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ABSTRACT KEYWORDS
Background: Children’s interactions are inherently multimodal. Material; embodied;
Accordingly, when children engage in science in classroom com- multilingual; science

munities, their interactions are grounded in material and embodied ~ education; early childhood
aspects of interactions with teachers and their peers.

Purpose: This study explores the nature of children’s science inter-
actions in a classroom community where students are working in
a language they are also learning through examination of the ways
in which open-ended pedagogical approaches mediated embodied
and material science participation and sense-making.

Study and method: We employed multimodal interaction analysis
layered with a critical ethnographic perspective to explore the
embodied and materially-grounded experiences of a student work-
ing in an early-childhood classroom with peers and teachers in
science through a language he is also working to learn.

Results: Multimodal interaction analysis allowed us to build
views of how the classroom interactional spaces afforded embo-
died and material participation and learning in science, and
uncovered the multimodal ways in which this mediated his
engagement in science and communication of science mean-
ings and wonderings.

Conclusions: Open-ended pedagogical approaches afforded
spaces in which this student was able to engage with phenomena,
materials, and embodied interactions, regardless of his verbal par-
ticipation. This embodied participation and materially grounded
interactions entangle and unfold to become learning. Pedagogical
implications for the teaching and learning of science with all chil-
dren, and in particular with plurilingual children, through the use of
open-approaches that afford resource-rich embodied engagement
and learning are discussed.

Introduction

5-year-old Henry walks up to a small table in his kindergarten classroom, and peers into
a plastic container set out by the teacher. Inside the container is a sample of worms and dirt
from the class vermicomposter. Henry takes a spoon, reaches it into the container, and
carefully begins to shift the soil from side to side. Around him at the table, his classmates
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dig into other containers. Exclamations of excitement can be heard as students spot an insect
or when a worm comes to the surface. Children are heard exclaiming ‘Teacher! Teacher! Look
what | found! Amid these productive sounds of discovery, Henry is looking down, silently
concentrating on his sample, occasionally looking up and over at a classmate, and then
returning his gaze down at his spoon and the soil.

Young children’s explorations are inherently embodied, and often their investiga-
tions and wonderings are not bounded in verbal expressions (Siry and Gorges
2020; Glinther-Hanssen 2020; Wilmes and Siry 2018, 2021). In the above excerpt,
Henry is intensely focused on moving the soil back-and-forth silently, clearly
observing the sample as well as the interactions of his classmate. Herein we
share analysis of Henry and his classmates’ investigations of samples from the
vermicompost to examine the embodied and material nature of their interactions.
Focusing on Henry's storyline enables highlighting how the classroom pedagogical
structures allowed for his embodied participation in building science understand-
ings, and communicating these, while working in a language he is still learning.
The analysis details Henry’s experiences and is intended to contribute to a growing
body of science education research which explores how access to a range of
modes in addition to languages can mediate children’s participation in classroom
science in ways that build from their resources, leads to science learning, and
opens access to diverse ways of coming to know.

Sociocultural views on science teaching and learning

We situate our research within sociocultural lenses of science education (e.g. Tobin
2015), which provides us with views of the classroom cultures, participants, and
interactions that unfold within them through time and space. These are theoreti-
cally positioned as contingent, situated, emergent, and grounded in embodied and
material aspects (Hwang and Roth 2011). The perspectives we bring situate culture
as enactment - with culture consisting of practices and systems of meaning
making that mediate interaction (Sewell 2004). We theorize both systems and
practices as dialectically related, in that each constitutes the other. In other
words, as inseparable. In this view of social systems, both contribute to interaction
that plays out among actors, and their contexts and environments over time.
Nested within this sociocultural positioning, our view of science education is one
which views interaction in spaces such as classrooms, and among students and
teachers, as relational, and contextual, and taking place through material and
embodied motions and actions. Through these perspectives we situate children’s
engagement in science as a material and embodied lived experience through the
lens of culture as dialogue (Bell and Gardiner 1998) that manifests in material and
embodied ways (Leigh and Brown 2021). As such our work explores and
encourages open-ended approaches to instruction, and herein we consider how
a Kindergarten teacher set up and enacted an open-ended pedagogical approach
and how this supported students’ science experiences, affording us views on how
the students were able to interact within these contexts over time.
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Multimodal theorizations of embodied and material

We work through analytical lenses rooted in Bakhtinian notions of dialogue, grounded in
the notion that all communication is multiperspectival, and multi-voiced, with dialogue
unfolding through relational processes. Bakhtin’s literary work provides a grounding
perspective for social analysis, one which allows for highlighting the multi-voiced nature
of everyday life, and for recognizing that each word has multiple meanings (van Eijck and
Roth 2011). In a dialogic encounter, the listener is equally as important as the speaker
(Bakhtin 1981). This means each dialogic interaction is oriented towards back and forth
exchange between speaker and listener, not to either/or, but to both. Grounded in this
perspective, in our research we position human understanding as embodied (Leigh and
Brown 2021) and thus take a broad view on dialogue as entangled and emergent in
embodied and material aspects of communication and interaction (Wilmes and Siry 2020).

The body in this dialogic sense is the medium through which the world is received,
processed, interacted with and through, and expressed (Hwang and Roth 2011). We see
the body as a form of knowing, it is both simultaneously the medium and the locus of
experience (Impedovo et al. 2017), the body is in continuous dialogue with others and
with the surrounding environment. The body is at once the recipient of the messages of
others, processing messages, and continually becoming through expression to others.
How the body senses, processes, communicates, moves, performs, processes, and
expresses are included in the totality of what we consider as embodied, and as such,
engagement in science practices is embodied learning. We situate learning as a contingent
and relational process that emerges in context through interaction (with materials, with
environment, with oneself and others). Learning emerges from the coming together of
resources - including the body, languages, materials - in interaction, into a continual
process of becoming (Freedman and Ball 2004). To shine a light on the ways in which such
embodied learning unfolds with young children, we employ multimodal methodologies
to interrogate what we are able to see and to hear in order to provide insights on the
multilayered embodied aspects of teaching and learning in and through inherent multi-
plicities (Williams and Tang 2019). This allows us views on the diverse resources at play in
classroom contexts.

Material theorizations in this dialogic view involve considerations of all physical aspects
that could be or are involved in interactions. For example, in the case of a student
exploring with a digital microscope, the digital microscope, the table and digital device,
the floor of the classroom, the building itself, the student’s hand moving the microscope,
and the entirety of the student’s body are considered as material aspects of this interac-
tion. Actively or passively involved, these materials are potential resources that at once set
the stage for what is possible, and what unfolds in this setting through dialogic interac-
tion and meaning-making.

We have written elsewhere on this theoretical grounding as it allows us to foreground
the material and embodied aspects of interaction while honoring the semiotic (e.g.
Wilmes and Siry 2021). To highlight these aspects of interaction, we employ a method
of multimodal interaction analysis (MIA) that enables us to see and to hear a wider range
of semiotic aggregates drawn upon interaction. Important for understanding the argu-
ments that follow in this manuscript are issues of equity that relate to language use in
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communication in our national context. We live in a society that tracks and marginalizes
students based on how well they communicate in the languages of instruction, a factor
which is not unique to our context, and which might resonate with many readers’ own
experiences. In our research we consciously work to background language as we explore
how interactions unfold in classroom contexts (e.g. Wilmes and Siry 2018), allowing for
focusing in early analysis on what is being done rather than what is being said, with the
goal of illuminating the rich and beautifully complex engagement of children in these
environments (Wilmes et al. 2018, 2020; Wilmes 2021). This helps us to quiet the human
tendency, and tendency in much of science education research, to frame our analysis in
what is uttered. To employ this method, we grow quiet, and we look at data resources
with the sound off, to see what comes to the fore, and then in a recursive process we
move between what we see and what we hear, layering together our experiences and
theoretical perspectives.

We have found that beginning video analysis from silence allows us to better see how
bodies and materials interact (e.g. Wilmes and Siry 2021). This approach affords us views
on our work with the teachers and students in ways that purposefully background our
human/teacher disposition toward speech and what is spoken in classroom contexts and
learning interactions with children. We take inspiration from scholars that have empha-
sized the ways in which embodied doing, languaging, and materials and tools come
together to mediate children’s conceptual development and science engagement (e.g.
Hetherington et al. 2018; Smith 2023), and through our research we seek to work towards
views on young children’s participation in science that build from the resources available
in interaction. In the study we present here, we use a process of multimodal interaction
analysis (MIA) in order to approach the questions: In what ways do open-ended
instructional approaches mediate students’ material and embodied participation
in science practices? This question is intentionally framed broadly, to enable us to
examine how these spaces support participation and communication in science. We
explore this question by zooming into the experiences of a plurilingual student working
within a classroom community, to examine the ways in which the resources available in
interaction played a role in his embodied meaning-making.

Study context

Our research focuses on primary and early childhood education contexts in Luxembourg,
a tiny European country nestled between Belgium, France, and Germany. Luxembourg is
a trilingual country, with the official languages of German, French, and Luxembourgish,
languages that are used in different contexts in myriad ways. Of all the countries in the
European Union, Luxembourg has the highest sustained inflow of immigrants with
respect to our total population and one of the highest percentages of foreign population.
The population is just over 625,000 people, and as of last year, 47% of those living in
Luxembourg have a nationality that is not Luxembourgish (STATEC 2023). Statistics
emphasize that Luxembourg has by far the highest recent percentage increase in popula-
tion in Europe. When considering how these aspects intersect to create the fabric of our
national landscape, Luxembourg is a multilingual country, woven together from over 170
nationalities, creating a context which is rapidly changing, resulting in a diverse and
highly complex cultural and linguistic landscape.
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Luxembourg’s multilingual primary schools and plurilingual students

Luxembourg’s national public school system is trilingual, and requires students to be fluent in
Luxembourgish, German and French by the end of primary school at the age of twelve. In
early childhood classrooms the language of instruction is Luxembourgish. This means that the
first optional year of schooling, at age 3, and the first two years of mandatory schooling, at the
ages of 4 and 5, are conducted in Luxembourgish. The goal being to immerse our plurilingual
children in speaking and interacting with their teachers and peers in Luxembourgish. We
intentionally use a plurilingual lens to honor the diverse ways students and teachers draw
upon a range of communicative resources (Council of Europe 2018). In addition, more than
half of our students speak languages other than Luxembourgish at home (MENJE 2022).
German is formally introduced in first grade as a written language, the language in which
children first learn basic literacy skills. Important to consider for the research presented herein
is that it is common for most of the children in a kindergarten classroom to not yet be fluent in
Luxembourgish, often drawing upon a wide range of communicative resources used at home,
that often are not any of the school system’s languages of instruction.

The data we will explore comes from an ongoing research and teacher professional
development project called The SciTeach Center, at the University of Luxembourg. The
overarching aim of the Center is to support the teaching of science in Luxembourg’s
primary schools through inquiry-oriented approaches, with a goal of working with tea-
chers towards inclusion and equity (Siry 2020). We strive for this aim through the multi-
faceted development of pedagogical resources and teacher professional development
opportunities, all co-developed with teachers, work which provides the backdrop for the
classroom data we share next. A key component of the SciTeach Center is our Teacher
Leader Network, consisting of teachers that are supported by the Ministry of Education to
collaborate with the Center researchers. Teacher Leaders co-plan, co-develop and co-
teach teacher professional development (TPD) for other teachers, a process which sup-
ports them in developing their praxis as teachers of science (Siry 2011) and which leads to
contextually-responsive TPD (Siry et al. 2022; Wilmes et al. 2018, 2018).

Classroom context and participants

The analysis we detail next arose from our work in the early childhood classroom of one of
our collaborating Teacher Leaders, Therese.' Therese is an experienced kindergarten tea-
cher, which in Luxembourg extends for two years and is called Cycle one. Cycle one
classrooms are multi-aged, composed of 4- to 6-year-old students in their first two years
of mandatory schooling. We co-developed and co-taught a unit of investigation with
Therese and her class of fifteen students. As introduced earlier, the process of co-teaching
is key to our research and work in the Center, with co-teaching providing the opportunity to
share responsibility for the success of lessons, and for those who co-teach to learn ‘at the
elbow’ of each other (Roth and Tobin 2002). In this study, co-teaching allowed us to
collaborate with Therese in the development of the unit of instruction, providing
a valuable lens on the pedagogical reflections and considerations in developing and
teaching the lessons. All of the students in Therese’s class were plurilingual, meaning that
their families identified that they spoke national languages other than Luxembourgish, or in
addition to Luxembourgish, at home, including Portuguese, French, English, Creole, Arabic,
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Chinese, Italian, and German. As the language of instruction was Luxembourgish, close to
one-hundred percent of the children in this classroom were working and learning in
a language that they were also learning. While this may seem extraordinary, this linguistic
diversity is common within our schools (MENJE 2022), a diversity which creates a high level
of communicative complexity for teachers and children to navigate.

This research was approved by our University Ethics Review Board and conformed to the
guidelines for seeking informed consent from participant’s guardians through both verbal
and written explanations of the research. While co-teaching in the classroom, we explained to
the class our research and ways we would videotape and record our experiences together, in
order to additionally obtain assent from children for their participation in this study.

While co-teaching with Therese, we video recorded classroom interactions for a six-
month period, conducted interviews with her, and recorded reflective field notes, all of
which we accessed for later analysis. The unit at the focus of analysis presented here was
Living Things: Worms and Vermicomposting, which consisted of 8 2-hour videotaped
classroom sessions; 16 hours of video in total. The unit objective was to engage students
in science practices as emergent from investigating worms from the class vermicompos-
ter. The analysis presented here highlights the story of Henry, a story which emerged and
shifted into the forefront through our analytical journey in that we saw over time, both in
working with him in the classroom and through video analysis, that he was very engaged
in the science investigations. This could be seen through his gaze, body position and
engagement with the materials and wormes, his peers and his teachers during discussions
and interactions. At home Henry speaks a dialect of Chinese with his family, and at the
time of this study, he was five-years old, and in his first year with this classroom. We
observed and additionally learned from Therese that Henry was not yet speaking
Luxembourgish, the language of instruction, with his peers, nor with his teachers. For
this reason, we became curious about his ways of engaging with his peers and teachers in
general, and in particular with how materials and embodied resources played a role in his
communication and meaning-making across the interactional spaces of this classroom.

Analytical approach: multimodal interaction analysis

The qualitative analytical process involved a multimodal interaction analysis (MIA)
approach grounded in sociocultural views of interaction, which we have detailed in
prior work (Wilmes and Siry 2021). This MIA analytical approach affords opportunities to
examine essential components of semiotic resource use and mobilization. Guided by
Roth’s (2005) notion of zooming in we conducted analysis that allowed us to zoom into
focal interactions embedded within the overall classroom context over several sessions.
Recursive rounds of viewing classroom videos, layered with analysis of conversations with
the teachers and children, and classroom artifacts afforded us views of interactions of this
class engaged in science investigations. This iterative process provided views of interac-
tion through which we could explore material and embodied components of interactions.
Key to this process is that we engaged in ongoing reflection, dialogue and co-design, and
we were active participants in the classroom, as we co-planned and co-taught the lessons
with the teacher, which facilitated a high level of reflexivity (Leigh and Brown 2021). The
analyzed dataset was composed of videos from eight lessons recorded with multiple
video cameras, digital photos, and interviews with students and the classroom teacher.
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Our analytical process helped us to construct the case of Henry guided by Patton'’s
(2014) notion of a critical case. Critical cases ‘are those that can make a point quite
dramatically or are, for some reason, particularly important in the scheme of things’
(p. 54). Thus, multimodal interaction analysis of Henry’s interactions in his classroom
community allowed us to consider the ways the class was afforded opportunities for
interaction within open-ended pedagogical spaces set up by Therese. The analysis
focused on classroom activities in which Henry was present (whole class, small group,
and individual activities) and noting Henry’s body position, motion, and interaction with
classroom materials (those provided for the lessons and tables and chairs, for example)
and those of his teachers and classmates, across various classroom spaces. This enabled
drawing attention to how bodies and materials came together and interacted to support
meaning-making and communication on Henry’s worm discoveries and wonderings.

For the duration of the unit we co-taught with Therese, the class was set-up to engage
students in investigating in individual and collective ways and that allowed for open science
exploration around the theme of Living Things: Worms and Vermicomposting, and we
engaged in a recursive and iterative process of ongoing analysis of field notes and impressions
from co-teaching, then listing all teaching activities, in order to view the range of instructional
approaches Therese employed. All videos in which Henry was present were viewed using the
MIA approach (Wilmes and Siry 2021), the first step of which is to view videos in real-time with
the sound off. This process involved the construction of analytical notes for video segments
and noting with whom Henry interacted, the interactants’ body positions, and resources
mobilized in interaction including communicative resources, and body movements. Layered
on this were analytic interpretive discussions about what we were seeing in interactions. From
this we built the case of Henry within this classroom community and were able to describe
which resources were mobilized and how bodies and resources moved and entangled within
instructional spaces.

Findings

The analysis we present emerges from exploration of our focal question, in what ways do
open-ended pedagogical approaches mediate students’ material and embodied participa-
tion in science practices? We explored how classroom spaces mediated Henry's engage-
ment, and communication, and meaning-making in science. We next unfold the story of
Henry’s engagement in this classroom community, and examine the material and embo-
died enactments afforded to illustrate the central findings from this research, which are are
that: i) his participation and meaning-making are mediated and facilitated through material
and embodied ensembles in the classroom with classmates and teachers, and ii) in these
spaces he is able to develop and demonstrate his understandings, without always produ-
cing verbalizations. To illustrate these findings we next share three episodes whereby open
classroom spaces mediated embodied material engagement and science learning.

The class investigated worms and vermicomposting over seven extended (one hour-
plus) sessions during a three-week period. Throughout the unit, Therese structured
activities during which students could investigate alone and with their peers, and she
repeatedly engaged students in whole-class group discussion around their investigations,
building upon established classroom routines. For example, the class began each morning
sitting together on benches in a circle and discussing the topics and activities ahead.
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Figure 1. An embodied whole-class discussion. Therese engaged the class in discussing the size of the
worms in the vermicompost (black bin in front). Students responded by gesturing with their bodies.

Figure 2. Students work with digital microscopes. Students could work individually or in small-groups
at ateliers which supported science investigations with worms and opportunities to work with digital
tools such as microscopes and laptops.

These types of interactions were conducted in Luxembourgish and were used throughout
the day to support whole-class dialogue. A second structure used was ‘ateliers’, which are
stations set up for group work of three or more children at small tables in different areas of
the room. These structures were used frequently throughout the three-week unit, and
students were accustomed to engaging in these forms of interactions with prior topics, as
they had been used from the beginning of the school year. As we detail in the sections
that follow, analysis showed that these structures afforded students opportunities to
engage using their body and ensembles of modes grounded in the material and bodily
engagement, as was seen in whole-class discussions (Figure 1).

Over several class periods Therese engaged the students in open exploration of the worms
and the compost, by first discussing with the class their ideas and wonderings, and then
inviting them to share what they think will happen, or what they will see. This was followed by
students’ exploration with provided tools and materials, either individually or with peers
(Figures 2 and 3). Cycles of whole-class discussion, small-group and individual investigations
were used throughout the unit over multiple weeks. Therese put out materials for students to
explore, including flashlights, digital microscopes and materials that would enable them to
investigate the worms' reaction to light, to damp surfaces, as well as other investigations that
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Figure 3. Students work with children’s literature and drawings.

arose from the students’ wonderings and observations. The first episode that became salient
during analysis occurred on the second day of the unit as students observed the worms with
handheld digital microscopes.

Episode 1. Observing worms: Henry finds a baby worm

After being introduced to the worms and the compost bin (Figure 1) students were invited
to work in a small-group at a student-sized table. On the table there were magnifying
glasses and basic tools to observe the worms and to look through the dirt from the compost
bin. Therese set up a digital microscope attached to a laptop on one end of the small table
(Figure 2). Students approached the table to observe the worms. Henry, our focal student,
joined the table and his attention focused on a small plastic container of worms on the table
in front of him. Henry spent several minutes, looking through the dirt, moving the contents
of the container carefully around with a spoon, and peering into the contents of the dirt.
After looking in the dirt, Henry quickly stands up with an outstretched spoon and
exclaims in Luxembourgish, Teacher, look!* (Figure 4a). The teacher responds, What
did you find? as she leans in toward his spoon, and his classmate pulls down his arm
as they all look together at what Henry has on the spoon (Figure 4b). Shall we look
with the microscope? Therese asks. Henry walks around the table with the spoon, and
holds it out to his classmate and says, look, keeping his gaze on the spoon, a baby!,
and they both look at the spoon. Henry comes to stand by the teacher and waits
while she sets up the laptop and digital microscope. Come let’s look at what you've
found, Therese says. She explains, lay what you've found here (in a petri dish laying on
the table) and we can look at what you have. Henry stands up and brings what he
finds to the teacher (Figure 5). Therese next places the petri-dish on the table and
begins to position the digital microscope directly on the petri dish (Figure 5a). She
brings the contents of the dish into focus, as they both look at the laptop screen.
Wow! She gasps, WOW! Henry exclaims. Therese says You found something really nice,
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Figure 5. Henry brings his teacher a petri dish and they used a digital microscope to observe what he has
presented (a). Together they look at the computer screen (b) and she tells him he found a cocoon (c).

as she continues to focus. A second student comes around to her other side, leans
into the laptop and asks, what is that? Henry exclaims again, WOW! And says a baby,
pointing to the laptop screen. Yes, a baby, Therese repeats, holding the microscope
on the petri dish so they can all look. As she moves the microscope around she
begins to focus on another object, as it comes into focus, WOW they all gasp. A baby,
Henry says and points directly to the screen, to the newly focused image. This allows
them both to see the contents of the dish on the laptop screen (Figure 5b). Therese
turns from the computer to look at Henry, and says, Yes, you are right, you found
a cocoon and there are baby worms inside. (Figure 5c). Therese leaves the cocoon in
focus as Henry moves around the table, and comes back again and looks at the
screen, again exclaiming and saying WOAHHHH with enthusiasm while pointing to
the laptop screen. Other students come to look at what Henry found.
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Henry is visibly enthusiastic about his discovery. He jumps up with an outstretched
arm, points enthusiastically to the laptop screen. Henry communicates with the teacher
through gesturing and his body position. This is key, as Henry had not been verbalizing in
class with her nor with other adults in Luxembourgish, yet during this exchange he
verbalized in Luxembourgish in interaction with Therese. Therese had set-up the open-
ended tasks which afforded Henry opportunities to interact with materials in self-directed
ways to explore the dirt and worms, and then to initiate communication about his
discovery in the interactional space afforded through the open-ended, material-rich
structures. The space at the table, the materials, and the compost were key materials in
interaction as Henry explored, observed, in essence, engaged in the doing of science, and
then in presenting his findings to the teacher, findings which they then together exam-
ined with the digital microscope. This interaction happens between the student and the
materials (spoon, dirt, cocoon, table) and the student - the teacher — materials (digital
microscope, cocoon) and through this interaction grounded in this space a multilayered
science investigation occurs.

Episode 2. Observing a worm with a digital microscope: Henry answers a question

The next day, the microscope station is again set out on a table for small-group
work. At one point, Therese shows three of the students a petri dish containing
worms and encourages the students to use the digital microscope to observe closely.
Henry had been at the microscope station already with a classmate, looking at their
shirts and their belly buttons. He turns towards Sara, one of the authors, and then
moves with the two students to the table with the petri dish and worms. He and his
classmate pass the microscope back and forth. Therese asks Henry to pass the
microscope to his classmate, who exclaims excitedly about what they are seeing
on the laptop screen. Therese says, | think that is a cocoon. At which point Henry
turns from viewing the laptop, to look up at her (Figure 6 top, right). He nods up and
down, indicating yes in response. Therese moves to the table to join them, accepts
the microscope and says, focus really slowly as she turns the knob as the three gaze
collectively at the laptop screen. Henry points to the screen and makes a noise. They
continue looking together at the screen (Figure 6).

The microscope and laptop mediate Henry’s interaction (are entangled in this space)
with his classmates and teachers, and through these interactions Henry answers Therese’s
wondering in an embodied manner. The open-ended space allows Henry and his class-
mates to interact with each other and their teacher regarding their observations and
discoveries, and to learn through embodied, material ways of becoming.

Later the same day during a whole-class discussion, Therese asked the class, Did you
find something new? She records the children’s responses on a class poster titled, ‘What we
know about worms’. In response to her question, one student calls out Cocoon!, and
Therese builds on this exclamation saying enthusiastically to the group sitting together in
a discussion circle, A lot of small babies came out of the cocoons. Therese points to the
photo of the cocoon hanging just to the side of the poster on the board, then she writes,
a lot of babies come out of the cocoons, Henry found a cocoon. In this way, Henry's findings
added to the classes’ collective findings and his discovery is valorized. Material and
embodied interactions in the spaces afforded to Henry, his classmates, and us and his
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Figure 6. Henry and his classmate observe worms with the digital microscope (top) and together with
their teacher discuss what they see on the screen (bottom).

teachers continued to unfold over the course of the Living Things unit. Two weeks into
the three-week unit Henry engaged in a conversation with his classmates and his teacher,
as we next detail.

Episode 3. Discussing the vermicompost: Henry uses photos in discussion with his
classmates and teacher

Therese gathered a small group around a table to discuss how the classes’ compost bin
was built, and what the worms eat, in order to prepare food (vegetable pieces) to put into
the vermicompost. For this discussion, she brought the compost bin next to the student-
sized table, prepared a plate of vegetables and vegetable peelers, and placed card-sized
images on the table in front of the students which included scientific illustrations of the
compost bin’s layers, and photos of organisms that live in the soil in the bin. First, Therese
holds up the image depicting the layers of the compost, and asks the students, what is in
our bin? Where are the worms? They discuss that the worms, the dirt, and the food they
provide for the worms are in the different layers, shown on the image she holds up, and in
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Figure 7. Henry points to the photo of an insect on the table.

the bin itself, next to the table. Henry sits with the group at the table next to a classmate
and looks at the images in front of him. To one side of the table, Therese opens up the bin,
to show the students inside, and they join her around the compost bin at one end of the
table. Still seated at the table, Henry moves the image cards, and points to one gaining the
attention of the student sitting next to him and says, / look at that (pointing to the insect
depicted in the photo and speaking in Luxembourgish). Henry next says to his classmate,
Look at that, and points to the image showing an insect that can be found in certain
compost ecosystems (Figure 7). The cards mediate him being able to turn to his classmate
and initiate interaction relative to the card that depicts what he observed during his prior
investigation. He is able to talk in Luxembourgish with a peer, referring to the card, and in
a non-formal relaxed space.

Therese next asks the small group of four children seated at the table if they have seen
any of the things depicted in the images shown on the cards. Henry repeats quietly, Teacher,
Teacher. He stands up and walks around the table holding the photo of the insect as he
stands next to her and repeats Teacher, Teacher. Therese turns to look at Henry and he says,
I saw that, holding up a card which shows a centipede. Henry passes the card to her, and
then walks away back to take his seat at the table. Therese accepts the card from him and
says in Luxembourgish, what is this called in French? Tausendfii8ler (German), Mills-pattes
(French). That is what this xxx is called in different languages she explains to the small-group.

In this episode the cards and the table are materials that mediate Henry's embodied
interaction and verbalization with the group, in a way that he is able to contribute what he
saw in the compost from prior investigations including those highlighted in the first two
episodes by drawing upon his experiences together in dialogue with Therese and the other
children (Figure 8). The openness of the pedagogical approach afforded spaces that enabled
a high level of material and interaction in diverse ways. In fact, during our time with Henry, we
saw Henry begin to verbalize more often in Luxembourgish with peers, and Therese affirmed
that he began expression more verbally with her and classmates in Luxembourgish.



RESEARCH IN SCIENCE & TECHNOLOGICAL EDUCATION 127

Figure 8. Henry tells the group about what he saw in the vermicomposter with the digital microscope
during prior investigations.

Discussion

The analysis we present herein brings to the forefront the ways that open-pedagogical
approaches afforded students and teachers’ material and embodied interactions, that
were in turn foundational to students’ engagement and learning in science in this class-
room community. We show through the illumination of episodes how one plurilingual
student in particular (Henry) engaged across several classroom science spaces in material
and embodied ways that were afforded all students through the open pedagogical
approaches used. By foregrounding three episodes, we showcased specific aspects of
Henry’s embodied and material interactions with his peers and classmates. When con-
sidered together, the analysis we present reveals the complex ways he engaged and
learned science in this multilingual classroom community. We see his full dynamic and
embodied, materially-grounded participation and learning in and through these spaces.
Through the development of Henry's case, we present key findings arising from this work
which are: i) his participation, meaning-making, and learning in this classroom community
are mediated and facilitated through material and embodied interactions (entangle-
ments) in the classroom, and ii) in these spaces he interacted in ways that allow him to
demonstrate and develop his understandings, without always producing verbalizations.
The central claim arising from these findings is that the embodied and material engage-
ment and interactions ARE the learning (Roth 2021). The (science) learning is not the result
per se, but rather learning is the entangled becoming that is developed through material,
embodied growing together of Henry, his peers, and us, his teachers.

In each of the episodes presented, Henry's engagement and enthusiasm are evident as
he observes, wonders, and builds understandings about worms and vermicomposting.
The multimodal analytical approach provided a lens that allowed us to see Henry’'s
participation in ways that go beyond his verbal interaction. That is to say, foregrounding
embodied and material aspects of interaction afforded us views on Henry's interaction-in-
situation whereby the body and the material play a central role in experience (Roth 2009).
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This contributes to a growing body of research employing MIA and analytical video
viewing with the sound off layered with methodological approaches that allow views
on collective entanglements of embodied, material grounded student science learning
(Gémez Fernandez and Siry 2018). With this approach, we see that Henry's embodied and
material interactions are more than just a way of participating in science; the embodied
and material engagement is his learning science (Roth 2021). Science is a practice in which
Henry participates, a process grounded in the material and embodied, through which
learning emerges and evolves as, regardless of how much he verbalizes. Given our time
working with Henry he verbalized very little if at all and over time we noticed him
verbalizing more in Luxembourgish. Methodological approaches that are grounded in
science learning based on verbalizations could have led to a tendency to overlook his
participation, his contributions to the class’s investigations, and his learning, as happens
for many children who are not considered proficient in the classroom language. Through
views on his multimodal participation, we illuminated aspects of his engagement, and the
open-ended instruction. This work contributes to a growing body of science education
research that challenges notions of science learning and participation as grounded in
verbal expression (e.g. Cho 2021; Varelas et al. 2022). This work helps us come to under-
stand how we can build educational spaces that support embodied and material learning.

This work calls attention to the role of Luxembourgish in our national context relative
to learning in early childhood classrooms. In an operational sense, Luxembourgish is the
language of instruction which is supported through our national curriculum in Cycle 1
classrooms throughout Luxembourg (MENFP 2011), and it is the goal of the national
school system that children are supported in learning to communicate in Luxembourgish.
Relative to what we observed in this classroom and in prior work, Therese engages her
students in open science investigations regardless of their ability to verbalize in
Luxembourgish. She models the use of Luxembourgish in interaction, and simultaneously
supports the students in full engagement with and through entanglements of materials
and bodies, which allow them space to draw upon diverse communicative resources to
document, to communicate, and to learn. These instructional strategies support children
as they develop their use of Luxembourgish communicative resources. We see in the
episodes we present herein, and in analysis that we present elsewhere (Siry et al. 2022),
that Henry and his classmates learn in science regardless of their own verbalizations in
Luxembourgish. This shows that deep meaningful science learning is taking place, and
that the language of schooling, while one of many learning goals, is not the only goal, and
certainly does not need to precede children’s participation in science.

Implications and concluding thoughts

This research has important implications for the teaching and learning of science
and for research. Relative to teaching and learning, consideration of how children
can use material and embodied resources as they participate in science is key for
supporting their participation, engagement, and sense-making (Impedovo et al.
2017). Specifically, an implication of this work highlights how open pedagogical
spaces afford interactions that support embodied and materially-grounded mean-
ing-making and resource-rich engagement. Instruction in this classroom took place
in Luxembourgish, one of three national languages, yet all students had highly
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diverse communicative repertoires and spoke at least one additional language at
home, with most not speaking Luxembourgish at home. The insights we share
herein show how open pedagogical spaces to engage in material and embodied
ways afforded Henry's opportunities for learning. These educational opportunities
are important not only for plurilingual students, but for all students. Early child-
hood science education should build from children’s curiosities in ways that
include children’s embodied and multiple ways of knowing (Siry and Gorges
2020; Caiman and Lundegard 2018; Larimore 2020). Prioritizing verbal participation
over embodied and materially-grounded interactions can marginalize the ways
children participate in their everyday interactions. This tension, between the embo-
died and materially-engaged ways children interact as situated within the lan-
guage-dominant views of classrooms, places children learning the languages of
instruction at a deficit and denies them opportunities and spaces to engage their
diverse communicative resources.

A second related implication for teacher education is the crucial need for supporting
teachers in designing learning environments and experiences that make space for chil-
dren to employ and build from the multitude of diverse resources that they have available
(Areljung, Ottander and Due, 2017). This supports calls for teacher education that engages
teachers in reflective use on dialogic instructional approaches and in the consideration of
the role of the material in science instruction (Hetherington and Wegerif 2018). Teacher
education that focuses on the value of resource-rich science engagement for children
provides opportunities for students often marginalized in dominant-language environ-
ments by offering spaces to engage and employ diverse resources (Te Heesen, Siry, and
Wilmes 2022). This leads to reconsidering notions of learning in classrooms grounded in
living ontologies that honor becoming together, with learning not preceded or depen-
dent upon the use of a specific communicative resource, as learning is a mutual growth
and becoming together.

In conclusion, this work underscores that material and embodied aspects of inter-
action are key components of learning. This exploration has illustrated the ways in
which learning emerged from the interaction of a multiplicity of resources; including
bodies, languages, materials; through a continual process of becoming. Perspectives
on learning as becoming push us to embrace multiplicity and subjectivity, and to
understand the process as relational and emergent (Rahm 2023). Through the insights
gained from this work we emphasize the value of providing spaces for students to
engage diverse material and embodied resources in interaction and to reimagine
notions of science learning together with teachers to work towards equitable learning
opportunities (Grapin et al. 2023). Key to this is to provide opportunities that allow for
and valorize diverse ways to engage with the body and with materials, and with and
through mobilization and valorization of multiple resources.

Notes

1. Pseudonyms have been assigned.
2. Verbalizations were analyzed in their original version (Luxembourgish), and translated into
English for publication purposes.
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