw on the fol-
lowing legislations and guidelines: (1) The Swedish Research 
Council (VR) Good research practice (Vetenskapsrådet, 2017); (2)  
ECCRI; (3) the EU General Data Protective Regulation (GDPR);  
(4) the Act Concerning Ethical Review of Research Involving Hu-
mans (SFS 2003:460); and (5) current praxis at Linköping Univer-
sity, Sweden.

The Swedish Research Council (VR) (2017) describes a regula-
tory system based on (1) laws (issued by the government), regula-
tions, and directives (issued by public authorities and legally bind-
ing; (2) guidelines that are generally accepted but not legally bind-
ing (e.g., “Good research practice” (Vetenskapsrådet, 2017)); (3) 
declarations, resolutions, and statements that are valid in specific 
research fields; and (4) codes of ethics (regulations of a voluntary 
character). The Swedish Research Council (VR) (2017) describes 
research as “a systematic search for knowledge [that ends with a 
sound conclusion from which] we learn something we did not 
know before” (p. 19). These conclusions either have value of their 
own or for other researchers (basic research), or have implications 
for the development of, for example, new medications or technol-
ogies (applied science). A research journey – such as the one rep-
resented by this thesis – may also involve a great deal of personal 
gain (Vetenskapsrådet, 2017): in this case, earning an academic 
qualification. Indeed, different research endeavours have different 
benefits for different stakeholders. Therefore, research ethics can 
be described as a matter of achieving a balance between the poten-
tial scientific progress and the risk of, for example, jeopardising the 
integrity of one’s informants (Vetenskapsrådet, 2017). How this 
balance is achieved depends entirely on how the research is 
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conducted. Based on this, I have taken the following aspects into 
consideration: 

 
(1) The nature of the source data: Based on the analytical focus 

of the respective studies, there were different considera-
tions to be made in preparation for the study. As Study 1 is 
based on publicly available textual resources, the source 
data does not fall under the definition of personal data11. As 
for Studies 2 and 3, however – both based on video recorded 
classroom observations, video recorded interviews, and 
video clips posted on YouTube – all data fall within the 
scope of the General Data Protection Regulation (GDPR) 
but outside what can be considered sensitive data12.  

(2) Data storage: From a general standpoint, I have made every 
effort to follow and adapt to current university praxis re-
garding, for example, data storage and GDPR. As Studies 1 
and 3 were based on already available data, these guidelines 
were unproblematic to follow. As for Study 2, the data from 
the classroom observations were stored on encrypted hard 
drives, our laptop computers, and via cloud storage that was 
approved by the university. After examination of this thesis, 
the data will be deleted from our computers and kept in 
storage for 10 more years. 

(3) Data use: Prior to the classroom observations, discussions 
were held on potential ways of using the data rather than 
limiting ourselves to using the data for only one study or re-
search paper. For that reason, we asked the teachers and 
students for permission to treat the data in relation to this 
thesis project. This provided us with the flexibility to choose 
between analytical procedures post observation rather than 
prior. In addition, we asked the teachers for permission to 

 
11 Any information that relates to a directly or indirectly identified or identifiable 

living natural person. Typical personal data includes personal identity num-
bers, names, and addresses; encrypted data and various types of electronic 
identifiers also constitute personal data if it can lead to the identification of 
a natural person. Also, personal data that has been de-identified (pseudony-
mised) but can be used to re-identify a person remains personal data and 
falls within the scope of GDPR. 

12 Data that reveals a person's race or ethnic origin, political opinions, religious 
or philosophical beliefs, or trade union membership, and personal data con-
cerning a person's health and sex life. 
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communciate unedited data from the observations at schol-
arly forums such as research conferences and local semi-
nars, to which all four teachers agreed.  

(4) De-identification: Stolpe and I maintained teachers’ ano-
nymity throughout the whole research process. Thus, all 
teachers were given pseudonyms. In addition, all geograph-
ical information about the schools has been discarded from 
the papers and the kappa. When reporting the results of Pa-
pers II and V, however, the respective authors decided that 
the scientific gains of using unfiltered images of the teachers 
to show how gaze affects the metaphoricity of the gesture 
would be greater than the risk of disclosing the identities of 
the teachers (see Vetenskapsrådet, 2017). Based on that de-
cision, I approached Lennie, Johannes, and Robert to seek 
permission to publish their faces in the research article and 
in the kappa. Permission was granted by Lennie and Johan-
nes. For Robert, we have masked the face to satisfy his pref-
erence.  

(5) Voluntariness: There are several reasons why full voluntar-
iness of participants is difficult to accomplish in an educa-
tional environment. For example, a principle will often be 
interested in promoting cooperative projects between re-
searchers, leaving the teacher with no choice but to partici-
pate in a research project. The same is true for the students, 
for whom attendance in class is often mandatory. To ad-
dress these problems, the following actions were taken. 
Firstly, I spoke to the teachers in person to ensure that they 
had a personal interest in partaking in the study. To ensure 
voluntariness for the students, we made sure to create a 
“camera-free” zone in the classroom. In that way, they 
would still be able to attend class without being recorded on 
tape; this was a way for us to balance the research gains of 
filming in a naturalistic environment with the potential risk 
to the integrity of the students.  

 
Engaging in a long-term research project such as the one described 
here will likely require a re-evaluation of one’s stance on research 
ethics over time. Therefore, it is important to constantly reflect and 
uphold the balance between research gains and potential risk. In 
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this thesis project, many of these considerations can be captured 
and discussed in relation to the fundamental principles asserted by 
the ECCRI: 
 

(1) Reliability: Being a doctoral candidate is being a researcher 
in training. Hence, research ethics is a matter of shared re-
sponsibility between student, supervisor(s), and co-au-
thors. In that sense, research ethics in relation to reliability 
involves developing a research environment where matters 
of research quality (e.g., scientific rationale for the study, 
methodological considerations, and research ethics) are 
constantly re-evaluated. Regarding reliability, I argue that I 
have been an active part in building and maintaining such 
environment throughout this project. 

(2) Honesty: From the onset, my ambition has been to be as 
transparent with my research as possible. This ambition has 
from time to time been challenging. For example, in Study 
2 – where one of the basic premises for the research was to 
not make our informants aware of their gestures – it was 
not possible to reveal the specific purpose of our observa-
tions beforehand. This issue was addressed in two stages: 
firstly, the teachers were asked to participate in a research 
project focusing on their actions in the classroom (Appen-
dix 1). After the classroom observations, we once again 
asked the teachers to participate in the study, this time be-
ing transparent with the analytical purpose of the study. In 
doing so, we were able to ensure that we had our inform-
ants’ informed consent throughout the entire research pro-
cess, which in turn increased the transparency of the re-
search. 

(3) Respect: I regard research as a collaborative (doctoral stu-
dent, supervisor(s) and co-authors) and a collective (col-
leagues, informants, funders, society) endeavour. Hence, 
even though research may at times seem like a desktop ac-
tivity, a lot of effort is directed towards personal communi-
cation. I argue that these aspects of the research process 
raise important ethical considerations. For example, does 
one use an informant’s real name or their pseudonym in 
email correspondence? If one is not supposed to disclose 
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the name of a school, is it acceptable to tell colleagues about 
one’s travels? And perhaps most critical to the doctoral stu-
dent, when in doubt, is it acceptable to ask an expert for a 
second opinion even though the informants have not yet 
provided their consent? Here, I argue that it is not always 
possible to draw a line between what is “wrong” or “right”, 
nor what is “appropriate” or “inappropriate”. Nevertheless, 
in order to try and address these issues, I have frequently 
paused my work and reflected on the question of scientific 
gains in relation to the risk of overstepping, for example, 
personal boundaries and any aspects of integrity whatso-
ever.  

(4) Accountability: Taken to its outermost limits, research eth-
ics means reflecting, not only on one’s research, but also 
about the potential implications of one’s research and what 
effects one’s visit to the classroom may have in the long run. 
It also means taking responsibility for all the steps along the 
way – in the worst case being prepared to withdraw pub-
lished findings. To minimise such risks, we have: (1) made 
sure not to include dialogue between teachers and students 
in any of the studies, and (2) removed clips where students 
are communicating in the background. This has minimised 
any risk of accidentally capturing sensitive information. 
Since human beings are curious by nature, the teachers and 
the students sometimes tried to lure us into revealing into 
what exactly it was that we were there to observe. As I see it, 
these are reasonable and relevant methodological questions 
that deserve answers. In the case of Study 2, however, such 
questions remained pending until the observations had 
ended. 
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This chapter presents the results from Studies 1-3. In addition, the 
chapter provides insight into how the programming metaphors 
were enacted during the classroom observation. Hence, this chap-
ter reflects teachers’ knowledge and beliefs on the one hand and 
their action in the classroom on the other. The chapter is struc-
tured as follows.

In sections 5.1-5.3, I present and discuss selected findings from 
each individual study. Moreover, the sections present insights 
drawn from each study (Table 2). Following this, in section 5.4, I 
describe critical events from each of the classroom observations. 
The classroom examples are presented and discussed in the form 
of narratives based on the teachers’ statements obtained during 
the interviews. 

Study 1 explores how metaphorical expressions identified in four 
textual resources (two textbooks and two on-line resources rele-
vant to upper secondary programming education) are structured 
in relation to embodied experiences. The study employs the Meta-
phor Identification Procedure (MIP) (Pragglejaz Group, 2007) to 
determine whether an expression is metaphorical or not (Table 2). 
In the second stage of the analysis, the Integrated Theory of Pri-
mary Metaphor (Lakoff & Johnson, 1999) is used to analyse how 
metaphorical expressions may be motivated by embodied experi-
ences (Figure 9). 
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Figure 9. An overview of the data, analytical approach, and central metaphors 
identified in Study 1. 

The results of the study show, in line with previous research (e.g., 
Blackwell, 2006; Burke, 2016; Colburn & Shute, 2007; Colburn & 
Shute, 2017; Colburn & Shute, 2008; Woollard, 2005), that pro-
gramming is a subject of a highly metaphorical nature and that 
there are clear connections between programming concepts and 
conceptual metaphor (Lombard, 2005; Videla, 2017). In addition, 
the results reveal that the explanatory texts tend to structure pro-
gramming-related metaphors in different ways. For example, three 
of the resources display a focus on metaphors related to activities 
and human agents (EVENTS ARE ACTIONS; INANIMATE 
PHENOMENA ARE HUMAN ACTIONS). In such cases, the com-
puter may, for example, “build structures”, “print information”, 
“return a value”, “remember digits”, or “store data in [its] 
memory”. Often, such actions take place “inside the computer” 
(Blackwell, 2006). This forms a logic where the program is the 
main agent for the inner functions of the computer. In other cases, 
metaphorical expressions are related to building structures (e.g., 
PROGRAMMING IS BUILDING, or ORGANISATION IS 
PHYSICAL STRUCTURE). Here, programming is often conceptu-
alised in terms of cause and effect (EFFECTS ARE 
TRANSFERRED OBJECTS, EFFECTS ARE OBJECTS WHICH 
EMERGE FROM A CAUSE) where either the programmer or the 
program is seen as the cause.  
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Underlying both the building-related metaphors and the struc-
ture-related metaphors is the notion that programming elements 
are expressed in terms of objects (e.g., DATA ARE PHYSICAL 
OBJECTS). This shows, in line with Sanford et al. (2014), that 
many programming concepts can be explained in terms of contain-
ers, boxes, and verbs. These results are also in line with findings in 
physics education that abstract entities are often discussed in 
terms of objects (Amin et al., 2012; Dreyfus et al., 2015; Jeppsson 
et al., 2013).This means that programming concepts in these cases 
are grounded in basic everyday experiences – for example, hold-
ing, moving, receiving, or manipulating physical objects (Johnson, 
1987). Furthermore, the results suggest that many metaphorical 
expressions are based on the relationship between human action 
and its effects. Many such cases can be explained using the terms 
ontological metaphor, personification (see Lakoff & Johnson, 
1980b), and conceptual integration (see Fauconnier & Turner, 
1998, 2008; Grady, 2005). 

Ontological metaphors can be seen as a cognitive basis for our 
most rudimentary metaphors related to, for example, motion, ori-
entation, state, or location in space. These metaphors are based 
around “image-schemas” – mental blueprints that we can use to 
form metaphorical expressions. In the case of the educational re-
sources, I argue that many of the identified metaphorical expres-
sions are based around container-schemas, and source-path-goal-
schemas. According to (Lakoff & Johnson, 1999), activating a con-
tainer schema will provide a mental object that has an inside, an 
outside, and defined boundaries. A source-path-goal-schema will 
instead provide a logic for (embodied) simulation motion. Based 
on these image-schemas, it is possible to, for example, “mentally” 
place a value into a variable or to structure data before sending it 
away, and to move an object along a path from point A to point B. 
Moreover, an activation of both image-schemas will result in a 
metaphorical expression that will be able to “move”, for example, 
a data package from one place to another. The emergence of these 
ontological metaphors indicates that the connections between em-
bodied experiences and programming are strong, and that 
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programming concepts have an ontology that is similar to those of 
other subjects.

Personification as described by Lakoff and Johnson (1980b) is a 
process that allows us to use couplings between human behaviour 
and abstract events to explain those events. Hence, personification 
allows us to think of computers as human-like. In that sense, a per-
sonification does not qualify as an embodied concept (Paper II). 
Still, it plays an important role in programming education. An ad-
vocate of personification13 is Peelle (1983) who argues that using 
expressions based on couplings between technology and human 
concepts is a good way to increase students’ general computational 
literacy. Qian and Lehman (2017), however, argue that such ex-
pressions (e.g., “the intelligent computer”) have shown to be prob-
lematic for novice programmers, as these expressions can lure stu-
dents into believing that a computer thinks like a human being. 
This in turn can lead to “misunderstanding about how the code is 
executed and difficulties in tracing code” (p. 9). Also, Kohn (2017)
indicates that an overuse of these kinds of expressions may lead 
students to believe that the computer mimics their own ways of 
solving problems, and thus attribute their own mistakes to the 
computer. Nonetheless, the results of Study 1 indicate that person-
ification is a common way to conceptualise programming. 

Approaching metaphor in relation to linguistic structure alone (as 
in Study 1) will only have the capacity to reveal potential ways in 
which programming concepts may be conceptualised by the stu-
dents or teachers reading the resources (Gibbs & Colston, 2012). 
Moreover, as linguistic structure does not depend on couplings be-
tween an expression and how it is interpreted on an individual 
level, this approach will not suffice for exploring metaphors in a 
real-world environment. This realisation has two important impli-
cations: firstly, based on the assumption that teachers’ knowledge 
and beliefs originate from their physical engagement in the 

13 Even though he does not explicate it.
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classroom and elsewhere, it is not possible to study teachers’ 
knowledge based on text only; and secondly, if these engagements 
between the individual teachers and the surrounding environment 
give rise to embodied concepts that are manifested as metaphori-
cal expressions in language and thought, it will not be possible to 
gain knowledge about the underlying mechanisms of these expres-
sions. To resolve these matters, and as exemplified in Paper III and 
V, we chose to study metaphor as a process based on the notion 
that metaphors are manifested in speech, gestures, and that 
thoughts are a result of embodied simulation, mental re-enact-
ments of previous experiences (Bergen, 2012; Gibbs, 2006b), 
which implies that speech and gestures co-exist and are part of the 
same processes in the brain (Cuccio & Fontana, 2017).  
 

 
Figure 10. An overview of the data, analytical approach, and central meta-
phors identified in Study 2. 

In line with the assumptions on which Study 2 rest, the results of 
the study show examples of where the teachers use a combination 
of gesture and speech when speaking about computing concepts. 
At times, the gestures only function as referents for physical arte-
facts or events (Solomon et al., 2018; Solvang & Haglund, 2021; 
Tang et al., 2022). However, on other occasions, the gestures are 
used as metaphors for (parts of) programming concepts (Manches 
et al., 2020; Solomon et al., 2020), thus conveying metaphorical 
meaning on their own. Based on the analysis of the teachers’ 
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speech and gestures, the results of Study 2 strengthen the idea that 
programming and conceptual metaphor are closely related. Unsur-
prisingly, many of the metaphorical expressions used by the teach-
ers revolve around connections between programming and physi-
cal objects (e.g., DATA ARE PHYSICAL OBJECTS, ABSTRACT 
COMPUTING CONCEPTS ARE PHYSICAL OBJECTS, or 
PROGRAMMING IS BUILDING). Also, programming is concep-
tualised in terms of applying a physical force that induces motion 
(PROGRAMMING IS PHYSICAL FORCE, EFFECTS ARE 
TRANSFERRED OBJECTS). In that sense, the teachers’ use of 
metaphors corresponds favourably with the ontological metaphors 
identified in Study 1. In contrast to Study 1, however, the results of 
Study 2 do not indicate frequent personification. Instead, the 
teacher generally gives the programmer or the program agency 
over the events that occur in the computer. 

The study also reveals differences in how the teachers frame their 
knowledge and beliefs about their teaching. Lennie sees program-
ming as an ability to solve problems and that his main job as a 
teacher is to provide students with the tools needed to solve those 
problems. Johannes instead focuses on communication between 
peers and tries to prepare the students for working in the software 
industry. He does so by showing the students strategies for prob-
lem solving, or for adapting one’s programming to the problem in 
question. Robert, on the other hand, teaches programming based 
on mathematics. He believes that this is both an enjoyable way to 
learn programming and a good way to practice basic skills. There 
are also several metaphors that they seem to share. For example, 
data and other abstract programming concepts are generally un-
derstood in relation to physical objects (ABSTRACT 
PROGRAMMING CONCEPTS ARE PHYSICAL OBJECTS). In ad-
dition, programming concepts may also be discussed in terms of 
motion (ABSTRACT PROGRAMMING CONCEPTS ARE 
PHYSICAL MOTION). Therefore, the results of the study show 
that the teachers’ lectures, as well as their reflections during the 
interviews at times, are based around divergent metaphors even 
though they concern similar subject content. I see this as an indi-
cation that the teachers’ own personal views about programming 
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are central for how they organise, frame, and subsequently enact 
their teaching (Fahrman et al., 2020). The results are also in line 
with Izwaini (2003) and Forišek and Steinová (2012) indicating 
the existence of a key set of programming metaphors for program-
ming education in the Technology Programme. 

A further insight revealed from Study 2 is that even though teach-
ers sometimes think that they teach in a certain way, they may act 
otherwise while actually teaching. The findings indicate that this 
phenomenon mainly occurs at moments when the teachers are at-
tending to the computer or addressing unexpected issues due to 
student interaction (or lack thereof). Also, Study 2 shows several 
ambiguous metaphorical expressions where, for example MIP or 
MIG-G did not provide any satisfactory explanation as to the met-
aphorical nature of programming or the relation between meta-
phors and conventionalised language (Müller, 2009). In pursuit 
toward resolving these issues, we decided to explore one individual 
teacher’s use of metaphors in relation to one programming activ-
ity. As described in Paper II, we turned our analytical lens towards 
YouTube clips that can be compared to mini-lectures in which a 
teacher explains specific programming concepts while writing 
code.
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Figure 11. An overview of the data, analytical approach, and central meta-
phors identified in Study 3.

In contrast to the studies cited in Chapter 3 (as well as to Study 1 
and Study 2), the results of Study 3 indicate that many of the 
teacher’s metaphorical expressions were not understood by means 
of other embodied experiences and should therefore not be seen as 
metaphoric. For example, the expression “to run [a program]” 
(Swedish: “köra [ett program]”) – a metaphorical expression that 
displays connections between programming and motion – lacks an 
element of the programmer “being in control” of the motion of the 
program. Hence, the expression is only partial metaphoric. Also, 
the concept “surfing [the web]” – another metaphorical expression 
that displays connections between programming and motion – of-
ten lacked metaphorical end and/or starting points, meaning that 
the concept was only partial metaphoric. This implies that the 
teacher uses conventionalised terms when demonstrating the pro-
gram during the mini-lectures. However, when says “go into the 
folder”, the analysis reveals that the teacher uses the word meta-
phoric, hence indicating that motion inside the computer is “more” 
metaphoric than the motion that can be traced on for example a 
screen.
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We begin the second part of the result section by visiting Lennie’s 
classroom. Lennie has a teaching degree in English and program-
ming and is licensed to teach several programming courses at up-
per secondary level and is an experienced teacher at the Technol-
ogy programme. Thus, he is familiar with the students from differ-
ent courses and contexts. Lennie describes this group as those who 
have been unhappy with previous programming courses, espe-
cially when it comes to “pure programming”14. Thus, he has had to 
revisit some of last year’s content. This is not something that Len-
nie is keen on doing, as he believes that this group needs to “to do 
something that they see the use of”. However, to do so, Lennie con-
tinues, he and the students need to “build enough [of a] toolbox”. 
Strangely enough, “building a toolbox” in this case actually means 
breaking down a problem into smaller pieces. Lennie continues: 
“We begin with the problem, begin by thinking about what tool 
we might use […] and then […] break things down into smaller 
and smaller pieces”. He argues that this is important “when it is a 
weak group, then I have to work from the bottom up”. 

Applying the PIMS (Johansson Falck & Okonski, 2022) to the 
excerpts above suggests that “build”, “toolbox”, and “break things 
down into smaller and smaller pieces” evoke elements that may 
be metaphorically understood in relation to other real-world expe-
riences of building and objects (PROGRAMMING IS BUILDING, 
PROGRAMMING IS DISASSEMBELING BRING PHYSICAL 
OBJECTS). The directionality expressed in “from the bottom up” 
should – even though it expresses a direction – be seen as an am-
biguous case, as Lennie could be speaking either about demonstra-
tion code lines appearing on the screen from the bottom up (i.e., 
the phrase is to be understood directly) or building up the students’ 
toolboxes from scratch (i.e., activating the metaphor TEACHING 
IS BUILDING FROM THE BOTTOM UP). However, as there was 

14 All the teachers’ statements are italicised within quotation marks. The quotes 
have been translated from Swedish into English with the intention to mirror 
the teachers’ spoken language as closely as possible. 
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no screen present at the time of the interview, the expression most 
probably reflects an activation of said metaphor.  

In the interview, Lennie also tells us about how he likes to work 
“based on similes [related to objects in] storage”. Furthermore, he 
likes to “bring objects into the classroom”, manipulate them, and 
show that these actions can be thought of as “the same thing in the 
code […] it behaves in a similar way”. In that way, he can compare 
events in the code with events in the “real-world”. 

Applying PIMS to the statements above suggests that pro-
gramming concepts may be metaphorically understood in relation 
to physical objects (ABSTRACT PROGRAMMING CONCEPTS 
ARE REAL-WORLD PHYSICAL OBJECTS). However, as Lennie 
in this case speaks about how he works with his students, his state-
ments are directly understood. Consequently, the analysis of the 
excerpt shows that Lennie’s explicit knowledge about how to con-
nect abstract programming concepts to real-world physical objects 
is a cornerstone of his teaching.  

When asked to elaborate a bit more about the lesson, Lennie 
begins to explain how to explore packages of “data” received from 
a “database”. Lennie starts to compare a “data package” to a book-
shelf on which someone has placed pieces of information inside 
small boxes. The boxes have then been organised in a number of 
ways by the programmer who has “assembled the data”. This, Len-
nie says, is sometimes referred to as building a data structure 
(PROGRAMMING IS BUILDING; ABSTRACT PROGRAMMING 
CONCEPTS ARE REAL-WORLD PHYSICAL OBJECTS). In the 
lecture, however, Lennie uses another explanation. Here, the data 
package is spoken about in terms of a generic physical object that 
the programmer is to “take care of” (Figure 12). Hence, “exploring 
a data package” is no longer based on the metaphor 
PROGRAMMING IS BUILDING. Instead, Lennie’s utterance sug-
gests that he understands exploring the data package in relation to 
manipulation of real-world physical objects (ABSTRACT 
PROGRAMMING CONCEPTS ARE TOOLS FOR 
MANIPULATING PHYSICAL OBJECTS).  
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Figure 12. Lennie standing in front of the class lecturing about “taking care of 
data”.  

Yet another way of conceptualising the investigation of a “data 
package” can be found in Lennie’s explanation of how to imple-
ment the programming concept. Lennie now stands beside his 
computer and says, “So, I go from the whole response object down 
to the results section in the object” (Figure 13). Applying PIMS to 
this statement shows that Lennie’s use of “go”15, “the response ob-
ject” and “the object” evokes elements that can be metaphorically 
understood by means of another experience (see Paper V for fur-
ther details). In a lecture on programming, however, it is highly 
improbable that “walks” is meant to be understood directly. Thus, 
Lennie’s use of the motion metaphor should be seen as an indica-
tion that programming action can be understood in relation to 
walking (ABSTRACT PROGRAMMING CONCEPTS ARE 
PHYSICAL MOTION). Similarly, both “the response object” and 
“the object” are also instances where programming concepts are 
metaphorically understood by means of experiencing physical ob-
jects (ABSTRACT PROGRAMMING CONCEPTS ARE PHYSICAL 

 
15 Lennie uses the Swedish word “går” which literally translates to “walk”.  
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OBJECTS). The remaining parts of the statement, “from the 
whole” and “down to the results section”, are nevertheless ambig-
uous cases. If Lennie is using them in reference to relationships 
and entities on the computer screen, they can only be directly un-
derstood as such. If, however, he is using them in reference to ab-
stract relations and concepts which he is thinking about while con-
ceptualising programming, and which can be understood by 
means of spatial relations and real-world physical entities, they are 
metaphorical.  

In the excerpt, Lennie performs a series of gestures with his 
left hand. Applying the Metaphor Identification Guidelines for 
Gestures (MIG-G) (Cienki, 2016) to the gestures suggests the fol-
lowing: while saying “I walk from the whole response object … 
down to”, Lennie performs a downward gesture that starts at 
shoulder height and ends with his hand shaped as a cup, positioned 
just below the chest (Figure 13). 

 

 
Figure 13. Lennie performing a series of gestures with his left hand while say-
ing “I walk from the whole response object … down to…” 

Since both the downward motion and the shape of the hand 
are physical reflections of Lennie’s statement, it would be possible 
that the motion serves as a metaphor for both concepts. However, 
since Lennie gazes at the computer screen while he talks, MIG-G 
suggests that the downward motion is a mere reference to the lines 
of code. In contrast, the shape of Lennie’s hand suggests a meta-
phorical relation between the response object and a physical object 
(HAND FOR PHYSICAL OBJECT). This, in combination with the 
PIMS analysis above, suggests that “the response object” is 
metaphorically understood by means of experiences of physical 
objects.  
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In the next sequence, Lennie performs a circular, forward gesture 
with his right hand, starting from a chest-height position and 
ending at approximately the same height as the starting position 
(Figure 14). The post-stroke hold is again shaped as if Lennie were 
holding a physical object in his hand. Here, I argue that the gesture 
is used as a physical referent of “… the results section in the object” 
(HAND FOR PHYSICAL OBJECT). This, in combination with the 
PIMS analysis above, suggests that “… the results section in the 
object” is metaphorically understood by means of experiences of 
physical objects.  
 

 
Figure 14. Lennie performing a series of gestures with his left hand while ut-
tering “I walk form the whole response object … down to…” 

The combined application of PIMS and MIG-G shows that Lennie’s 
exploration of packages of data – or data structures – evokes expe-
riences of holding and manipulating real-world objects, as well as 
moving from one physical object/entity to another. This is well in 
line with both the bookshelf analogy from Lennie’s interview and 
the more general description of how he uses connections between 
physical objects and programming concepts as a strategy when 
teaching.  

As seen in the examples above, as well as in Papers III-V, Len-
nie’s metaphors are generally focused on building or manipulating 
physical objects. To build and manipulate these structures, he uses 
different tools. During the interview, however, Lennie seldom 
mentions any building metaphors (in fact, he refutes these kinds 
of metaphors as related to old ways of programming). Instead, 
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much of the interview is focused on his attempts to craft suitable 
analogies to use during teaching. As suggested by PIMS, the idea 
of working with analogies is an important strategy of Lennie’s that 
is understood directly, hence I argue that these analogies should 
be seen as a part of Lennie’s personal PCK (pPCK) or even cPCK. 
Still, Lennie is often able to find new ways to explain a concept on 
the spot (e.g., see Contribution 2). In these cases, a subsection of 
Lennie’s pPCK (i.e., his collection of analogies) is transformed into 
enacted PCK (ePCK). 

On the occasions where Lennie is asked to elaborate on specific 
technical terms (Paper IV), including while teaching (Papers III 
and V), our analyses indicate that he gradually starts shifting from 
building metaphors towards metaphors related to motion and spa-
tiality. I argue that such cases – where two complementary and 
closely related metaphors are activated in speech and gesture – are 
examples of where Lennie’s multimodal communication provides 
richer ways of describing programming concepts (Grady, 2005). 
There are no signs that Lennie is doing this on purpose, and I argue 
therefore, that his ability to shift between and/or combine differ-
ent kinds of metaphors is a part of his ePCK. As these events only 
occur while Lennie is not interacting with the computer screen, it 
is reasonable to suggest that his enacted metaphorical understand-
ing (his ePCK) is constrained by the affordances of the environ-
ment (Gibbs, 2019) rather than the screen. I view this as an indi-
cation that Lennie’s teaching becomes less reliant on his meta-
phorical understanding of computing concepts the closer he gets 
to the screen. 

When interviewing our second teacher, Johannes, he makes a 
point about not having “attended university to learn program-
ming”. Instead, he has gained his programming knowledge work-
ing at different software companies, eventually coming to under-
stand what works and what does not work. “Not that academically 
correct maybe […] more what can be done and what is not sup-
posed to be done to have a functioning system. For it to be healthy 
as a system”. Based on his experiences as a software developer, 
Johannes emphasises the importance of “how one communicates 
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inside one’s code with one’s code […] with the computer, with one-
self in the present oneself in six months’ time … and colleagues”. 
As he sees it, much of a developer’s work is to “administer code 
and add functions to already existing code [rather than] create 
new code”. Johannes has a teaching degree in music and has 
worked as a teacher prior to entering the commercial world. When 
we visit his classroom, he is in the middle of his second year as a 
teacher in the Technology programme.  
 

 
Figure 15. Johannes spends most of his lecture sitting down at the desk demon-
strating and writing code examples that are projected to the class. 

In the first classroom example, Johannes is sitting at his desk ex-
plaining the purpose of a specific command in the programming 
language Swift (Figure 15). During the observed lesson, the stu-
dents have been working on “validating data”. In the interview, Jo-
hannes explains to us that validation is about ensuring that the 
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program has received the right data before it moves any further. In 
the classroom, he demonstrates the principle by asking the stu-
dents to “choose a method and check there isn’t anything [there]” 
while performing a series of gestures with his right hand (Figure 
16). 

 

 
Figure 16 Johannes performs a series of gestures while uttering “choose a 
method and check there isn’t anything [there]”. 

Applying PIMS suggests that “check” is metaphorically understood 
in terms of seeing a physical object (ABSTRACT PROGRAMMING 
CONCEPTS ARE PHYSICAL OBJECTS). By the framing of Johan-
nes’ statement – he is trying to code a function that is supposed to 
determine whether the application has received data or not – it 
seems reasonable to suggest that the physical object in the meta-
phor corresponds to the “data”. However, this is not possible to de-
termine without attending to Johannes’ gestures. MIG-G suggests 
that Johannes’ hand – shaped to suggest a confined area – is used 
as a metaphor for either a container (HAND FOR CONTAINER-
SCHEMA) or a referent for an area on the screen (HAND FOR 
AREA ON SCREEN). However, since Johannes’ gaze is directed at 
his hand rather than the screen, it is reasonable to suggest that his 
hand is a metaphor for a place in which to put the data.  

To get the program to continue working after the validation 
process has been completed, Johannes tells the students that 
“”one.next” will make the program move16 on” while performing a 
“jumping” gesture with his left hand (Figure 17). 
 

 
16 Johannes uses the Swedish word “hoppar” which literally translates to “jump”. 
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Figure 17. Johannes performing a series of gestures while saying “”one.next” 
will make the program move on” 

Applying PIMS to the phrase “move on” suggests that it is 
metaphorically understood by means of experiences of “pushing 
oneself off the ground and into the air using one’s legs”. From 
Johannes’ gesture, it is also posible to infer that the program is 
understood as moving away from him, perpendicular to his chest 
(HAND FOR FORWARD MOTION). From this, it follows that 
Johannes conceptualises the code as a physical force capable of 
moving the program forward (CODE IS A PHYSICAL FORCE 
CAUSING MOTION).  

As described in the excerpts above, and from Papers III and 
IV, the analysis of Johannes’ statements and gestures suggests that 
a large part of his teaching is based around the idea of moving 
physical objects. Additional results in Paper IV also reveal that Jo-
hannes often emphasises the importance of working in a struc-
tured manner and follows what could be seen as rule of thumb, or 
industry standard. It is rare that Johannes uses metaphors related 
to those identified in Paper I. Instead, he often emphasises that, as 
he knows what works in the “real world”, he is not that interested 
in teaching programming “the right way”. Instead, he wants to pro-
vide the students with the experiences that he has found useful 
when actually developing software. Based on this, I argue that Jo-
hannes’ pPCK is based around programming as two concepts: (1) 
programming as a professional skill and (2) programming as con-
tent knowledge. Sometimes, these concepts will collide, and in 
such cases, Johannes will lean in favour of professional skills. As 
he himself puts it puts it, “that is my background, and it affects 
how I act in the classroom”.  
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As Johannes believes that his strong connection to the “real world” 
of programming is his strongest atttribute, he often speaks as if he 
were a guide or a mentor for his students. On such occasions, the 
students are invited into a world where learning to troubleshoot 
efficiently will lead to smaller production costs for the company, 
rather than good grades for the students. However, from the inter-
view, it seems that Johannes doesn’t always have a plan for inte-
grating his industrial background as parts of the lectures in a sys-
tematic way. Instead, he seems to alter his teaching strategies dur-
ing the lesson where he draws from his own experiences while 
showing the students how to write code.

Robert is the only teacher of the three who does not have a teaching 
degree. Instead, Robert had to learn programming to solve ad-
vanced chemistry problems. In the course that he teaches at pre-
sent, Robert says that “we have a book to follow […] or at least we 
had”. By the time we visited his classroom, Robert and the students 
had managed to “go through” the course book relatively quickly, 
and the students were now working on a larger project. However, 
as Robert thinks it is “fun to combine mathematics and program-
ming”, he wants the students to spend some time solving “mathe-
matical problems sometimes”. He believes that programming is a 
powerful tool for mathematics, so when he finds a programming 
problem that he “finds interesting”, he shows it to the students. 
Moreover, Robert claims that there are still important program-
ming concepts involved when solving mathematical problems. For 
example, to solve the problem of the day, the students need to 
“split” large values (e.g., 1,356) into single digits (1, 3, 5, and 6). 
This is one of “many aspects of programming that you practice 
by doing this”.

Applying PIMS to the above statements suggests that Robert 
displays a relatively direct understanding of the main purpose of 
programming: solving problems within other disciplines (in this 
case mathematics). However, when it comes to statements related 
to programming per se, PIMS suggests that “splitting” is meta-
phorically understood in terms of dividing an object into smaller 
pieces (PROGRAMMING IS DIVIDING PHYSICAL OBJECTS). 
Furthermore, PIMS suggests that Robert’s phrase “many aspects 
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of programming” is metaphorically understood in relation to a de-
limited part of a larger whole (PROGRAMMING KNOWLEDGE IS 
A PHYSICAL OBJECT).  

 

 
Figure 18. Robert standing in front of his class demonstrating his solution to 
the assignment for the day. 

Robert hopes that his students enjoy the assignment (calculating 
multiplicatory resistance). He says that “for those who are good 
programmers, there is a challenge in it”. However, he suspects 
that the students “who are having a tougher time [do not think] 
that it is as fun”. Nevertheless, he says, “I spend quite a lot of time 
on those who are having a tough time, so I think that it is im-
portant that those who are good programmers get a challenge”. 
PIMS suggests that the term “challenge” may be understood either 
directly in relation to the activity in the classroom or metaphori-
cally in relation to acquiring “more” programming knowledge by 
solving the mathematical problem in the classroom. Consequently, 
it is at times difficult to understand whether Robert is referring to 
the students’ programming skills or how they apply the skills in the 
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mathematics context. Applying PIMS to the phrase “spend a lot of 
time” suggests that Robert metaphorically understands that him 
spending time with the students is a resource (or even a prerequi-
site) to help the students develop programming knowledge 
(ROBERT’S TIME IS A RESOURCE FOR LEARNING 
PROGRAMMING; ROBERT’S TIME IS A RESOURCE FOR 
TEACHING PROGRAMMING). His justification for spending 
most of his time with the students that find programming difficult 
is to provide them with new and challenging assignments. This in 
turn suggests that Robert sees the students’ programming 
knowledge as something cumulative, and as long as he can deliver 
new assignments, they will continue to develop their programming 
skills.  

During the interview, Robert slowly realises that the assign-
ment might have been a bit too advanced for the students. At the 
same time, he realises that “you do not have that much time to sit 
and prepare […] so you easily end up writing the code that you 
think”. For this assignment, one of the key components of solving 
the problem was to handle a for-loop. In hindsight, Robert reflects 
that it would have been a good idea to have shown the students 
how to use the loop before giving them the assignment, but for 
some reason he did not do so. 

The aim in writing the loop was to get the computer to deter-
mine the number of digits in an integer inputted by a user. Robert’s 
idea was to start with converting the integer into a line of individ-
ual characters (a string) and then use the loop as a tool for counting 
the number of characters in the string. When demonstrating this 
to the students, Robert says that “I have put a for-loop here to loop 
through”. During this short sequence, Robert performs two ges-
tures: one inward/backward chest-high circular motion and one 
outward/forward chest-high circular motion. 
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Figure 19. Robert performing a series of gestures while saying “I have put a 
for-loop here to loop through”. 

Judging from Robert’s grammar, the loop concept could either be 
metaphorically understood in terms of experiencing an object (a 
noun) or as an activity/process (verb). Applying PIMS to “put a 
for-loop here” strengthens this interpretation and implies that the 
for-loop is metaphorically understood by means of placing a phys-
ical object in a physical space (ABSTRACT PROGRAMMING 
CONCEPTS ARE PHYSICAL OBJECTS). Determining whether the 
second part of the statement is understood metaphorically or di-
rectly is, however, not possible using PIMS alone. Applying MIG-
G to the second gesture (i.e., an outward/forward motion) suggests 
that the hand stands for a motion from position A to position B 
(HAND FOR MOTION). This provides an additional activation 
cue, making it possible to suggest that the statement “loop 
through” is understood by means of experiencing motion 
(ABSTRACT PROGRAMMING CONCEPTS ARE MOTION). As 
the process is initiated by the code, it is also possible to suggest that 
Robert understands code in terms of causing motion 
(PROGRAMMING IS APPLYING FORCE TO A PHYSICAL 
OBJECT). 

As presented in the excerpts above, as well as in Papers III and 
IV, Robert’s metaphors concern physical objects, resources for 
learning/teaching, and motion. The findings above also show that 
metaphorical expressions related to physical objects are common 
in both his teaching and in his reflections. Hence, I argue that these 
metaphors should be viewed as a part of the cPCK that Robert 
draws from when teaching. When asked to elaborate on the solu-
tion to the assignment, Robert grounds most of his explanation in 
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mathematics rather than programming. It seems that the only rea-
son for using the programming concepts is to solve the problem. 
Consequently, his teaching focuses on what he wants the program 
to do and later elaborates on what functions to use or how to solve 
the problem in different ways. In doing so, I argue that the inter-
view setting has exposed his beliefs about how programming is 
supposed to be performed (ePCK).  
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The aim of this thesis has been to explore and describe the interac-
tions between programming teachers’ knowledge and beliefs about 
their teaching practice and how it is enacted in the classroom. In 
response to this aim, I have designed three individual studies that 
draw from and explore aspects of Conceptual Metaphor Theory 
(CMT), teachers’ Pedagogical Content Knowledge (PCK), in the 
context of programming education (Figure 1). In conducting the 
studies, I have explored and identified: (1) programming meta-
phors central to programming education at the Swedish upper sec-
ondary Technology programme, (2) programming teachers’ use of 
metaphors in the classroom, an interview setting, and in mini-lec-
tures posted on YouTube, and (3) how these metaphors are related 
to teachers’ knowledge and beliefs about their teaching. 

Before proceeding with this chapter, I would like to stress that 
I do not believe that either Lennie, Johannes, or Robert are teach-
ing programming in any wrong or erroneous manner. Nor do I 
wish to claim that any of them is a better or more appropriate 
teacher than the others. Rather, I see my analysis of their practice 
as three enactments of the same curriculum (Skolverket, 2011). 
While Lennie focuses on the students’ knowledge about basic pro-
gramming skills and abilities to solve programming related prob-
lems, Johannes shows his students how software applications are 
developed in “real” life. And since Robert tries to show the students 
how to solve problems related to programming, his intention is to 
show the students how programming can be used as a tool for en-
gineers. 

Mientus et al. (2022), argues that PCK research employing the Re-
fined Consensus Model (RCM) indicates that teachers can develop 
their PCK through planning, teaching, and reflection. There are 
several reasons why that may be. For example, the RCM creates 
room for several types of research methodologies and analytical 
foci and can be used for both explaining and developing PCK. 
Moreover, the RCM may provide important insights into how 
teachers’ interactions with students and colleagues may affect their 
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professional knowledge (Mientus et al., 2022). Still, the RCM 
needs to be accompanied with an underpinning framework that 
can analyse knowledge on a macro as well as a micro level. In this 
thesis, I have employed Conceptual Metaphor Theory (CMT) to ex-
plore programming teachers’ knowledge and beliefs about their 
practice. The findings of the thesis show that using CMT to explore, 
and the RCM to visualise teachers’ interplay between the PCK com-
ponents (collective PCK, personal PCK, and enacted PCK). A key 
component that visualises teachers’ PCK in this manner is the idea 
of exploring metaphor (embodied concepts) on at least three lev-
els. Conceptualising metaphor in this way has allowed me to: (1) 
establish a broad understanding of programming in the Swedish 
Technology programme (cPCK); (2) identify differences and simi-
larities between how programming education is enacted in the 
classroom (pPCK); and (3) explore the underlying reasons as to 
why programming education is enacted the way it is (ePCK). It fol-
lows that the framework employed in this thesis can be applied as 
a tool to draw a conceptual map to guide teachers in their practice 
– exposing the metaphorical nature of their teaching practice.  

Although most of the literature cited in relation to PCK and 
CMT are theoretical in their nature, the results of the thesis reveal 
similarities between, for example, how abstract embodied con-
cepts are communicated in programming education and physics 
education (Amin et al., 2015; Jeppsson et al., 2013; Paper I, II). As 
these metaphors often correspond to what Lakoff and Johnson 
(1980b) term ontological metaphors, it is reasonable to suggest 
that programming education is as much an embodied activity as 
any other subject. Hence, it is also perhaps fitting to suggest that 
the embodied model for PCK employed in this thesis could be ap-
plied in other areas of research. This assertion is strengthened by 
Hubbard (2018) who claims that programming PCK shares a lot of 
characteristics with other subjects. Given that the RCM is based on 
teachers’ knowledge in relation to their classroom practice 
(Carlson et al., 2019), I also argue – in line with Mientus et al. 
(2022) – that the findings of this thesis suggest that the RCM could 
be used as a guide for developing teachers’ PCK. This implies that 
the RCM could become a meaningful tool when designing teacher 
training or in-service professional development courses, for exam-
ple (Niiranen et al., 2020; Williams et al., 2012). 
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Doyle et al. (2019) claim that understanding of the connections be-
tween teachers’ knowledge and beliefs are essential for increasing 
knowledge of the formation of technology education in the class-
room. Based on the experiences gained during this thesis project, 
I fully agree with this notion.  For example, Lennie often frames 
programming in relation to a “building-logic” where programming 
instructions are compared to lists of house-hold chores; where a 
chaotic kitchen scene becomes a rationale for executing a program 
in different sequences. Lennie’s “building-frame” corresponds well 
with his use of the tool-box metaphor (i.e., the students’ 
knowledge) and his strategy for connecting programming concepts 
with physical objects on a human scale. As I interpret it, these are
all instances reflecting that PROGRAMMING IS BUILDING is a 
central conceptual metaphor in the conceptual map that guides 
Lennie’s teaching. Hence, the study indicates that the teachers’ 
knowledge and beliefs about their role as a teacher is reflected in 
multiple aspects of their actions in the classroom (Alger, 2009). 
Moreover, the enactment of the building metaphor may serve as 
an explanatory model for why teachers’ own ideas about what is 
central to technology education will be addressed in the classroom
(Fahrman et al., 2020).

In contrast to the above, the thesis also reveals events where 
the connections between the teachers’ knowledge and beliefs about 
their teaching is not enacted as one would otherwise expect. Two 
salient examples are when Lennie makes it clear that building-
metaphors are not suitable for programming education, and when 
Johannes – who often points out the importance of learning “real-
life” programming – often spends time behind his desk speaking 
about code. At the same time, Robert seems to have a hard time 
achieving his intentions with his teaching as he slowly realises that 
the assignment probably was too difficult and that he probably 
should have prepared differently. Similar mismatches have been 
identified in the research literature, and even though this thesis 
does not contribute with any explanations as to the potential 
source of the phenomena, I argue that the employed analytical ap-
proach has made it possible to shed light and reflect on critical 
events in the classroom. 
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Despite the metaphorical nature of programming, surprisingly few 
scholars have studied the connections between programming 
teachers’ spontaneous use of metaphors and their actions in the 
classroom (see Hubbard, 2018). As suggested by Colburn and 
Shute (2007, 2008), for example, computer science is filled with 
metaphors at different levels that enable understanding about 
what the computer is able to do, while at the same time providing 
a language to describe what we wish it to do. In contrast to the nat-
ural sciences, computer scientists have had to “invent” their own 
metaphors for teaching people about both the nature and the func-
tion of the computer (Nofre et al., 2014; Peelle, 1983). The results 
of the thesis indicate that the teachers, in the same manner as ac-
ademic textbooks, use a variety of metaphors for communicating 
programming. For example, programming concepts may at times 
be described in terms of human actions or physical motion within 
a program. The program may in turn be described in relation to a 
building or a structure that the programmer may add to. This var-
iation allows for teachers to “compose” their own concept of pro-
gramming based on their ideas about what kind of knowledge is 
most important for a programmer. Here, I argue that the findings 
indicate that programming knowledge is of at least two distinct 
kinds: (1) metaphors related to function, and (2) metaphors related 
to intention (see Colburn & Shute, 2008). In relation to these cat-
egories, the thesis indicates the following.

Function is generally described in relation to physical objects, 
motion, or structure. These embodied concepts correspond to both 
the container-schema and the source-path-goal schema described 
by Lakoff and Johnson (1980b). Also, the relations between the 
source and the target domains of the metaphors may potentially 
result in metaphors related to motion in a three-dimensional phys-
ical space in which abstract entities are able to “travel” (Johnson, 
2007). Hence, the thesis findings indicate that much of the pro-
gramming knowledge related to function is based on simple one-
to-one couplings between body and concept. Function metaphors 
are generally revealed when the teachers are not attending to the 
computer. Intention, meanwhile, is described in terms of human 
actions (e.g., “jump”, “catch”, or “drill”), actions that can either be 
performed on a human scale or as activities inside the computer. 
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At a collective level, many of these embodied concepts seem meta-
phorical; even so, when attending to the relation between the 
speaker and the environment, the analysis suggests that they are 
non-metaphorical or sleeping metaphors (Müller, 2009). Instead, 
I argue that most of these “intentional metaphors” could be viewed 
as instances where the computer or the program is described as if
it were human rather in terms of experiences acquired from being
human. These types of relations are generally used when the teach-
ers wish to explain a particular code line, or as components of a 
technical term (e.g., “loop”, or “instruction”). 

As noted in Chapter 4, this thesis employs methodological triangu-
lation (see e.g., Armstrong et al., 2011; Berge & Ingerman, 2017; 
Flick, 2004) to approach the studies. The triangulation has been 
based around the three levels of metaphor and allowed me to view 
the same research object from different angles. In that sense, the 
theoretical framework of thesis might contribute a methodological 
advancement in relation to both PCK research and conceptual met-
aphor theory. As seen in Chapter 2, this thesis also assumes that 
knowledge originates from recurring interactions with the envi-
ronment that give rise to embodied concepts. Hence, knowledge 
exists is both objective (related to a “real” world) and subjective (a 
product of our nervous system and our brains) entities at the same 
time. Consequently, to “fully” explore knowledge it may be neces-
sary to explore both dimensions at once. 

Over the last four decades, much effort within CMT research 
has gone into exploring “universal metaphors”, i.e., conceptual 
metaphors that emerge as patterns in discourse in studies from 
many different parts of the world (see e.g., Gibbs, 2009). There-
fore, as most common metaphors are recognised by most people, 
CMT has tended to produce research that is confirmatory. Con-
ducting this thesis project has provided me with the illumination 
that studying metaphor on a collective level may often be some-
what counter intuitive – if knowledge is matter of an individual’s 
interactions with the world, how can it be studied in relation to 
only books? 
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In contrast to a static view of metaphor, is the dynamic view 
(Gibbs, 2019; Jensen & Greve, 2019). In terms of the dynamic view, 
metaphor is admittedly still related to recurring entanglements 
with the world, but rather described as a performance that is mo-
tivated and structured in relation to conceptual metaphor and real-
world physical experience (Johansson Falck & Okonski, 2022; 
Gibbs, 2019). As a consequence, the static and the dynamic view of 
metaphor might very well represent two opposing sides of the 
same family.

Studying teachers’ action in the classroom is a compelling case for 
the metaphor researcher as it is filled with static metaphors (e.g., 
textbooks, curricula, conventionalised/disciplinary language) that 
need to be communicated dynamically (Carlson et al., 2019). 
Hence, to attain knowledge about a teachers’ action in the class-
room, the researcher needs to acquire as much information about 
the classroom as possible. In the thesis, MIP was used to study 
metaphors of the static kind, while PIMS was used to explore the 
dynamic. In addition, MIG-G was used to explore metaphors ex-
pressed in gestures. Taken together, this provided a framework for 
exploring metaphors on three different levels (metaphorical ex-
pression, metaphorical meaning, and metaphorical level).

Judging by our initial analysis of the classroom observations 
and interviews in Study 2, the results show that programming 
teachers mostly speak about the intentional aspects of program-
ming, meaning that the metaphorical nature of programming re-
mains unarticulated. Thus, it is reasonable to conclude that it is 
possible to learn how to program without attending to the events 
inside the computer. Analysing action in the classroom reveals that 
programming education within the Technology programme is 
mainly a hands-on activity, a conclusion also in line with several 
studies on the topic (e.g., Rolandsson, 2015).

However, when approaching the dynamics of metaphor, our 
results revealed several instances where the teachers’ embodied 
concepts were manifested in both speech and gesture simultane-
ously (Müller, 2009, 2019). Thus, our knowledge gained from the 
analysis implies that the teachers’ gestures act as a resource for 
making the ontological aspects of programming tangible (Paper 
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III). Furthermore, we were able to conclude that the programming 
ontology identified in Study 1 was enacted in the classroom on a 
personal level. 
Our attention on analysing the dynamics of the classroom also re-
vealed the connections between the teachers’ personal experiences 
that structure the metaphoric nature of their expressions. For ex-
ample, Paper V shows that the nature of a teacher’s metaphoric ex-
pression will change depending on the nature of the concepts (e.g., 
a cursor on a screen or a metaphorical understanding of a code 
line) referred to, i.e., what the teacher “has in mind”. This implies 
that the enactment of a metaphor on a cognitive level is closely re-
lated to the environment in which it is performed (e.g., Gibbs, 
2019). 

In closing, I argue that the methodological triangulation adopted 
in the thesis has contributed to a novel approach for investigating 
CMT in relation to learning and teaching, where metaphor exists 
on a collective, a personal, and a cognitive level. This thesis shows 
that it is possible to explore all three aspects simultaneously, as 
long as the empirical research has its point of departure in relation 
to “real-world” enactments of metaphor. To me, adopting such an 
approach means bringing linguistic theories to life – always with 
metaphor in mind.
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Det här kapitlet är en svensk sammanfattning av avhandlingens 
mest centrala delar. Trots att texten är mindre omfattande har min 
ambition varit att den svenske läsaren ska kunna tillgodogöra sig 
min forskning. Sammanfattningen inleds med en kortare intro-
duktion där jag först beskriver avhandlingens fokus och sätter det 
i relation till tidigare forskning på området. Därefter presenterar 
jag avhandlingens syfte och utformning. Efter det följer ett avsnitt 
som beskriver hur jag har arbetat med denna avhandling samt en 
beskrivning av hur de tre programmeringslärarna som är avhand-
lingens huvudpersoner arbetar i sina klassrum. Sammanfatt-
ningen avslutas sedan med ett avsnitt där jag presenterar avhand-
lingens bidrag till forskningsfältet.

Programmering har idag kommit att bli en viktig och fullt integre-
rad del i de flesta utbildningssystem världen över. I svensk grund-
skola ingår programmering i ämnena matematik och teknik. Gym-
nasieskolan tillhandahåller ett mer specialiserat programmerings-
innehåll i bland annat teknikprogrammet, med fokus på program-
meringskoncept, programvaruutveckling och datadriven problem-
lösning (Skolverket, 2011, 2022). Programmering var ett tämligen 
outforskat område i svensk utbildningsvetenskaplig forskning in-
nan det infördes som en del av teknikämnet (Hallström, 2018). 
Alltsedan dess har en stor mängd av mina svenska forskarkollegor 
(se exemplevis Axell & Stolpe, 2019; Bjursten et al., 2022; 
Björklund & Nordlöf, 2021; Carlborg et al., 2019; Cederqvist, 2021; 
Otterborn et al., 2020; Pears et al., 2021; Sparf et al., 2022; 
Vinnervik, 2022a) bidragit med viktig kunskap om programme-
ring i teknikunderundervisning.

En viktig skillnad mellan programmering och andra äm-
nen/ämnesdiscipliner så som naturvetenskapen är att program-
mering är ett fenomen som utvecklas av programmerarna själva 
(Colburn & Shute, 2007; Colburn & Shute, 2008). Dessutom 
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behöver inte programmeringen följa naturens lagar. Istället kan 
programmerarna själva ställa upp de villkor som ska gälla 
(Colburn & Shute, 2010). Detta gör att programmerare utvecklar 
ett särskilt språk för att kommunicera sina kunskaper. Ett vanligt 
sätt är att använda metaforer, alltså ord som får en överförd bety-
delse jämfört med den bokstavliga innebörden. Det är just kopp-
lingen mellan lärares användning av dessa metaforer och deras 
undervisning som är fokus för denna avhandling. 

Metaforer är inte bara viktiga för att kommunicera sina kun-
skaper. De avslöjar även hur vi som människor ”föreställer” oss 
hur programmering fungerar (se Lakoff & Johnson, 1980b; Lakoff 
& Johnson, 1999). På så vis kan studier av lärares användning av 
metaforer fungera som ett verktyg för att utforska hur de själva fö-
reställer sig programmering och hur det återspeglas i deras under-
visning. Samtidigt blir det också ett sätt att belysa frågor om varför 
lärares undervisning ser ut som den gör och därigenom lyfta upp 
aspekter av undervisningen som lärarna själva inte är medvetna 
om. I avhandlingen använder jag mig av två centrala begrepp för 
att förstå detta: (1) lärares kunskap (eng: knowledge) om sin 
undervisning; (2) deras självupplevda förståelse för sin undervis-
ning (eng: beliefs) som båda inryms i deras ämnesdidaktiska kun-
skap (eng: Pedagogical Content Knowledge (PCK)). 

Forskning om de två första begreppen brukar samlas under det 
paraplybegrepp som på engelska kallas Pedagogical Content 
Knowledge (PCK). Begreppet saknar en svensk entydig översätt-
ning, men kan förstås som den kunskap en lärare behöver för att 
undervisa ett specifikt ämnesinnehåll i en specifik situation (se 
Shulman, 1986). I denna sammanfattning använder jag mig dock 
av begreppet ämnesdidaktisk kunskap (Skolverket, 2012), eller 
kort och gott; didaktik. Det här gör alltså att PCK-forskningen ser 
olika ut inom olika ämnesområden. Hubbard (2018) menar att det 
finns två aspekter där den programmeringsdidaktiska forskningen 
skiljer sig från didaktisk forskning inom andra områden. För det 
första finns det forskning där programmeringens metaforer står i 
fokus. För det andra finns det forskning där undervisning studeras 
i relation till givna programmeringsproblem. I avhandlingen tar 
jag fasta på dessa båda aspekter av programmeringsdidaktisk 
forskning. 
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Syftet med den här avhandlingen är att undersöka och beskriva re-
lationen mellan programmeringslärares kunskap om och självupp-
levda förståelse för sin undervisning samt hur detta kommer till 
uttryck i deras praktik. För att uppnå detta syfte har jag utformat 
tre individuella studier som vardera undersöker programmerings-
metaforer utifrån en teknikkontext. Studiernas resultat har sedan 
slagits samman och presenteras här i denna sammanfattning.

För att kunna undersöka samspelet mellan programmerings-
lärares kunskap om och självupplevda förståelse för sin undervis-
ning använder jag mig av den så kallade Refined Consensus Model 
(RCM) for PCK (Carlson et al., 2019). Modellen grundar sig i idén 
att en lärares ämnesdidaktiska kunskap kopplat till förutsättning-
arna i klassrummet som avgör hur läraren formar undervisningen. 
Denna typ av kunskap benämns i modellen som lärares ämnesdi-
daktisk kunskap i handling (eng: enacted PCK). Denna handlings-
inriktade kunskap är outtalad och utvecklas hela tiden i relation till 
lärarens planering, undervisning och reflektion (Alonzo et al., 
2019; Mientus et al., 2022). I RCM-modellen ingår även lärarens 
personliga ämnesdidaktiska kunskap (eng: personal PCK) samt lä-
rarprofessionens kollektiva ämnesdidaktiska kunskap (eng: Col-
lective PCK). 

Eftersom tidigare forskning visar att metaforer spelar stor roll 
för programmeringsundervisning (Burke, 2016; Chibaya, 2019; 
Colburn & Shute, 2007; Hubbard, 2018; Manches et al., 2020; 
Solomon et al., 2020) är det också rimligt att anta att det finns en 
koppling mellan lärares ämnesdidaktiska kunskaper i handling 
och deras sätt att använda sig av metaforer i klassrummet. I av-
handlingen har jag valt att närma mig denna fråga med hjälp av 
teorier och verktyg hämtade från kognitiv lingvistik, närmare be-
stämt konceptuell metaforteori (eng: Conceptual Metaphor The-
ory, förkortat CMT). CMT utgår från tanken om att människans 
idéer och koncept härrör från fysisk interaktion med vår omvärld 
som i sin tur ger upphov till kroppsligt förankrade koncept (eng: 
embodied concepts) (Gibbs, 2006a; Grady & Johnson, 1997; 
Johnson, 1987, 2007). Dessa koncept kan sedan komma till uttryck 
i exempelvis tankar, tal och gester. 
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För att kunna beskriva lärares ämnesdidaktiska kunskap har 
jag valt att betrakta kroppsligt förankrade koncept som: 

 
(1) Metaforiska uttryck: uttryck eller gest som visar koppling 

mellan kroppsliga erfarenheter och abstrakta koncept. Ett 
sådant koncept kan illustreras med det metaforiska ut-
trycket ”hoppa mellan kodrader” där ordet hoppa (som be-
skriver en fysisk rörelse) används för att kommunicera ett 
programmeringskoncept.   

(2) Metaforisk mening: kopplingen mellan en fysisk/kroppslig 
erfarenhet och ett abstrakt fenomen som resulterar i ett 
metaforiskt uttryck. En sådan koppling kan uttryckas som 
en konceptuell metafor. I exemplet ovan kan denna kopp-
ling uttryckas med hjälp av den konceptuella metaforen 
ETT PROGRAMMERINGSKONCEPT ÄR RÖRELSE17. 

(3) Metaforisk förståelse: kopplingen mellan ett kroppsligt för-
ankrat koncept och de erfarenheter utifrån vilka konceptet 
kan förstås i en viss situation. Här förstås konceptet i relat-
ion till den situation som en ”talare” befinner sig och vad 
hen exempelvis tittar på.  

 
Genom att studera programmeringsmetaforer på dessa nivåer 

menar jag att det är möjligt att dra slutsatser om: 
 
(1) Kollektiv ämnesdidaktisk kunskap: den kunskap som finns 

tillgänglig för alla lärare svarar mot det som jag kallar me-
taforiska uttryck. Detta utforskar jag i Studie 1. 

(4) Personlig ämnesdidaktisk kunskap: den kunskap som inne-
has av en enskild lärare och görs tillgänglig i exempelvis ett 
samtal svarar mot samspelet mellan metaforiska uttryck 
och metaforisk mening. Detta utforskar jag i Studie 2. 

(5) Ämnesdidaktisk kunskap i handling: den kunskap som 
kommer till uttryck i lärares handlingar i klassrummet sva-
rar mot samspelet mellan metaforiska uttryck, metaforisk 
mening och metaforisk förståelse. Detta utforskar jag i Stu-
die 2 och 3. 

 
17 Exempel på konceptuella metaforer anges här med kapitäler. 
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Avhandlingens genomförande är inspirerad av the PCK-map ap-
proach beskriven av Park och Suh (2019). Författarna menar att 
samspelet mellan de olika formerna av lärares ämnesdidaktiska 
kunskap kommer till uttryck i lärares reflektioner i relation till sin 
undervisning (se även Mientus et al. (2022), Carlson et al. (2019)
och Alonzo et al. (2019)). Park och Suh (2019) menar att detta sam-
spel går att undersöka genom en kombination av metoder i relat-
ion till lärares planering, genomförande och reflektioner kring ett 
undervisningsmoment, alltså deras ämnesdidaktiska kunskap i 
handling (Alonzo et al., 2019). 

För att synliggöra och beskriva lärarnas ämnesdidaktiska kun-
skap har jag använt tre olika procedurer för att identifiera metafo-
rer på olika nivåer: (1) the Metaphor Identification Procedure 
(MIP) (Pragglejaz Group, 2007) (Studie 1 och 2), The Metaphor 
Identification Procedure (MIP) (Studie 1 och 2), (2) The Metaphor 
identification Guidelines for Gestures (MIG-G) (Studie 2) (Cienki, 
2016), (3) The Procedure for Identifying Metaphorical Scenes 
(PIMS) (Johansson Falck & Okonski, 2022) (Studie 2 och 3). I Stu-
die 2 har vi (jag, Stolpe och Johansson Falck) utvecklat en proce-
dur för att identifiera multimodala metaforer i en naturalistisk 
miljö. 

Samtliga metoder baserar sig på följande algoritmliknande ar-
betssätt: 

(1) Välj vilken nivå som ska analyseras (t. ex. enskilda ord, 
uttryck, eller gester)

(2) Sätt analysenheten i ett sammanhang (t. ex. ett ämnes-
område, en gest som kopplas till ett uttryck, eller ett 
koncept)

(3) Bestäm om enheten är en metafor eller inte (med un-
dantag för PIMS där tvetydigt också är ett möjligt ut-
fall).

I denna avhandling använder jag MIP för att studera möjliga 
samspel mellan metaforiska uttryck och metaforisk mening, 
MIG-G för att studera samspelet mellan metaforisk mening och 
metaforisk förståelse, samt PIMS för att studera samspelet mellan 
samtliga nivåer. 
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Avhandlingens första studie designades för att skapa en 
grundläggande förståelse för hur programmering kommuniceras i 
böcker och on-line resurser med relevans för gymnasieskolans 
Teknikprogram (se Artikel I). Resultatet visar att programmering 
beskrivs på olika vis i de olika textresurserna. Då de metaforiska 
uttrycken i böckerna tilldelar programmeraren olika roller i relat-
ion till programmet och datorn är det därför rimligt att anta att 
lärarens val av böcker påverkar hur eleverna föreställer sig pro-
grammering samt hur de förstår sin framtida roll som programme-
rare.  

För att närma oss programmeringsundervisningspraktiken på 
teknikprogrammet besökte jag och Stolpe fyra olika gymnasiesko-
lor som låg i samma del av Sverige. För att samla data från klass-
rummen använde vi två videokameror monterade på stativ. Kame-
rorna sattes upp med intentionen att fånga så mycket som möjligt 
av lärarnas röster och gester men utan att för den skull störa deras 
lektioner. Även de efterföljande intervjuerna spelades in med en 
kamera monterad på stativ. Studiens resultat visar – i likhet med 
Solomon et al. (2018) och Solomon et al. (2020) – att lärare an-
vänder metaforiska uttryck i både tal och gester. Ibland uttrycks 
metafor samtidigt i tal och gest, medan de vid andra tillfällen kan 
uttrycka olika metaforer samtidigt. Tillsammans visar dessa resul-
tat att tal och gester är sprungna ur samma kognitiva processer 
(Cienki & Müller, 2008). Utöver detta visar studien att trots att lä-
rarna undervisar om samma programmeringskoncept kan deras 
intentioner med undervisningen se olika ut. Trots detta är stora 
delar av lektionerna utformade på likartat vis hos de olika lärarna.  
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Figure 20. Videokamerans placering under en av intervjuerna. 

Den tredje studien undersöker en lärares kroppsligt förank-
rade koncept utan någon påverkan av en omgivande miljö (Artikel 
II). Studien baseras på YouTube-filmer som visar en lärare som 
beskriver ett programmeringsproblem utan någon form av elevin-
teraktion. Läraren har själv spelat in filmerna i syfte att stötta ele-
vers hemarbete under corona-pandemin 2020–2021. Vi valde där-
för att betrakta filmerna som ett autentiskt undervisningsexempel 
(se exemplevis Müller, 2019). Studiens resultat visar att läraren 
ofta använder metaforiska uttryck som för den skull inte behöver 
förstås metaforiskt av läraren själv. Ett sådant uttryck är konceptet 
”surfa”. Detta tyder på att läraren använder sig av konventionella 
uttryck som kommer från programmerarnas språkliga överens-
kommelser snarare än till kroppsligt förankrade metaforer.  
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Genom hela arbetet med denna avhandling har jag arbetat utifrån 
att forskningsetik kan delas upp i en normativ sida (exempelvis ak-
tuella lagar, konventioner och riktlinjer) samt en handlingsinrik-
tad sida (exempelvis forskarens förhållningssätt i relation till in-
formanter, ärlighet i rapporterande av resultat eller diskretion i re-
lation till kollegor). Vidare menar jag att forskningsetik handlar 
om en medvetenhet av spänningen mellan den (ofta förgivettagna) 
utgångspunkten att forskning är av godo och risken att kränka in-
dividens integritet eller risken för skadeverkan på människor, djur 
eller natur. Detta gör frågor om forskningsetik ytterst komplexa. I 
relation till avhandlingens delstudier har de etiska övervägandena 
handlat om frågor rörande exempelvis lagring av data, avidentifie-
ring av lärare, tillse att allt deltagande har varit frivilligt samt tillse 
att samtliga lärare samt de elever som närvarat under lektionerna 
har medgett vårt användande av insamlade data.

För att beskriva avhandlingens huvudresultat har jag här valt att 
presentera ett fåtal utdrag ur avhandlingens klassrumsobservat-
ioner (Studie 2). Urvalet är gjort för att visa variationen av sätt 
varpå lärarna arbetar i klassrummet. De beskrivningar som ges här 
utgår från intervjuer som gjordes i samband med observationerna.
Med andra ord är det min tolkning av lärarnas egna röster som för 
berättelsen om klassrummet framåt.

Vi börjar med att besöka Lennies klassrum. Lennie har lärarexa-
men i engelska och programmering och är behörig att undervisa i 
flera olika programmeringskurser på gymnasiet. På så vis har han 
lärt känna sina elever i flertalet olika kurser med olika inriktningar. 
Eleverna beskriver han som ”dom som har varit missnöjda med 
dom tidigare programmeringskurserna”. Speciellt när det hand-
lar om det som Lennie kallar för ”ren programmering”. Av den 
anledningen har han behövt repetera en del av de moment som 
eleverna arbetade med året innan. Det är egentligen inget han vill 
göra då han vill att eleverna ska få “lyckas göra något så dom ser 
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vad dom ska ha det till”. Å andra sidan menar han att de behöver 
“bygga tillräckligt mycket verktygslåda”. Lennie fortsätter, “Vi 
börjar i problemet, börjar fundera på vad kan vi tänkas behöva 
för verktyg […] och sen […] gör saker till mindre och mindre bi-
tar”. Han menar att just detta sätt att arbeta på är viktigt ”när det 
är en svag grupp, då måste jag jobba nerifrån och upp från bör-
jan”. Avsnittet ovan kan analyseras med hjälp av the Procedure for 
Identifying Metaphorical Scenes (Johansson Falck & Okonski, 
2022). Resultatet visar att koncepten ”bygga”, ”verktygslåda” och 
”gör saker till mindre och mindre bitar” är metaforiska då pro-
grammeringskoncepten förstås i relation till erfarenheter av att 
bygga och att ta isär (PROGRAMMERING ÄR BYGGANDE, 
PROGRAMMERING ÄR ISÄRTAGANDE). Riktningen som ut-
trycks i att jobba nerifrån och upp är däremot ett tvetydigt fall då 
Lennie skulle kunna prata om exempelvis att arbeta med kod ner-
ifrån och upp (vilket skulle vara en icke-metaforisk förståelse av ett 
koncept) eller att bygga verktygslådan nerifrån och upp (vilket 
skulle vara en metaforisk förståelse av undervisning som er rikt-
ning).  

Lennie säger att han ofta jobbar ”utifrån liknelser [med före-
mål i] källarförråd och vindsförråd och sånt där dom faktiskt kan 
se”. Ibland tar han också ”fram prylar i salen”, ändrar lite på dem 
och visar att den ändringen vi gjorde “[nog heter] samma sak i ko-
den […] det beter sig på ett liknande sätt”. På så sätt kan han 
koppla fysiska objekt till sådant som händer i datorn. Avsnittet 
analyseras med PIMS. Resultatet visar att olika programmerings-
koncept kan förstås i relation till fysiska objekt (ABSTRAKTA 
PROGRAMMERINGSKONCEPT ÄR FYSISKA OBJEKT). Men, ef-
tersom Lennie i detta fall pratar om hur han undervisar sina elever 
förstås dessa uttryck i direkt relation till hans erfarenheter av att 
undervisa och är därmed icke-metaforiska. Utifrån detta är det 
rimligt att betrakta hans strategier att konstruera kopplingar mel-
lan programmering och fysiska objekt som en del av hans uttalade 
ämnesdidaktiska kunskap.  

Under intervjun ombeds Lennie att utveckla sina tankar om 
lektionen vidare. Han börjar då prata om hur man kan undersöka 
de ”datapaket” som eleverna tog emot från en ”databas”. Lennie 
börjar här jämföra ett datapaket med en bokhylla fylld med lådor 
som någon har lagt bitar av information i. Lådorna i sig har 
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organiserats av den som “satt samman datan”, alltså den person 
som byggt datastrukturen. Här visar analysen att Lennie pratar om 
sitt ämne i relation till de konceptuella metaforerna 
PROGRAMMERA ÄR ATT BYGGA, 
PROGRAMMERINGSKONCEPT ÄR OBJEKT samt 
INFORMATION ÄR OBJEKT. När Lennie sedan pratar om ”data-
paket” under lektionen pratar han dock inte om att bygga en struk-
tur. Han pratar i stället om att eleverna ska lära sig använda verk-
tyg/funktioner för att ta hand “ta hand om data” vilket indikerar 
att ett programmeringsobjekt också förstås som användandet av 
ett verktyg i stället för bara ett verktyg 
(PROGRAMMERINGSKONCEPT ÄR ETT VERKTYG FÖR ATT 
MANIPULERA ETT OBJEKT). 

Figure 21. Lennie står framför tavlan och föreläser om att “ta hand om data”.

Johannes – läraren i den andra klassrummet – gör under intervjun 
tidigt en poäng av att han inte har “gått på högskola och lärt pro-
grammering”. I stället har han lärt sig programmering genom att 
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arbeta på olika företag och till slut kommit underfund med vad 
som funkar och vad som inte funkar. ”Inte så akademiskt korrekt 
kanske […] mera vad som går att göra och vad som man inte får 
göra för att ett system ska fungera. För att det ska vara hälso-
samt som system”. Baserat på sina erfarenheter från att ha arbetat 
som utvecklare poängterar Johannes vikten av att förstå “hur man 
kommunicerar i sin kod eller med sin kod […] med datorn, med 
sig själv i nuet och sig själv om ett halvår … och kollegor”. Som 
han ser det så handlar mycket om utvecklarens arbete om att “för-
valta kod och lägga till funktioner i kod som redan finns [i stället 
för att] skapa ny kod”. Att få förståelsen för hur det är att arbeta i 
branschen är något som han tycker är viktigt för sina elever.  
 

 
Figure 22. Johannes tillbringar mycket av sin föreläsningstid sittande vid sitt 
skrivbord. 
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Johannes använder sig ibland av uttryck som kopplar till rörelse –
eller för den delen avsaknad av rörelse såsom “döda[r] processer, 
vilket är ganska brutalt”. När han använder dem så markerar han 
för oss att detta är termer som används av ”alla”. Den lektion som 
vi besöker ägnas åt att ”validera data”. En metod han vill att ele-
verna ska använda sig av när de gör detta handlar om att medvetet 
”krascha” ett program om det inte kunnat ”läsa in data på rätt sätt”.
På så vis blir detta ett sätt att snabbt felsöka ett program. När han 
förklarar detta för eleverna använder han sig av det metaforiska 
uttrycket ”programmet hoppar vidare” samtidigt som han gör en 
”hoppande ”framåtrörelse med ena handen. Avsnittet analyseras 
med hjälp av the Procedure for Identifying Metaphorical Scenes 
(Falck & Okonski, 2022) samt the Metaphor Identification Guide-
line for Gesture (MIG-G) (Cienki, 2016). Resultatet av PIMS-
analysen visar att ”hoppa vidare” förstås metaforiskt i relation till 
erfarenheter av att ’flytta hela kroppen ovanför marken en kort 
stund’. Resultatet av MIG-G tyder i sin tur på att den metaforiska 
rörelsen är framåtriktad. Av det följer att kommandot i fråga fun-
gerar som en kraft som får programmet i rörelse (KOD ÄR EN 
FYSISK KRAFT SOM ORSAKAR RÖRELSE, ETT PROGRAM ÄR 
ETT FYSISKT OBJEKT)

Den tredje läraren Robert tycker att det är ”roligt att kunna kom-
binera matematiken och programmeringen”. Han ser därför 
gärna att eleverna löser “matematiska problem ibland”. Det finns 
också “många inslag i programmering som man tränar med 
hjälp av det här [att lösa matematiska problem]”. Robert menar 
vidare att “för dom som är lite duktigare så finns det […] utma-
ning” att hämta. Han är däremot inte lika säker på att de elever 
“som har det lite tuffare för sig [tycker] att det här är lika roligt”. 
Å andra sidan så tycker han att han ”lägger ganska mycket tid på 
dom som har det lite tuffare och då tycker jag att det är viktigt att 
dom som är lite duktiga också får lite utmaning”. Avsnittet analy-
seras med PIMS. Resultatet visar att konceptet ’utmaning’ förstås 
direkt i relation till erfarenheter av klassrummet, alternativt i re-
lation till generella erfarenheter av programmering, vilket i så fall 
speglar en metaforisk förståelse av konceptet. Konceptet ’lägger 
ganska mycket tid’ tyder på en metaforisk förståelse av att hans 
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uppdrag är en resurs för elevernas utveckling (ROBERTS TID ÄR 
EN RESURS FÖR ELEVERNAS LÄRANDE, ROBERTS TID ÄR EN 
RESURS FÖR ATT UNDERVISA). Utifrån den logiken innebär 
mer tid för undervisning att eleverna får mer programmeringskun-
skaper, en logik som skvallrar om att Robert har den grundläg-
gande synen att hans uppgifter är en förutsättning för elevernas 
utveckling samt att fler uppgifter kommer att leda till att eleverna 
utvecklas vidare. Under intervjuns gång börjar dock Robert sakta 
att inse att uppgiften han gett eleverna nog var för svår. Han tycker 
att det är svårt att se sådant i förväg – “man har ju inte jättemycket 
tid liksom och sitta och förbereda […] så det blir lätt att man skri-
ver koden man tänker”.  
 

 
Figure 23. Robert står framför tavlan och förevisar den kod han skrivit för att 
lösa dagens uppgift. 

En av nyckelkomponenterna för att lösa dagens uppgift i klassrum-
met handlar om att kunna hantera en så kallad ”for-loop”, något 
som han retrospektivt tycker att han borde ha visat eleverna innan 
dess att de börjat arbeta med uppgiften i stället för att bara 
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demonstrera loopen i koden. I stället säger han under lektionen: 
“jag har satt en for-loop här för att loopa igenom […]” samtidigt 
som han gör två gester – en cirkelrörelse utåt och en inåt. Analysen 
görs med PIMS och MIG-G. PIMS visar – relation till grammatiken 
i meningen – visar att konceptet loop kan förstås på två olika vis: 
(1) i relation till ett objekt (ETT PROGRAMMERINGSKONCEPT 
ÄR ETT FYSISKT OBJEKT) eller (2) i relation till en rörelse (ETT 
PROGRAMMERINGSKONCEPT ÄR EN RÖRELSE). Så länge Ro-
bert inte visar en tydlig koppling till datorns skärm (vilket han inte 
gör i detta fall) innebär resultatet att konceptet loop förstås meta-
foriskt utifrån erfarenheter av att placera ut ett objekt i ett rum. 
Vad som däremot inte går att etablera med PIMS är Roberts för-
ståelse för rörelse. Här visar MIG-G att konceptet ’loopa igenom’ 
kan kopplas till en gest som visar en framåtriktad rörelse. Här är 
det rimligt att utgå från att det är loopen som rör sig framåt och att 
koden är det som orsakar rörelsen (LOOPA ÄR ETT FYSISKT 
OBJEKT I RÖRELSE, KOD ÄR EN FYSISK KRAFT SOM 
ORSAKAR RÖRELSE).

Resultatet av denna avhandling visar att, på samma sätt som läro-
böckerna använder sig av olika typer av metaforer när de pratar 
om programmering. Dessa olika metaforer delas upp i två katego-
rier: (1) metaforer som kan kopplas till programmet/konceptets 
funktion och (2) metaforer som kan kopplas till program-
mets/konceptets funktioner (se Colburn & Shute, 2008). Vad gäl-
ler den första kategorin kopplar dessa metaforer generellt sett till 
en metaforisk förståelse av fysiska begrepp samt en metaforisk för-
ståelse för rörelse, det som Lakoff och Johnson (1980b) kallar on-
tologiska metaforer. Utifrån detta är det rimligt att dra slutsatsen
att den grundläggande förståelsen för programmering går att finna 
i enkla kopplingar mellan kroppsliga erfarenheter och koncept. 
Denna typ av metaforer återfinns sällan då lärarna arbetar med en 
dator eller refererar direkt till kod. Intentionsmetaforer uttrycks 
ofta i termer av mänskligt handlande (”hoppa”, ”fånga”, ”borra”). 
Då dessa metaforer analyseras på djupet visar dock avhandlingens 
resultat att dessa till del förstås icke-metaforiskt. På så vis kan vi 
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förstå datorns beteende som om den var en människa snarare än i 
relation till erfarenheter av att vara människa.   

För att kunna belysa samspelet mellan lärares kunskap om och 
förståelse för sin undervisning har jag valt att studera kroppsligt 
förankrade koncept på tre olika nivåer: metaforiska uttryck, meta-
forisk mening och metaforisk förståelse. I relation till dessa tre ni-
våer visar avhandlingen att: (1) metaforiska uttryck är vanliga både 
i tal och i förklarande skrift. Uttrycken kan delas upp i metaforer 
kopplade till funktion (programmeringens ontologi) och metaforer 
kopplade till handling (programmeringens epistemologi). (2) 
kroppsligt förankrade koncept kan komma till uttryck både tal och 
i gester – både var för sig och samtidigt (Cienki, 2016; Cienki & 
Müller, 2008; Müller & Tag, 2010). Detta indikerar att ett kropps-
ligt förankrat koncept kan aktiveras i flera modaliteter samtidigt. 
(3) Trots att ett koncept speglar en koppling mellan fysisk inter-
aktion med omgivningen och en abstrakt företeelse, är det inte sä-
kert att den används på det sättet av talaren. I stället finns det an-
ledning att tro att mycket av det sätt varpå vi pratar om program-
merarens intention baseras på konventionaliserat språk. På så vis 
menar jag att uppdelningen av metaforer på tre nivåer har bidragit 
till en ökad förståelse för varför vi tänker som vi gör och varför vi 
agerar som vi gör i olika situationer (Gibbs, 2006a, 2019). Jag hop-
pas att dessa tankar ska kunna gå att ta vidare in i fler studier och 
på så vis låta kunskapen om individen och kollektivet få möta 
varandra.  

Utifrån ovanstående resultat menar jag att en programme-
ringslärare borde kunna bemästra både funktion och intention. 
Samtidigt menar jag också att det är rimligt att fråga sig om ele-
verna behöver förstå datorns funktion för att kunna förverkliga 
sina intentioner. Utifrån avhandlingens resultat blir svaret ett nej. 
Lärarna visar ett tydligt fokus på att eleverna ska utveckla strate-
gier för att förverkliga sina intentioner med programmeringen. 
Dessutom bygger mycket av deras undervisning på att demon-
strera kod snarare än diskutera de mer abstrakta programmerings-
koncepten. På så vis får programmeringsundervisning på Teknik-
programmet en kumulativ karaktär där eleverna ska utveckla olika 
strategier för att angripa programmeringsproblem.  

Avhandlingen visar även att Lennie, Johannes och Robert ra-
mar in sin undervisning på olika sätt. Lennie kopplar ofta sin 
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undervisning till fenomen som kan upplevas på en mänsklig skala 
och som hans elever kan känna igen sig i (Peelle, 1983; Pérez-
Marín et al., 2018). Johannes pratar i stället om kod som fungerar 
och hur man kan kommunicera i koden. Robert å sin sida pratar 
ofta om att få datorn att arbete för sig. Klassrumsobservationerna 
visar dock att lärarna spenderar mycket tid på att visa hur eleverna 
ska skriva kod snarare än att förklara hur koden fungerar i relation 
till exempelvis mjukvaruutveckling (jämför med Barendsen et al., 
2014; Saeli et al., 2011).  

Mientus et al. (2022) menar att tidigare forskning som grun-
dar sig i RCM-modellen visar att lärare kan utveckla sin PCK ge-
nom egen planering, undervisning och reflektion. Då resultatet av 
denna avhandling visar att det, genom att studera de metaforiska 
aspekterna av lärares undervisning går att lyfta upp dolda aspekter 
av deras kunskaper om och förståelse för sin undervisning menar 
jag att en liknande modell skulle kunna vara användbar vid exem-
pelvis lärarutbildning eller som kompetensutveckling (Niiranen et 
al., 2020; Williams et al., 2012).  
 



Andreas Larsson 

97 

 



Andreas Larsson

98



99

Alekseeva, L., Isaeva, E., & Mishlanova, S. (2013). Metaphor in computer 
virology discourse. World applied sciences journal, 27(4), 533-
537. 

Alger, C. L. (2009). Secondary teachers' conceptual metaphors of 
teaching and learning: Changes over the career span. Teaching 
and Teacher Education, 25(5), 743-751. 
https://doi.org/https://doi.org/10.1016/j.tate.2008.10.004

Alibali, M. W., & Nathan, M. J. (2012). Embodiment in mathematics 
teaching and learning: Evidence from learners' and teachers' 
gestures. Journal of the learning sciences, 21(2), 247-286. 
https://doi.org/https://doi.org/10.1080/10508406.2011.61144
6

Almjally, A., Howland, K., & Good, J. (2020). Investigating children's 
spontaneous gestures when programming using TUIs and GUIs
Proceedings of the Interaction Design and Children Conference, 
London, United Kingdom. 
https://doi.org/10.1145/3392063.3394408

Almjally, A., Howland, K., Good, J., & du Boulay, B. (2023). Investigating 
primary school children’s embodied expression of programming 
concepts. International journal of child-computer interaction, 
100574. 
https://doi.org/https://doi.org/10.1016/j.ijcci.2023.100574

Alonzo, A. C., Berry, A., & Nilsson, P. (2019). Unpacking the complexity 
of science teachers’ PCK in action: Enacted and personal PCK. In: 
Hume, A., Cooper, R., Borowski, A. (eds) Repositioning 
Pedagogical Content Knowledge in Teachers’ Knowledge for 
Teaching Science. (pp. 273-288) Springer, Singapore. 
https://doi.org/10.1007/978-981-13-5898-2_12

Amin, T. G. (2009). Conceptual metaphor meets conceptual change. 
Human development, 52(3), 165-197. 
https://doi.org/https://doi.org/10.1159/000213891

Amin, T. G., Jeppsson, F., & Haglund, J. (2015). Conceptual Metaphor 
and Embodied Cognition in Science Learning: Introduction to 
special issue. International Journal of Science Education, 37(5-
6), 745-758. https://doi.org/10.1080/09500693.2015.1025245

Amin, T. G., Jeppsson, F., Haglund, J., & Strömdahl, H. (2012). Arrow of 
time: Metaphorical construals of entropy and the second law of 
thermodynamics. Science Education, 96(5), 818-848. 
https://doi.org/https://doi.org/10.1002/sce.21015



 

100 

Anderhag, P., Björn, M., Fahrman, B., Lundholm-Bergström, A., 
Weiland, M., & Wållberg, T. (2021). Kod som teknisk lösning: en 
studie om grundskoleelevers uppfattningar av ändamålsenlighet 
i deras spontana programspråk: Code as technical solution: A 
study on primary school students´ perception of fitness of 
purpose in their spontaneous programming language. Nordic 
Studies in Science Education, 17(1), 113-129. 
https://doi.org/https://doi.org/10.5617/nordina.7020  

Armstrong, S. L., Davis, H. S., & Paulson, E. J. (2011). The subjectivity 
problem: Improving triangulation approaches in metaphor 
analysis studies. International Journal of Qualitative Methods, 
10(2), 151-163. 
https://doi.org/https://doi.org/10.1177/1609406911010002  

Arvola, M., & Artman, H. (2007). Enactments in Interaction Design: 
How Designers Make Sketches Behave. Artifact, 1(2), 106-119. 
https://doi.org/https://doi.org/10.1080/17493460601117272/a
rt.1.2.106_1  

Axell, C., & Stolpe, K. (2019). Programming as a New Content in Swedish 
Preschool: What Is It and How Is It Done? PATT 37 Developing 
a knowledge economy through technology and engineering 
education. Msida, Malta, 3-6 June 2019. 

Badia, A., & Iglesias, S. (2019). The Science Teacher Identity and the Use 
of Technology in the Classroom. Journal of Science Education 
and Technology, 28(5), 532-541. 
https://doi.org/10.1007/s10956-019-09784-w  

Barendsen, E., Dagiene, V., Saeli, M., & Schulte, C. (2014). Eliciting 
Computing Science Teachers’ PCK using the Content 
Representation Format. ISSEP 2014, 71.  

Baş, G. (2021). Teacher beliefs about educational reforms: A metaphor 
analysis. International Journal of Educational Reform, 30(1), 
21-38.  

Beauchamp, C., & Thomas, L. (2009). Understanding teacher identity: 
an overview of issues in the literature and implications for 
teacher education. Cambridge Journal of Education, 39(2), 175-
189. https://doi.org/10.1080/03057640902902252  

Ben-Peretz, M., Mendelson, N., & Kron, F. W. (2003). How teachers in 
different educational contexts view their roles. Teaching and 
Teacher Education, 19(2), 277-290. 
https://doi.org/https://doi.org/10.1016/S0742-
051X(02)00100-2  

Berge, M., & Ingerman, Å. (2017). Multiple theoretical lenses as an 
analytical strategy in researching group discussions. Research in 
Science & Technological Education, 35(1), 42-57.  



 

101 

Bergen, B. K. (2012). Louder than words : the new science of how the 
mind makes meaning. Basic Books.  

Bjursten, E.-L., Nilsson, T., & Gumaelius, L. (2022). Computer 
programming in primary schools: Swedish Technology Teachers’ 
pedagogical strategies. International Journal of Technology and 
Design Education, 1-24. https://doi.org/10.1007/s10798-022-
09786-7 

Björklund, L., & Nordlöf, C. (2021). Teacher’s Assessment in 
Programming: Comparing Teachers’ Individual Judgement 
Criteria in a Programming Course. Techne series: Research in 
sloyd education and crafts science. A, 28(2), 188-195.  

Blackwell, A. F. (2006). Metaphors we Program By: Space, Action and 
Society in Java. Annual Workshop of the Psychology of 
Programming Interest Group. 

Buehl, M. M., & Beck, J. S. (2015). The relationship between teachers’ 
beliefs and teachers’ practices. In Helenrose Fives, Michele 
Gregoire Gill (Ed.) International handbook of research on 
teachers’ beliefs, 1, 66-82. 
https://doi.org/10.4324/9780203108437 

Burke, Q. (2016). Mind the metaphor: charting the rhetoric about 
introductory programming in K-12 schools. On the Horizon. 24 
(pp. 210-220). 10.1108/OTH-03-2016-0010. 

Carlborg, N., Tyrén, M., Heath, C., & Eriksson, E. (2019). The scope of 
autonomy when teaching computational thinking in primary 
school. International journal of child-computer interaction, 21, 
130-139.  

Carlson, J., Daehler, K. R., Alonzo, A. C., Barendsen, E., Berry, A., 
Borowski, A., . . . Wilson, C. D. (2019). The Refined Consensus 
Model of Pedagogical Content Knowledge in Science Education. 
In A. Hume, R. Cooper, & A. Borowski (Eds.), Repositioning 
pedagogical content knowledge in teachers’ knowledge for 
teaching science (pp. 77-94). Springer Singapore. 
https://doi.org/10.1007/978-981-13-5898-2_2  

Cederqvist, A.-M. (2021). Designing and coding with BBC micro:bit to 
solve a real-world task – a challenging movement between 
contexts. Education and Information Technologies, 355-381. 
https://doi.org/https://doi.org/10.1007/s10639-021-10865-w  

Chibaya, C. (2019). A Metaphor-Based Approach for Introducing 
Programming Concepts. 2019 International Multidisciplinary 
Information Technology and Engineering Conference (IMITEC)  

Cienki, A. (2016). Analysing metaphor in gesture: A set of metaphor 
identification guidelines for gesture (MIG-G). In Cienki, A. (Ed) 



 

102 

The Routledge handbook of metaphor and language (pp. 149-
165). Routledge.  

Cienki, A., & Müller, C. (2008). Metaphor, gesture, and thought. In R. 
W. Gibbs (Ed.), The Cambridge handbook of metaphor and 
thought (pp. 483-501). Cambridge University Press.  

Colburn, T., & Shute, G. (2007). Abstraction in Computer Science. Minds 
and Machines, 17(2), 169-184. https://doi.org/10.1007/s11023-
007-9061-7  

Colburn, T., & Shute, G. (2010). Abstraction, Law, and Freedom in 
Computer Science. Metaphilosophy, 41(3), 345-364. 
https://doi.org/https://doi.org/10.1111/j.1467-
9973.2010.01631.x  

Colburn, T., & Shute, G. (2017). Type and metaphor for computer 
programmers. Techné: Research in Philosophy and Technology. 
https://doi.org/10.5840/techne20174662 

Colburn, T. R., & Shute, G. M. (2008). Metaphor in computer science. 
Journal of applied logic, 6(4), 526-533.  

Cuccio, V., & Fontana, S. (2017). Embodied Simulation and metaphorical 
gestures. In F. Ervas, E. Gola, & M. G. Rossi (Eds.) Metaphor in 
communication, science and education, (pp. 77-91). Embodied 
Simulation and metaphorical gestures. https://doi.org/10.151 
5/9783110549928 

Demir, K., & Güraksin, G. E. (2022). Determining middle school 
students' perceptions of the concept of artificial intelligence: A 
metaphor analysis. Participatory Educational Research, 9(2), 
297-312.  

Denning, P. J., & Tedre, M. (2019). Computational thinking. Mit Press.  
Dolphin, G. R., & Tillotson, J. W. (2015). " Uncentering" Teacher Beliefs: 

The Expressed Epistemologies of Secondary Science Teachers 
and How They Relate to Teacher Practice. International Journal 
of Environmental and Science Education, 10(2), 21-38.  

Doyle, A. (2020). Consolidating concepts of technology education: 
From rhetoric towards a potential reality [Doctoral Thesis KTH 
Royal Institute of Technology].  

Doyle, A., Seery, N., Gumaelius, L., Canty, D., & Hartell, E. (2019). 
Reconceptualising PCK research in D&T education: proposing a 
methodological framework to investigate enacted practice. 
International Journal of Technology and Design Education, 
29(3), 473-491.  

Dreyfus, B. W., Gupta, A., & Redish, E. F. (2015). Applying Conceptual 
Blending to Model Coordinated Use of Multiple Ontological 
Metaphors. International Journal of Science Education, 37(5-6), 
812-838. https://doi.org/10.1080/09500693.2015.1025306  



 

103 

Fahrman, B., Norström, P., Gumaelius, L., & Skogh, I.-B. (2020). 
Experienced Technology Teachers' Teaching Practices. 
International Journal of Technology and Design Education, 
30(1), 163-186. http://dx.doi.org/10.1007/s10798-019-09494-9  

Fauconnier, G., & Turner, M. (1998). Conceptual integration networks. 
Cognitive science, 22(2), 133-187.  

Fauconnier, G., & Turner, M. (2008). The way we think: Conceptual 
blending and the mind's hidden complexities. Basic books.  

Fives, H., Lacatena, N., & Gerard, L. (2015). Teachers’ beliefs about 
teaching (and learning). In H. Fives, M. Gregoire Gill (Eds.) 
International handbook of research on teachers’ beliefs, 62(3), 
249-265.  

Flick, U. (2000). Episodic Interviewing. In: M.W. Bauer & G. Gaskell 
(Eds.), Qualitative Reserching with text, Image and Sound: A 
Practical Handbook for social research. (pp. 75-92) Sage 
Publications. 

Flick, U. (2004). Triangulation in qualitative research. In: U. Flick, E. 
von Kardoff & I. Steinke (Eds.) A companion to qualitative 
research (pp. 178-182). Sage Publication.  

Forišek, M., & Steinová, M. (2012). Metaphors and analogies for teaching 
algorithms. Proceedings of the 43rd ACM technical symposium 
on Computer Science Education (pp. 15-20).  

Fox-Turnbull, W. (2019). Assisting Teachers' Understanding of Student 
Learning in Technology. International Journal of Technology 
and Design Education, 29(5), 1133-1152. 
http://dx.doi.org/10.1007/s10798-018-9484-x  

Gess-Newsome, J. (2015). A model of teacher professional knowledge 
and skill including PCK. In: A. Berry, P. Friedrichsen, & J. 
Loughran. Re-examining pedagogical content knowledge in 
science education, (pp. 28-42). Routledge.  

Gholami, K., Faraji, S., Meijer, P. C., & Tirri, K. (2021). Construction and 
deconstruction of student teachers’ professional identity: A 
narrative study. Teaching and Teacher Education, 97, 103142.  

Gibbs, R. W. (2006a). Embodiment and Cognitive Science. Cambridge 
University Press.  

Gibbs, R. W. (2006b). Metaphor interpretation as embodied simulation. 
Mind & Language, 21(3), 434-458.  

Gibbs, R. W. (2009). Why do some people dislike conceptual metaphor 
theory? Cognitive Semiotics, 5(1-2), 14-36.  

Gibbs, R. W. (2019). Metaphor as Dynamical-Ecological Performance. 
Metaphor and Symbol, 34(1), 33-44. 
https://doi.org/10.1080/10926488.2019.1591713  



 

104 

Gibbs, R. W., & Colston, H. L. (2012). Interpreting figurative meaning. 
Cambridge University Press.  

Grady, J. (1997). Foundations of meaning: Primary metaphors and 
primary scenes. [Doctoral thesis, University of California, 
Berkeley].  

Grady, J. (2005). Primary metaphors as inputs to conceptual integration. 
Journal of pragmatics, 37(10), 1595-1614.  

Grady, J., & Johnson, C. (1997). Converging evidence for the notions of 
subscene and primary scene. Proceedings of the Twenty Third 
Annual Meeting of the Berkeley Linguistics Society. (pp. 123-
136).   

Hallström, J. (2018). Ett forskningsfält i tillväxt: Teman i svensk 
teknikdidaktisk forskning. In: K. Stolpe, G. Höst, & J. Hallström 
(Eds.). Teknikdidaktisk forskning för lärare: Bidrag från en 
forskningsmiljö. (pp. 75-91). NATDID, Nationellt centrum för 
naturvetenskapernas och teknikens didaktik, Linköpings 
universitet. 

Hostetter, A. B., & Alibali, M. W. (2008). Visible embodiment: Gestures 
as simulated action. Psychonomic Bulletin & Review, 15(3), 495-
514. https://doi.org/10.3758/PBR.15.3.495  

Hubbard, A. (2018). Pedagogical content knowledge in computing 
education: a review of the research literature. Computer Science 
Education, 28(2), 117-135. 
https://doi.org/10.1080/08993408.2018.1509580  

Iriskhanova, O., & Cienki, A. (2018). The semiotics of gestures in 
cognitive linguistics: contribution and challenges. Voprosy 
Kognitivnoy Lingvistiki, 4, 25-36. https://doi.org/ 
10.20916/1812-3228-2018-4-25-36 

Izwaini, S. (2003). A corpus-based study of metaphor in information 
technology. In Proceedings of the Workshop on Corpus-based 
Approaches to Figurative Language, Corpus Linguistics 2003, 
Lancaster.  

Jensen, T. W., & Greve, L. (2019). Ecological Cognition and Metaphor. 
Metaphor and Symbol, 34(1), 1-16. 
https://doi.org/10.1080/10926488.2019.1591720  

Jeppsson, F., Haglund, J., & Amin, T. G. (2015). Varying Use of 
Conceptual Metaphors across Levels of Expertise in 
Thermodynamics. International Journal of Science Education, 
37(5-6), 780-805. 
https://doi.org/10.1080/09500693.2015.1025247  

Jeppsson, F., Haglund, J., Amin, T. G., & Strömdahl, H. (2013). 
Exploring the use of conceptual metaphors in solving problems 
on entropy. Journal of the learning sciences, 22(1), 70-120.  



 

105 

Johansson Falck, M., & Okonski, L. (2022). Procedure for identifying 
metaphorical scenes (PIMS): A cognitive linguistics approach to 
bridge theory and practice. Cognitive Semantics, 8(2), 294-322.  

Johansson Falck, M., & Okonski, L. (2023). Procedure for Identifying 
Metaphorical Scenes (PIMS): The Case of Spatial and Abstract 
Relations. Metaphor and Symbol, 38(1), 1-22. 
https://doi.org/10.1080/10926488.2022.2062243  

Johnson, M. (1987). The body in the mind: The bodily basis of meaning, 
imagination and reason. The University of Chicago Press. 

Johnson, M. (2007). The meaning of the body: Aesthetics of human 
understanding. University of Chicago Press.  

Jones, A., & Moreland, J. (2004). Enhancing Practicing Primary School 
Teachers' Pedagogical Content Knowledge in Technology. 
International Journal of Technology and Design Education, 
14(2), 121-140. 
http://dx.doi.org/10.1023/B:ITDE.0000026513.48316.39  

Kendon, A. (1988). How gestures can become like words. In F. Poyatos 
(Ed.), Cross-cultural perspectives in nonverbal communication 
(pp. 131-141). Hogrefe & Huber Publishers. 

Kohn, T. (2017). Variable evaluation: An exploration of novice 
programmers' understanding and common misconceptions. In: 
Proceedings of the 2017 ACM SIGCSE Technical Symposium on 
Computer Science Education, 345-350. 

Koppelman, H. (2008). Pedagogical content knowledge and educational 
cases in computer science: An exploration. In: Proceeding of the 
Informing Science and IT Education Conference, 125-133. 

Lakoff, G., & Johnson, M. (1980a). Conceptual metaphor in everyday 
language. The Journal of Philosophy, 77(8), 453-486.  

Lakoff, G., & Johnson, M. (1980b). Metaphors we live by. University of 
Chicago Press. 

Lakoff, G., & Johnson, M. (1999). Philosophy in the flesh : the embodied 
mind and its challenge to Western thought. Basic Books.  

Larsson, A. (2019). The body within the loop - identifying the metaphor 
ecology of educational resources in computer programming. 
PATT 37 Developing a knowledge economy through technology 
and engineering education. Msida, Malta, 3-6 June 2019. 

Larsson, A. (2022). Reading the Code Between the Lines – Exploring the 
Structure of metaphors in educational programming resources. 
Nordic Studies in Science Education, 18(3), 305-322.  

Larsson, A., Stafstedt, M., & Schönborn, K. J. (2019). Heat angels and 
paper cups: Pupils’ use of metaphoric relations when engaging 
thermal cameras to investigate heat. In: E. McLoughlin, O. E. 
Finlayson, S. Erduran, & P. E. Childs (Eds.), Bridging Research 



 

106 

and Practice in Science Education: Selected Papers from ESERA 
2017 Conference (pp. 73-89). Springer.  

Larsson, A., & Stolpe, K. (2019). Talking Code or Typing Code – 
Unpacking the metaphorical structures in the programming 
classroom. Paper presented at ESERA 2019, Bologna, Italy.  

Larsson, A., & Stolpe, K. (2021). What Hands and Speech Reveal About 
Minds: An Observational Study of Three Teachers’ Lectures on 
Programming. Paper presented at Researching and Applying 
Metaphor, RaAM, Vilnius, Latvia.   

Larsson, A., & Stolpe, K. (2022). Hands on Programming: Teachers’ use 
of Metaphors in Gesture and Speech make Abstract Concepts 
Tangible. International Journal of Technology and Design 
Education. https://doi.org/10.1007/s10798-022-09755-0 

Larsson, A., & Stolpe, K. (In press). Exploring the Metaphoric Nature of 
Programming Teachers’ Reflections on Action - A Case Study 
with Teaching in Mind. International Journal of Technology and 
Design Education.  

Larsson, A., Stolpe, K., & Johansson Falck, M. (2022). Analysing the 
elements of a scene – An integrative approach to metaphor 
identification in a naturalistic setting. Cognitive Semiotics, 15(2), 
223-248. https://doi.org/doi:10.1515/cogsem-2022-2014  

Leavy, A. M., McSorley, F. A., & Boté, L. A. (2007). An examination of 
what metaphor construction reveals about the evolution of 
preservice teachers’ beliefs about teaching and learning. 
Teaching and Teacher Education, 23(7), 1217-1233. 
https://doi.org/https://doi.org/10.1016/j.tate.2006.07.016  

Lombard, C. G. (2005). Conceptual metaphors in computer networking 
terminology. Southern African Linguistics and Applied 
Language Studies, 23(2), 177-185. 
https://doi.org/10.2989/16073610509486382  

Lyle, J. (2003). Stimulated recall: A report on its use in naturalistic 
research. British Educational Research Journal, 29(6), 861-878.  

Manches, A., McKenna, P. E., Rajendran, G., & Robertson, J. (2020). 
Identifying embodied metaphors for computing education. 
Computers in Human Behavior, 105, 105859. 
https://doi.org/https://doi.org/10.1016/j.chb.2018.12.037  

Martínez-de-la-Hidalga, Z., & Villardón-Gallego, L. (2017). Using 
metaphors to know the conceptions about the teaching 
profession in initial teacher education. International Journal of 
Educational Psychology, 6(2), 183-208.  

Martìnez, M. a. A., Sauleda, N. s., & Huber, G. L. (2001). Metaphors as 
blueprints of thinking about teaching and learning. Teaching and 
Teacher Education, 17(8), 965-977. 



 

107 

https://doi.org/https://doi.org/10.1016/S0742-
051X(01)00043-9  

Maxwell, B. (2014). ‘Teacher as Professional’ as Metaphor: What it 
Highlights and What it Hides. Journal of Philosophy of 
Education, 49(1), 86-106. https://doi.org/10.1111/1467-
9752.12106  

McGarr, O. (2022). ‘Hitting a brick wall’: using conceptual metaphorical 
theory to explore teachers’ conceptions of learning in Computer 
Science. Teaching Education, 1-14. 
https://doi.org/10.1080/10476210.2022.2109623  

McNeill, D. (1992). Hand and mind: what gestures reveal about 
thought. University of Chicago Press.  

Mientus, L., Hume, A., Wulff, P., Meiners, A., & Borowski, A. (2022). 
Modelling STEM Teachers’ Pedagogical Content Knowledge in 
the Framework of the Refined Consensus Model: A Systematic 
Literature Review. Education Sciences, 12(6), 385. 
https://www.mdpi.com/2227-7102/12/6/385  

Mittelberg, I. (2018). Gestures as image schemas and force gestalts: A 
dynamic systems approach augmented with motion-capture data 
analyses. Cognitive Semiotics, 11(1), 20180002. 10.1515/cogsem-
2018-0002.  

Mittelberg, I., & Waugh, L. R. (2009). Metonymy first, metaphor second: 
A cognitivesemiotic approach to multimodal figures of thought in 
co-speech gesture. In: C. J. Forceville & E. Urios-Aparisi (Eds.),  
Multimodal metaphor (pp. 329-358). De Gruyter Mouton.  

Moape, T. G., Ojo, S. O., & van Wyk, E. A. (2017). A framework for 
appropriate pedagogical use of conceptual metaphor in 
computing. In: International Conference on Computing 
Networking and Informatics (ICCNI), Lagos, Nigeria. (pp. 1-9).   

Munasinghe, B., Bell, T., & Robins, A. (2021). Teachers’ understanding 
of technical terms in a computational thinking curriculum. In: 
Proceedings of the 23rd Australasian Computing Education 
Conference. (pp. 106-114).  

Munby, H. (1987). Metaphor and teachers' knowledge. Research in the 
Teaching of English, 21(4), 377-397.  

Müller, C. (2007). A dynamic view of metaphor, gesture and thought. In: 
S. D. Duncan, J. Cassell, & E. T. Levy (Eds.), Gesture and the 
dynamic dimension of language. (pp. 109-116). John Benjamins 
Publishing Company.  

Müller, C. (2009). Metaphors dead and alive, sleeping and waking: A 
dynamic view. University of Chicago Press.  



 

108 

Müller, C. (2019). Metaphorizing as embodied interactivity: What 
gesturing and film viewing can tell us about an ecological view on 
metaphor. Metaphor and Symbol, 34(1), 61-79.  

Müller, C., & Kappelhoff, H. (2018). Cinematic metaphor: experience–
affectivity–temporality. De Gruyter.  

Müller, C., & Tag, S. (2010). The dynamics of metaphor: Foregrounding 
and activation of metaphoricity in conversational interaction. 
Cognitive semiotics, 10(6), 85-120.  

Niebert, K., & Gropengießer, H. (2014). Understanding the Greenhouse 
Effect by Embodiment – Analysing and Using Students' and 
Scientists' Conceptual Resources. International Journal of 
Science Education, 36(2), 277-303. 
https://doi.org/10.1080/09500693.2013.763298  

Niiranen, S., Ikonen, P., Rissanen, T., & Rasinen, A. (2020). 
Development of Teacher Education Students' Pedagogical 
Content Knowledge (PCK) through Reflection and a Learning-by-
Doing Approach in Craft and Technology Education. Design and 
Technology Education, 25(3), 35-46.  

Nilsson, P., & Karlsson, G. (2019). Capturing student teachers’ 
pedagogical content knowledge (PCK) using CoRes and digital 
technology. International Journal of Science Education, 41(4), 
419-447.  

Nofre, D., Priestley, M., & Alberts, G. (2014). When technology became 
language: The origins of the linguistic conception of computer 
programming, 1950–1960. Technology and Culture, 55(1), 40-
75.  

Nordlöf, C., Norström, P., Höst, G., & Hallström, J. (2022). Towards a 
three-part heuristic framework for technology education. 
International Journal of Technology and Design Education, 
32(3), 1583-1604.  

Nouri, J., Zhang, L., Mannila, L., & Norén, E. (2020). Development of 
computational thinking, digital competence and 21st century 
skills when learning programming in K-9. Education Inquiry, 
11(1), 1-17.  

Núñez, R. (2008). A fresh look at the foundations of mathematics: 
Gesture and the psychological reality of conceptual metaphor. 
Metaphor and gesture, 93, 114.  

Núñez, R., & Lakoff, G. (2005). The cognitive foundations of 
mathematics: The role of conceptual metaphor. In: J. Campbell 
(Ed.), Handbook of mathematical cognition, 109-124.  

Otterborn, A., Schönborn, K. J., & Hultén, M. (2020). Investigating 
preschool educators’ implementation of computer programming 



 

109 

in their teaching practice. Early Childhood Education Journal, 
48(3), 253-262.  

Oxford, R. L., Tomlinson, S., Barcelos, A., Harrington, C., Lavine, R. Z., 
Saleh, A., & Longhini, A. (1998). Clashing metaphors about 
classroom teachers: toward a systematic typology for the 
language teaching field. System, 26(1), 3-50. 
https://doi.org/https://doi.org/10.1016/S0346-
251X(97)00071-7  

Park, S., & Oliver, J. S. (2008). Revisiting the Conceptualisation of 
Pedagogical Content Knowledge (PCK): PCK as a Conceptual 
Tool to Understand Teachers as Professionals. Research in 
Science Education, 38(3), 261-284. 
https://doi.org/10.1007/s11165-007-9049-6  

Park, S., & Suh, J. K. (2019). The PCK map approach to capturing the 
complexity of enacted PCK (ePCK) and pedagogical reasoning 
in science teaching. In: A. Hume, R. Cooper, & Borowski, A. 
(Eds.), Repositioning Pedagogical Content Knowledge in 
Teachers’ Knowledge for Teaching Science. (pp. 187-199). 
Springer. https://doi.org/10.1007/978-981-13-5898-2_8  

Pears, A., Tedre, M., Valtonen, T., & Vartiainen, H. (2021). What makes 
computational thinking so troublesome? 2021 IEEE Frontiers in 
Education Conference (FIE), Lincoln, USA. (pp. 1-7).  

Peelle, H. A. (1983). Computer metaphors: Approaches to computer 
literacy for educators. Computers & Education, 7(2), 91-99.  

Pérez-Marín, D., Hijón-Neira, R., & Martín-Lope, M. (2018). A 
methodology proposal based on metaphors to teach 
programming to children. IEEE Revista Iberoamericana de 
tecnologias del aprendizaje, 13(1), 46-53.  

Pragglejaz Group. (2007). MIP: A method for identifying metaphorically 
used words in discourse. Metaphor and Symbol, 22(1), 1-39.  

Puschmann, C., & Burgess, J. (2014). Metaphors of big data. 
International Journal of Communication, 8, 1690-1709.  

Qian, Y., & Lehman, J. (2017). Students’ misconceptions and other 
difficulties in introductory programming: A literature review. 
ACM Transactions on Computing Education (TOCE), 18(1), 1-
24.  

Raptopoulou, A. (2021). Politics of Contemporary Education Policy: 
The case of programming in the Swedish curriculum [Doctoral 
thesis, Stockholm University].  

Ridenour, M. (2020). Teachers Are: Analyzing the Metaphors of Pre-
Service Educators. Northwest Journal of Teacher Education, 
15(1), 4.  



 

110 

Rolandsson, L. (2015). Programmed or Not: A study about 
programming teachers’ beliefs and intentions in relation to 
curriculum [Doctoral thesis, KTH Royal Institute of Technology].  

Roth, W. M., & Lawless, D. (2002). Scientific investigations, 
metaphorical gestures, and the emergence of abstract scientific 
concepts. Learning and Instruction, 12(3), 285-304. 
https://doi.org/https://doi.org/10.1016/S0959-
4752(01)00023-8  

Russell, T., & Johnston, P. (1988). Teachers Learning from Experiences 
of Teaching: Analyses Based on Metaphor and Reflection. Paper 
presented at Annual meeting of the American Educational 
Research Association (AERA).  

Saban, A. (2006). Functions of Metaphor in Teaching and Teacher 
Education: A review essay. Teaching Education, 17(4), 299-315. 
https://doi.org/10.1080/10476210601017386  

Saban, A. (2010). Prospective teachers' metaphorical conceptualizations 
of learner. Teaching and Teacher Education, 26(2), 290-305. 
https://doi.org/https://doi.org/10.1016/j.tate.2009.03.017  

Saban, A., Kocbeker, B. N., & Saban, A. (2007). Prospective teachers' 
conceptions of teaching and learning revealed through metaphor 
analysis. Learning and Instruction, 17(2), 123-139.  

Saeli, M., Perrenet, J., Jochems, W. M. G., & Zwaneveld, B. (2011). 
Teaching Programming in Secondary School: A Pedagogical 
Content Knowledge Perspective. Informatics in Education, 10(1), 
73-88.  

Sanford, J. P., Tietz, A., Farooq, S., Guyer, S., & Shapiro, R. B. (2014). 
Metaphors we teach by. Proceedings of the 45th ACM technical 
symposium on Computer science education. (pp. 585-590). 

Shulman, L. (1986). Those who understand: Knowledge growth in 
teaching. Educational researcher, 15(2), 4-14.  

Shulman, L. (2015). PCK: Its genesis and exodus. In: A. Berry, P. 
Friedrichsen, & J. Loughran (Eds.), Re-examining pedagogical 
content knowledge in science education (pp. 13-23). Routledge.  

Skolverket. (2011). Läroplan, examensmål och gymnasiegemensamma 
ämnen för gymnasieskola 2011. Skolverket. 

Skolverket. (2012). Att se helheter i undervisningen - Naturvetenskapligt  
perspektiv. https://www.skolverket.se/getFile?file=2790  

Skolverket. (2022). Läroplan för grundskolan, förskoleklassen och 
fritidshemmet: Lgr22. Skolverket. 

Solomon, A., Bae, M., DiSalvo, B., & Guzdial, M. (2020). Embodied 
Representations in Computing Education: How Gesture, 
Embodied Language, and Tool Use Support Teaching Recursion.  



 

111 

Solomon, A., Guzdial, M., DiSalvo, B., & Shapiro, B. R. (2018). Applying 
a Gesture Taxonomy to Introductory Computing Concepts. In: 
Proceedings of the 2018 ACM Conference on International 
Computing Education Research, Espoo, Finland. 
https://doi.org/10.1145/3230977.3231001 

Solvang, L., & Haglund, J. (2021). Learning with Friction—Students’ 
Gestures and Enactment in Relation to a GeoGebra Simulation. 
Research in Science Education. https://doi.org/10.1007/s11165-
021-10017-7  

Sparf, M., Löfgren, H., & Kreitz-Sandberg, S. (2022). Design for learning 
programming: Approaches taken by novice learners. Nordic 
Studies in Science Education, 18(1), 6-22.  

Stofflett, R. (1996). Metaphor development by secondary teachers 
enrolled in graduate teacher education. Teaching and Teacher 
Education, 12(6), 577-589.  

Stolpe, K., & Larsson, A. (Accepted for publication). ”Vi går in och tittar 
i mappen”: En lärares strukturering av rumslighet i 
programmeringsundervisning.  

Tang, K.-S., Jeppsson, F., Danielsson, K., & Bergh Nestlog, E. (2022). 
Affordances of physical objects as a material mode of 
representation: A social semiotics perspective of hands-on 
meaning-making. International Journal of Science Education, 
44(2), 179-200. 
https://doi.org/10.1080/09500693.2021.2021313  

Thomas, L., & Beauchamp, C. (2011). Understanding new teachers’ 
professional identities through metaphor. Teaching and Teacher 
Education, 27(4), 762-769. 
https://doi.org/https://doi.org/10.1016/j.tate.2010.12.007  

Vetenskapsrådet. (2017). Good research practice. Swedish Research 
Council Stockholm, Sweden. 

Videla, A. (2017). Metaphors we compute by. Communications of the 
ACM, 60(10), 42-45.  

Vinnervik, P. (2022a). Implementing programming in school 
mathematics and technology: teachers’ intrinsic and extrinsic 
challenges. International Journal of Technology and Design 
Education, 32(1), 213-242. https://doi.org/10.1007/s10798-
020-09602-0  

Vinnervik, P. (2022b). An in-depth analysis of programming in the 
Swedish school curriculum—rationale, knowledge content and 
teacher guidance. Journal of Computers in Education, 1-35.  

Vizek Vidović, V., & Domović, V. (2019). Development of teachers’ beliefs 
as a core component of their professional identity in initial 



 

112 

teacher education: A longitudinal perspective. Center for 
Educational Policy Studies Journal, 9(2), 119-138.  

Williams, J., Eames, C., Hume, A., & Lockley, J. (2012). Promoting 
Pedagogical Content Knowledge Development for Early Career 
Secondary Teachers in Science and Technology Using Content 
Representations. Research in Science & Technological 
Education, 30(3), 327-343.  

Williams, J., & Lockley, J. (2012). Using CoRes to Develop the 
Pedagogical Content Knowledge (PCK) of Early Career Science 
and Technology Teachers. Journal of Technology Education, 
24(1), 34-53.  

Woollard, J. (2005). The Implications of the Pedagogic Metaphor for 
Teacher Education in Computing. Technology, Pedagogy and 
Education, 14(2), 189-204. 
https://doi.org/10.1080/14759390500200201  

Worden-Chambers, D. (2020). The role of conceptual metaphors in 
novice teachers’ developing curricular knowledge: a case from 
second language writing. Teacher Development, 24(2), 184-203.  

Wyatt, S. (2021). Metaphors in critical Internet and digital media 
studies. New Media & Society, 23(2), 406-416.  

Zhang, L., Nouri, J., & Rolandsson, L. (2020). Progression of 
Computational Thinking skills in Swedish compulsory schools 
with block-based programming. ACE’20: Proceedings of the 
Twenty-Second Australasian Computing Education Conference. 
(pp. 66-75).  

Zhao, H., Coombs, S., & Zhou, X. (2010). Developing professional 
knowledge about teachers through metaphor research: 
facilitating a process of change. Teacher Development, 14(3), 
381-395.  

 



113





Studies in Science and Technology Education 

ISSN 1652-5051 

       
 

1. Margareta Enghag (2004): MINIPROJECTS AND CONTEXT RICH PROBLEMS – 

Case studies with qualitative analysis of motivation, learner ownership and 

competence in small group work in physics. (licentiate thesis) Linköping University 

2. Carl-Johan Rundgren (2006): Meaning-Making in Molecular Life Science Education – 

upper secondary school students’ interpretation of visualizations of proteins. (licentiate 

thesis) Linköping University 

3. Michal Drechsler (2005): Textbooks’, teachers’, and students´ understanding of 

models used to explain acid-base reactions. ISSN: 1403-8099, ISBN: 91-85335-40-1. 

(licentiate thesis) Karlstad University 

4. Margareta Enghag (2007): Two dimensions of Student Ownership of Learning during 

Small-Group Work with Miniprojects and context rich Problems in Physics. ISSN: 

1651-4238, ISBN: 91-85485-31-4. (Doctoral Dissertation) Mälardalen University 

5. Maria Åström (2007):  Integrated and Subject-specific. An empirical exploration of 

Science education in Swedish compulsory schools. (Licentiate thesis) Linköping 

university 

6. Ola Magntorn (2007): Reading Nature: developing ecological literacy through 

teaching. (Doctoral Dissertation) Linköping University 

7. Maria Andreé (2007): Den levda läroplanen. En studie av naturorienterande 

undervisningspraktiker i grundskolan. ISSN: 1400-478X, HLS Förlag: ISBN 978-91-

7656-632-9 (Doctoral Dissertation, LHS) 

8. Mattias Lundin (2007): Students' participation in the realization of school science 

activities.(Doctoral Dissertation) Linköping University 

9. Michal Drechsler (2007): Models in chemistry education. A study of teaching and 

learning acids and bases in Swedish upper secondary schools ISBN 978-91-7063-112-

2 (Doctoral Dissertation) Karlstad University 

10. Proceedings from FontD Vadstena-meeting, April 2006. 

11. Eva Blomdahl (2007): Teknik i skolan. En studie av teknikundervisning för yngre 

skolbarn. ISSN: 1400-478X, HLS Förlag: ISBN 978-91-7656-635-0 (Doctoral 

Dissertation, LHS) 

12. Iann Lundegård (2007): På väg mot pluralism. Elever i situerade samtal kring hållbar 

utveckling. ISSN:1400-478X, HLS Förlag: ISBN 978-91-7656-642-8 (Doctoral 

Dissertation, LHS) 

13. Lena Hansson (2007): ”Enligt fysiken eller enligt mig själv?” – Gymnasieelever, 

fysiken och grundantaganden om världen. (Doctoral Dissertation) Linköping 

University. 



Studies in Science and Technology Education 

ISSN 1652-5051 

 
 

 

14. Christel Persson (2008): Sfärernas symfoni i förändring? Lärande i miljö för hållbar 

utveckling med naturvetenskaplig utgångspunkt. En longitudinell studie i 

grundskolans tidigare årskurser. (Doctoral Dissertation) Linköping University 

15. Eva Davidsson (2008): Different Images of Science – a study of how science is 

constituted in exhibitions. ISBN: 978-91-977100-1-5 (Doctoral Dissertation) Malmö 

University 

16. Magnus Hultén (2008): Naturens kanon. Formering och förändring av innehållet i 

folkskolans och grundskolans naturvetenskap 1842-2007. ISBN: 978-91-7155-612-7 

(Doctoral Dissertation) Stockholm University  

17. Lars-Erik Björklund (2008): Från Novis till Expert: Förtrogenhetskunskap i kognitiv 

och didaktisk belysning. (Doctoral Dissertation) Linköping University. 

18. Anders Jönsson (2008): Educative assessment for/of teacher competency. A study of 

assessment and learning in the “Interactive examination” for student teachers. ISBN: 

978-91-977100-3-9 (Doctoral Dissertation) Malmö University  

19. Pernilla Nilsson (2008): Learning to teach and teaching to learn - primary science 

student teachers' complex journey from learners to teachers. (Doctoral Dissertation) 

Linköping University 

20. Carl-Johan Rundgren (2008): VISUAL THINKING, VISUAL SPEECH - a Semiotic 

Perspective on Meaning-Making in Molecular Life Science. (Doctoral Dissertation) 

Linköping University 

21. Per Sund (2008): Att urskilja selektiva traditioner i miljöundervisningens 

socialisationsinnehåll – implikationer för undervisning för hållbar utveckling. ISBN: 

978-91-85485-88-8 (Doctoral Dissertation) Mälardalen University  

22. Susanne Engström (2008): Fysiken spelar roll! I undervisning om hållbara 

energisystem - fokus på gymnasiekursen Fysik A. ISBN: 978-91-85485-96-3 

(Licentiate thesis) Mälardalen University 

23. Britt Jakobsson (2008): Learning science through aesthetic experience in elementary 

school science. Aesthetic judgement, metaphor and art. ISBN: 978-91-7155-654-7. 

(Doctoral Dissertation) Stockholm university 

24. Gunilla Gunnarsson (2008): Den laborativa klassrumsverksamhetens interaktioner - 

En studie om vilket meningsskapande år 7-elever kan erbjudas i möten med den 

laborativa verksamhetens instruktioner, artefakter och språk inom elementär ellära, 

samt om lärares didaktiska handlingsmönster i dessa möten.  (Doctoral Dissertation) 

Linköping University 

25. Pernilla Granklint Enochson (2008): Elevernas föreställningar om kroppens organ och 

kroppens hälsa utifrån ett skolsammanhang. (Licentiate thesis) Linköping University 

26. Maria Åström (2008): Defining Integrated Science Education and putting it to test 

(Doctoral Dissertation) Linköping University 

27. Niklas Gericke (2009): Science versus School-science. Multiple models in genetics – 

The depiction of gene function in upper secondary textbooks and its influence on 

students’ understanding. ISBN 978-91-7063-205-1 (Doctoral Dissertation) Karlstad 

University 

 



Studies in Science and Technology Education 

ISSN 1652-5051 

 
28. Per Högström (2009): Laborativt arbete i grundskolans senare år - lärares mål och hur 

de implementeras. ISBN 978-91-7264-755-8 (Doctoral Dissertation) Umeå University 

29. Annette Johnsson (2009): Dialogues on the Net. Power structures in asynchronous 

discussions in the context of a web based teacher training course. ISBN 978-91-

977100-9-1 (Doctoral Dissertation) Malmö University 

30. Elisabet M. Nilsson (2010): Simulated ”real” worlds: Actions mediated through 

computer game play in science education. ISBN 978-91-86295-02-8 (Doctoral 

Dissertation) Malmö University 

31. Lise-Lotte Österlund (2010): Redox models in chemistry: A depiction of the 

conceptions held by upper secondary school students of redox reactions. ISBN 978-

91-7459-053-1 (Doctoral Dissertation) Umeå University 

32. Claes Klasander (2010): Talet om tekniska system – förväntningar, traditioner och 

skolverkligheter. ISBN 978-91-7393-332-2 (Doctoral Dissertation) Linköping 

University 

33. Maria Svensson (2011): Att urskilja tekniska system – didaktiska dimensioner i 

grundskolan. ISBN 978-91-7393-250-9 (Doctoral Dissertation) Linköping University 

34. Nina Christenson (2011): Knowledge, Value and Personal experience – Upper 

secondary students’ use of supporting reasons when arguing socioscientific issues. 

ISBN 978-91-7063-340-9 (Licentiate thesis) Karlstad University 

35. Tor Nilsson (2011): Kemistudenters föreställningar om entalpi och relaterade begrepp. 

ISBN 978-91-7485-002-4 (Doctoral Dissertation) Mälardalen University 

36. Kristina Andersson (2011): Lärare för förändring – att synliggöra och utmana 

föreställningar om naturvetenskap och genus. ISBN 978-91-7393-222-6 (Doctoral 

Dissertation) Linköping University 

37. Peter Frejd (2011): Mathematical modelling in upper secondary school in Sweden An 

exploratory study. ISBN: 978-91-7393-223-3 (Licentiate thesis) Linköping University 

38. Daniel Dufåker (2011): Spectroscopy studies of few particle effects in pyramidal 

quantum dots. ISBN 978-91-7393-179-3 (Licentiate thesis) Linköping University 

39. Auli Arvola Orlander (2011): Med kroppen som insats: Diskursiva spänningsfält i 

biologiundervisningen på högstadiet. ISBN 978-91-7447-258-5 (Doctoral 

Dissertation) Stockholm University 

40. Karin Stolpe (2011): Att uppmärksamma det väsentliga. Lärares ämnesdidaktiska 

förmågor ur ett interaktionskognitivt perspektiv. ISBN 978-91-7393-169-4 (Doctoral 

Dissertation) Linköping University 

41. Anna-Karin Westman (2011) Samtal om begreppskartor – en väg till ökad förståelse. 

ISBN 978-91-86694-43-2 (Licentiate thesis) Mid Sweden University 

42. Susanne Engström (2011) Att vördsamt värdesätta eller tryggt trotsa. 

Gymnasiefysiken, undervisningstraditioner och fysiklärares olika strategier för 

energiundervisning. ISBN 978-91-7485-011-6 (Doctoral Dissertation) Mälardalen 

University 

43. Lena Adolfsson (2011) Attityder till naturvetenskap. Förändringar av flickors och 

pojkars attityder till biologi, fysik och kemi 1995 till 2007. ISBN 978-91-7459-233-7     

(Licentiate thesis) Umeå University 

 

 



Studies in Science and Technology Education 

ISSN 1652-5051 

 
44. Anna Lundberg (2011) Proportionalitetsbegreppet i den svenska gymnasie-

matematiken – en studie om läromedel och nationella prov. ISBN 978-91-7393-132-8 

(Licentiate thesis) Linköping University 

45. Sanela Mehanovic (2011) The potential and challenges of the use of dynamic software 

in upper secondary Mathematics. Students’ and teachers’ work with integrals in 

GeoGebra based environments. ISBN 978-91-7393-127-4 (Licentiate thesis) 

Linköping University 

46. Semir Becevic (2011) Klassrumsbedömning i matematik på gymnasieskolans nivå. 

ISBN 978-91-7393-091-8 (Licentiate thesis) Linköping University 

47. Veronica Flodin (2011) Epistemisk drift - genbegreppets variationer i några av 

forskningens och undervisningens texter i biologi. ISBN 978-91-9795-161-6 

(Licentiate thesis) Stockholm University 

48. Carola Borg (2011) Utbildning för hållbar utveckling ur ett lärarperspektiv –

Ämnesbundna skillnader i gymnasieskolan. ISBN 978-91-7063-377-5 (Licentiate 

thesis) Karlstad University 

49. Mats Lundström (2011) Decision-making in health issues: Teenagers’ use of science 

and other discourses. ISBN 978-91-86295-15-8 (Doctoral Dissertation) Malmö 

University 

50. Magnus Oscarsson (2012) Viktigt, men inget för mig. Ungdomars identitetsbygge och 

attityd till naturvetenskap. ISBN: 978-91-7519-988-7 (Doctoral Dissertation) 

Linköping University 

51. Pernilla Granklint Enochson (2012) Om organisation och funktion av människo-

kroppens organsystem – analys av elevsvar från Sverige och Sydafrika.                

ISBN 978-91-7519-960-3 (Doctoral Dissertation) Linköping University 

52. Mari Stadig Degerman (2012) Att hantera cellmetabolismens komplexitet – 

Meningsskapande genom visualisering och metaforer. ISBN 978-01-7519-954-2 

(Doctoral Dissertation) Linköping University 

53. Anna-Lena Göransson (2012) The Alzheimer Aβ peptide: Identification of Properties 

Distinctive for Toxic Prefibrillar Species. ISBN 978-91-7519-930-6 (Licentiate thesis) 

Linköping University 

54. Madelen Bodin (2012) Computational problem solving in university physics education 

- Students’ beliefs, knowledge, and motivation. ISBN 978-91-7459-398-3 (Doctoral 

Dissertation) Umeå University 

55. Lena Aretorn (2012) Mathematics in the Swedish Upper Secondary School Electricity 

Program: A study of teacher knowledge. ISBN 978-91-7459-429-4 (Licentiate thesis) 

Umeå University 

56. Anders Jidesjö (2012) En problematisering av ungdomars intresse för naturvetenskap 

och teknik i skola och samhälle – Innehåll, medierna och utbildningens funktion. 

ISBN 978-91-7519-873-6 (Doctoral Dissertation) Linköping University 

57. Thomas Lundblad (2012) Simulerad verklighet i gymnasieskolans fysik: en 

designstudie om en augmented reality simulering med socio-naturvetenskapligt 

innehåll. ISBN 978-91-7519-854-5 (Licentiate thesis) Linköping University 

58. Annie-Maj Johansson (2012) Undersökande arbetssätt i NO-undervisningen i 

grundskolans tidigare årskurser. ISBN 978-91-7447-552-4 (Doctoral Dissertation) 

Stockholm University 



Studies in Science and Technology Education 

ISSN 1652-5051 

 
 

59. Anna Jobér (2012) Social Class in Science Class. ISBN 978-91-86295-31-8 (Doctoral 

Dissertation) Malmö University 

60. Jesper Haglund (2012) Analogical reasoning in science education – connections to 

semantics and scientific modeling in thermodynamics. ISBN 978-91-7519-773-9 

(Doctoral Dissertation) Linköping University 

61. Fredrik Jeppsson (2012) Adopting a cognitive semantic approach to understand 

thermodynamics within science education. ISBN 978-91-7519-765-4 (Doctoral 

Dissertation) Linköping University 

62. Maria Petersson (2012) Lärares beskrivningar av evolution som undervisningsinnehåll 

i biologi på gymnasiet.ISBN 978-91-7063-453-6 (Doctoral Dissertation) Karlstad 

University 

63. Henrik Carlsson (2012) Undervisningsform, klassrumsnormer och matematiska 

förmågor. En studie av ett lokalt undervisningsförsök för elever med intresse och 

fallenhet för matematik. ISBN 978-91-86983-89-5 (Licentiate thesis) Linnaeus 

University) 

64. Anna Bergqvist (2012) Models of Chemical Bonding. Representations Used in School 

Textbooks and by Teachers and their Relation to Students’ Understanding. ISBN 978-

91-7063-463-5 (Licentiate thesis) Karlstad University 

65. Nina Kilbrink (2013) Lära för framtiden: Transfer i teknisk yrkesutbildning. ISBN 

978-91-7063-478-9 (Doctoral Dissertation) Karlstad University 

66. Caroline Larsson (2013) Experiencing Molecular Processes. The Role of 

Representations for Students’ Conceptual Understanding. ISBN 978-91-7519-607-7 

(Doctoral Dissertation) Linköping University 

67. Anna-Karin Carstensen (2013) Connect Modelling Learning to Facilitate Linking 

Models and the Real World through Labwork in Electric Circuit Courses for 

Engineering Students ISBN 978-91-7519-562-9 (Doctoral Dissertation) Linköping 

University 

68. Konferensproceeding: 10-year Anniversary Meeting with the Scientific Committee 

69. Marie Bergholm (2014) Gymnasieelevers kommunikativa strategier i 

matematikklassrummet. En fallstudie av ett smågruppsarbete om derivata ISBN 978-

91-7519-306-9 (Licentiate thesis) Linköping University 

70. Ingrid Lundh (2014) Undervisa Naturvetenskap genom Inquiry – En studie av två 

högstadielärare. ISBN 978-91-7519-285-7 (Licentiate thesis) Linköping University 

71. Nils Boman (2014) Personality traits in fish - implications for invasion biology 

ISBN:978-91-7601-097-6 (Licentiate thesis) Umeå University 

72. Torodd Lunde (2014) När läroplan och tradition möts - lärarfortbildning och syften 

med undersökande aktiviteter inom den laborativa NO-undervisningen i grundskolans 

senare del. ISBN: 978-91-7063-577-9 (Licentiate thesis) Karlstad University 

73. Martin Eriksson (2014) Att ta ställning - gymnasieelevers argumentation och 

beslutsfattande om sociovetenskapliga dilemman. ISBN 978-91-7063-588-5 
(Licentiate thesis), Karlstad University 

74. Annalena Holm (2014) Mathematics Communication within the Frame of 

Supplemental Instruction. Identifying Learning Conditions. ISBN 978-91-7623-112-8 

(Licentiate thesis) Lund University 



Studies in Science and Technology Education 

ISSN 1652-5051 

 
 

75. Daniel Olsson (2014) Young people’s ‘Sustainability Consciousness’ – Effects of 

ESD implementation in Swedish schools. ISBN 978-91-7063-594-6. (Licentiate 

thesis) Karlstad University 

76. Marlene Sjöberg (2014) Möjligheter I kollegiala samtal om NO-undervisning och 

bedömning. https://gupea.ub.gu.se/handle/2077/24063 (Licentiate thesis) Gothenburg 

University. 

77. Teresa Berglund (2014) Student ‘Sustainability Consciousness’ and Decision-Making 

on Sustainability Dilemmas. Investigating effects of implementing education for 

sustainable development in Swedish upper secondary schools. ISBN 978-91-7063-

599-1 (Licentiate thesis) Karlstad University 

78. Elisabet Mellroth (2014) High achiever! Always a high achiever? A comparison of 

student achievements on mathematical tests with different aims and goals. ISBN 978-

91-7063-607-3 (Licentiate thesis) Karlstad University 

79. Jenny Green (2014) Elevers användande av formativ återkoppling i matematik. ISBN 

978-91-7519-164-5 (Licentiate thesis) Linköping University 

80. Klara Kerekes (2014) Undervisning om växande geometriska mönster-en 

variationsteoretisk studie om hur lärare behandlar ett matematiskt innehåll på 

mellanstadiet. ISBN: 978-91-7519-135-5 (Licentiate thesis) Linköping University 

81. Cecilia Axell (2015) Barnlitteraturens tekniklandskap: en didaktisk vandring från Nils 

Holgersson till Pettson och Findus. ISBN 978-91-7519-227-7 (Doctoral Dissertation) 

Linköping University. 

82. Jan Forsgren (2015) Synthesis and characterization of catalysts for hydrogen 

production from water ISBN 978-91-7601-206-2.(Licentiate thesis) Umeå University 

83. Maria Eriksson (2015) Att kommunicera naturvetenskap i nationella prov: En studie 

med andraspråksperspektiv. ISBN 978-91-7519-138-6 (Licentiate thesis) Linköping 

University 

84. Tomas Jemsson (2015) Time correlated single photon spectroscopy on pyramidal 

quantum dots. ISBN 978-91-7519-143-0 (Licentiate thesis) Linköping University 

85. Helen Hasslöf (2015) The Challenge of Education for Sustainable Development. 

Qualification, social change and the political ISBN: 978-91-7519-127-0 (Doctoral 

Dissertation) Linköping University. 

86. Johan Sidenvall (2015) Att lära sig resonera – Om elevers möjligheter att lära sig 

resonera matematiskt. ISBN 978-91-7519-100-3 (Licentiate thesis) Linköping 

University. 

87. Jonas Jäder (2015) Elevers möjligheter till lärande av matematiska resonemang. ISBN 

978-91-7519-099-0 (Licentiate thesis) Linköping University. 

88. Laurence Russell (2015) Exploring systematic lesson variation -a teaching  method in 

mathematics. ISBN 978-91-7519-041-9 (Licentiate thesis) Linköping University. 

89. Roger Andersson (2015). Ett lysande experiment. En studie av lärandeprogressionen 

vid lärande med datorstöd i optik. ISBN 978-91-7485-215-8 (Licentiate thesis) 

Mälardalen University. 

 

 

 



Studies in Science and Technology Education 

ISSN 1652-5051 

 
 

90. Therese Granekull (2015). Kamratbedömning i naturvetenskap på mellanstadiet - 

formativ återkoppling genom gruppsamtal. ISBN: 978-91-86295-74-5 

 (Licentiate thesis) Malmö högskola. 

91. Yukiko Asami-Johansson (2015) Designing Mathematics Lessons Using Japanese 

Problem Solving Oriented Lesson Structure. A Swedish Case Study. ISBN. 978-91-

7685-990-2 (Licentiate thesis) Linköping University. 

92. Katarina Ottander (2015). Gymnasieelevers diskussioner utifrån hållbar utveckling. 

Meningsskapande, naturkunskapande, demokratiskapande. ISBN 978-91-7601-322-9 

(Doctoral Dissertation) Umeå University 

93. Lena Heikka (2015) Matematiklärares målkommunikation - En jämförelse av 

elevernas uppfattningar, lärarens beskrivningar och den realiserade undervisningen. 

ISBN: 978-91-7583-446-7 (Licentiate thesis) Luleå University of Technology. 

94. Anette Pripp (2016) Välja teknik? Ungdomars röster om valet till gymnasiets 

teknikprogram. ISBN 978-91-7685-775-5 (Licentiate thesis) Linköping University. 

95. Annika Pettersson (2016) Grafisk och algebraisk representation: Gymnasieelevers 

förståelse av linjära funktioner. ISBN 978-91-7063-705-6  (Licentiate thesis) Karlstad 

University. 

96. Erika Boström (2017) Formativ bedömning: En enkel match eller en svår utmaning? 

Effekter av en kompetensutvecklingssatsning på lärarnas praktik och på elevernas 

prestationer i matematik. ISBN 978-91-7601-706-7 (Doctoral Dissertation) Umeå 

University. 

97. Gustav Bohlin (2017) Evolving germs – Antibiotic resistance and natural selection in 

education and public communication. ISBN: 978-91-7685-489-1 (Doctoral 

Dissertation) Linköping University. 

98. Daniel Åkerblom (2018) Meningsfullhet i lärandet – hur kan autenticitet förändra 

undervisningspraktiken? ISBN: 978-91-88761-19-4 (Licentiate thesis) Linnaeus 

University. 

99. Charlotta Nordlöf (2018) Tekniklärares attityder till teknikämnet och 

teknikundervisningen. ISBN 978-91-7685-328-3 (Licentiate thesis) Linköping 

University. 

100. Johan Boström (2018) Teknik i förskolan – att motverka traditionella könsroller – En 

aktionsforskningsstudie. ISBN 978-91-7685-307-8 (Licentiate thesis) Linköping 

University 

101. Christian Rydberg (2018) Didaktiska dilemman i undervisning utifrån samhällsdilemman 

ISBN 978-91-86295-78-3 (Licentiate thesis) Malmö University 

102. Magnus Jansson (2018) Risken blir ju att det blir mer skola av det”! En studie om teknik på 

fritidshem ISBN 978-91-7685-272-9 (Licentiate thesis) Linköping University 

103. Maria Lindfors (2018) ”Kunskap är vad du vet, och vet du inte kan du alltid googla!” 

Elevers epistemic beliefs i naturvetenskaplig undervisningskontext. ISBN 978-91-

7601-887-3 (Doctoral Dissertation) Umeå University 

104. Felix Schultze (2018) Coteaching chemical bonding with Upper secondary senior 

students - A way to refine teachers´ PCK. ISBN  978-91-7685-211-8 (Licentiate 

thesis) Linköping University 



105. Jörgen Stenlund (2018). Travelling through time – Students’ interpretation of 

evolutionary time in dynamic visualizations. ISBN 978-91-7685-121-0 (Licentiate 

thesis) Linköping University 

106. Johanna Andersson (2019). Barns teckningar som utgångspunkt i det 

naturvetenskapliga samtalet.  ISBN 978-91-7685-045-9 (Doctoral Dissertation) 

Linköping University 

107. Johanna Frejd (2019). Encountering Evolution – Children’s Meaning-Making 

Processes in Collaborative Interactions. ISBN 978-91-7685-005-3 (Doctoral 

Dissertation) Linköping University 

108. Anna Otterborn (2020). Datorplattor i en förskolekontext – med fokus på 

teknikundervisning inklusive programmering. ISBN 978-91-7929-908-8 (Licentiate 

thesis) Linköping University 

109. Simon Holmström (2020). Laborationsundervisning i gymnasiefysiken: Vad påverkar 

lärares val av laborationer? ISBN 978-91-7895-423-0 (Licentiate thesis) Lund 

University 

110. Daniel Orraryd (2021). Making Science come Alive – Student Generated Stop-Motion 

Animations in Science Education. ISBN 978-91-7929-700-8 (Doctoral Dissertation) 

Linköping University 

111. Alma Jahic Pettersson (2021). Topsar och cellmembran – Kroppens näringsupptag i 

undervisning och elevtexter på mellanstadiet. ISBN 978-91-7929-627-8 (Doctoral 

Dissertation) Linköping University 

112. Johan Boström (2022). Att möjliggöra tekniklärande i konstruktionsaktiviteter: En 

aktionsforskningsstudie i förskolan. ISBN 978-91-7929-362-8, 978-91-7929-361-1 

(print) (Doctoral Dissertation) Linköping University 

113. Harald Raaijmakers (2022) Powerful eyes, imaginative minds: 

Experiencing contemporary art and science in a third space.  

ISBN: 978-91-7867-305-6, 978-91-7867-294-3 (print) (Licentiate thesis) Karlstad 

University 

114. Charlotta Nordlöf (2022) Lärares transformering av teknikämnet - Om lärares attityder 

till ämnet och syn på teknisk kunskap i teknikundervisningen.  

ISBN: 978-91-7929-407-6, 978-91-7929-406-9 (print) (Doctoral Dissertation) 

Linköping University 

115. Feyza Cilingir (2023) Study guidance practices in Science with Turkish speaking 

newly arrived pupils within a Swedish context:  A study focusing on scaffolding and 

meaning-making processes in science integrated with the repertoire of resources    

ISBN 978-91-7929-512-7, 978-91-7929-511-0 (print) (Doctoral Dissertation) 

Linköping University 

116. Kommande 

117. Jörgen Stenlund (2023) Visualizing the abyss of time. Students’ interpretation of 

visualized deep evolutionary time ISBN 978-91-7929-596-7, 978-91-7929-595-0 

(print) (Doctoral Dissertation) Linköping University 

118. Lizette Widing (2022) Modeling based chemistry teaching – A tool to explore and 

visualize the non-spontaneous and abstract? ISBN 978-91-7929-570-7, 978-91-7929-

569-1 (print) (Licentiate thesis) Halmstad university 

 

 

 



Metaphor in Mind
Programming Teachers’
Knowledge and Beliefs

in Action

Studies in Science and Technology Education No. 119

Andreas Larsson

Andreas Larsson   	 		


  			



       	

   		


          2023

FACULTY OF EDUCATIONAL SCIENCES

Studies in Science and Technology Education No. 119 
Department of Behavioural Sciences and Learning

Linköping University
SE-601 74 Norrköping, Sweden

www.liu.se

 Andreas Larsson
M

etaphor in M
ind


	Abstract
	Sammanfattning
	List of papers
	Author contribution to papers
	Conference contributions
	Supporting publication
	List of figures and abbreviations
	Acknowledgements
	Table of Contents
	1. Introduction and aim of the thesis
	2. Theoretical framework
	3. Positioning the thesis
	4. Methodology
	5. Results and discussion
	6. Conclusions and implications
	7. Sammanfattning på svenska
	References
	Appendix 1 - Letter of consent
	Papers


 
 
    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     557
     405
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.890 x 9.843 inches / 175.0 x 250.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20070320125831
       708.6614
       S5-utfall
       Blank
       496.0630
          

     Tall
     0
     0
     No
     635
     395
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     266
     265
     266
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all pages
     Request: bleed all round 14.17 points
     Bleed area is outside visible: no
      

        
     0.0000
     0
     0.0000
     14.1732
     0
     0
     581
     343
     0.0000
     Fixed
            
                
         Both
         AllDoc
              

       PDDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     266
     265
     266
      

   1
  

    
   HistoryItem_V1
   StepAndRepeat
        
     Trim unused space from sheets: no
     Allow pages to be scaled: no
     Margins: left 0.00, top 0.00, right 0.00, bottom 0.00 points
     Horizontal spacing (points): 0 
     Vertical spacing (points): 0 
     Crop style 1, width 0.30, length 5.67, distance 14.17 (points)
     Add frames around each page: no
     Sheet size: 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Sheet orientation: tall
     Layout: rows 0 down, columns 0 across
     Align: centre
      

        
     0.0000
     14.1732
     5.6693
     1
     Corners
     0.2999
     ToFit
     0
     0
     0.7000
     0
     0 
     0
     0.0000
     0
            
       D:20071003103129
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     589
     352
     0.0000
     C
     0
            
       PDDoc
          

     0.0000
     0
     2
     1
     0
     0 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     557
     405
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.496 x 9.449 inches / 165.0 x 240.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20220421103128
       680.3150
       S5
       Blank
       467.7165
          

     Tall
     1
     0
     No
     371
     197
    
     None
     Right
     11.3386
     0.0000
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     267
     269
     268
     269
      

   1
  

 HistoryList_V1
 qi2base




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice




