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ABSTRACT
This is the third article in a series, emanating from a project that used social semiotics and phenomenography to explore the 
role visual representations play in the teaching and learning of chemistry. Building on our earlier work that identified five 
qualitatively different ways that teachers may use to unpack visual representations in their introductory classes at upper 
secondary school when dealing with intermolecular forces, this article deals with how students describe their experience of 
chemistry teachers’ unpacking of visual representations. The theoretical thematic analysis, grounded in phenomenography and 
social semiotics, foregrounds qualitative differences in students’ experiences of teachers’ representational work. The results 
show that the ways of unpacking that we previously characterized as student‐centered were described by the students as being 
particularly valuable. Here, a key point from a student perspective is that the teacher reflects on how to verbally guide them 
through the unpacking process in ways that support them in their meaning‐making. We use these results to propose that 
chemistry teacher practice and education can be modified to emphasize the importance of seeing the practice of unpacking 
from a semiotic perspective. Furthermore, based on our findings and previous research in the chemistry education field, we 
conclude by suggesting a strategy that can be used in teacher education and by in‐service teachers as a basis for planning 
chemistry lessons and reflecting on them, particularly with respect to the visual representations employed.

1 | Introduction 

Numerous studies have confirmed that students experience 
chemistry as a challenging subject (e.g., see Gabel 1999; Hunter 
et al. 2022; Johnstone 2010; Özmen 2004). One widely cited 
reason is that many of the phenomena studied within the 
chemistry curriculum are invisible to the naked eye and con
sequently inaccessible through firsthand experience (e.g., see 
Cokelez et al. 2008; Jaber and BouJaoude 2012). In addition, 
Johnstone (1982, 2010) proposed that one of the key difficulties 
in understanding chemical phenomena lies in the fact that they 

can be represented on three levels: the macroscopic, the sub
microscopic, and the symbolic, often referred to as the chemistry 
triplet. Thus, chemistry students also need to learn to make 
sense of curriculum material across these different levels to 
acquire a holistic understanding of chemical phenomena (e.g., 
see Kozma 2003; Taber 2013; Treagust et al. 2003). It has, 
however, been shown that students often find it challenging to 
move between disciplinary representations, especially when the 
representations are situated at different levels (Gkitzia 
et al. 2020; Kozma 2003). Because of this, education researchers, 
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such as Kozma and Russell (1997) and diSessa (2004) have ar
gued that students need to develop representational competence 
in order to communicate and make meaning with disciplinary 
representations.

Many of the articles focusing on these challenges in chemistry 
education include some commentary relating to improvement 
of teacher education in their conclusions (e.g., Bergqvist 
et al. 2016; Patron et al. 2017). Several of these articles explicitly 
situate this call for improving teacher education around the 
development of teachers’ awareness, insight and competence as 
it relates to the discursive representations used in teaching 
practice to open up the possibility of learning (e.g., Eilam 
et al. 2014; Hilton and Nichols 2011; Márquez et al. 2006; Patron 
et al. 2017).

In order to share meaning and facilitate meaning‐making about 
chemical phenomena and concepts, different kinds of repre
sentations are essential within the discursive practices in 
chemistry education. Many of these representations are used 
both for communication between experts and between teachers 
and students (Kozma and Russell 1997). In particular, the use of 
visual representations form an integral and important part of 
chemistry education because a large part entails phenomena 
that are not directly visible (Eilam and Gilbert 2014; Patron 
et al. 2017). How teachers go about assisting students to make 
meaning with visual representations directly affects the stu
dents’ possibilities to constitute an appropriate understanding 
of a particular phenomenon (Hilton and Nichols 2011). As such, 
the use of visual representations should be recognized as being 
an essential part of chemistry teacher education (e.g., see Eilam 
et al. 2014; Hilton and Nichols 2011). Eilam et al. (2014) iden
tified various difficulties with science teachers’ use of visual 
representations, and used their results to argue that the ways to 
select, create and use visual representations “should be ex
plicitly introduced into science and math teacher education 
programs” (Eilam et al. 2014, p. 77).

To extend this line of argument, we refer to visual representations 
in terms of semiotic resources (Kress 2009; Kress and Van 
Leeuwen 2020; van Leeuwen 2005) that are directly visible to the 
naked eye. Examples of such visual representations in chemistry 
are, for instance, chemical equations, chemical structures, and 
chemical symbols, as well as diagrams, physical models and ani
mations, which have been developed for the facilitation of com
munication within the discipline and its teaching practices (e.g., 
see Eilam and Gilbert 2014; Gilbert and Treagust 2009; Hilton and 
Nichols 2011; Kozma 2003; Treagust et al. 2003; Wu and 
Shah 2004). The issues addressed in this study are adjacent to 
long‐standing chemistry education research (CER) concerns about 
representational competence, coordination across macroscopic– 
submicroscopic–symbolic levels, and model‐based reasoning; 
however, the analysis developed here is grounded in phenomen
ography and social semiotics.

In previous articles in this journal, we have explored teachers’ 
reasoning regarding their use of visual representations when 
teaching chemical bonding (Patron et al. 2017), and used a 
phenomenographic approach to explore the qualitatively dif
ferent ways in which visual representations may be unpacked in 
the teaching of intermolecular forces (Patron et al. 2021). Taken 
together, these studies characterized teachers’ representational 
work and identified a set of qualitatively different ways of 

unpacking visual representations that could be described in 
terms of teacher‐centered and student‐centered approaches. 
The present article complements and extends this earlier work 
by shifting the focus from teachers’ accounts to the students’ 
experiences of their teachers’ unpacking practices, not as indi
vidual qualities, but as:

… categories of description to be used in facilitating the 
grasp of concrete cases of human functioning. Since the 
same categories of description appear in different situa
tions, the set of categories is thus stable and generalizable 
between the situations even if individuals move from one 
category to another on different occasions. 

(Marton 1981, p. 177)

In doing so, it offers a student‐perspective account of the lived 
object of learning and thereby completes the line of inquiry by 
examining how the previously described ways of unpacking are 
experienced in classroom practice. Here we use the term ex
perience in a phenomenographic sense, equating it with con
ceptualize, understand, perceive, apprehend, make sense, and so 
on (see Marton and Booth 1997, p. 116). The term unpacking is 
characterized as ways that visual representations “get used to 
open up the possibility of having the critical aspects and fea
tures of an intended object of learning being brought into focal 
awareness, initially on their own and then simultaneously” 
(Patron et al. 2021, p. 1178). In this article, for the purposes of 
teacher education, we supplement our already published results 
with a fine‐grained view that distinguishes three complemen
tary purposes of unpacking; interpretative, inferential, and ex
planatory. We elaborate these refinements in the Theoretical 
framework and return to them in the Result and Discussion 
section to facilitate the introduction of a more meaningful 
component of teacher education vis‐a‐vis both the role and the 
different roles that unpacking can be expected to play in stu
dents’ meaning‐making.

Considering students’ experiences of teaching practices is es
sential for teachers and for teacher education because students’ 
experience of their teachers’ practices is directly related to how 
the quality of awareness is evoked in the teacher's collaborative 
meaning‐making with students (see Trigwell and Shale 2004). 
And this, in turn, reflects the quality of a teacher's response to 
the teaching situation. This notion of quality of awareness is 
important for the teacher education theme of our paper because 
it “assumes a learning partnership, rather than an instructional 
relationship, with learners; and privileges the work of knowl
edge creation with students” (Trigwell and Shale 2004, p. 529).

Based on the reasoning presented above, our research question 
is: how do students at upper secondary school experience 
teachers’ unpacking of visual representations in chemistry 
education?

2 | Theoretical Framework 

In this article, we combine approaches drawn from social 
semiotics and phenomenography. Together, these perspectives 
are the basis for our characterization of unpacking and our 
analysis of students’ experiences. In the following section, what 
we mean by unpacking will be further explained together with a 
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presentation of the parts of social semiotics and phenomeno
graphy that we draw on for this article.

2.1 | Social Semiotics—A Way of Looking at 
Communication With Visual Representations 

Social semiotics is an approach which aims to understand how 
people communicate and make meaning with a variety of 
semiotic resources in particular social settings (Jewitt 
et al. 2016; Kress et al. 2001). Here, what we mean by semiotic 
resources follows how Kress (2009), Kress and Van Leeuwen 
(2020); Van Leeuwen (2005), and their colleagues situate the 
idea in social semiotics. For example, Van Leeuwen (2005, p. 3) 
describes them as:

… as the actions and artefacts we use to communicate, 
whether they are produced physiologically—with our 
vocal apparatus; with the muscles we use to create facial 
expressions and gestures, etc. —or by means of 
technologies—with pen, ink and paper; with computer 
hardware and software; with fabrics, scissors and sewing 
machines, etc.

As indicated previously in this paper, we use the term visual 
representations to refer to communication that is made up of 
semiotic resources that are directly visible to the naked eye, 
excluding any written language that is not a functional part of 
the visual representation. In chemistry, such visual represen
tations take different forms. These include, for example, sym
bols, diagrams, physical models, and animations. These forms 
of semiotic resources are often referred to in terms of different 
visual modes. In this regard, Bezemer and Kress (2008, p. 171) 
define a mode as “a socially and culturally shaped resource for 
making meaning.” What gets to be taken as a semiotic mode is 
rather flexible, because what is arguably a mode depends on the 
specific communicative requirements of a particular context for 
a particular social group (Bezemer and Cowan 2021; Bezemer 
and Kress 2008; Kress 2016). Furthermore, in complex
situations, a certain mode will only be able to give partial access 
to what needs to be communicated. Hence, different modes are 
said to have different intrinsic affordances and constraints 
(Bezemer and Kress 2008; Kress 2016). For example, for stu
dents, particularly those in introductory chemistry courses, a 
physical ball and stick model, rather than a two‐dimensional 
diagram, makes it possible to directly experience the three‐ 
dimensional structure of molecules, while an animation, rather 
than a static structural formula, makes it possible to discern the 
movement of the molecules. As a consequence, it has been 
proposed that a “critical constellation” of modes needs to be 
used in order for students to be able to see all the parts they 
need to be able to constitute holistic and appropriate meanings 
(see Airey and Linder 2009, p. 40).

As mentioned previously, it has been noted that students find it 
educationally challenging to move between different represen
tations (i.e., constituted using some different, or all different 
modes) of the same phenomenon (Gkitzia et al. 2020; 
Kozma 2003). This holds, be it between different representa
tions in the same mode, such as from one graph to another, 
which is referred to as transformation in the literature; or 
between representations from different modes, such as from a 

graph to an animation, which is referred to as transduction (in 
both instances, see Bezemer and Kress 2008). Volkwyn et al. 
(2020, p. 91) use the idea of transduction to define representa
tional competence from a social semiotic perspective, as being 
“the ability to appropriately interpret and produce a set of 
disciplinary‐accepted representations of real‐world phenomena 
and link these to formalized scientific concepts.” From this 
perspective, each mode requires a particular representational 
competence in a given situation. However, Volkwyn et al. 
(2020) also highlight that it is not sufficient to have represen
tational competence within each individual mode used in a 
discipline, but that students also need to be able to move flu
ently between them. Because of this semiotic difficulty it 
becomes incumbent on teachers to be able to work effectively 
and appropriately with “the constant transition, translation and 
transduction between different modes” (Kress 1997, p. 36).

Many chemistry representations also differ not only in mode 
(e.g., diagram, animation, physical model) but in the repre
sentational level of meaning they foreground (see 
Johnstone 1982, 2010). For students, chemistry learning often 
requires coordinating meanings across these levels, for example 
relating symbolic formulae to submicroscopic structures or 
mechanisms, and relating both to observable macroscopic ef
fects (e.g., Treagust et al. 2003; Taber 2013). From a social 
semiotic perspective, this coordination is achieved through 
semiotic work that facilitates making relevant (often appresent) 
aspects available for discernment and links them across repre
sentational forms. In our article we treat the chemistry triplet as 
a CER account of the representational space within which un
packing operates; teachers’ unpacking practices can therefore 
be understood as actions that support students in bringing into 
focal awareness the critical aspects that connect macroscopic, 
submicroscopic and symbolic meanings over time.

2.2 | Phenomenography 

Phenomenography is both a research approach and an educa
tional perspective. Epistemologically it draws on gestalt psy
chology, and ontologically on non‐dualism. In an educational 
setting, phenomenography capitalizes on these perspectives to 
present a view of classroom learning with the following basic 
attributes: the structural and referential (meaning) aspects of 
awareness in relation to learning to discern new things and 
learning to discern things in new ways (Marton 1981, 1986; 
Marton and Booth 1997; Marton et al. 1977; Marton et al. 1984; 
Marton and Säljö 1976a, 1976b). Following the theme of phe
nomenographic work that linked the referential to the “what” 
aspect, and the structural to the “how” aspect (Booth 1997; 
Ellis 2004; Marton 1988; Reid and Petocz 2006), taken together 
these two aspects are “dialectically intertwined” so that “neither 
can exist apart from the other.” (Lybeck et al. 1988, p. 5). Such 
“how” and “what” aspects are further explained by Booth (1997, 
pp. 135–136) as follows:

If we limit our attention to educational settings, we can say 
that in general “learning” means coming to an under
standing of curricular content as a result of tackling var
ious learning activities. As a result of the task, a new way 
of experiencing the content is reached. Thus there are two 
aspects to any learning situation […]. They are referred to 
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as the “what” of learning and the “how” of learning; the 
“what” concerns the quality of the understanding arrived 
at, or the perspective taken on, or the conception held of 
the content of the learning task, as a result of the learning 
activity; and the “how” concerns more the nature of the act 
of tackling the learning task.

For our illustrative case, this can be connected to the relation 
between how visual representations are unpacked and the 
students’ experience of how such unpacking influences the 
development of their understanding of intermolecular forces.

2.2.1 | The Object of Learning 

In the phenomenographic perspective, the way that the object of 
learning is “handled” determines the possibility of learning. 
This handling of the object of learning has three interconnected 
dimensions that can be separated analytically, namely the 
intended, the enacted and the lived object of learning (Marton 
and Tsui 2004). The intended object of learning is concerned 
with the teacher's planning of lessons, that is, the decision of 
which aspects of the phenomena that the teacher considers 
critical. The enacted object of learning corresponds to how the 
teaching of the critical aspects and features from the intended 
object of learning are played out in the classroom—that is, what 
critical aspects and features the teacher aims to bring to the 
fore. The lived object of learning, the focus for this paper, is what 
gets constituted as meaning by the students—in terms of what 
they experience and what aspects that come to the fore for their 
attention (Marton and Morris 2002; Marton and Tsui 2004).

2.3 | The Unpacking of Visual Representations 

For a linked set of publications we have previously established 
how we characterize the term unpacking to describe the ways 
that visual representations “get used to open up the possibility 
of having the critical aspects and features of an intended object 
of learning being brought into focal awareness, initially on their 
own and then simultaneously” (Patron et al. 2021, p. 1178).

Focal awareness is a phenomenographic concept that suggests 
that we can only aim our focus on a limited number of aspects 
of a phenomenon at a time. Therefore, only some aspects will 
come to the fore of our awareness, while other aspects that are 
not in our focus at a certain time, will recede to the background. 
The aspects that are in focus at a certain instance are said to be 
in focal awareness. In phenomenography, awareness is used as 
being somewhat synonymous with consciousness (Marton and 
Booth 1997).

Earlier, we used the term critical in our definition of unpacking 
to refer to the aspects, and features of these aspects, that a 
teacher intends their students to make meaning from (and as
sumes that they have “not yet noticed”) in order to understand 
a certain phenomenon. Here we choose to follow Lo (2012, 
p. 30), and take aspects and features to be inseparable.

When children can discern “redness” (the critical fea
ture), they must also have discerned “color” (the relevant 
critical aspect). It is impossible for someone to discern a 
critical feature without knowing which critical aspects 

that feature belongs to. Critical features and critical as
pects are inseparable.

In the definition of unpacking, we combine focal awareness 
with critical aspects and use the phenomenographic idea of 
needing to simultaneously have a collection of critical aspects in 
focal awareness to create a coherent “whole” of disciplinary 
meaning. That is, the critical aspects of an intended object of 
learning and “the relationships between them that are dis
cerned and simultaneously present in the individual's focal 
awareness define the individual's way of experiencing the 
phenomenon” (Marton and Booth 1997, p. 101). Thus, for a 
given learning situation, what is in focal awareness is an inte
gral part of understanding the experience of learning new 
things and of learning things in new ways. Collectively what is 
in focal awareness and what is in the background make up a 
person's “structure of awareness” at a particular time for a 
particular context (Marton and Booth 1997).

As mentioned previously, in this article we refine this notion by 
distinguishing between three complementary purposes of un
packing: interpretative unpacking (in which representational 
features are made explicit), inferential unpacking (in which 
meanings that are implicit or not directly visible are drawn out), 
and explanatory unpacking (in which visual representations are 
used as resources for constructing or supporting explanations of 
chemical phenomena). These purposes are not mutually ex
clusive in practice, but distinguishing them analytically allows us 
to be more precise about the different roles that unpacking can 
play in students’ meaning‐making with visual representations.

2.3.1 | Unpacking Results in an Increase of the Pedagogical 
Affordance in the Representation 

The typical visual representations used in chemistry and 
chemistry education discourses can be characterized as having 
high disciplinary affordance which is defined as “the agreed 
meaning making functions that a semiotic resource fulfils for 
the disciplinary community” (Airey and Linder 2017, p. 99). As 
such, these representations have, through design and re
formulations over many years of usage, grown to bring certain 
aspects of some phenomenon to the fore by making them 
directly visible, leaving other important aspects not directly 
visible (e.g., see Hoffmann and Laszlo 1991). This means that 
some aspects will be present in a visual representation, which 
makes them directly visible, and therefore available for dis
cernment, while other aspects that are not directly visible will 
need to become appresent in the “seeing” experience (i.e., one 
needs to be aware of them without them being directly visible). 
However, if such appresentations are not made visible in the 
learning experience, then there will be little realistic possibility 
for the fully intended meaning to be constituted (Ingerman 
et al. 2009; Linder 2013). For those critical aspects that are not 
directly visible in a particular representation, these represen
tations can be unpacked so that more critical aspects become 
apparent for the students (e.g., see Fredlund et al. 2014; 
Salimpour et al. 2021). Airey and Eriksson (2019) argue that 
when a disciplinary representation is unpacked, the pedagogical 
affordance increases (see Figure 1). Pedagogical affordance is 
defined by Airey and Linder (2017, p. 105) as “the aptness of a 
semiotic resource for the teaching and learning of some par
ticular educational content.”

4 Science Education, 2026

 1098237x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sce.70062 by U

niversity O
f T

he W
estern C

ape, W
iley O

nline L
ibrary on [08/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



2.3.2 | The "Tool Box”: Qualitatively Different Ways of 
Unpacking Visual Representations 

In this paper, we use the qualitatively different ways in which 
teachers may unpack visual representations found previously 
(see Patron et al. 2021) as a “tool box,” in order to explore 
qualitative variation in students’ experiences of these different 
ways of unpacking. In the previous study, we found that 
teachers may unpack visual representations in five qualitatively 
different ways, that is, by assumption, verbal explanation; add
ing feature(s); transformation; and transduction. These can be 
described as follows: 

– Unpacking by assumption—visual representations used by 
the teachers are not unpacked at all, the teacher assumes 
that full disciplinary affordance is available from the 
transmission of the visual representation without the 
teacher's support.

– Unpacking by verbal explanation—critical features in a 
visual representation are highlighted mainly by way of 
spoken language, and no new visual representations or 
additional features are added to the representation by the 
teacher. That is, an assumption is made by the teacher that 
most of the disciplinary affordance is available from the 
transmission of the visual representation.

– Unpacking by adding feature(s)—critical visual feature(s) 
are added to the original visual representation, which 
makes previously appresent features in the representations 
visible to the students. That is, the teacher is enhancing the 
meaning‐making possibilities by increasing the pedagogi
cal affordance of the visual representation.

– Unpacking by transformation—the addition of one or more 
visual representations in the same visual mode, but with 
higher pedagogical affordance, are used to unpack a visual 
representation with higher disciplinary affordance—that 
is, implementing a transformation. In this way new 
meaning‐making opportunities are constituted.

– Unpacking by transduction—representation(s) in different 
visual mode(s) are used to unpack a visual representation 
with higher disciplinary affordance, and thus give access to 
previously appresent aspects in new way(s) that make 
them distinctly visible for the first time, thereby offering 
new perspectives.

Table 1 offers a more detailed description of the qualitatively 
different ways of unpacking identified in the phenomeno
graphic analysis by Patron et al. (2021).

These qualitatively different ways of unpacking visual repre
sentations can be hierarchically arranged in an outcome space 
(see Figure 2 and Patron et al. 2021). In phenomenography, an 
outcome space is constituted by descriptions of the internal 
relations between the qualitatively different ways of experien
cing various aspects of the world (Marton and Booth 1997). 
They should not, as pointed out earlier, be seen as individual 
qualities but as categories of description that capture the quali
tatively variation in human experience of a particular context 
across different situations.

The hierarchy presented in the outcome space in Figure 2 draws 
on Trigwell and Prosser's (1996) work into teacher‐centered and 
student‐centered ways of teaching and it is based on an analysis 
of what differences between ways of unpacking that are criti
cally significant from a researcher perspective. In Patron et al. 
(2021), we argued that the five identified categories of un
packing can be arranged into two groups, which we termed 
teacher‐centered and student‐centered ways of unpacking. 
Unpacking by transduction, transformation and adding features, 
are seen as student‐centered since they make disciplinary 
meanings more persistently available for joint attention and 
enhance students’ possibilities to discern critical aspects and to 
see new things or see things in new ways. On the other hand, 
unpacking by verbal explanation and assumption are seen as 
teacher‐centered ways of unpacking visual representations 
since these practices rely more heavily on information trans
mission and transient speech, thereby offering fewer opportu
nities for students to engage with persistent, shared 
representational resources (see Patron et al. 2021, for further 
details on the ordering of the outcome space). In this article, we 
operationalize this distinction such that student‐centered un
packing refers to practices that support sustained joint attention 
and co‐constructed meaning‐making around persistent repre
sentational resources, whereas teacher‐centered unpacking re
lies primarily on transient verbal transmission and/or 
assumptions about students’ representational fluency.

While there are points of resonance between the notion of 
unpacking presented in this article and established constructs 
in CER—such as representational competence, coordination 
across the chemistry triplet (macroscopic–submicroscopic– 
symbolic) levels, and model‐based reasoning, as well as peda
gogical constructs such as representational scaffolding and 
modeling‐based instruction—the present study does not seek 
to re‐describe, operationalize, or extend those frameworks. 
Instead, unpacking is uniquely conceptualized through a com
bined phenomenographic and social semiotic lens that includes 
foregrounding qualitative differences in students’ experiences of 
meaning‐making and the role of focal awareness in discerning 
critical aspects of an intended object of learning. From this 
perspective, aspects that resonate with existing chemistry edu
cation constructs should be understood more as being family 
resemblances rather than analytical equivalences.

To provide readers with a transparent orientation, we include a 
concise heuristic alignment (Appendix A, Table A1) that indi
cates points of contact between our unpacking categories and 
selected CER constructs (representational competence and 

FIGURE 1 | This diagram is presented in Airey and Eriksson's 
(2019) article regarding unpacking of the Hertzsprung‐Russell Diagram 
and illustrates how unpacking of a semiotic resource will increase the 
pedagogical affordance and usually lower the disciplinary affordance. 
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coordination across the chemistry triplet). This alignment is 
offered as an interpretive guide rather than an operationaliza
tion of our categories; a fully systematic mapping would require 
a different analytical purpose, additional theoretical elabora
tion, and a different study design, and is therefore beyond the 
scope of the present article.

3 | Methods 

In a previous paper (Patron et al. 2021), we reported on a study 
into the qualitatively different ways visual representations may 
be unpacked by teachers when teaching intermolecular forces 
in a chemistry course at upper secondary school. The three 
participating chemistry teachers were employed at different 
schools, all of which were located in middle‐class communities 
with similar levels of resourcing with regards to laboratory 
equipment and computer access. In the present paper, we turn 
our attention to the students and focus on how they experience 
their teachers’ unpacking of visual representations in order to 
explore whether students experience teachers unpacking in the 
way proposed in the outcome space (Figure 2) found in Patron 
et al. (2021). To this end, students were interviewed at each of 
the three schools. Six of the students at school A, eight at school 
B and 10 at school C. Of the 24 students participating in this 
study, 15 were female.

3.1 | Data Collection 

A few days after the students had participated in lesson(s) 
on intermolecular forces, semi‐structured paired depth 
interviews (Wilson et al. 2016) were conducted with 12 pairs 
of students. The interviews employed a stimulated recall 
approach (Bloom 1953; Calderhead 1981; Haglund 2003; 
Lyle 2003) as a way of exploring the students’ experience of 
the visual representations and their teachers’ use thereof. The 
teachers confirmed that the participating students were a 
mixed group in terms of academic ability—which we believe 
is an important consideration when seeking to establish the 
extent of students’ different experiences of the unpacking of 
visual representations.

The use of a paired depth interview format was chosen both to 
take advantage of discussions between the participating 

students with regards to their experiences, and with the aim to 
reduce the asymmetry of power between students and inter
viewer (Wilson et al. 2016). The students were allowed to select 
their own interview partners, which according to Wilson et al. 
(2016, p. 1565) leads to “an interview process that is more 
continuous, iterative, interactive, dynamic, holistic, and, above 
all, synergistic” compared to individual interviews. All the in
terviews were conducted by the first author and both audio and 
video recordings were made of each interview. The interviews 
lasted on average 44 min, ranging in length from 28 to 60 min.

The interviews were structured in such a way as to open up an 
exploratory conversation with the students’ regarding their ex
periences of their teacher's use of visual representations when 
teaching chemistry in general and intermolecular forces in par
ticular. In order to create a relaxed situation (Robson 2011), the 
interviews initially focused on the students’ experiences of 
attending upper secondary school and studying chemistry. The 
main part of the interviews consisted of questions regarding their 
teachers’ visual representational practices and how the students 
experienced the way the visual representations were used in the 
classroom. In the third part of the interviews, a stimulated recall 
environment was created in order to help the interviewees to 
remember how they were reasoning during a specific episode in 
the classroom (Bloom 1953; Calderhead 1981; Haglund 2003; 
Lyle 2003). The lessons in which intermolecular forces were 
taught were video recorded by the first author (see Patron 
et al. 2021). During the interviews the students were shown 
print‐screen photographs (taken from the video‐recordings) of 
the visual representations used by the teacher. Questions were 
formulated in such a way as to open up a discussion around how 
students experienced their teacher's visual representational 
practices, including what they thought the teacher wanted to 
illustrate by using the visual representations, and if and how the 
representations could be altered to enhance their own meaning‐ 
making. It is of interest to note that at the time of data collection, 
the analysis of the data presented in Patron et al. (2021) had not 
been performed. Therefore the “tool box” of different ways of 
unpacking used in the analysis below had not been developed 
and did not influence the questions asked during the interviews.

The interviews were conducted in Swedish, and the first and the 
fourth authors separately translated the quotes given in the 
results section into English. The translations were then refined 
until a consensus on “no loss or gain of meaning” in the English 

FIGURE 2 | An overview of the outcome space illustrating the conceptual hierarchy of the different ways of unpacking visual representations. 
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wording was reached, whereupon the translations were vali
dated through back translation.

This study was conducted in accordance with the Swedish 
Research Council's ethical principles (Swedish Research Coun
cil 2017). The participating students were briefed both verbally 
and in writing on the purpose of the study prior to the interviews 
being undertaken. They were informed that their participation 
was voluntary, that they could end their participation at any 
time, and that the data would not be used for purposes other 
than those stated in the information material. All the students 
gave a written consent to participate in the study. To maintain 
the participating students’ and their teachers’ anonymity, all the 
names used in this article are pseudonyms.

3.2 | Data Analysis 

Our starting point in the analysis were the categories (or “tool 
box“ as we shall refer to the outcome space shown in Figure 2) 
of the qualitatively different ways of unpacking visual repre
sentations identified in a previous study (see Patron et al. 2021). 
We used this “tool box” in order to explore how these different 
ways of unpacking were experienced by the students. In order 
to do this, we employed a framing that facilitated the identifi
cation of patterns across data in relation to what the students 
experienced by drawing on the theoretical thematic analysis 
proposed by Braun and Clarke (2006). Their approach was 
chosen because it also offered an analytic exemplar that is 
flexible and organic in terms of how it can be used to identify 
patterns across data in relation to participants’ lived experience, 
views, and perspectives.

The analysis began with a transcription of all the spoken lan
guage recorded in the interviews. From this data corpus, in
stances of where the students’ discussed their experiences of 
teachers’ unpacking of visual representations were extracted 
and formed the data set for further analysis. In order to become 
familiar with the data set and to start identifying patterns of 
students’ experiences of teachers’ unpacking of visual repre
sentations, the first author then read through the data set sev
eral times. After reviewing the data set in detail, a coding 
process was applied to the data set using the data analysis 
program, NVivoTM (QSR International Pty Ltd 2012). The codes 
were used to identify key aspects of students’ experiences of 
teachers’ ways of unpacking visual representations. The codes 
and initial aspects were then discussed and refined by all au
thors until consensus was reached on the relevance of each 
identified aspect. The key aspects which were found in the 
analysis of each category of unpacking will be presented and 
discussed in the following result and discussion section.

4 | Results and Discussion 

Our analysis confirms that, from the students’ perspective, their 
teachers’ unpacking of visual representations plays a key role in 
assisting them to make sense of chemical phenomena. In this 
section, we describe how students experienced the different 
ways of unpacking identified in Patron et al. (2021) and discuss 
these experiences in relation to the theoretical framing and 
previous research introduced earlier. In what follows, we ex
plicitly indicate whether students’ accounts point primarily to 

interpretative, inferential, and/or explanatory unpacking 
demands in each category, to clarify the specific learning work 
afforded by different unpacking practices.

4.1 | Unpacking by Assumption 

When a visual representation is not unpacked by the teacher, 
we define it as unpacking by assumption (Patron et al. 2021). In 
the analysis of students’ interview responses, two main aspects 
regarding their experience of unpacking by assumption were 
identified: firstly, that unpacking by assumption may hinder 
students’ meaning‐making with the representation; and sec
ondly, that teachers appear to make assumptions about the 
“ease of use” of representations based on their own “expert” 
disciplinary knowledge.

4.1.1 | Unpacking by Assumption May Hinder Students’ 
Meaning‐Making With the Representation 

When a representation is unpacked by assumption, the teacher 
assumes that students are able to make meaning with the visual 
representation without support from the teacher. Such an 
assumption may, according to several students, hinder their 
ability to make meaning with the visual representations. An 
example of where this occurred was in a lesson where students 
were left to build their own ball and stick molecular models 
without any guidance or input from the teacher. Hilda had this 
to say about the experience:

Hilda:…we have built [ball and stick models] ourselves 
and it becomes very difficult when you try to think about 
what kind of bonds should I use here? Because there are 
long ones and there are short ones and there are very long 
ones, and then there are big balls, and small balls, in 
many different colors, with a lot of holes and so on. 
Especially when you haven't really seen what the atom 
looks like before, then it becomes very difficult to try to 
figure it out yourself.

This illustrates how, from the students’ perspective, assuming 
that a representation “speaks for itself” (i.e., offering only lim
ited interpretative and inferential unpacking) can leave critical 
aspects appresent rather than discernible, thereby restricting 
opportunities for meaning‐making. Moreover, based on Hilda's 
reasoning above, it is essential that the teacher supports stu
dents’ interpretation and production of disciplinary represen
tations, thereby contributing to the development of their 
representational competence (c.f., Kozma and Russell 1997; 
Volkwyn et al. 2020)

Another example was when one of the teachers showed a movie 
containing visual representations that were different from the 
ones the teacher usually uses to represent intermolecular forces. 
The assumption being made here by the teacher was that the 
students would be able to make meaning with the new ways of 
representing the concepts without the teacher unpacking them. 
The challenges which students faced in this regard are evident 
in the following excerpt:

Sam: I remember this movie specifically, and I did not 
like it very much, it was a bit confusing.
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FIGURE 3 | A diagram used to illustrate the “unexpected” rise in 
boiling point in substances that are able to form intermolecular 
hydrogen bonds in the compounds: H2O; HF and NH3. 

Interviewer: In what way?

Sam: It didn't feel like it was the same thing that she [the 
teacher] went through [on the whiteboard]. The examples 
were a little different and so, and that alone can make it 
confusing.

Interviewer: The pictures that were used [in the movie], 
did you think they were confusing as well, or do 
they look…?

Sam: But it must be that, that they don't look like the ones 
she usually uses.

Jonny: Yes.

Sam: And then you don't connect them to the same things 
as you usually do. Then it becomes a bit strange.

Again, the students describe how the absence of explicit un
packing left them unable to connect the new representations to 
previously encountered ones, thus limiting their ability to 
interpret and relate them to prior learning.

A third example of where the students experienced that the 
teacher expects them to make meaning with the visual repre
sentation without any input from the teacher's side, is when 
they were expected to discern a molecule's structure when only 
given its molecular formula (in which the structure is an ap
present feature). That is, the teacher assumes that the students 
were able to move between the symbolic level of representation 
to the submicroscopic level on their own (c.f., Johnstone 2010).

Moa: …a thing like this [the structure], I think is very 
difficult to see in a [molecular] formula.

Interviewer: How they [the atoms] are connected?

Moa: Exactly.

Ella: Yes, I have no idea how substances are structured 
when he [the teacher] just mentions [the name of] a 
substance and then says, “is this a dipole or not a 
dipole?” And you just, I don't know what it looks like.

Moa: No, exactly!

Ella: Well, I have no idea, but then [the teacher says] 
“you have to know!” But yeah, just, yeah, but how should 
I learn, you know?

Moa: It is very difficult to see!… And it is also really hard, 
that when you ask, like, but how do I see it? [The teacher 
says] “you just see it.” But you don't!

Here, students explicitly point to the gap between what teachers 
take to be self‐evident and what is actually available in their 
focal awareness.

4.1.2 | Teachers’ Make Assumptions About "Ease of Use” 

Based on Their Own “Expert” Disciplinary Knowledge 

At times students felt that their teachers simply assumed that 
they would be able to interpret the visual representation in 
the same way as the teacher could. For instance, during a 

lesson on hydrogen bonding, some students struggled to 
interpret a symbolic diagram (see Figure 3) in which they 
were expected to make the connection between a higher than 
anticipated boiling point (macroscopic level) in some com
pounds and the presence of hydrogen bonds in these com
pounds (submicroscopic level). When asked why they thought 
the teacher chose to use this specific representation, they had 
this to say:

Moa: Because it's obvious to them [the teachers].

Ella: Yes, it is, he (the teacher) knows what, like, every
thing means and what it's for, well, what we are looking 
at, you know.

Interviewer: Is this often the case, that you think that 
teachers generally…

Moa: That it's more obvious [to the teachers]. But I can 
understand that you [the teacher] think that they [the 
students] can see this, because they [the teachers] are so 
used to it. But if you, like Ella, haven't had chemistry 
before, then it's not easy.

Ella: Mm, but I think, they are used to it, and they don't 
know, that is… That is, they might have understood 
something when they were learning, that they always 
knew that, kind of, and then they might think that ev
eryone understands it in that way. But, you know, ev
eryone understands everything differently. So that's why 
it may be, kind of, that we think something is very 
complicated.

Students here point to an “expert blind spot,” where teachers’ 
familiarity with a representation and content leads them to 
overestimate its pedagogical affordance for novices. From a 
semiotic perspective, the teacher treats disciplinary affordance 
as if it were directly available to students, without interpretative 
or inferential unpacking.
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4.2 | Unpacking by Verbal Explanation 

Unpacking by verbal explanation takes place when a teacher 
directs their students’ focal awareness towards critical as
pects of a visual representation by verbally explaining what 
these features are intended to represent (Patron et al. 2021). 
Three main aspects regarding the students’ experiences of 
unpacking by verbal explanation were found in the analysis: 
firstly, unpacking by verbal explanation is experienced as 
necessary for making meaning with the visual representa
tion; secondly, the non‐persistent nature of verbal ex
planation is seen as a possible hindrance to meaning‐ 
making; and thirdly, verbal explanations need to be pitched 
at a level appropriate to the students’ prior knowledge and 
experience.

4.2.1 | Verbal Explanation Is Necessary for Making Meaning 
With the Visual Representation 

According to many of the students, teachers’ verbal explanations 
of the visual representations used were critical in order for them 
to be able to make meaning with the visual representations.

Interviewer: How do you know, how do you learn how to 
interpret images like this?

Mikael: Yeah, that's what he [the teacher] must explain.

Albin: That's the hard part.

Mikael: Yeah.

Alma: I think it's good that she [the teacher] also ex
plains. Some, who may have learned a little about it 
before, or who find it easy to see, [they] may see. But I 
think that it's useful if you also explain, so that you don't 
interpret the picture in the wrong way, you know.

These comments highlight students’ expectations that verbal 
explanation should provide interpretative unpacking, clari
fying what visual features mean and helping to avoid 
misinterpretation.

An example of when verbal unpacking was expressed as 
being important for students’ meaning‐making was during a 
discussion of the representation shown in Figure 4. At first 
the students were unable to offer an explanation of what the 
teacher wanted them to notice in the representation, and it 
took some prompting by the interviewer to elicit the critical 
feature that the teacher had wanted them to see—namely, 
that the molecule is unable to form intermolecular hydrogen 
bonds unless the hydrogen atom is bound directly to the 
fluorine atom. After further discussion, the students had this 
to say:

Loke: But here it's clear that you need him [the teacher] 
to explain [the representation], because if he were to 
give it as a picture only, then you wouldn't understand 
anything. But when he [verbally] explained, it was very 
clear.

This is an example of when the teacher's verbal explanation 
seemed to provide crucial inferential and explanatory unpack
ing, enabling students to connect structural features to the 
presence or absence of hydrogen bonding.

4.2.2 | The Non‐Persistent Nature of Verbal Explanation Is 
Seen as a Possible Hindrance to Meaning‐Making 

Some students voiced the opinion that the non‐persistent nature 
of a verbal explanation may limit the extent to which they can 
effectively make meaning with the visual representation. One 
student, Anna, suggested that it would be helpful if they also 
had access to other representations with higher pedagogical 
affordances as a more persistent way of unpacking the 
representation.

Anna: So, when he explains the pictures [structural 
formulas], then you understand. But then, when you have 
to look back [at the representations], then it's like, you 
forget a little bit. So, I would like him to write it in some 
other ways too, like [molecular] models and such.

Two students also mentioned that they found it challenging to 
simultaneously focus their attention on the visual representa
tion and listen to the teacher's verbal explanation.

Klara: Like, if Patrik [the teacher] is standing there 
talking, and he has a picture there of H2O‐balls, you can 
sometimes focus on the balls, instead of listening. It can 
be a distraction.

Interviewer: That you try to understand the picture and 
then you don't listen or…?

Klara: Yes.

Mimmi: Or that you kind of get stuck in the picture as 
well, I don't really know how to explain.

Interviewer: That it will be difficult to focus on two things 
at the same time?

Both students: Yes.

These statements underline two limitations of verbal‐only un
packing: its transient character and the cognitive load of co
ordinating speech and visual information without additional 
persistent semiotic support. This is in line with Danielsson 
(2011) findings, namely that information given only through 
speech (and gestures) by teachers is often regarded as less 

FIGURE 4 | A visual representation drawn by a teacher on the 
whiteboard, illustrating an example of a molecule that is unable to form 
intermolecular hydrogen bonds because the fluoride atom (F) and 
hydrogen atom (H) are both bound directly to the carbon atom (C) – 
and not to each other. The X‐symbols in the figure represent non‐ 
specific atoms in the molecule. 
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important by students. And that students tend to focus mainly 
on what the teacher writes or draws on the whiteboard and 
copy that material into their notebooks. Arguably, this is an 
aspect that chemistry teachers need to consider in their 
practice.

4.2.3 | Verbal Explanations Need to be Pitched at a Level 
Appropriate to the Students’ Prior Knowledge and Experience 

Another aspect regarding unpacking by verbal explanation that 
some students highlighted, was that it is important that the 
teacher's verbal explanation is pitched at a level appropriate to 
their prior knowledge and understanding. If the teacher's ex
planation is too complex, then the unpacking of the visual 
representation may be of little value to the students as they seek 
to effectively make meaning with the visual representation.

Interviewer: What do you think you need in order to 
understand these images?

Molly: A really good explanation!

Interviewer: Ah, so it's that again, you need [the teacher] 
to explain it in order for you to understand the pictures?

Molly: Explicitly! I think that's what Patrik [the teacher] 
… Actually, he does not explain… he starts [explaining], 
like at this [high] level, and then you don't understand 
anything.

This suggests that explanatory unpacking, if not attuned to 
students’ existing ways of experiencing the content, may fail to 
support the intended changes in their structure of awareness.

4.3 | Unpacking by Adding Features 

Another way of unpacking visual representations is when the 
teacher adds critical features to the visual representation which 
were appresent in the original (Patron et al. 2021). The main 
aspect regarding the students’ experiences of teachers’ un
packing by adding features was that the stepwise addition of 
critical features enhances their meaning‐making with the rep
resentation. Some of the students also mentioned that when the 
teacher unpacks a representation in this way it allows them 
more time to take down notes as compared to when the teacher 
only unpacks the representations verbally.

4.3.1 | Stepwise Addition of Critical Features Enhances 
Students’ Meaning‐Making With the Representation 

An example of where students found unpacking by adding 
features helpful for their meaning‐making was in a teacher's 
explanation of polar covalent bonding. To start off the teacher 
drew a structural formula of hydrogen chloride (see Figure 5a). 
Then the teacher illustrated the uneven sharing of electrons in 
the polar covalent bond between hydrogen and chlorine by 
moving the line symbolizing the polar covalent bond closer to 
the chlorine atom, thereby demonstrating that chlorine attracts 
the shared electrons more than hydrogen (see Figure 5b). In 
doing this, the teacher helped the students to direct their focal 
awareness towards the fact that the electrons were unequally 
shared between the two atoms. Thus, by adding this feature, an 

appresent aspect (i.e., the unequal sharing of electrons) was 
made visible and the pedagogical affordance of the represen
tation duly increased.

Emmy: Yes, this is, what is it called? Electron pairs, and 
that they seem to be more shifted towards…

Linnea: Chlorine.

Interviewer: And he [the teacher] shows that through…

Both: That he puts that [line symbolizing shared electron 
pairs] closer [to chlorine].

Emmy: And he always draws, when he does that, he 
always draws it [the line] in the middle and then he 
always asks the question: “What should be changed?” 
And then everyone says that it (the line) should be moved, 
so, then he erases (the line) and draws a new one. Then it 
becomes much clearer than when he, sort of, just writes it 
directly. He lets us see [what's] wrong and changes that.

This example illustrates how unpacking by adding features can 
support both interpretative and inferential unpacking by grad
ually making critical aspects visible. An additional benefit with 
unpacking by adding features was, according to the students, 
that the stepwise construction of the representations enabled 
the teacher to alter the representation based on questions from 
the students. As such, unpacking by adding features to a 
drawing, affords the teacher to actively co‐construct knowledge 
with the students (Lim 2020).

4.4 | Unpacking by Transformation 

When the teachers use visual representation(s) to unpack a 
representation in the same mode, we define it as unpacking by 
transformation (Patron et al. 2021). According to the students, 
the most important aspect of unpacking by transformation is 
that the addition of a representation with high pedagogical af
fordance assists their meaning‐making with disciplinary 
representations.

4.4.1 | Addition of Representation(s) With High Pedagogical 
Affordance Assists Students to Make Meaning With Disciplinary 
Representations 

An example of when students experienced unpacking by 
transformation as helpful for their meaning‐making was during 

FIGURE 5 | In the representation on the left, the covalent bond 
between hydrogen (H) and chlorine (Cl) is in the middle between the 
atoms, but in the representation on the right, the teacher has, after a 
discussion with the students, moved the line closer towards the chlorine 
atom to illustrate that in a polar covalent bond there is an uneven 
distribution of the shared electrons. 
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a discussion of atomic structure, where it was suggested by a 
student that teachers could use visual representations with 
different amounts of critical aspects in order to help students to 
understand the structure of atoms. As Anna explained it, having 
access to a visual representation with more explicit critical 
features makes it easier to make meaning with what they ex
perienced as being a difficult disciplinary representation with 
more appresent features.

Anna: So, if, for example, you can do it, like, that you draw 
an atom, roughly how it's structured, but then you can make 
a drawing next to it, to make it even clearer, with electrons 
and stuff… So, I think you should have different ones that 
show different amounts [of critical aspects].

Thus, unpacking a visual representation by transformation, is 
experienced as a helpful way for students to notice relevant 
critical aspects which are appresent in the disciplinary repre
sentation. In terms of the framework developed earlier, such 
transformations can be seen as increasing pedagogical affor
dance within the same mode, thereby supporting students’ 
interpretative and inferential work while maintaining a link to 
the original disciplinary representation.

4.5 | Unpacking by Transduction 

Unpacking by transduction is defined as when teachers unpack 
a visual representation by adding other visual representation(s) 
in different mode(s) (Patron et al. 2021). Three main aspects 
regarding the students’ statements of unpacking by transduc
tion were found in the analysis: firstly, the addition of repre
sentation(s) in other mode(s) is experienced as affording a more 
holistic understanding; secondly, adding a representation con
nected to “real life” is experienced as especially helpful; and 
thirdly, the teacher needs to help students make the transduc
tion between visual representations.

4.5.1 | Addition of Representation(s) in Other Mode(s) Affords 
a More Holistic Understanding 

An aspect many students highlighted during the interviews was 
that when used together, different visual modes with different 
affordances allows them to see different aspects of the phe
nomenon, thereby affording them an opportunity to gain a 
more holistic understanding of the phenomenon. Such senti
ments are in line with Airey and Linder (2009) claim that a 
critical constellation of modes needs to be used in order for 
students to be able to constitute a holistic and appropriate 
sense‐making of a phenomenon.

An example of how students experience unpacking by trans
duction can be seen in the following excerpt:

Mikael: I always think it's good to see things from dif
ferent perspectives. I think it's good that Patrik [the 
teacher] shows several different [representations]. He 
shows his own [drawings], he shows this [animation]. He 
shows another picture of the same thing, for this, van der 
Waals. And that allows you to see it from many per
spectives. Then, if you don't really understand his picture, 
then maybe you understand the next. And if you do not 

understand that, then maybe you understand because of 
the third [representation]. And then you understand how 
everything, what all the pictures mean. So, I think, like, 
use everything.

From the students’ perspective, transduction thus supports both 
inferential and explanatory unpacking by allowing them to 
coordinate partial views across modes into a more coherent 
whole. Furthermore, students discussed that some critical fea
tures can be visualized in one representation, while other crit
ical features can be visualized in another representation in a 
different mode. For instance, Jimmy and Anna stated that the 
use of ball and stick models are helpful for their understanding 
of the molecules three‐dimensional structure while a drawing of 
the molecules Lewis structure allows them to visualize the 
valence electrons of each atom in the molecule.

Jimmy: It's probably good if you do different things. Like 
these, eh, balls.

Interviewer: The ball and stick models?

Jimmy: Yes, they were great fun to see, you kind of 
understood, you removed, and changed, and showed. But 
even when he drew it, you understood…

Anna: Then with these balls, you do not see it as clearly 
with the electrons and stuff like that, so it is important 
that you use both the drawing and these balls.

This reflects students’ recognition that different modes afford 
access to different aspects (e.g., spatial arrangement vs. electron 
distribution), and that using them together can support a more 
complete structure of awareness.

4.5.2 | Adding a Representation Connected to “Real Life” Is 
Experienced as Especially Helpful 

Another important aspect of unpacking by transduction that the 
students experienced as particularly helpful was where the 
teacher, in addition to employing visual representations on a 
submicroscopic or a symbolic level, added visual representa
tions on a macroscopic (i.e., “real world”) level. For example, 
during a discussion on hydrogen bonding, one of the teachers 
brought a snowball into the classroom as evidence (on a mac
roscopic level) of how water molecules, upon freezing, form 
more stable hydrogen bonds between the water molecules than 
in the liquid state. Then the teacher showed the students ani
mations, one in which ball and stick models were used 
(submicroscopic level) and one showing the structural formulae 
(symbolic level) in order to illustrate how hydrogen bonds form 
and break between water molecules.

Linnea: Things like this [animation] is good, because 
then it will be on a little more, a kind of, smaller [sub
microscopic] level. And then we have everything from 
snow [macroscopic level] to this [symbolic animation] 
and that [submicroscopic animation]. And those are the 
steps that are good, since then you understand [the 
phenomenon] in, kind of, different ways.

Another example of this was when the teacher sought to ex
plain the difference in strength between intramolecular 
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covalent bonds and intermolecular hydrogen bonds. The 
teacher first showed the students a representation of cellulose 
molecules bound together with hydrogen bonds (see Figure 6).

In order to visualize the difference in strength between the dif
ferent types of bonds he then added a newspaper, a log of wood 
(both of which contain cellulose) and an axe to his presentation. 
The teacher correctly surmised that his students, being Swedish 
and living in a heavily forested region of the country, would be 
familiar from their everyday experience that it is easier to chop a 
log in the direction of the wood's growth. The teacher went on to 
demonstrate that the newspaper was more easily torn in one 
direction. According to the students, the transduction between (on 
the submicroscopic level) the molecular model of cellulose and (on 
the macroscopic level) the log of wood and newspaper, helped 
them to make disciplinary meaning with the molecular repre
sentation and grasp that hydrogen bonds are weaker than covalent 
bonds. When the visual representation of the cellulose molecules 
was shown to Moa during the interview, she had this to say:

Moa: I thought it was good when he brought the axe and 
the log of wood, because I understand much better when 
he uses examples… Because then I see it from my [per
spective], so then I know exactly what it is. Rather than 
talking about molecules and stuff, that I kind of, don't 
really know what it is, like, not in the same way. So, it 
can be easier to understand [on a macroscopic level], and 
then like, to bridge over to what we are talking about [on 
a submicroscopic level], I think. So, I think it's great when 
he shows examples with other things and when he, like, 
[shows] practical [examples].

All of the interviewed students participating in this specific 
lesson expressed that it was helpful for their meaning‐making 
when the teacher unpacked the representation of cellulose with 
the axe and log of wood. As Emmy and Linnea put it:

Emmy: …like when he brought the axe and…

Linnea: Yes, that's a lot more fun.

Emmy: And then it turns into a real image of it, and then 
you understand much better.

Linnea: Yes, that's what's so good, because he has so 
many different ways of showing it and that's what's so 
nice, because then you can think in different ways and 
then like, connect them.

These examples illustrate how connecting submicroscopic and 
symbolic representations to macroscopic experiences can 
strengthen explanatory unpacking by situating disciplinary 
meanings in students’ everyday worlds, in line with a phe
nomenographic view of integrating learning tasks with learners’ 
lived experience (Booth 1997). Furthermore, this is an example 
of how students’ development of representational competence 
can be supported through linking semiotic modes and resources 
to real‐world phenomena and scientific concepts (see Volkwyn 
et al. 2020).

4.5.3 | The Teacher Needs to Help Students Make the 
Transduction Between Visual Representations 

In regard to unpacking by transduction, some students sug
gested that it was important that the teacher actively assists 
them to make the transduction between the different visual 
representations. This was illustrated in one of the lessons 
dealing with hydrogen bonding, where the teacher drew on the 
whiteboard the structural formula for water molecules indi
cating the hydrogen bonding between the molecules (Figure 7a) 
and then also displayed an image of the same molecules rep
resented as three‐dimensional space‐filling models (Figure 7b).

Whereas Molly affirms her teacher's use of two representations, 
she does however suggest that the teachers need to make the 
link between the two visualizations explicit.

Interviewer: Do you think that both these images should 
be used, or should you stick to one way [of showing the 
phenomenon]?

FIGURE 6 | A visual representation of several cellulose molecules 
which are bundled together with hydrogen bonds, in this representation 
illustrated as blue lines. 

FIGURE 7 | In the left‐hand representation, water molecules are represented by structural formulas, and the dotted lines between the molecules 
represent hydrogen bonds. The word “attraktionskraft” means force of attraction. In the right‐hand representation, the water molecules are 
represented as three‐dimensional space‐filling models, but the hydrogen bonds between the molecules are not visible in this representation. 
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Molly: So, if you explain [the representations and their 
connections], it's good to have both, I think. Because then 
you see two different connections as well.

Another example of where students indicated that the teacher 
needs to help them with transduction, is when Ella and Moa 
were discussing the difficulties they experienced in connecting 
the (macroscopic level) laboratory experimentation with the 
theoretical (symbolic/submicroscopic) explanations offered by 
their teacher in class.

Moa: I think he should, after we have done an experi
ment, that he should sort of explain. “You saw what 
happened here,” and then he explains with the help of 
what we do during the lessons…

Ella: And that he'll explain before [the experiment], like 
this, “now we will examine these bonds,” then [explain] 
what happens to the different bonds in, like, different 
contexts. And draw what happens when this [atom] 
meets with that [atom] on the whiteboard, so that you 
can understand what it is [you see during the experi
ment]. Because then you will have your eyes open, and 
can therefore observe more of what is happening, and 
then you can connect it to what you're doing. Because 
now, we just get a task, and “yes, you should mix this 
substance with this substance and see if it becomes a 
precipitate.” But I do not know why a precipitate is 
formed.

Thus, it is important to highlight that when the teacher unpacks 
a representation by transduction, they need to reflect on how to 
help the students to translate between the different represen
tations illustrating the same phenomenon. This is particularly 
important in situations where the representations are on dif
ferent representational levels (cf., Johnstone 2010), since that 
has been shown to be challenging for many students to un
dertake on their own (Kozma 2003). From our perspective, such 
teacher support can be seen as crucial for helping students 
coordinate meanings across modes and levels over time, that is, 
develop representational competence (cf., Volkwyn et al. 2020); 
in the strategy section below, we conceptualize this longer‐term 
trajectory in terms of coordinated unpacking and repacking.

5 | Conclusions and Implications for Teaching 
and Teacher Education 

The purpose of this study was to explore how upper secondary 
chemistry students experience their teachers’ unpacking of 
visual representations. When considered alongside our earlier 
work (Patron et al. 2017; Patron et al. 2021), the findings suggest 
ways in which chemistry teacher education could more ex
plicitly address the semiotic and pedagogical demands of rep
resentational use.

The students in this study indicated that the most important 
aspect for helping them to make meaning with visual repre
sentations is for their teacher to unpack these representations. 
This perspective indicates that, beyond choosing appropriate 
representations, teachers may benefit from developing reflective 

awareness of how different unpacking practices shape students’ 
access to disciplinary meaning and supports their development 
of representational competence. To clarify these practices, un
packing can be viewed as serving interpretative, inferential, and 
explanatory purposes. This distinction aligns with research 
showing that learning with chemical representations requires 
coordinating interpretation, inference, and explanation (e.g., 
Kozma and Russell 1997; Rau 2017; Talanquer 2022).

Students’ descriptions closely matched the three student‐ 
centered ways of unpacking previously identified (adding fea
tures, transformation, and transduction). From the phenom
enographic grounding used in this article, these approaches can 
be seen as supporting students’ discernment of critical aspects 
and helping to bring appresent features into the focal awareness 
needed for the intended object of learning. Here, we use 
student‐centered to denote unpacking that supports sustained 
joint attention and co‐constructed meaning‐making around 
persistent representational resources. In contrast, teacher‐ 
centered unpacking, which relies primarily on assumption or 
verbal explanation alone was experienced as less productive, 
largely due to the transient nature of speech and the lack of 
support for interpreting implicit features. These findings reso
nate with research showing that student‐focused approaches 
tend to provide richer opportunities for shared disciplinary 
meaning‐making (Prosser and Trigwell 1997, 1999), and sup
port the notion that the development of students’ representa
tional competence can be supported by teachers unpacking of 
visual representations in students centered ways.

Earlier work has shown that pre‐service teachers may have 
limited representational knowledge (Taskin et al. 2017) and that 
in‐service teachers may not routinely reflect on their repre
sentational choices (Patron et al. 2017). Given that explicit work 
with disciplinary representations is not always a formal com
ponent of teacher education (Eilam et al. 2014), opportunities to 
develop representational competence may be uneven. The 
findings here suggest that greater explicit attention to visual 
representations in teacher education could support the devel
opment of the kind of representational and semiotic awareness 
that is needed for effective chemistry teaching. Drawing on 
these insights, we propose a conceptual strategy centered on the 
coordinated use of unpacking and repacking. Unpacking 
increases pedagogical affordance by making critical aspects 
visible, while repacking helps students reconnect unpacked 
meanings with the more compact disciplinary representations 
they eventually need to be able to use. This can be achieved by 
guiding students to identify what is newly explicit in unpacked 
representations and to carry those meanings back into their 
reading of disciplinary representations. This approach resonates 
with Maton (2013) notion of semantic waves and with research 
on representational coordination (e.g., Rau 2017; Stieff 
et al. 2011).

Such a strategy may assist teachers in (1) identifying which kind 
of unpacking—interpretative, inferential, or explanatory—is 
most appropriate; (2) selecting student‐centered practices such 
as adding features, transformation, or transduction; and (3) 
providing verbal guidance that helps students coordinate un
packed and disciplinary representations over time. Because 
students typically require repeated “waves” of unpacking and 
repacking to develop representational fluency, sustained atten
tion to these practices in teacher education may enhance 
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opportunities for disciplinary meaning‐making in chemistry. In 
the next section, we outline a strategy that may assist teachers 
in enacting such practices in classroom settings.

5.1 | A Suggested Strategy for Planning and 
Reflecting on the Use of Visual Representations in 
Chemistry Education 

We envisage that our proposed strategy being used both in 
teacher education and by in‐service teachers as a basis for 
planning and reflecting on chemistry lessons, thereby expand
ing their pedagogical repertoire available for working with 
visual representations. It is particularly relevant because 
meanings constructed with disciplinary representations often 
differ substantially between novices and experts, a challenge 
widely documented in research on representational competence 
(e.g., Gilbert and Treagust 2009; Kozma and Russell 1997; 
Popova and Jones 2021; Rau 2017; Stieff et al. 2011; Volkwyn 
et al. 2020), model‐based reasoning (e.g., Gilbert and 
Justi 2016), and coordination across macroscopic, sub
microscopic, and symbolic levels (Johnstone 2010; Taber 2013; 
Talanquer 2011).

Within this strategy, unpacking, as depicted in our article, plays 
a central role by affording students opportunities to discern 
aspects of a phenomenon that are not directly visible in the 
disciplinary representation and/or appresent in the disciplinary 
discourse that accompanies the visual representation. At the 
same time, students must eventually learn to work fluently with 
disciplinary representations without needing them to be con
tinuously unpacked. A central educational challenge, therefore, 
is how teachers can support students in navigating the learning 
trajectory between experiencing what is unpacked and becom
ing “fluent” in the associated “disciplinary discourse” that is 
made up of “disciplinary‐specific semiotic resources” (for a 
detailed elaboration of the relations between these constructs, 
see Airey and Linder 2009).

We propose that a productive approach would be to purpose
fully integrate both unpacking and repacking into an intended 
object of learning. The framing for this could draw fruitfully 
on Maton (2013) concept of “semantic waves” which can be 
seen in terms of relating to research on how students coordi
nate representational forms when constructing explanations 
(e.g., Popova and Bretz 2018; Rau 2017; Stieff et al. 2011). In 
our proposal, these ideas are extended through a blend of 

social semiotic and phenomenographic perspectives, fore
grounding pedagogical and disciplinary affordances and the 
critical role that awareness plays for achieving an intended 
object of learning. Our results underscored that teachers’ 
guidance is crucial when learning to work both with and 
across different visual representations; often unpacked repre
sentations will not be an endpoint but rather a temporary 
pedagogical support.

Accordingly, teachers may need to make the relationship 
between the unpacked and the disciplinary representation ex
plicit. And in our proposed framing for such intended objects of 
learning, this involves repacking of previously unpacked for
mulations (see Figure 8).

Repacking is not simply a return to the disciplinary represen
tation. Instead, it involves guiding students in “moving” 
between the two representations in ways that facilitate identi
fying meanings that become explicit in the unpacked repre
sentation, but which remain implicit in the disciplinary one, 
and using this experience to have these implicit aspects become 
spontaneously appresent when working with disciplinary rep
resentations. This is consistent with research on learning with 
multiple representations, which highlights the importance of 
explicitly supporting learners to relate, map, and compare 
representations as part of integrating meanings across repre
sentations (e.g., Ainsworth 2006; Rau 2017). Discussions that 
compare and contrast similarities and differences between un
packed and disciplinary representations arguably will support 
such a learning trajectory.

For both pre‐service and in‐service teachers, learning to reflect 
in a student‐centered way about selecting, unpacking, and re
packing particular sets of visual representation will arguably 
enhance students’ opportunities to achieve better learning 
outcomes in chemistry. Furthermore, because representational 
competence in the schooling of science disciplines typically 
develops through repeated engagement, students can be seen to 
need to experience a diversity of “waves” of unpacking and 
repacking over extended cycles of teaching (Airey and 
Linder 2017; Chandrasegaran et al. 2007; Eriksson et al. 2014). 
Experiencing such “waves” would arguably steadily enhance 
supporting students to become confident and effective users of 
chemistry representations. In other words, to progressively 
develop intended disciplinary fluencies in chemistry (for a 
contemporary theoretical modeling of such a cycle of scientific 
learning see Eriksson et al. 2014).

FIGURE 8 | A “graphical” depiction of the proposed strategy of unpacking and repacking of visual representations. Abbreviations used: 
DA = disciplinary affordance, PA = pedagogical affordance. 
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Appendix A 
Table A1 given below as an Appendix provides a concise heuristic 
alignment indicating points of contact between the unpacking catego
ries used in this article and commonly discussed dimensions of repre
sentational competence and triplet‐level coordination. The alignment is 
intended as an orientation for readers and does not imply analytical 
equivalence between constructs.
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TABLE A1 | Heuristic alignment of unpacking categories with selected CER constructs.

Unpacking 
category

The teacher's primary 
semiotic move

Triplet‐level coordination made 
available

Points of contact with 
representational competence

Unpacking by 
assumption

Representation is presented 
without teacher support; 
students are expected to 
supply missing meanings.

Connections across macroscopic– 
submicroscopic–symbolic levels are left 
implicit.

Places high demands on students’ 
interpretation/production and on self‐ 
coordination across representations; 
may constrain the possibilities of 
meaning‐making when students lack 
representational fluency.

Unpacking by 
verbal explanation

Spoken language highlights 
aspects of the given 
representation without 
materially altering it.

Cross‐level links may be described verbally 
but remain transient and may not be 
stabilized for joint attention.

Can support interpretation in the 
moment; offers limited support for 
students’ production, transformation 
or transduction, and durable 
coordination across modes/levels.

Unpacking by 
adding feature(s)

Critical features are added to 
the representation to render 
previously appresent aspects 
visible.

Cross‐level relations may be made more 
explicit and persistent by visually 
foregrounding critical aspects.

Supports interpretation and linking of 
representational features to concepts; 
can reduce cognitive load by making 
implicit meanings available for 
discernment.

Unpacking by 
transformation

Additional representation(s) 
in the same mode with 
higher pedagogical 
affordance are introduced.

Supports recognizing equivalence and 
difference across representations that may 
foreground different levels.

Supports representational competence 
through learning to interpret and 
relate multiple same‐mode 
representations and to coordinate 
meanings across them over time.

Unpacking by 
transduction

Representation(s) in 
different mode(s) are used to 
re‐express meanings, 
offering new perspectives.

Explicitly supports coordination across 
macroscopic–submicroscopic–symbolic 
meanings when different modes foreground 
different levels (e.g., experiment, physical 
model, symbolic notation).

Directly engages transformation/ 
transduction as a key aspect of 
representational competence; can 
support students’ fluent movement 
and linking across modes and levels.

Note: This alignment is heuristic and indicative. It is provided to clarify points of contact with CER discussions of representational competence and triplet‐level 
coordination, without re‐describing the phenomenographic unpacking categories as those constructs.
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