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ABSTRACT

Background: Different school subjects have their specific meaning-making practices for building and conveying
knowledge. Research drawing on the Semantics dimension of the Legitimation Code Theory has noted the
importance of shifting between levels of abstraction and context-dependency in knowledge-building. There is a
need to better understand how such shifting between different levels of abstraction is accomplished with
multimodal resources in classroom interaction.

Aims: This study aims at exploring subject-specific knowledge construction as a form of translanguaging, i.e., as
movement between different registers and multimodal resources of meaning-making.

Data: The data comes from a Finnish teacher development project aimed at supporting CLIL teachers’ profes-
sional development. This exploratory study analyses teachers’ knowledge-building practices in two STEM lessons
video-recorded in the project, Physics and Chemistry.

Methods: The data is analysed using multimodal conversation analysis and analysis of semantic waves. Analysis
focuses on how the teachers engage in unpacking and repacking subject-specific knowledge by talking, gesturing,
as well as displaying, handling, and modifying various kinds of multimodal materials and artefacts.

Results: The teachers were found to use a versatile set of multimodal translanguaging practices for unpacking and
repacking. The findings also indicate complexity in semantic waves due to multimodal resources accomplishing
simultaneous shifts in semantic gravity and density, with either aligning or diverging functions.

Conclusions: The simultaneous use of different multimodal resources and their potential to serve different
functions point to the need to acknowledge the multidimensionality of semantic waves. The multimodal trans-
languaging approach also has implications for conceptualising subject-specific knowledge-building as inherently
multimodal.

1. Introduction

boundary-crossing covered by the term translanguaging is not limited to
verbal phenomena (talk and writing) but also involves the use of diverse

During the past decade, research and practice in multilingual edu-
cation have been profoundly influenced by translanguaging approaches,
which have foregrounded a view of multilingualism as the fluid use of
different meaning-making resources. While the traditional emphasis of
translanguaging studies has been on phenomena that transcend the
boundaries between ‘named’ languages (Garcia & Li, 2014), the scope of
the term has more recently been considerably expanded. As for instance
Li (2018), Lin (2019) and Tai (2023b) have argued, the kind of

interactional resources such as gestures, body movements, facial ex-
pressions, and images. These new conceptual openings have moved the
scope of translanguaging far beyond the phenomenon of code-switching
and highlighted common ground between translanguaging and a
multimodal understanding of social interaction (see e.g. Wagner, 2018)
as well as the growing body of research in the paradigm of embodied
learning (e.g., Airey & Linder, 2009; Atkinson, 2010; Horn & Wilburn,
2005).
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In this paper, we adopt such a multimodal translanguaging
perspective to explore subject-specific knowledge-building in classroom
interaction in content and language integrated lessons (CLIL) in Finland.
As a form of dual-focused bilingual education, CLIL makes acutely
visible the close connections between language and content in learning,
drawing attention to their integrated nature as a key educational concern
(Llinares et al., 2012; Nikula et al., 2016). One manifestation of such
integration is the fact that different school subjects have specific ways of
building and conveying knowledge through language, a perspective that
is familiar from studies conducted within the frameworks of Systemic
Functional Linguistics (SFL; e.g., Coffin, 2006; Schleppegrell, 2004),
disciplinary literacies (e.g., Fang & Coatoam, 2013; Moje, 2008) and
Legitimation Code Theory (LCT; e.g., Maton, 2013, 2014; Maton et al.,
2016) conducted in non-CLIL contexts. LCT-based studies of semantic
waves in particular have shown how classroom participants ‘unpack’
and ‘repack’ knowledge by constantly shifting between more and less
abstract and more and less context-dependent forms of knowledge in
ways that can promote learning (e.g., Cranwell & Whiteside, 2020;
Macnaught et al., 2013). However, to date these knowledge construction
processes have been largely examined by reference to spoken or written
language rather than from a full-fledged translanguaging perspective
that takes into account the use of the totality of human meaning-making
resources. Consequently, less is known about how multimodality - i.e.,
resources offered by the body, the material environment, texts, images,
etc. — shapes subject-specific knowledge-building in classroom interac-
tion, despite a growing recognition that multimodality is an important
part of discipline-specific knowledge (e.g., Doran, 2019a, b). The same
applies to CLIL research where the focus on content and language
integration in knowledge building needs to involve a view of ‘language’
that extends beyond speech and writing.

Combining the analytical perspectives of multimodal Conversation
Analysis (e.g., Goodwin, 2018; Streeck et al., 2011) and Legitimation
Code Theory, we explore how unpacking and repacking disciplinary
knowledge is multimodally accomplished in CLIL Physics and Chemistry
classroom interaction through teachers’ talk, embodied actions, and by
making relevant, displaying, and modifying various kinds of teaching
materials and artefacts. Our aim is to expand the current LCT-based view
of knowledge-building in (CLIL) classrooms by showing how the
deployment of multimodal resources constitutes practices of unpacking
and repacking subject-specific knowledge. Based on a multimodal CA
analysis, we argue that unpacking and repacking occur simultaneously
on multiple levels, sometimes so that different resources may pull in a
uniform direction to either unpack or repack knowledge, whereas at
other times they may be used to simultaneously unpack and repack
knowledge in the same situation. Through a multimodal research lens,
we seek to 1) explore semantic waves as extending beyond language to
the totality of meaning-making resources, 2) offer new pathways for
LCT-informed research to engage with the complex nature of semantic
waves, and 3) contribute to translanguaging research by highlighting
how shifts between and across different registers in classroom talk and
other multimodal resources serve knowledge-building purposes.

2. Conceptual underpinnings and previous research
2.1. Legitimation code theory: semantics

Legitimation Code Theory (LCT, see e.g., Maton, 2013; 2014) is a
sociological approach for analysing knowledge-building practices and
their organising principles. In Maton’s (2016: 3) words, LCT is a
“practical theory of practice” that enables dialogue between theory and
data. It consists of different dimensions of which the three of Speciali-
sation, Semantics, and Autonomy have received most research attention,
each focusing on different aspects of knowledge practices. Specialisation
is concerned with knowledge and knower structures, depicting strengths
in epistemic and social relations. Autonomy dimension helps outline
how insulated or bounded knowledge objects and their uses are. This
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study focuses on the Semantics dimension because its orientation to
varying strengths of complexity and abstraction is particularly useful for
exploring knowledge-building practices in classroom contexts where a
key task of teachers is to scaffold learners towards subject-specific
knowledge. More specifically, the Semantics dimension views
knowledge-building as an activity that results from the interplay of two
organising principles: semantic gravity (SG) and semantic density (SD).
Semantic gravity is about the extent to which verbal meaning relates to
its context (i.e. context-embeddedness) and semantic density is about
the level of complexity and condensation of meaning. Both gravity and
density can be either stronger or weaker in force (expressed as SG + SG-;
SD + SD-).

In the LCT framework, the dynamic ebb-and-flow of knowledge-
building is often visualised as ‘semantic waves’ (Maton, 2013; Mac-
naught et al., 2013; see also section 6 of this paper). Such waves illus-
trate how semantic density and gravity undulate over time in discourse
(such as over the course of a lesson or a written text) as participants
move between, and weave together, higher and lower semantic scales
through practices of ‘unpacking’ and ‘repacking’ knowledge (Mac-
naught et al., 2013; Maton, 2013). In the classroom, unpacking happens,
for example, when teachers exemplify and concretise abstract
subject-specific meanings with the help of less technical and more
context-dependent everyday language. To give an example from our
data, a chemistry teacher can be argued to engage in unpacking the
meaning of the technical term ‘equilibrium’ when she instructs about
chemical reaction equations by saying that “no atoms are lost or created
in this reaction”. In contrast, repacking involves moving back to more
specialised and context-independent meanings and forms of expression,
such as when teachers express or reformulate matters discussed in
everyday language into more subject-specific and academic register. An
example of this is the physics teacher rendering the less technical talk
about laser beams passing through a surface into the subject-specific
notion of the “angle of refraction”.

Semantic wave analysis has increasingly been used to explore
knowledge-building in different educational contexts such as STEM
subjects and law (Clarence, 2017; Cranwell & Whiteside, 2020; Dan-
kenbring et al., 2023). These studies have shed light on the dynamics of
knowledge-building in a range of settings. For example, Walldén &
Nygérd Larsson, (2021) show in their interaction-based study how the
explanation of disciplinary terms can sometimes happen through a se-
mantic wave that resembles a “sandwich structure”. In this kind of an
explanation, an initial unpacking of an abstract term through everyday
language use and checking of students’ previous experiences is followed
by an eventual repacking of the everyday into condensed
subject-specific knowledge.

In CLIL research, LCT-informed analyses are an emerging focus of
attention. For example, Lo et al. (2023) explore CLIL science teachers’
practices of unpacking and repacking academic concepts, drawing
attention both to their use of linguistic (academic, everyday and L1) and
visual resources such as concretising pictures in this process. They argue
that semantic waves offer a useful meta-language and serve as a peda-
gogical tool to engage CLIL teachers in the critical reflection of their
classroom practices. In a similar manner, Llinares and Nashaat-Sobhy
(2021) argue for the potential of semantic waves as a pedagogical tool
to help trace learners’ understanding of scientific concepts. They base
their argument on the analysis of oral interviews between CLIL students
and researcher-interviewers in which students were unpacking abstract
terms such as ‘ecosystem’ when prompted by the interviewer or to open
up other students’ production of the term. Evnitskaya and Llinares
(2022) also use the Semantics dimension of LCT as one of the tools to
explore knowledge construction in two CLIL strands differentiated by
high exposure (HE) and low exposure (LE) to CLIL provision, i.e., more
subjects taught in English in the former. Based on coding classroom data
according to different SG/SD constellations, they found that the pro-
portion of classroom discourse involving high semantic density (SG +
SD+ and SG-SD + codes) was clearly bigger in the HE than in the LE
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group (54% and 37%, respectively). This suggests that teachers may
approach content in different ways in HE and LE groups. However, their
study does not include attention to semantic waves, i.e., how knowledge
is constructed in classroom interaction through shifts between decon-
textualised and abstract meanings to contextual and concrete ones.

In addition to CLIL, a study by Argiielles-Alvarez and Morton (2023)
in the context of university-level English-medium instruction (EMI) has
explored the Semantics dimension of LCT. They analysed two computing
lecturer’s knowledge-building practices and showed that both included
semantic waves, i.e. movements between higher and lower semantic
density and stronger and weaker semantic gravity, but there were dif-
ferences in these patterns and levels of complexity in the lecturers’ talk
that were found to depend on the nature of the course (introductory
course for postgraduate students vs. a third-year course for prospective
telecommunication engineers) and the level of expertise expected from
the students. While CLIL and EMI tend to differ from each other in that
language is usually not in an explicit focus in EMI (e.g. Schmidt-Unter-
berger, 2018), the findings by Argiielles-Alvarez and Morton show that
teachers adapt subject-specific language use in ways that match the level
of knowledge and understanding their students have.

Based on the above, a clear affordance of the LCT framework with its
notions of unpacking and repacking and semantic waves is that it allows
a systematic exploration of the processual nature of knowledge-building.
Previous studies have convincingly shown that varying degrees of
context-dependency and condensation of meaning are visible as register
variation between more and less academic language in classroom talk (e.
g, Argiielles—Alvarez & Morton, 2023; Clarence, 2017; Walldén &
Nygard Larsson, 2021). However, as many of these studies are based on
Systemic Functional Linguistics, the main focus has been on the lin-
guistic features of teacher talk rather than on the interactional accom-
plishment of repacking and unpacking. In addition, research to date has
paid relatively little attention to how unpacking and repacking can also
be realised through embodied, material, and visual means such as
leveraging gestures, pedagogical artefacts and images for instructional
purposes in classroom interaction (although see Lo et al., 2023 for the
use of mobile apps and Walldén & Nygard Larsson, 2021 for the use of
visual images).

There is thus a need for LCT studies to expand the analytical focus
beyond the verbal to interactional by considering how unpacking and
repacking constitute a form of translanguaging between everyday/
concrete and specialised/abstract meanings, achieved through a fluid
and dynamic combination of diverse multimodal resources for interac-
tion. This aligns with what Doran (2019b: 166) has argued about
learning physics: “the key to doing physics is not just in being able to
understand highly technical, abstract knowledge, but to vary the
abstraction and technicality as required by the situation and to utilize
the particular semiotic resources that organize this” (emphasis
added). As our study seeks to show, embodied action and material ar-
tefacts provide a broad range of resources for teachers’ translanguaging
practices of constructing and conveying subject-specific meanings.
Through such a research orientation, our study builds on existing
research on multimodal CLIL classroom interaction, which we briefly
review in the next section.

2.2. Knowledge-building as a multimodal phenomenon in CLIL

The conceptual expansion of educational translanguaging we
referred to above aligns with the broader paradigm of embodied
learning, which views learning as inherently multimodal and connected
to the human body (e.g., Horn & Wilburn, 2005; Jusslin et al., 2022;
Tang, 2013). With respect to the role of multimodality in
knowledge-building, it is possible to distinguish at least two different
perspectives. One of them is seeing multimodality as a key aspect of
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subject-specific knowledge itself. As Doran (2019b: 162) argues,
knowledge in science subjects is organised multimodally and for this
reason their “literacy demands involve not just language but also extend
to the multiliteracies inherent in science schooling — where language,
mathematics, images, specialised symbolic formulae, animations and
demonstration apparatus all need to be ‘read’ as one.” Aligning with
similar thinking, Unsworth et al. (2022) propose a multimodal disci-
plinary literacy framework (MDF) to delineate how scientific reasoning
integrates multiple semiotic modalities, including artefacts, embodied
representation, symbols and a range of visuals means.

A second perspective is to approach multimodality and embodiment
as an inherent part of what teachers and students do in classrooms,
something which has been prominently investigated in conversation
analytic (CA) studies of CLIL classroom interaction (for an overview, see
Evnitskaya & Jakonen, 2017). For example, Evnitskaya and Morton
(2011) show the importance of teachers’ and students’ use of multi-
modal resources such as body movement, gestures and material artefacts
in building and maintaining the community of practice in CLIL science
classrooms. Similarly, Escobar Urmeneta and Evnitskaya (2014) argue
that multimodal resources are central to CLIL teachers’ classroom
interactional competence in ensuring comprehension and supporting
learner-initiated participation patterns. Moving to matters of
subject-specific knowledge-building, Kaanta et al. (2018) illustrate how
definitions by a CLIL physics teacher are realised multimodally, both
through talk and a range of embodied and material resources (see also
Kaanta, 2021).

Particularly relevant for our study are recent research openings
which have sought ways to combine the CA analytical lens with LCT to
investigate multimodal knowledge-building practices in EMI settings.
This includes (Bozbiyik and Morton, (2022; 2023) on chemistry lec-
turers’ subject-specific knowledge-building practices in online univer-
sity EMI instruction in Turkey. They show how lecturer practices of
using talk and embodied resources position students with regard to the
constructed knowledge, drawing on the Autonomy dimension of LCT.
Their studies suggest that the combination of CA and LCT can offer a
potentially fruitful interdisciplinary lens by bringing together CA’s
analytical power in illuminating the multimodal organisation of social
interaction and LCT’s principled account of how (subject-specific)
knowledge is organised. The combination can push research forward in
both fields, enabling us to see what LCT constructs look like at the micro
level of CLIL classroom interaction and providing a way to view inter-
actional practices uncovered by a CA analysis in terms of knowledge
construction. However, more work is needed to explore classroom
interaction also from the perspective of other LCT dimensions. This
study contributes to the existing body of research by using multimodal
CA to explore how two CLIL science teachers transcend between
different semiotic resources to ‘unpack’ and ‘repack’ disciplinary
knowledge in classroom interaction (the Semantics dimension of LCT).
We will explore how the teachers regulate the degrees of
context-dependency and condensation of meaning through multimodal
translanguaging across linguistic choices, embodied actions and ways of
making relevant, displaying, and modifying various material and visual
artefacts. We aim to show what taking these multimodal phenomena
into account suggests for the analysis of semantic waves in the analysed
interactions.

3. CLIL in Finland

According to a well-known definition of Content and Language In-
tegrated Learning, CLIL is a dual-focused approach where “content is
taught through the medium of a foreign language, typically to students
participating in some form of mainstream education” (Dalton-Puffer,
2011, p. 183). As elsewhere in Europe, CLIL started to gain momentum
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in Finland in the 1990s when changes in school legislation made it
possible to use languages other than the national languages as the me-
dium of instruction. In the early phases, CLIL often served as an umbrella
term in Finland and many schools still label their programmes as CLIL.
However, nowadays the term bilingual education is increasingly used in
alignment with the Finnish National Core Curriculum for Basic Educa-
tion (EDUFIL, 2014). It draws a distinction between large-scale bilingual
education when more than 25% of the curricular content is taught in the
target language (including both CLIL/bilingual provision through
foreign language and immersion programmes offered mainly in national
languages), and small-scale bilingual education with less than 25% of
teaching in the target language (EDUFI, 2014).

CLIL/bilingual programmes have become an established yet not a
very extensive part of Finnish education. According to the latest national
survey, 18% of all Finnish municipalities offer CLIL/bilingual pro-
grammes; they mainly represent urban rather than rural areas (Pelto-
niemi et al.,, 2018). Especially the large-scale programmes usually
control the access to CLIL/bilingual provision through a selection pro-
cess based on students’ language and/or academic skills (Peltoniemi
et al., 2018). Thus, CLIL teaching tends to be for select groups which
may create tensions for maintaining equality between CLIL and
non-CLIL groups but also for securing equity within CLIL groups as the
conception of CLIL students as skilful and motivated may render invis-
ible their diverse needs for support (Nikula et al., 2022).

English predominates as the language of instruction in CLIL, which
reflects its status as the most studied foreign language (Statistics
Finland, 2022) and a language present in different domains of Finnish
society (Laitinen et al., 2023). Students in bilingual programmes are
offered, in addition to English-as-a-foreign-language lessons,
English-medium instruction in content subjects for the purpose of
simultaneous language and content development. Yet, a challenge that
has been identified is that due to the content-driven nature of CLIL/bi-
lingual education, CLIL teachers’ orientation to language tends to
remain implicit or incidental (Nikula, 2015; Wever, 2020). At the same
time, the Core Curriculum (EDUFI, 2014) highlights language awareness
in schools and positions all teachers as teachers of the language typical
of their subjects. Although both CLIL and non-CLIL subject teachers have
been found to acknowledge such a role, they mainly do so from the
perspective of special terminology (Skinnari & Nikula, 2017) without a
clear articulation of content and language integration, an observation
resonating with findings from other CLIL contexts (e.g., Morton, 2018).
This points to the need for greater awareness among CLIL teachers about
subject-specificity extending beyond vocabulary to the multiplicity of
means involved in subject-specific knowledge building, a need identified
both in Finland and in other CLIL contexts (e.g. He & Lin, 2018; Llinares
& Nashaat-Sobhy, 2021). Paving way for greater awareness requires
gaining a better understanding of how CLIL teachers engage in multi-
modal knowledge-building practices to support their learners. This
study is one step towards that direction.

4. Data & method

The data for this exploratory study comes from a project conducted
with a school offering a form of large-scale bilingual education (EDUFI,
2014) where most of the lessons in its CLIL strand are taught in English.
The project aims at supporting CLIL teachers’ professional development
by raising their awareness of subject-specific knowledge-building prac-
tices as they are teaching their subject(s) through a second language
(L2). To do this, we followed one 7th grade class (13-14-year-old stu-
dents) and five of their teachers in different subjects in a secondary
school during the academic year 2022-23. The subjects taught by the
five teachers were arts, geography, physics, English, chemistry, and
biology. In addition, not confining subject-specific knowledge to
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English-medium subjects only, we also followed Finnish as a mother
tongue lessons taught in Finnish. The lessons were video recorded with
three to four fixed cameras and audio recorded with five mp3-players,
all devices placed so that they help capture as much as possible of all
participants’ multimodal actions. The total amount of lesson data is c.
12 h. All the teachers, students and the students’ parents or guardians
signed a consent form where they agreed the data (including
teacher-generated instructional materials) can be used for research
purposes and the students were given the choice of withdrawing from
the study at any point if they so wanted.

For this study, we will focus on the knowledge-building practices of
two STEM subjects of the project, the physics and chemistry lessons (90-
min double lesson each). These lessons were chosen because in prior
research STEM subjects have been found challenging for students due to
their highly abstract nature and extensive use of images and equations
(Blackie, 2014; Doran, 2019a). Since in CLIL these subjects are taught in
an L2, it adds an additional layer of complexity that highlights they key
role of teachers’ practices in making subject-specific knowledge acces-
sible to students. Therefore, we wanted to explore how the physics and
chemistry teachers in our data unpack and repack subject-specific
knowledge to students in and through L2-based classroom interaction
in ways that help them understand and engage with disciplinary
knowledge (also Kaanta et al., 2018).

As our method, we draw on multimodal conversation analysis that
investigates human interaction as multimodal and co-operative (CA; e.
g., Goodwin, 2018; Streeck et al., 2011) and LCT-informed analysis of
semantic waves that draws attention to the levels of abstraction and
complexity in knowledge-building (e.g., Argiielles-Alvarez & Morton,
2023; Maton, 2013). CA studies of multimodal interaction have shown
that action and meaning are constructed through the simultaneous and
layered deployment of diverse semiotic resources, such as language,
gaze, gesture, and the material ecology of the setting (e.g., Goodwin,
2018; Mondada, 2018). Goodwin (2013) refers to this as the ‘laminated’
nature of social action. In this study, the metaphor of lamination allows
us to examine the interplay of different multimodal resources in
subject-specific knowledge-building that happens in teacher-led plenary
interaction, while the analysis of semantic waves helps us focus atten-
tion to the variation in the semantic shifts between the dimensions of
density and gravity, i.e., levels of abstraction, complexity and
context-embeddedness conveyed through interactional resources.

The data extracts have been transcribed using CA conventions for
talk (Jefferson, 2004). Participant’s embodied conduct has been anno-
tated in the transcripts by applying Mondada’s (2018, 2022) system to
make selected and relevant embodied conduct available to the reader in
as accessible manner as possible. For key moments, we have also
included pencilled line drawings to illustrate the use of the different
semiotic resources.

5. Complex constellations of multimodal resources for
unpacking and repacking subject-specific knowledge

To report the findings of our micro-level analysis, we have selected
seven representative data extracts to illustrate the wide array of multi-
modal resources employed by both teachers to unpack and repack
subject-specific knowledge. Apart from the range of multimodal re-
sources, the findings also show that the ways in which talk and other
resources are assembled for multimodal action can result in highly
complex semantic waves through which teachers can simultaneously
unpack and repack subject-specific knowledge. The analysis first de-
scribes how depictive gestures can be used to unpack subject-specific
knowledge (section 5.1), after which it sheds light on the use of both
everyday material objects and pedagogic artefacts for knowledge-
building (5.2). It then considers how the annotation of visual
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presentations with embodied means can serve unpacking purposes while
the visuals themselves maintain a high level of abstraction and
complexity of subject-specific knowledge (5.3). In all extracts, the
teachers’ linguistic choices include shifts in register from everyday ex-
pressions to more subject-specific lexis and terms, such register shifts
representing one aspect of translanguaging relevant for unpacking and
repacking disciplinary knowledge.

5.1. Unpacking subject-specific knowledge with the use of depictive
gestures

A key finding deriving from the data is that, throughout the lessons,
multimodal resources offer the teachers multiple opportunities to reduce
the complexity and abstraction of subject-specific knowledge, an
observation noted also in earlier research (e.g. Lo et al., 2023; Walldén &
Nygard Larsson, 2021). In this section, we analyse cases where teachers
employ depictive gestures alongside talk to unpack the levels of
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The extracts demonstrate how the lamination of talk and gestural re-
sources (Goodwin, 2013) works in tandem, i.e. they contribute towards
a similar orientation to knowledge-building.

Extract 1 is an example of the physics teacher using the combination
of talk and depictive gestures, i.e., movements of speaker’s hands to
convey a visual orientation to “what something looks like or is like”
(Streeck, 2008, p. 289, emphasis in original). The extract comes from the
beginning of a physics lesson when the class is checking students’
homework on key concepts related to Snell’s law, i.e. the principle of
refraction. The extract illustrates how the teacher utilises both language
and gestural resources to differentiate and explain the meanings of the
terms ‘convex’ and ‘concave’. The extract begins when the teacher first
asks for an explanation of what ‘convex’ means (line 1, henceforth 1.)
after which he requests students to demonstrate its shape through
embodied means (l. 2). The teacher thus orients to the possibility that
CLIL students may not be able to explain the term verbally and provides
them an alternative means to convey their understanding.

abstraction and density of meaning frequently present in STEM subjects. Extract 1. Physics_convex and concave
01 1 so what shape is convex,=
02 =could someone <show> that with their hands;
03 (1.2) \/
04 T convex?
05 (0.8)
06 i because we are going to discuss these words today,
07 we have to know what they imean.=
08 =.hh so what shape is convex? .hh
09 (0.9)
10 T *is it #plump in the middle, * Figure 1
*bh gesture-————————ceccecae-- Y
$Figl
11 *or is it plump on# the top an’ bottom?*
*bh gesture--—-————————cee e —————— v A}
#Fig2
12 (2.5)
13 T like, could someone point at their notebook {
14 .hh that [we- Figure 2
15 Noora [like, .
16 it’s “like this (0.8)* . /
“rh curved gesture” 2] f
17 T [Ayes. ‘ ]
18 Noora [“the middle# is”* ~ (here)” \
~1lh placed mid-air” 3\\
“rh gesture”
$Fig3
19 T yes.=the middle is wi*der. yes. .hh*#
*draws on sSb--%*
$Fig4
20 that is convex.
21 (0.6)
22 T <well>, the opposite is <concave>.
23 so how does that shape go?
24 .hhh if *convex is thick in the middle. .hh
*bh gesture->
25 (0.5) what is concave? it- if it's the opposite.
26 (3.4)
27 o everyone is half a*sleep.
- > w*
28 so *( ) concave i:::s thinner*# in the middle.
*draws on Sb-———————————-- v

$FigSs

Figure S
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In terms of meaning condensation, the lines 1-8 orient to terminol-
ogy and hence can be seen to represent a slightly heightened level of
abstraction even if the call for students to display knowledge by
embodied means also represents a movement towards greater
concreteness. As none of the students bid for a turn or offer an embodied
demonstration, the teacher reformulates the question by narrowing it
down to two yes/no -questions (1. 10 & 11). These questions are mul-
timodally designed and geared towards concretisation and reducing the
level of abstraction in that the teacher both offers a verbal description
using colloquial vocabulary, i.e., “plump”, alongside with which he
performs corresponding depictive gestures Fig. 1 and 2. He thus multi-
modally unpacks the meaning of the terms ‘convex’ and ‘concave’ for the
students, assembling language and gestural resources simultaneously
and in an aligning manner to scaffold the content more concrete and less
technical for students learning through L2 (1. 10 & 11). In response to the
teacher’s question, Noora self-selects and produces an answer in the
form of an embodied simile (1. 15-16, 18), where the verbal expression
“it’s like this” is accompanied by a curved up-and-down gesture per-
formed with the right hand that shows the ‘plumpness’ of the shape
while she keeps the left hand stable in the air (1. 18, Fig. 3). Accepting
the response by verbalising that the convex is wider in the middle (1. 17,
19), the teacher turns to the smartboard to draw the shape under the
term, which he has written there at the beginning of the activity (1. 19,
Fig. 4).

This phase marks a shift in orientation towards more subject-specific
conventions in that the drawing together with the verbal explanation
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repacks the way the meaning of convex is represented. An important
feature in the repacking is that the teacher replaces “plump” with
“wider”, therefore modifying the register towards more formal one, yet
without drawing explicit attention to the difference between these
forms. As they move on to the next term, ‘concave’ (1. 22 onwards), he
further modifies the register by describing the shape of convex being
“thick in the middle” (l. 24) and that of concave as “thinner” (l. 28),
emphasising the key words and accompanying the verbal description of
convex with the corresponding depictive gesture (1. 24-27), while
drawing the shape of concave on the smartboard (Fig. 5). In sum, Extract
1 shows the physics teacher employing talk and depictive gestures in
tandem to unpack the meaning of the two key concepts, whereby he
slowly begins to scaffold students’ understanding of subject-specific
knowledge, i.e. that of the law of refraction.

Extract 2 from the chemistry lesson is another example of the teacher
simultaneously using language and depictive gesture to lower the level
of abstraction, depicted by Blackie (2014) as an inherent aspect of
chemistry. The extract derives from a phase where the teacher provides
a short whole-class instruction on the structure of molecules and the
bonds between atoms during students’ task work. The teacher is going
round the classroom, providing guidance and feedback to groups of
students who are building ball-and-stick models of nitrogen molecules
with the help of a molecular kit, i.e., a didactic teaching material
package designed for chemistry to concretise the structure of chemical
compounds. As the extract begins, the teacher is showing one group’s
model to the whole classroom (l. 2, Fig. 6).

Extract 2. Chemistry_explosion

&)
01 T good. (0.7) excellent. (0.4) 2
02 so *this is what nitrogen looks like,#
*shows model-> #Fig6
03 .hh an’ since there is a triple bond,
04 >it’s a< >it’s a very< *tight bond,
*turns model around,
lifts up again->
05 .hh but it reacts quite ea- easily.* (0.7) E
- ->*gives model ba
(0] uhh (.) an’ that *bond has a lot of ~energy in it.
*bh fingertips crunched, touching ->(1. 09)
~walks to front of classroom->
07 so >nitrogen< (1.1) <is used in ~many explosives>, (0.3)
08 since when that *bond# breaks,*
*hands apart--*
#Fig7
4\\» -
\
Fiqufe 7 Figure 8
09 it creates a lot of *energy#,
->*hands apart->
#Fig8
10 .hh an’ then we get an explosion.* (1.6)

11 okay?

-
>
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SG-, SD+
"what shape is convex” "convex is thick in the middle”
“plump in the middle”
"it’s like this”
~ ~
depictive hand gestures
SG+, SD-

lines 1-8 lines 10-18 lines 19-28
Fig. 1. The semantic wave of Extract 1 where teacher talk and gestures

are aligning.

SG-, SD+
"two atoms of magnesium reacting with
one oxygen molecule”

”no atoms lost or created in reaction...
this is what equilibrium means”

tapping & touching the screen, movement with fingers

SG+, SD-

lines 1-10 lines 11-14 lines 17-19

Fig. 2. Different multimodal resources with both aligning and diverging posi-
tions on semantic wave.

Direct, easy-to-understand reference to how the model looks com-
bined with showing it to the class (1. 2) serve unpacking functions as they
provide the students a concrete and observable representation of the
type of bond between the nitrogen atoms, which is otherwise invisible to
the naked eye. Lines 3-6 display some repacking in the form of register
modification, shown in the more technical references to “triple bond”
and “reacting”. Together with the notion that bonds contain energy, this
increases the abstraction level and represents quite complex subject-
specific knowledge. The teacher is unpacking this complexity by both
turning the model around in her hand (I. 4), which makes the model
visually available to students from different angles, and simultaneously,
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using everyday language terms “very tight” and “a lot of energy” to
describe the properties of the ‘triple bond’.

After having given the model back to a student (l. 5), the teacher
moves on to elaborate on the practical applications of nitrogen (1. 6-10).
In doing so, she engages in unpacking as she reduces the abstraction
level of her talk by using more concrete everyday verbal expressions
such as the nitrogen “is used in many explosives”, “that bond breaks”, “a
lot of energy” and “we get an explosion”. The reduced abstraction level
in these verbal resources is aligned with the teacher’s three gestures that
depict these processes in an embodied manner. Firstly, she visualises a
‘bond’ with the depictive gesture of putting her hands in front of her
torso so that the fingertips touch each other (1. 6). In this kind of gesture,
the closely scrunched fingertips depict the bond. Moving to the front of
the classroom, she then first makes a smaller movement of hands away
from each other as she utters “bond breaks” (1. 8, Fig. 7), and later a
larger and quicker movement of hands apart as she refers to an explosion
(1. 9-10, Fig. 8). Similar to Extract 1, these gestures are closely laminated
with talk in a manner that enables the teacher to lower the level of
abstraction in her explanation of subject-specific content, thus scaf-
folding CLIL students’ learning opportunities.

5.2. Using everyday material objects and pedagogical artefacts for
knowledge-building

While Extracts 1 and 2 showcased the deployment of depictive ges-
tures, the lessons also include instances of teachers harnessing material
objects and artefacts for the didactic purposes of unpacking and
repacking subject-specific knowledge, including everyday objects and
those specifically designed for teaching. Extract 3 illustrates how plastic
cups and students’ pens/pencils as the key objects in a practical exper-
iment help the physics teacher to unpack the notion of transmission,
while in Extract 4 the chemistry teacher mobilises the balls and sticks of
the molecular kit to explain the composition of chemical molecules, thus
lowering the level of abstraction with the help of the pedagogical arte-
facts (see also Lo et al., 2023 for the use of an animated mobile app).

Prior to Extract 3, the teacher has asked students to ‘dip’ a pen or a
pencil into a cup of water placed on the two large tables around which
the students sit. He has also asked them to discuss how this hands-on
experiment is related to an image of a man in a swimming pool that
the teacher is showing on the smartboard. At the beginning of the
extract, we see that the class agrees that the man is alive, although he
seems to be beheaded in the image (1. 32-34). The teacher then uses this
shared knowledge to unpack the term ‘transmission’ that he has intro-
duced to the class during the discussion.

Extract 3. Physics_transmission
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32 T he's alive.
a3 Elina I don’t think he’d be smiling if he was dead.=
34 T =1 know, yeah. so he's (.) alive.
35 somehow that has to do with .hh the fact that
36 there is *a surface between *(0.2)#* <air>* *an’water.*#
*rh gesture--------—------- w *bh gesture*
*1lh gesture---%*
$§Fig9 $Figlo
T
W=7/
AN
}‘J{ (|
e z
‘ <&ﬁ513“7:;r‘A j
/ { ?;_/ g |
lu, — R 4
Figure 9 Figure 10
¥ ) * . hh what is happening to the pen
*rh pointing gesture->
38 when you* look from the ( ) *side?*
- *kneels*
39 (3.2)*(0.2)
*gtands up->
40 T so if you* 1- look from the side,
—>%
41 *the thicker pen is ~actually *better this time. .hh
*1lh pointing gesture-————=——=——-— *
~walks to the other desk->
42 (1.2) what happens~ *to the (0.3)
->~ *kneels->
43 oh #yeah, it does happen here.=
$§Figll
= )
—— J
— f — ~ \\
=L \
F\_‘ '-\
T
Figure 11
44 =what happens to the pen?
45 (2.6)
46 T *it seeming*~ly in two halves. (0.3)
*stands up-*~walks to front of class->
47 is it in two halves?
48 (0.6)
49 sts no::.
50 T no. it's still the pen.~
51 the water doesn't break the pen. (0.5)
5L if the pen was sugar, it would dissolve. (0.5)
53 but it's still (0.3) the pen is still there.=

The unpacking is first accomplished through a lamination of talk and
depictive gestures. The teacher starts by verbally explaining that the
impression of the man being beheaded has to do with the surface between
the air and the water (1. 35-36), thus alluding to the key factor behind the
physical phenomenon of refraction. Simultaneously with this, he produces
a left-handed horizontal gesture to establish a surface and a right-handed
gesture to locate the air above it (1. 36, Fig. 9). This is followed by a both-
handed gesture with which he motions water underneath the surface
(Fig. 10). All these gestures can be seen as a way to concretise and re-iterate
the importance of the boundary between two different substances to stu-
dents. Tying the explanation to the hands-on experiment, the teacher then
instructs the students to observe the pen from the side of the cup, asking
them about the effect of the surface between the two elements on the pen (1.

37-38 & 40-44). The instruction is accompanied by the teacher kneeling,
twice (l. 38 & 42-46), next to the two tables around which the students sit
and on which the cups are placed (see Fig. 11 of the second kneel). The
kneeling guides students to adopt a similar visual perspective, which all
students do by crouching closer to the tabletop. In a similar fashion as with
the image of the man in the pool, they are now able to inspect in very
concrete terms the effect of the boundary between air and water on the
pen. However, when no one responds to the teacher’s question on the ef-
fect (1. 44), he explicitly scaffolds the students to observe it by asking if the
pen has been cut in half by having been placed in water (1. 46-47). To this,
the students respond negatively in unison (1. 49), whereby they display
their understanding of the phenomenon.
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While the use of the everyday material objects in the hands-on experi-
ment together with the teacher’s embodied explanation has rendered the
theoretical notion of transmission as concrete to the students and helped the
teacher to guide students to generalise on the notion by utilising both the
image of the man without a head and the experiment, it remains unclear
whether students are able to do so. Considering the fact that students are
learning through L2, it may be that the upward semantic shift toward more
decontextualised, abstract level would require several undulations of se-
mantic waves (also Walldén & Nygard Larsson, 2021) and an explication of
their relationship to the concept of ‘refraction’ that would eventually help
the teacher to guide students to view the phenomenon, literally, with ‘a
scientific gaze’ (Doran, 2019b).

Compared to Extract 3, where the use of the different modalities is
aligned and serves unpacking purposes, in Extract 4 the chemistry
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teacher’s use of multimodal resources is differentiated: while her talk
maintains the high level of abstraction, the employed embodied and
material resources help lower it. In the extract, the teacher begins to
instruct a new group task the purpose of which is to make learners
familiar with different molecule structures by introducing the ball-and-
stick model. The extract shows that the teacher is not only concerned
with outlining practical aspects of the next task, but also with estab-
lishing what kind of scientific phenomenon the “balls” and “sticks”
relate to (1. 9-20). A key resource for accomplishing the instruction in
addition to talk that involves the use of quite abstract notions of
chemistry is the way the teacher simultaneously manipulates and shows
the tangible and three-dimensional material artefacts to the class.

Extract 4. Chemistry_bond between atoms

01 T so (0.9) uhm (0.8) what we are going to: (1.0)
02 erm build here (.) are ball an’ stick models.
03 .hh so (0.5) these (0.9)_*>kind of< joints that you have there,*
*shows joints in both hands----- p———.
04 (0.6) there’'s three different lengths, .hh
05 erm (0.2) *I wouldn’t use these smallest ones,
*3hows small joint->
06 since they are #*<ve>ry tricky (.) to get off.*
->¥waves joint in aiy-————ceccce- »
07 .hh so (0.2) umm (0.8) *the- the middle size is the *best
- *shows joint, turns wrist----*taps->
08 (0.2) .hh #*joint. *the best *stick.
*Ea;s———*taps—————*taps -
$Figl2 ol !
09 .hh an’ what this stick describes,
10 is (1.4) uhh <*bond> between two atoms. (1.1)
‘fgps
11 'kay?
12 (0.3)
13 ; 1 .hh so atoms bond in different way:s,
14 we will study that next year in chemistry; Figure 12
15 .hh but *this *stick is a *bond *between atoms. (0.3)
*taps *taps(lifts)*taps *taps
16 .hh okay? so I- I encourage you to *use this. (0.8) *uhh
*shows joint-----
17 (0.6) *isome | *times (0.4) instead of having *just *one *bond,
~gaze to board” *shows*taps*taps
18 (0.4) *molecules can have a double bond.* (0.2)
*taps *puts down joint
19 .hh an’ that happens °es-° *(0.7) uhh (0.2)
- *picks up joint, attaches it to a
20 .mt .hhh for example,* in the oxygen atom? (0.6)
bal]l ~—————— e ————
21 so when you are do1ng—* >uhh sorry< (0.3) in oxygen *molecule=
attaches another joint------- *shows model->
22 =s0 >when you are< building the oxygen molecule,
23 .hh use now the *lon#igest (1.0) joints?** (1.2)
- *shows joint with thumb and index finger*
—S%
§Figl3
o
‘,' ’"Vh |}
Y -—
Figure 13 Figure 14
24 an’ put: *two (1.3) joints there (.) in between (1. 9)*
*attaches second ball to the model---—-———————
25 those (0.5) *atoms# of oxygen.*

FFlg_i

ished model*

ocGel
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The teacher performs different haptic actions as she instructs stu-
dents in both the practical aspects related to the task (1. 1-8, 21-25) and
the scientific relationship of representation between the parts of a
chemical compound and the “sticks” in the ball-and-stick model (l.
9-20). For instance, the teacher holds up a mid-sized stick between her
index finger and thumb and displays it to the class with precise wrist
movements that make it visually accessible to all areas of the class (I.
7-8, Fig. 12). She also emphasises elements of her talk through her hand
movements, such as when she waves the stick in her hand while telling
that the small joints are “tricky to get off” (1. 6) and by rhythmically
tapping with her hand and the stick in air as she explains that the stick
represents “a bond between atoms” (I. 9-10, 15). While the showing of
the stick and the tapping and touching actions serve to unpack the sci-
entific aspect of the model, the teacher’s verbal explanation establishes
an explicit semantic shift toward more abstract and subject-specific
expression, including the elaboration of molecules having “a double
bond” (1. 18).

Besides showing the elements, the teacher further concretises what
she through talk has conveyed about the structure of molecules by
concretely assembling the model of an Oxygen molecule (I. 19-25),
which is one of the chemical structures that students need to complete in
the task. As she instructs students to use the longest sticks (1. 23), she
holds the half-finished Oxygen molecule in her left hand and holds her
right-hand index finger and thumb at different ends of the stick (Fi g.
13), which can be seen as a form of pointing that highlights for the
students an essential feature of the learning material. When the teacher
has assembled the Oxygen molecule, she shows it to the class (I. 25,
Fig. 14). In these ways, diverse embodied practices of displaying,
manipulating and pointing at the learning material are central resources
in not only instructing the students in the practical work of assembling
the ball-and-stick model, but also repacking the practical aspects of the
task into a scientific understanding of the phenomenon being
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scrutinised.

5.3. Unpacking abstract subject-specific visual representations with
embodied means

As discussed in previous research (e.g., Blackie, 2014; Doran, 2019a,
b), complex and context-independent specialised meanings in STEM
subjects often reside in images, such as graphs and diagrams, and
equations. In this section, we provide illustrative examples of cases
where visuals have a repacking purpose in that they represent abstract,
theoretical knowledge which is simultaneously unpacked by the teach-
ers when they annotate their explanations of subject-specific terms and
concepts both verbally and through embodied actions. The extracts
demonstrate how this is done when subject-specific content is mediated
by a Prezi (Ext. 5) or PowerPoint (Ext. 6) presentation or via the docu-
ment camera (Ext. 7) on the smartboard screen. The embodied means
harnessed for annotating actions include pointing and/or touching the
smartboard screen (Ext. 5 and 6) and pointing, drawing and writing on a
task sheet (Ext. 7).

Extract 5 comes from the plenary part of the physics lesson, where
the content-to-be-learnt is the physical law related to refraction (i.e.,
Snell’s law) which the teacher explains with the help of a diagram that
comprises the key elements of the law (see Fig. 18) and that he has
designed on a Prezi-presentation. The extract demonstrates how the
teacher unpacks the level of abstraction of the key concepts related to
refraction and the information condensed in the diagram by using
everyday register and by pointing at relevant places on the diagram.
Prior to the extract the teacher has instructed the students to continue
drawing a diagram into their notebooks by adding into a previously
started drawing. At the beginning of the extract, he guides students to
focus on the part below the surface (1. 10-14).

Extract 5. Physics_Angle of refraction
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we're going to continue the dashed line .hh
through the surface.
(3.4)
an’ we're going to let, (1.1) the (0.7)
laser beam, pass through (.) the surface. .hh
*(1.0)*
*presses computer key:a diagonal line below horizontal appears*
.hh an’ this is <where> you have to pay
some attention to the angle. .hhh
(0.8)
the *angle has to be smaller on the bottom side.* (0.7)
*rh pointing gesture-————————cceccc e e ————— *
*this angle# over here, has to be way smaller* than# eithe-
*rh pointing gesture-———————————e———————————— *rh back-and-
$Figls §Figleé

Figure 15 Figure 16

either one of these two angles on* top.

forth gesture-—————————ccececececce=- *

(2.1)

smaller angles.

(2.3)

smaller angles.

(9.2)

an’ this, (1.5) brings forth the fact that the PEN

(0.8) is as if it's bent,

an’ this (0.5) gives (1.1) the idea of a man losing his head.

.hh because the angle on the water side is ;smaller.

((lines omitted))

* | yes.*=angle# <of> refraction. (0.9) indeed.

*presses computer key: name of angle appears*
$Figl7

(2.0)
angle of refraction.
(3.6)
angle of refraction.
(9.0) Figure 17
*an’ there's* a law, (0.9) related to this
*presses computer key: diagram is zoomed out*
that explains why the man's head is detached from his body.
*.hh the* name of the law (0. 4) is <Snell's law. #>
*presses computer key: name of law appears* $§Fig.18
(1.6) -
why is it called Snells?
because there was man (.) long time ago (1.1)
whose surname was Snell.
(1.3)
so, according to his law .hh
a smaller angle, *in this diagram, *

*1h pointing gesture*

appears in the denser, heavier matter. Figure 18
(2.1)

<<smaller angle (0.8) in denser matter.>>

(4.2)

so, the denser th- uhh (.) substance is,
the snaller the angle in this diagram is.

11
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Throughout the extract, the teacher reveals each new part of the
diagram one by one to allow students time to draw (1. 15, 31, 38, 44, 50,
& 52). This also provides him an opportunity to structure the explana-
tion in a stepwise manner, using the affordances of the presentation to
unpack the law. In line 15, the teacher reveals a diagonally drawn line
into the diagram, after which he, using everyday register clearly bound
to the context of the diagram (“this is where”), directs the students’
attention to its angle, thus giving them a warning that it is of a specific
kind before they draw it (. 16-17). This heads-up is followed by a
specification (I. 19-21) that establishes the difference between the angle
of incidence and reflection to that of refraction. Noteworthy here is the
teacher’s use of everyday deictic expressions to locate the difference in
the size of the angle, i.e., “smaller on the bottom side” and “than either
one of these two angles on top”. Accompanying the verbal specification,
the teacher produces pointing gestures that identify the referents of the
deictic expressions (1. 19, 20 and 21). The gesture in line 20 is produced
so that the teacher’s right-hand fingertip points upwards to the narrower
angle below the water surface (l. 20, Fig. 15). When the teacher clarifies
that the angles of incidence and reflection on the water surface are wider
(1. 20-21), he traces the width of the angles with his right-hand fingertip
in a back-and-forth gesture (Fig. 16). This way he both verbally and
visually unpacks the condensation of meaning within the diagram by
drawing students’ attention to both the location and size of the refracted
angle, i.e., to information needed to understand the law.

The teacher then relates the explanation of the angle to the practical
experiment and the example the class discussed at the beginning of the
lesson: how the pencil and the man’s head seem to be “detached” when

12
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both are inspected through a plastic cup and a glass, respectively (l.
27-30), thereby connecting both to the law of refraction. The multi-
modal explanation phase is then followed by the teacher adopting a
more theoretical stance, indicated by the three repetitions of the core
concept, which may simultaneously serve as a CLIL strategy to ensure
students’ attention to the centrality of the concept (1. 44-48, Fig. 17). As
a final step after this, the teacher both introduces and names the law (l.
50-56) and provides a formal explanation that he explicitly connects to
the diagram by a pointing gesture and a deictic reference (1. 58-60). In
line 62, he repeats its main idea in a shortened form that is also written
on the presentation (see F ig. 18). To conclude, he again reformulates the
idea by replacing “denser, heavier matter” (1. 60) with the slightly more
technical “the denser the substance” (I. 64), such reiteration of the law
showing a slight upward shift in the semantic density of the subject-
specific lexis. The verbal reiterations of the law together with the vi-
sual diagram thus serve to repack its theoretical foundation by building
on the practical experiment and the stepwise explanation of the visual
diagram.

Extract 6 is another example of embodied annotation, showing how
the chemistry teacher highlights semiotic resources on a displayed slide
by touching and pointing at them with her fingers. Prior to the extract,
the teacher has named and explained the law of the conservation of
matter, and the extract illustrates how she unpacks it by reducing the
complexity and density of subject-specific knowledge packed into
chemistry formulas to show and explain to students how matter is
conserved in an example chemical reaction equation.

Extract 6. Chemistry_equilibrium
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01 T .hh >we hav-< (.) >have to have the< “same number of atoms
“walks to sb->
02 (0.5) >in the end< than we had in the beginning. (1.4)
03 so” .hh when we are burning *magnesium, (0.4)
>n *points at ‘2 Mg’ w/ index finger->
04 there always *:two *atoms |of magfngsium, (1.0) arex
->%taps 1°* Mg atom
*taps 2™ Mg atom and holds index on it¥
05 (0.5) uh reacting, with *<one> oxygen molecule. (2.5)
*touches O atoms w/ in ¢ finger-
06 as a reac*tion the oxy*gen molecule *breaks apart# (1.4)
————————— " *touches
S e e g e
ACTION \CTION
mogpRlium ¢ eayges > 2
e Me
' *
L ]
Figure 19 Figure 20
07 T .hh an’* forms (0.4)
08 uh *both of those of atoms*, >that are broken apart,<*
*touches O atoms w/ index finger*keeps index on sb¥*
09 -hh they *form a bond (0.9) with# magnesium? (0.2)
*touches two Mg atoms w/ index and middle finger-
10 an’ two: (0.5) *uh pieces of mag*nesium oxide are formed. (1.1)
——————————————— *taps all four atoms one after the other¥*
11 so >12 the beginning< we have *two magnesium* atoms,
*taps Mg reactant atoms¥*
12 in *the end we have two magnesium °“atoms®. (0.5)
*taps product Mg atoms and holds index on top one-
13 in the beginn*ing, we have *<one (.) diatomic> oxygen moleculex*
————————————— " *touches reactant 0 atoms—————————=—%
14 tin the end, we have (0.5) *uhh one* (0.4) oxygen (0.6)
*taps product O atoms one by one*
15 atom bound *to both* of those (0.9) magnesiums. (1.3)
*taps both product Mg atoms¥*
16 T okay? (0.4)
17 so no atoms are lost, or created in this reaction.
18 (0.5) .hh or any reaction. hh (2.2)
19 that is what equilibrium means, here.

Throughout the extract, the teacher performs haptic annotations to
illustrate how the conservation of matter is visible in the reaction
equation on the displayed slide. In line 3, she points (but does not
observably touch) around the general direction of ‘2 Mg’ and the green
circles that represent the two magnesium atoms on the left-hand side of
the equation as she introduces the first reactant in the equation. The
verbal elements of the turn make a general (non-countable) reference to
the burned substance (‘magnesium’, 1. 3). In rest of the extract, the
teacher visibly touches the circles that represent atoms on the slide,
using either a brief tap or a sustained touch.

The sustained haptic annotations are performed in a recurring
pattern of touching a circle in the slide, pausing talk and shifting gaze to
students (such as in Fig. 20) and seem to serve scaffolding purposes. For
instance, in line 6, the teacher depicts the bond breaking of the oxygen
molecule by touching it with two fingers and then drawing her fingers
slightly apart (1. 6-7, Fig. 19). This embellishes the two-dimensional
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static image shown on the slide by adding movement in it, thus con-
cretising the chemical process. On the other hand, when the teacher
refers to the products of the equation in lines 9-10, she places her index
and middle finger on the green circles that represent magnesium atoms
(Fig. 20) and keeps them in that position as a visual depiction of the
more static ‘bond’ between atoms.

The teacher also shortly taps on the circles in the reaction equation in
lines 10-15 as she recaps her explanation. Tapping serves to direct the
students’ attention to the circles and unpacks the principle of conser-
vation of matter by showing visually that an equal number of circles is
on both sides of the reaction equation. The images of green and red
circles thus function as concrete representations of matter on the slide,
which have different kinds of visual affordances for explaining the
principle compared to the chemical symbols of atoms. Both the circles
and the act of tapping, therefore, are unpacking the complexity of, and
multiple processes packaged into, the reaction equation that represents
the conventional subject-specific way of conveying knowledge in
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chemistry. Such versatile deployment of multimodal resources signals
the teacher’s awareness of the need to traverse different levels of
abstraction and context-dependency to make the subject of chemistry
that Blackie (2014: 462) describes as “profoundly abstract” more
accessible to CLIL students who may face challenges deciphering the
abstract content in L2.

Extract 7 is an example where the teacher’s talk operates at rather
abstract and complex levels of chemistry-specific knowledge, particu-
larly in her use of chemical terminology, while other multimodal re-
sources, such as the use of pen to point, underscore, draw symbols, and
inscribe letters, serve unpacking functions by making such knowledge
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more accessible. They also, at times, help repack student contributions
into subject-specific ways of building knowledge (cf. Walldén & Nygard
Larsson, 2021). In the extract, the teacher and the students are collab-
oratively writing a reaction equation on a task sheet after an experiment
involving a reaction between magnesium and hydrochloric acid. Prior to
the extract, the teacher has already written ‘Mg + 2HCI ->’ on the task
sheet. She has asked the students to come up with the product but has
already rejected two suggestions by the students. As the extract begins,
the third student responds.

Extract 7. Chemistry_reaction equation

01 s (c two) (xx)
02 T .hh :yes. :that was the closest one. so far.
03 .hh *so we :could ,write* it, >kin’ of< (0.4)
*places pen on the answer line*
04 *two chlorines and magnesium*#,
*writes ‘CLMg’ ————————————- *
#Fig21
0S5 .hh but it’s- it’s just a habit that we
06 *write the magnesium*$ first.
*adds lines around the compound*
$#Fig22
- -
D e 12 D - % -
“,(') —oNCE =~ M 3 ER A\
] \ ! ) :\‘
. . o
Figure 21 Figure 22
07 .hh *so we first* take this one *magnesium? >:that is* there<
*circles blue ball¥* *writes ‘Mg’ -—-———————-%
08 .hh *an’ then (.) *we put the E!g chlorine *atoms, (0.4)
*touches green balls w/ pen¥* *writes ‘Cl;’ ->
09 e-* ¢ 1 two. (0.5) -
_>i > >
10 .hh an’ *this small two# here (.) Moy %
*traces ‘2'-> \~
#Fig23 ) -
11 means* that they are *bound to this.* (1.4) \
—>% *traces edges of blue ball* Figure 23
12 there’s two chlorines bound to that one. (0.4)
13 .hhh an’ then there’s (0.3) *one ()hydro*gen molecule, (1.1)*
*circles two balls*writes ‘+ Hp' *
14 which we write as h two.
15 (3.4)
16 T sokay?
17 (1.1)
18 T ran’ if you want (0.4) ,you can write, (0.4)
19 *one (0.5) magnesium :atom (1.1) ;plus two: (1.3)
*writes—>
20 hydrochloric acid (4.1) molecules, (2.9) *pro:duces* (1.6)
->*draws arrow*
21 * ;>s0 in chemical equations# we< ha-
*traces an arrow w/ pen-> =
#Fig24 2 2
22 don’t have .hh the (0.7) uhh equal* symbol Mg 2WCL g
_>* \') e e J -
23 but (.) m- *we use an arrow? (0.3) : \
*thickens the bigger arrow-> i ——
24 so (0.3) something is pro*duced, Figure 24
_>‘k
25 .hh an’ as *products* we have (0.3) *magnesium chloride? (1.2)
*points w/ pen to products* *writes->>
26 .hh magn- (.) ne(h)sium (2.2) chloride (1.9) plus (0.6) -:two:
27 (0.6) ;sorxy (0.7) plus (0.8) hydrogen (1.5) .hh molecule.
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The teacher responds to the student’s answer by indicating verbally
that it is partially correct (1. 2) and by visualising the correction by way
of writing that is displayed to the class on the smartboard (1. 3-6). She
writes the student’s suggestion in an empty space on the task sheet,
below the answer line (1. 4, Fig. 21). Together with the verbal descrip-
tion expressed in conditional form (“we could write it”), the place in-
dicates that the student’s proposition is incorrect. The teacher’s
correction evokes and makes explicit the subject-specific conventions,
the language of chemistry, in the order of the compound (“a habit that
we write magnesium first”, 1. 5-6). While talking, she draws a line as a
depiction of reversing the order of the atoms (Fig. 22).

Moving to write down the correct answer above the line, the teacher
first traces three times the inside contour of the blue ball that represents
magnesium after which she writes the chemical symbol (I. 7). Then she
quickly points at the two green, chlorine atoms before writing the
chemical symbol (1. 8-9). She also unpacks what ‘2’ in the resulting
‘MgCly’ indicates about the structure of the molecule (I. 10-12), man-
ifested both in the concrete and context-bound way of talking, including
indexicals (“this”, “that one”), and by tracing with her pencil the outline
of the number and pointing at the blue ball (Fig. 23). These practices
showcase the use of different semiotic resources for different purposes in
that both the everyday, context-bound register “first we take this” and
the concrete visualisation of an atom as a ball alongside tracing and
pointing actions serve to unpack the complexity of chemistry-specific
knowledge while writing the chemical equation repacks it by fore-
grounding the conventional knowledge representation in the discipline.
Contextual dependency is also reduced in that the conventional equation
demonstrates the general principle of the conservation of matter in the
equation.

In addition to actions with the pencil, the teacher writes a verbal
description of the reaction underneath the chemical equation in lines
18-27. She thus unpacks the symbol-based representation of chemistry
knowledge not only as the names of the atoms and molecules but also in
relation to students’ possible other disciplinary knowledge by explain-
ing and highlighting with the pen the difference to mathematical
equations which use an “equal symbol” instead of an “arrow” (1. 21-22,
Fig. 24). The teacher also explains why the arrow is used (l. 24). These
explicit references to subject-specific conventions of representing
knowledge — and their relation to other sets of conventions — can be seen
as ways to support relevant disciplinary literacies. It is also noteworthy
how the teacher’s multimodal unpacking actions are simultaneously
accompanied by repacking through talk that is rich in semantically
dense subject-specific terminology (1. 19-20, 25-27) such as “magne-
sium atom”, “hydrochloric acid molecules”, “magnesium chloride”. The
other multimodal resources are thus serving the purpose of unpacking
the complexities of such subject-specific language. All in all, these
multimodal actions enable the teacher to draw students’ attention to
discipline-relevant writing practices and knowledge-building and to
establish meaningful connections between the symbol-based expression
in the reaction equation and the semiotic representations of atoms.

6. Discussion and conclusion

In this article, we have explored how different multimodal resources
are used by a physics and a chemistry teacher to unpack and repack
subject-specific knowledge in CLIL classroom interaction. Overall, the
findings attest to the key role that multimodality has in CLIL classrooms
in building and teaching disciplinary knowledge and the wide variety of
resources used. Firstly, alongside the resources of spoken and written
language, both teachers used depictive gestures and other embodied
actions (Ext. 1, 2 and 6), material objects and artefacts (Ext. 3 and 4),
different types of technology (computer, PowerPoint and Prezi pre-
sentations, smartboard; Ext. 5, 6 and 7) and inscriptions (Ext. 1 and 7) to
build knowledge. Secondly, these resources were shown to serve
important roles in knowledge-building and in supporting CLIL students’
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comprehension of the content. On the one hand, they were used to
concretise and render observable theoretical abstraction typical for both
physics and chemistry (e.g., the notions of refraction (Ext. 3) and mo-
lecular structure (Ext. 4)). In LCT terms, multimodal resources were used
for unpacking purposes as they helped increase context-embeddedness
and reduce complexity. Such unpacking is a key pedagogical strategy
in CLIL classrooms as also attested by earlier classroom-based multi-
modal interaction analyses which have suggested that multimodal
means have an important role in scaffolding learning (e.g. Escobar
Urmeneta & Evnitskaya, 2014; Evnitskaya & Morton, 2011; Kaanta
et al., 2018). However, in addition to scaffolding CLIL learners, multi-
modal resources were also shown to have a role in maintaining and
building up the level of abstraction, as in the cases of the physics teacher
using a diagram when explaining refraction (Ext. 5) or the chemistry
teacher using the reaction equation to capture the conservation of
matter (Ext. 6). In LCT terms, these constitute ways of repacking
subject-specific knowledge to higher levels of abstraction and
complexity.

By making visible the inherently multimodal nature of unpacking
and repacking in CLIL classrooms, the present study complements the
existing LCT-based research that has tended to explore knowledge-
building practices from the perspective of spoken and written lan-
guage (e.g., Clarence, 2017; Cranwell & Whiteside, 2020; Dankenbring
et al., 2023). Its focus on multimodal resources also foregrounds the
fluidity and flexibility of transcending between and across modalities as
well as their simultaneous deployment. This can usefully be captured by
the notion of translanguaging in its broader sense that sees it not only as
a multilingual but also multimodal practice (e.g., Li, 2018; Tai, 2023b);
multilingualism seen this way does not only concern named languages
but also variation brought about by using different dialects, styles and
registers, the latter particularly relevant in this study due to the fre-
quency of shifts between technical/subject-specific and everyday reg-
isters. Such a view of translanguaging resonates with what Lin (2015;
2019) calls trans-semiotising, i.e. the fluid and dynamic interplay be-
tween language and other semiotic resources and the rich variety
involved in the latter (visuals, human bodies, gestures, eye-gaze, etc.).
The contribution of this study to translanguaging research derives from
the insights it offers to the significant role that multimodal resources
have in subject-specific knowledge-building practices (see also Tai,
2023a, b). More specifically, it shows the versatility both in the range of
multimodal resources used and in their functions for repacking and
unpacking subject-specific knowledge. It remains a task for future CLIL
research to explore how best to make such multimodal resources a
consciously planned part of CLIL pedagogy.

In addition to identifying processes of unpacking and repacking, the
LCT-informed semantic wave analysis combined with CA yields infor-
mation about the temporality of these processes. This means observing
how the degrees of semantic density and gravity vary during the
teaching episodes depicted in the extracts, i.e., what kind of semantic
waves emerge. The detailed multimodal interaction analysis also helps
discern the relationship between teacher talk and other multimodal
resources in the process of unpacking and repacking. Argiielles-Alvarez
and Morton , (2023: 7) conducted a semantic wave analysis of two
lecturers’ talk, tracing the strengths of semantic gravity and density
separately. They noted that these dimensions occasionally draw towards
opposite directions, i.e. the inverse relation between SD and SG often
depicted in the literature does not necessarily always apply. The same
can be observed in the relationship between teacher talk and other
multimodal resources in our study: at times their unpacking and
repacking functions align with each other, at others they diverge. In
terms of semantic waves this means that instead of a clearly delineated
undulation and progression of semantic waves smoothly following each
other, our findings show the simultaneity in the use of different resources
often pointing to different directions on the semantic scale.

The main patterns in the varied purposes for which the simultaneous
multimodal resources are used can be depicted with the following
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figures of semantic waves. Fig. 1, based on Extract 1, roughly illustrates
the unpacking and repacking processes revealed by our analysis, sepa-
rated for teacher talk (blue line) and other multimodal resources (red
line). It shows a case where the aligned use of all multimodal resources
features especially strongly in the unpacking phase, i.e. at the hollow of
the wave that involves increasing context-dependency (SG+) and
reducing the level of complexity (SD-) simultaneously by means of
teacher talk and other multimodal resources, i.e. the teacher’s use of
everyday register combined with depictive gestures. As we have seen,
also other extracts (e.g. Extracts 2, 3) involve simultaneous unpacking
by both teacher talk and use of other semiotic means. Such simultaneity
may be a CLIL strategy, the use all possible resources helping to render
the content more accessible to students learning through L2 but it may
also reflect the abstract nature of the content studied. An interesting
further avenue for future research would be to compare CLIL and non-
CLIL classrooms to see how multimodal unpacking and repacking
feature in each.

Our analyses above have also indicated that the simultaneity of
various multimodal resources also means that they may be used for
diverging purposes. This was noted, for example, in connection with
Extracts 4, 5 and 7. Here we illustrate the simultaneous divergent
functions with Fig. 2, based on Extract 6, which depicts how the
chemistry teacher explained the meaning of equilibrium with the help of
a chemical reaction displayed to the class. The figure shows, firstly, that
the multimodal resources accompanying teacher talk cannot easily be
represented as a coherent semantic wave. In this case, the teacher’s
tapping and touching actions and finger movements add context-
boundness and concreteness (SG+, SD-) and are indicated by the red
dashed line at the bottom, while the reaction equation and its visual
representation with different-sized circles on the slide condense complex
chemistry information (SG-, SD+) throughout the extract, indicated by
the upper purple line. Secondly, the figure illustrates that there are both
moments when talk and other multimodal means are aligned on the
semantic wave and moments when they diverge. Alignment happens
when teacher talk and embodied actions jointly serve unpacking pur-
poses in lines 11-14 and when teacher talk and the condensed infor-
mation on the slide jointly contribute towards repacking knowledge in
lines 1-10 and 17-19. Divergence is visible when the different modal-
ities draw to different directions as in lines 1-10 when the abstract and
technical teacher talk and meaning-condensing visual (SG-, SD+) are
accompanied by the teacher’s embodied actions of tapping and touching
the screen and depicting bong breakage with her fingers (SG+, SD-), or
in lines 11-14 where the everyday register and tapping and touching the
screen (SG+, SD-) are accompanied with an image that condenses in-
formation of a chemical reaction (SG-, SD+).

Fig. 2 thus demonstrates that taking into account the totality of
multimodal resources for knowledge-building foregrounds the multi-
layered and complex nature of unpacking and repacking processes
which does not neatly transfer into a unified wave formation. However,
as we have shown above, all our data extracts involve teachers shifting
between technical and everyday registers and different multimodal re-
sources to both condense and open up subject-specific content knowl-
edge. As Maton (2013: 19) argues, such upward and downward shifts are
required for cumulative knowledge-building. Closer attention to the
notion of semantic waves thus has pedagogical potential for all teaching
but may be especially relevant for CLIL contexts where teaching subjects
through L2 adds an extra challenge, leading teachers to often express the
need for CLIL-specific pedagogical guidelines (see e.g. Lo, 2020). CLIL
teachers might thus benefit from more conscious strategies of inter-
twining talk and other semiotic resources to unpack levels of abstraction
and to scaffold the learning of subject-specific knowledge. Furthermore,
they might also benefit from steering learners’ attention to how, apart
from scaffolding purposes, multimodal resources may constitute an
important aspect of subject-specificity, forming a part of what has been
referred to as different disciplines having their own “ways of knowing”
(Moje, 2008, p. 99) or “ways of seeing the world” (Doran, 2019b, p.
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181). There is room for future research to explore in more depth the role
of multimodal means in condensing subject-specific knowledge and the
kinds of pedagogical solutions that would be most beneficial in CLIL
contexts for unpacking such condensed knowledge.

In addition to pointing towards the need for heightened awareness of
the downward and upward semantic shifting as such, another important
pedagogical implication raised by the findings relates to how explicitly
these shifts are signposted and modelled by teachers to support learners.
This is an important equity concern as there may be great variation
among children in their ability to recognise and produce ‘semantic
ranges’, i.e. variation between the more abstract and technicalised and
the more concrete (Maton, 2014, p. 205). Education should guarantee
similar opportunities for all learners to navigate and be cognisant of both
the everyday/context-dependent and technical/complex forms of
knowledge. We have seen that the teachers were constantly involved in
variation and shifting between unpacking and repacking through
multimodal means and register shifts. However, these shifts were rarely
accompanied by explicit signposting by means of, for example, teachers
drawing students’ attention to differences between the more technical
and everyday registers or to the relationship between different ways of
representing knowledge. One of the rare examples where the
discipline-specific conventions were explicitly evoked in our data was in
the case of Extract 7 where the teacher directed students’ attention to
the specific conventions of conveying chemistry knowledge through
equations. Otherwise, the teachers used but did not explicitly make
students aware of the multiple means of conveying and constructing
knowledge in their subjects. Therefore, it would be important to include
such explicit signposting of subject-specific knowledge-building in CLIL
teacher training, both in Finland and in other contexts, to support
learning and learners’ ability to display their knowledge in
subject-specific ways in their L2.

In sum, given that CLIL teachers both in Finland and elsewhere may
face the challenge of going beyond key terminology as an indication of
subject-specificity, a key contribution of this study lies in highlighting
how unpacking and repacking subject-specific knowledge is accom-
plished through the intricate use of teacher talk combined with other
multimodal resources. Pedagogical implications concern, firstly, the
need for teachers to introduce more explicitness when involved in shifts
between abstraction levels. Such signposting provides scaffolding that
can no doubt be beneficial for all learners but especially for those
learning through L2. Secondly, while in CLIL methodology the key role
of multimodal input to support learners’ understanding has been
acknowledged from the start (e.g., Dale et al., 2011), attention also
needs to be paid to the role of multimodal resources in constituting a key
component of subject-specific literacy, often condensing
subject-relevant knowledge in highly abstract ways (Blackie, 2014;
Doran, 2019a, 2019b). As we have seen in connection with graphs and
equations, an important aspect of chemistry and physics teachers’ skill
set is the ability to unpack this highly condensed information to support
learners’ understanding of the content but also to guide the learners
towards subject-specific conventions of knowledge building. Our anal-
ysis showed that there are occasions when high levels of abstraction in
talk combine with high levels of abstraction in visuals. Therefore, it is
important to develop strategies in CLIL teacher education for how best to
tackle such moments of high semantic density.

We conclude by acknowledging the limitations of this exploratory
study. Given its focus on two CLIL teachers and lessons in Finland, we
are aware that the size of the data sample has limited generalisability
and that due to diversity in CLIL implementation (for the situation in
Europe, see Giille & Nikula, 2024) classroom practices in other contexts
might have different emphases. Therefore, further research is needed to
gain a more comprehensive view of the role of multimodal resources and
their interplay in knowledge-building in different subjects, across age
and educational levels, and in different CLIL contexts. At the same time,
we believe that a close microanalytic approach combined with semantic
wave analysis, by enabling detailed attention to the accomplishment of
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social and epistemic actions, can offer valuable initial information on
how transcending between different multimodal resources is employed
in real-time interaction to accomplish practices of unpacking and
repacking subject-specific knowledge and insights for CLIL research and
pedagogy to be further developed in future studies.
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downward/stopping intonation
s continuing intonation

? rising intonation

A slightly rising intonation
T rise in pitch

1 fall in pitch

what word emphasis

>what< compressed talk
<what> slower talk
°what® quiet/softer speech
WHAT loud speech
wha:t lengthening of a sound/syllable
(1.9) duration of silence
) micro pause
((laughs)) transcriber’s comments
(xx) unrecognizable item(s)
(what) dubious hearing
hhh audible aspiration
.hh audible inhalation
.yeah word is said with an in breath
ye- a cut-off word
[what] overlapping talk
= contiguous utterances or units of talk
£what£ smiley voice
wh(h)a(h) laughingly uttered word or phrase
t
e participant’s embodied actions are delimited between two identical symbols (one symbol per participant and per type of action) and are synchronized with
correspondent stretches of talk or time indications.
*o> action described continues across subsequent lines
->* until the same symbol is reached.
> the described action continues beyond the extract
# marks the temporal placement of figure in relation to talk
rh/lh/bh right/left/both hand(s)
sb smartboard
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