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ABSTRACT

In this paper, we report on a qualitative study of student teachers’ collaboration in planning and im-
plementing a course that integrated physics and the Finnish language. Audio-recorded planning sessions
and interviews were examined using qualitative content analysis, first, to discover what kind of space for
knowledge construction student teachers designed for learners and, second, to identify the characteristics
of their collaboration in developing a new cross-disciplinary pedagogical practice. The analysis revealed
challenges in integrating meaning-making resources for knowledge construction; especially the role of
language remained mostly invisible. This indicates a need to develop teachable strategies of translan-
guaging. Student teachers’ varied forms of academic knowledge were interpreted as a resource for their
collaboration across disciplines. Consequences for teacher education were acknowledged: supervision is
needed to make the collaborative process visible and more profoundly conceptualized. More studies on
the phases of the collaboration are needed.

© 2022 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Global educational trends conceive learning as co-construction
of knowledge; a process in which social-relational aspects of
knowledge generation are promoted, multiple resources are uti-
lized and trans-contextual skills appropriated (see e.g., Damsa &
Jornet, 2016). Within this context, the Finnish core curriculum for
basic education promotes a school culture that draws on an inte-
grative approach and active involvement of learners (National Re-
search Council, 2012; EDUFI, 2016). Learners need to be enabled
to combine, utilize and develop knowledge and skills in collab-
oration and in multimodal, multidisciplinary contexts (see Cope
& Kalantzis, 2009; Lankshear & Knobel, 2011). These alignments
call for integrating different subjects, dialogue between teachers,
and enabling the active participation of learners as well as sup-
porting their development as critical, cooperative agents. Moreover,
they entail a translanguaging approach, that is, rather than treat-
ing different meaning making resources as separate systems, the
resources are flexibly utilized when constructing knowledge (e.g.
Li, 2018).

Core competencies of ‘thinking and learning to learn’, ‘in-
teraction’ and ‘multiliteracy’ run through the core curriculum
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(EDUFI, 2016). In addition, the growing linguistic and cultural di-
versity of classrooms is making knowledge construction processes
even more multidimensional and also urgent, as teachers of all dis-
ciplines need to be prepared to integrate language and content
learning to support the learning of students with varying back-
grounds and language proficiency levels (Walqui & van Lier, 2010).
However, there is a long tradition of teacher autonomy and inde-
pendence as well as strict subject boundaries in Finnish schools
(Lonka, 2018; Tarnanen & Kostiainen, 2020). The need to shift this
mindset of disconnected teachers and subjects, as well as learning
as an individual endeavour while developing the whole working
culture, requires socialization into a new kind of thinking about
learning and collaborative modes of working already during pre-
service education (e.g., Smith, 2018; Tarnanen & Kostiainen, 2020).

This study contributes to the current research on student
teacher (i.e., pre-service teacher) collaboration (e.g., Marquez-
Garcia, Kirsch, & Leite-Mendez, 2020; Bush & Grotjohann, 2020)
and the research on knowledge construction through translanguag-
ing (e.g., Jones, 2020; Probyn, 2019; Wu & Lin, 2019) by explor-
ing student teachers’ collaboration when planning a study unit in-
tegrating physics and Finnish language learning. In this study, all
learners are seen as language learners, as in the physics class-
room they are learners of disciplinary language that is new to
them (e.g., Dufva et al, 2011; Schleppegrell, 2020). When inte-
grating language and content knowledge, teachers need to de-
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velop language-aware practices that promote knowledge construc-
tion across subject boundaries (e.g., Meyer et al., 2015; Moore &
Schleppegrell, 2020). Hence, our analysis focuses on two aspects:
first, the translanguaging spaces for knowledge construction that
student teachers create for lower secondary school learners and,
second, the characteristics of their collaboration in developing a
new boundary-crossing, multimodal pedagogical practice.

This study builds on Vygotskian (1978) sociocultural think-
ing and an ecological approach (e.g., Steffensen & Fill, 2014;
van Lier, 2000; see also Mustonen, 2015), which both empha-
size the contextual and situated nature of learning and view
learning as an inherently social and multisensory phenomenon in
which interaction and collaboration constitute the learning process
(Lantolf & Thorne, 2006; van Lier, 2000; Walqui & van Lier, 2010;
Vygotsky, 1978). The ecological view extends Vygotskian thinking
and elaborates this view with respect to the notion of media-
tional means: the learner’s agency in recycling and appropriating
semiotic resources is at the centre of the learning process (e.g.,
van Lier, 2000; Steffensen & Fill, 2014). Not all the resources lead to
learning, but those that the agent perceives and chooses to make
use of become affordances for learning. Thus, the ecological ap-
proach treats language as relations and interaction between the
learner and the environment (van Lier 2004, p. 4) rather than as
objects, such as words and grammar. Language is also studied in
relation to other languages and sign systems, such as gestures, vi-
sualizations, and artefacts; it is seen in relation to human cogni-
tion, action, social forces, and power in communities, as well as the
whole material world (Steffensen & Fill, 2014; van Lier, 2000). The
flexible, integrated and coherent use of different multimodal tools
in making meaning and shaping experiences, understandings and
knowledge is often referred to as translanguaging in the research
literature (Li, 2018; Probyn, 2019).

In the following sections, we discuss this concept in more de-
tail by presenting the literature concerning how learning is pro-
moted across subject boundaries through the concepts of student
teacher collaboration and translanguaging space for knowledge con-
struction. Thereafter, in the subsequent analysis, we examine the
kind of space for knowledge construction that student teachers
in our study created for learners during discussions surround-
ing their planning as well as characteristics of the student teach-
ers’ negotiation process. Thus, our focus is on student teachers’
learning and the learning opportunities they plan to create for
learners in the classroom, acknowledging that in both contexts,
learning requires recycling and appropriating resources for affor-
dances.

2. Promoting learning across subject boundaries
2.1. Pedagogical planning through student teacher collaboration

Collaborative learning, rooted in Vygotsky's sociocultural the-
ory (Vygotsky, 1978; see also Dillenbourg, 1999), provides learn-
ers with opportunities to develop their cognition and expand their
conceptual potential by communicating with peers. The ecological
view adds to the classical sociocultural approach by promoting the
collaborative learning of equals, not just scaffolding by somebody
more skilled. Through multidimensional collaboration, learners in-
teract, share a variety of resources, and thus expand their mu-
tual understanding and construct knowledge that they could not
have gained individually (van Lier 2004, p. 158). In the context
of teacher education, interaction across subject boundaries pro-
vides conditions for developing shared understanding (Damsa &
Jornet, 2016).

According to Dillenbourg (1999), collaborative learning situa-
tions are typically discerned as symmetrical with respect to power
positions, although the team symmetry may vary during the pro-
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cess of an activity. Participatory roles may continually shift, but it
is crucial that division of labour is minimal and participants en-
gage in working together and reaching a mutual goal. This gen-
erates positive interdependence and individual accountability be-
tween participants (Dillenbourg, 1999). The shared goal may be
defined to some extent at the outset of the project, but in an
open-ended task there is room for further discussion and adjust-
ment of the goal based on participants’ different viewpoints. Par-
ticipants can differ in their understanding of the point and aim
of their action and approach it from various perspectives. Nego-
tiation of different points of view and misinterpretations is essen-
tial, and it is through this collaborative activity that participants
develop something together, e.g., solve a shared problem. This pro-
cess of finding a solution to the problem is assumed to involve
learning (Dillenbourg, 1999) as the participants are acting within
their zone of proximal development (Vygotsky, 1978). Learning is
here perceived as a social process of knowledge construction, in
which participants are creating something new, such as knowledge,
solutions, understanding or practices (see Damsa & Jornet, 2016;
Hakkarainen et al., 2013). Learning can be observed through the
construction of new knowledge and the development of shared
ideas.

According to the ecological view, learners’ agency in recycling
and appropriating meaning-making resources is at the core of the
learning process (van Lier, 2004). In this paper, we are particu-
larly interested in the resources that the student teachers planned
to utilize in creating a knowledge construction space for learn-
ers, i.e. the kind of meaning-making tools that they acknowledged
as essential for learning. Moreover, while planning talk among
student teachers may often echo many ideals of disciplinary and
pedagogical traditions or innovations and awareness of multiple
tools, it is crucial to examine which of these became affordances
and appropriated to their own creative knowledge construction
and the classroom action they planned to implement (see e.g.,
Haukas, 2016; Lilja et al., 2019).

Prior research has shown that collaboration between stu-
dent teachers and generally in higher education is neither nat-
ural nor straightforward (Aalto, 2019; Damsa & Ludvigsen, 2016;
DelliCarpini, 2009). Empirical research on collaborative learning
encompasses a variety of topics, but few studies have focused on
the collaborative trajectories of constructing knowledge and how
this knowledge is elaborated and materialized in practice (Damsa
& Ludvigsen, 2016). Collaboration itself does not guarantee effec-
tive learning. Interpretive talk and advanced elaborations of pro-
posed ideas and conceptualizations are required (Damsa & Lud-
vigsen, 2016; Roschelle & Teasley, 1995). Teacher education pro-
grammes can and should provide contexts for the effective devel-
opment of skills needed in professional collaboration. However, it
is crucial that future teachers are exposed to models of collabora-
tion (DelliCarpini, 2009).

In this study, three student teachers were invited to jointly ne-
gotiate a shared plan and put it into practice. The student teach-
ers represented different disciplines (Finnish language and physics)
and therefore there existed a built-in knowledge asymmetry. The
student teachers had different strengths and, hence, scaffolded
each other’s personal development. We explore how their knowl-
edge asymmetry is revealed in their collaboration and the dy-
namics brought to the shared negotiation of multimodal meaning-
making resources as well as their mutual elaboration. In cross-
disciplinary collaboration, full agreement between participants is
not the target. Rather, the aim of the collaboration is to nurture
dialogue that supports critical pedagogical reflection and reveals
tacit understandings, helping transform the weaknesses and hin-
dering aspects of pedagogical traditions (see e.g., Craig, Meijer, &
Broeckmans, 2013; Lund, 2016). The crucial questions, therefore, for
teacher education are: (a) What kinds of learning are afforded by
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student teachers’ collaboration? and (b) How should supervision
be timed and structured?

2.2. Multimodal resources as tools for knowledge construction

In everyday social interaction, language users move dynami-
cally between languages, language varieties, styles, registers, writ-
ing systems, and other kinds of signs, such as visualizations, arte-
facts, gestures, symbols and actions, to fulfil the strategic and
communicative functions relevant in a particular situation, such
as a situation where knowledge is constructed. In this sense, the
meaning-making tools are not treated as discrete entities but are
approached as a unity of tools complementing each other in a
flexible and situationally effective way. The view of language in
the ecological approach is integrated and holistic: language is per-
ceived as part of the whole semiotic system, as the learning envi-
ronment includes physical, social and symbolic grounds, all poten-
tial affordances for learning (Steffensen & Fill, 2014; van Lier, 2000,
2004). Thus, even if language is one of the main meaning-making
tools, interaction should be studied ‘in its totality’ (van Lier, 2000,
p. 250) to understand the space for knowledge construction the
participants are creating (see also Blackledge & Creese, 2017;
Pennycook, 2017; Bradley et al., 2018).

Employing multi-discursive and multimodal signs and prac-
tices for knowledge construction is also promoted in the dia-
logic approaches to the pedagogy of science (Aikenhead, 2005;
Lemke, 1998; Mortimer & Scott, 2003; Pandian, Balraj, & Wei,
2013; Probyn, 2019). Science teachers orchestrate multiple semi-
otic tools in disciplinary knowledge construction: talking, writing
and gesturing; experimenting and demonstrating; and drawing and
using other kinds of visualized scientific representations such as
graphs, diagrams and models. According to Kuteeva et al. (2014),
disciplinary literacy skills cover knowledge construction, negoti-
ation and dissemination using a wide range of meaning-making
resources (see also Moore & Schleppegrell, 2020). Therefore, dis-
ciplinary language and literacies do not only refer to key scien-
tific concepts but also reflect ways of constructing knowledge (e.g.,
forming arguments and explaining their reasoning) in a particular
discipline (Moore & Schleppegrell, 2020).

Knowledge construction through the flexible use of multimodal
resources is also acknowledged in the translanguaging approach
(Garcia et al.,, 2016; Li, 2018). A broad definition of the concept of
translanguaging as ‘dynamic and creative linguistic practices that
involve flexible use of named languages and language varieties as
well as other semiotic resources’ has been provided by Li (2018, p.
14). Li claims that people have an innate drive to utilize all avail-
able cognitive, semiotic, sensory and modal resources in learning
and communication. He uses the expression ‘translanguaging in-
stinct’ to refer to this natural tendency of solving complex commu-
nicative tasks in challenging environments through dynamic and
flexible use of linguistic and other cognitive and semiotic resources
(Li, 2018). However, in the school context, the learners’ broad, nat-
ural approach to solving problems is easily narrowed to ‘school-
type activities’ that have a limited and isolated focus (Lin, 2015;
Zhang, 2010). For instance, in language education it has been cus-
tomary to focus on one particular grammatical category at a time
instead of using language with other semiotic resources for mean-
ingful social activities or content knowledge construction (see e.g.,
Atkinson, 2011; Walqui & van Lier, 2010). Similarly, science edu-
cation may be based on teacher-centred transmission of content
knowledge without a pedagogical focus on joint knowledge con-
struction through dialogue and widening learners’ prior knowledge
and understanding (Mortimer & Scott, 2003; Probyn, 2019). Learn-
ers may not be encouraged and facilitated in using all their existing
multimodal resources for problem solving and constructing new
knowledge. Instead, their action might be restricted to copying
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notes from the teachers’ slides. Moreover, teachers themselves may
not be fully aware of the resources they are or could be using in
disciplinary meaning making (see e.g., Lemke, 1998; Meyer, Coyle,
Halbach, Schuck, & Ting, 2015; Osborne, 2019).

In this study we approach flexible (and conscious) use of multi-
modal meaning-making tools, or translanguaging, as a pedagogical
practice for knowledge construction (Canagarajah, 2011; Creese &
Blackledge, 2015; Iversen, 2020). In line with the ecological per-
spective (van Lier, 2000), our approach leads us to focus on the
agency of individuals and their access to engaging in selecting,
using, creating and interpreting signs for communication (Creese
& Blackledge, 2015; Bezemer & Kress, 2016). Awareness of learn-
ers’ rich resources and permission to use them flexibly enables the
learners to understand the content, to engage in mutual construct-
ing of new knowledge and critical thinking and, furthermore, em-
powers them to meet new challenging communicative situations
(Jones, 2020). Positioning (see e.g., McVee et al., 2018) the students
as capable and equal participants and supporting them in engaging
in the learning process also promotes identity investment (Garcia
& Li, 2014). Thus, translanguaging has the potential to transform
power relations between teachers and learners (Creese & Black-
ledge, 2015; Jones, 2020).

In acknowledging the above, we consider research evidence that
the interplay of multiple meaning-making tools facilitates deeper
and fuller understanding of content (Makalela, 2015; Meyer et al.,
2015). Using multimodal tools allows for the developing aware-
ness of various meaning-making patterns and engages learners
in using, creating and interpreting these resources. This makes
the learning process multi-layered and provides deeper learning
and more routes to both internalization and retrieval from mem-
ory (Meyer et al., 2015). Systematic and purposeful pedagogical
planning employs all semiotic resources in a unified and orderly
way to organize and mediate the process of learning. Integrat-
ing languaging, action and other semiotic tools coherently (Walqui
& van Lier, 2010) for knowledge construction enables creating a
continuum from doing things scientifically to describing, explain-
ing, generalizing and finally arguing the phenomena (Meyer et al.,
2015). Learning science - understanding the connections between
different scientific facts - entails generalization and explanation
(Probyn, 2019). Optimally, education provides a translanguaging
space in which learners and teachers can engage in multiple
meaning-making systems and generate knowledge and shared un-
derstanding of the phenomenon being studied in a meaningful way
(see e.g., Garcia & Li, 2014). Translanguaging thus supports the
learner in socializing into multimodal subject-specific discourses
(Meyer & Coyle, 2017).

In a multilingual science classroom, several parallel shifts of
meaning-making resources may take place: the learners move
for instance from visualizations, experiments and everyday lan-
guage understandings and expressions to disciplinary practices
and understanding and academic discourse (Probyn, 2015; Wu
& Lin, 2019). In particular, the interplay of everyday language
and disciplinary language has a crucial role as they mediate the
learning and internalization of content knowledge (Gibbons, 2006;
Probyn, 2019; Wu & Lin, 2019; see e.g., Flores, 2020, and
Mustonen, 2021, for a criticism of the distinction between stu-
dent’s own languages and language of schooling). Disciplinary lan-
guage is needed to access multimodal subject-specific discourses
and practices (Moje, 2008; Moore & Schleppegrell, 2020), whereas
the use of everyday language secures deeper understanding of the
phenomenon being learned as it requires learners to express their
understanding in their own words; technical memorization, for in-
stance of definitions, is not sufficient (Meyer et al., 2015). However,
there is research evidence that everyday language is not always
recognized as a target-oriented tool in learning; quite the contrary:
spoken language, in particular, is used unconsciously without re-
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alizing its potential in meaning making (Valdés, Bunch, Snow, &
Lee, 2005; see also Mortimer & Scott, 2003; Nikula, Dalton-Puffer,
Llinares, & Lorenzo, 2016; Vollmer, 2008).

3. Methods
3.1. Research questions

1. What kind of space for knowledge construction do three stu-
dent teachers working across subject areas create for learners
in their discussions surrounding planning for instruction?

2. What characterizes the student teachers’ collaborative negotia-
tion process during these discussions?

3.2. Research context, participants and data

In this qualitative study (e.g., Mayring, 2014; Schreier, 2014), we
aim to understand the kind of space for knowledge construction
jointly designed by three student teachers, Liisa, Anni and Matti
(pseudonyms), across subject boundaries in the context of an in-
dependent field of practice. We also examine how they collabora-
tively negotiated the translanguaging space. Specifically, we report
on a teaching practice in which the student teacher team planned
and conducted a course that integrated physics and Finnish lan-
guage in basic education. The three participants were fourth-year
student teachers: a science (physics) student teacher (Matti) and
two Finnish language and literature student teachers (Liisa and
Anni). All three were Finnish speakers and former pupils of Finnish
comprehensive school.

The participating student teachers were being trained to teach
in the nine-year Finnish comprehensive school system, mainly
grades 7 to 9 (age 13-16), and in upper secondary school (age
16-19). To qualify as subject teachers, all students across the cur-
riculum are required to complete a master’s degree that includes
at least 60 ECTS of teacher’s pedagogical studies provided by a
department of teacher education. Before the teaching practice re-
ported here, the student teachers had completed a short course
(six contact hours and ten hours of independent work) on subject-
specific pedagogical practices in the linguistically and culturally
diverse classroom. The course aimed to raise the student teach-
ers’ awareness of diversity in school (see e.g., Kimanen, 2018 and
Smith, 2019 for discussions on increasing teacher awareness of di-
versity) and how to develop a pedagogical approach that serves
the needs of all learners (EDUFI, 2016). The course content focused
on how to build on learners’ prior skills and scaffold language and
content learning in parallel. It was emphasized that disciplinary
language and content knowledge are inseparable, and that con-
structing content knowledge requires mastering disciplinary lan-
guage (Moje, 2008; Moore & Schleppegrell, 2020). Everyday lan-
guage and disciplinary language were treated as complementary
resources, among other multimodal resources.

The three student teachers in this study chose to participate in
the optional teaching practice to gain more experience of teaching
and learning in a multilingual and multicultural group. They aimed
to practice their pedagogical skills as they did not have prior expe-
rience of collaborative teaching, multilingual groups or language-
aware teaching. The teaching practice took place in a mainstream
classroom in a Finnish comprehensive school (7th grade, age 13-
14, group of 20 pupils) with two learners with Russian and Esto-
nian backgrounds. However, in this paper we do not focus on spe-
cific learners. Instead, the crucial question is how student teachers
planned to teach disciplinary literacy skills that were new to all
learners in the class. Thus, as discussed earlier, all learners were
treated as ‘language learners’ (hereafter referred to in this study as
learners).

Linguistics and Education 69 (2022) 101022

The physics in-service teacher (a native speaker of Finnish) of
the classroom at the school within which student teachers worked
presented the topic of optical lenses, but otherwise, student teach-
ers were free to plan their teaching independently. The language
focus was not pre-specified; instead, the student teachers were free
to define how to connect the topic with the Finnish language cur-
riculum and with the language and literacy skills relevant to learn-
ing physics. Student teachers were encouraged to create a practice
of their own in a situation where no prior concrete models were
at their disposal. In the current research setting, student teachers’
participatory roles were symmetrical with respect to power status
and the division of labour was minimal (see Dillenbourg, 1999).

As a teacher educator, the first author of this article organized
and supervised the teaching practice. She refrained from interfer-
ing in the student teachers’ process unless they asked for her help,
as the aim was to better understand their own pedagogical ap-
proach (a more detailed description of the research context is re-
ported in Aalto, 2019). The second author of this article did not
participate in the practice. However, she worked with the first au-
thor in their roles as teacher educators, collaborating to develop
teaching materials for language-awareness pedagogy for pre- and
in-service teachers. Both authors are speakers of Finnish.

Data analysed in this study consisted of five audio-recorded
joint planning sessions (PL) and two group interviews of the three
student teachers (INTW) along with the student teachers’ individ-
ual diaries (D). Background data also included three video-recorded
lessons (L) and field notes made by the first author, but these were
not exploited as primary sources in this study, nor were video-
recorded lessons analysed. Yet, in the analysis we also acknowl-
edge the lesson implementations when the student teachers re-
fer to them in their planning talk and reason their pedagogical
choices as regards translanguaging. The data collection process is
illustrated in Fig. 1 (see also Aalto, 2019). The joint planning ses-
sions lasted 60-125 minutes (total 445 min) and the group inter-
views 80-90 minutes (total 170 min). The first author conducted
the interviews and was present during the teaching of the lessons.

The analytical process was not linear but iterative, con-
stantly moving back and forth between the parts and the
whole, the data and the theory, following the hermeneutic ap-
proach (e.g., Mayring, 2014) and qualitative content analysis (e.g.,
Mayring, 2014; Schreier, 2014). In line with the qualitative con-
tent analysis method, we focused on recurrent themes negoti-
ated among the student teachers, as well as abstracted paths
through which the student teachers collaboratively planned the in-
tegrated study unit. With regard to Research Question 1, categories
of meaning-making resources were identified, and the interplay
among them was examined throughout the student teachers’ plan-
ning sessions. Meaning-making resources were then explored in
more detail and their functions classified in relation to the knowl-
edge construction continuum (doing, describing, explaining, general-
izing and arguing). Moreover, we considered whether the learners
were positioned as active participants or as receivers in the knowl-
edge construction process.

Regarding Research Question 2, the analytical procedure in-
cluded the following steps. First, the interplay of everyday lan-
guage and disciplinary language as tools for knowledge construc-
tion was selected for more detailed analysis as this was recognized
as a problematic aspect of the planning process (on the complex-
ities of the distinction between everyday and academic language,
see Flores, 2020). The student teachers kept returning to the idea,
but it did not seem to develop further, and their negotiation of
this process tended to remain at the level of the student teachers’
general collaborative efforts. In this process of analysis, episodes of
talk about everyday language and disciplinary language were first
identified. Those episodes were then examined in relation to each
other; in particular, the functions that everyday language and dis-
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wk 1 wk 3 wk 5 wk 6
PL1 PL2 INTW1 PL3 .
Audio Audio Audio Audio

Learning diaries
{5+ 7 + 6 pages from 3 participants)
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wk 7 wk 8
PL4 - PLS - INTW2
Audio Audio Audio

Researcher’s fieldnotes

(18 pages)

Fig. 1. Timeline of data collection process and data undergirding the study.

Drawing, Group work
Languagesl Visua|izati0n p
Registers, Action-based
Varieties experiments
MEANING-MAKING
RESOURCES
Selecting - wusing - appropriating resources
KNOWLEDGE CONSTRUCTION

Fig. 2. Meaning-making resources employed by the student teachers for knowledge construction

ciplinary language seem to serve, whether they were treated as
complementary resources, and thus, as a means of translanguaging
in constructing knowledge. Student teachers’ viewpoints expressed
in the selected episodes were also examined across time by iden-
tifying the characteristics of topical development and each student
teacher’s individual contribution to practice development.

4. Findings
4.1. Creating space for knowledge construction

In this study, we set out to explore student teachers’ collab-
oration in planning a study unit integrating physics and Finnish
language learning. This section reflects findings related to Re-
search Question 1: “What kind of space for knowledge construc-
tion do three student teachers working across subject areas cre-
ate for learners in their discussions surrounding planning for in-
struction?” In subsection 4.1.1, we first examine the kind of mul-
timodal meaning-making tools acknowledged by student teachers
and which became affordances in their planning talk. We then in-
vestigate how the meaning-making tools were interconnected: the
kind of translanguaging space built by the student teachers. In sub-
section 4.1.2, we explore the functions for which the tools were
used in the knowledge construction continuum (see Meyer et al.,
2015).

4.1.1. Meaning-making tools

In response to the first research question, four kinds of me-
diational means were identified and extracted from the student
teachers’ planning talk (see Fig. 2). First, we identified languages,
by which we refer to the different modes of language use: speak-
ing, reading and writing, and different kinds of registers and va-
rieties of language, such as everyday and disciplinary language

(on the multimodality of the disciplinary discourse, see Kuteeva
et al, 2014). Second, we acknowledged three additional media-
tional means - drawings and visualizations, learning in interaction
(group work) and action-based experiments - as essential meaning-
making tools in the science class, which were involved in the plan-
ning process to demonstrate the idea of optical lenses. In addition
to these four mediational means, artefacts such as various instru-
ments, textbooks and other learning materials were also planned
to be used to construct knowledge; however, in our analysis we
focus on the four main tools illustrated in Fig. 2 as the student
teachers themselves acknowledged these throughout their plan-
ning sessions. From the ecological perspective, these mediational
means were perceived as affordances for learning.

We especially elaborate on the role of language in re-
lation to other meaning-making tools as, in line with the
Vygotskian (1978) and ecological (van Lier, 2000) approaches, we
perceive language as one of the main tools to mediate and reflect
on ideas, and the integration of language and content knowledge
was from the outset the key goal of the student teachers’ project.

Our analysis revealed that although student teachers clearly
aimed to see connections between various multimodal resources in
their planning talk, the meaning-making tools still seemed to re-
main disconnected. The meaning-making tools were not designed
to complement each other in the knowledge construction contin-
uum (see Meyer et al., 2015); instead, they were mostly treated as
alternative tools for meaning making, as shown in the following
examples (1-2):

(1)

Liisa: Pictures are better for understanding, because you
don’t need to know the terms if you can just grasp the idea
from the picture (PL1)
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(2)

Matti: I think the most important thing in this chapter isn’t
the written thing at all, I mean the words, I think it’s draw-
ing them that’s important. (PL2)

The student teachers repeatedly pointed out that, with respect
to understanding the core idea, verbalizing it (using terms or writ-
ing) was not necessary. Usually, visualizations were considered
more important. Pictures and drawings were regarded as replac-
ing written or spoken language: pictures were seen to mediate
the ‘idea’, so that the learner does not need to read the abstract,
linear text or verbalize complex causalities. Student teachers had
difficulties also in seeing how spoken language is used in knowl-
edge construction while interpreting visualizations and giving in-
structions for, practising, and modifying drawings. Thus, linguistic
resources - especially spoken language - were not explicitly ac-
knowledged as affordances to build understanding, but rather as
separate from observations. This is also illustrated by the follow-
ing excerpt in which Anni compared and evaluated linguistic and
visual resources, as they did repeatedly throughout the planning
sessions:

3)

Anni: Well it’s... you sort of always return to the question
of what’s important after all and what it is that should be
learned. Is it important to learn to define something ver-
bally, or is it important to understand the picture, or is it
important that you understand the phenomenon? (PL2)

Anni negotiated the main aim of learning: is it to ‘define some-
thing verbally’, to ‘understand the picture’, or to ‘understand a phe-
nomenon’? In doing so, she considered the relationship of different
meaning-making tools, but as this excerpt illustrates, the connec-
tion between language and other meaning-making tools (such as
visualizations) seemed to remain weak. Languaging also appeared
to be separated from perceptions and understanding - it was not
acknowledged how crucial a role verbalizing plays in deepening
understanding of phenomena.

For the student teachers, visualizations were at times also seen
as affordances to complement linear text: they acknowledged that
pictures enable learners to predict the content of text, activate
their prior knowledge, and summarize core facts. In that sense,
language and visualizations were seen to complement each other
(and form a translanguaging space). The student teachers also re-
flected on how visualizations and gesturing intertwine with lan-
guaging, as shown in the following excerpt. Gesturing and draw-
ing rounded vs. concave shapes together with verbalizing them was
recognized to support understanding of the concepts:

(4)

Matti: [The teacher]| indicated with his hand, ‘should I draw
it more like this, or that?’, and it somehow made it easier
that he acted out the [light] beam... I thought it was fun-
ny... that after you've eaten a lot you have a belly, and it’s
rounded, and I mean no matter how bad your language skills
are, you understand that after you've eaten a lot your stom-
ach is full and what it looks like. (PL2)

As excerpt 4 illustrates, Matti reflected on how visualizations
support learners with developing language skills (on the interac-
tion of visual and linguistic modes in the language learning pro-
cess, see Dressman, 2020). This kind of reflections recurred in the
student teachers’ discussions. In that sense, student teachers cre-
ated a translanguaging space for knowledge construction in which
the tools complemented each other. However, the visualizations
and language were not consistently connected in a target-oriented
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way in the student teachers’ planning talk. Interestingly, though,
group work interaction and learning materials in Finnish were not
emphasized as affordances for developing disciplinary language
skills, even though for some learners Finnish was a second lan-
guage and, for all of them, the disciplinary language was new. The
student teachers mentioned language learning explicitly only once
when referring to a text written in English, but this remark was
not elaborated further.

Spoken language was also not explicitly mentioned in relation
to the experiments. For instance, in the following excerpt, the sci-
ence student teacher (Matti) considered the benefits of the exper-
iments and implied that they are practical for learners with de-
veloping language skills as language is not needed. However, he
eventually realized, in the process of discussing, that experiment
instructions did actually need to be verbalized accurately and paid
attention to:

(5)

Matti: You could sort of imagine for something like... when
you think of language skills these kinds of experiments are
good for that because here you don't really... okay the in-
structions have to be precise, I've noticed that also in the
teacher training school you can’t just say turn to page 46 in
your textbook and do exercise two (PL1)

Language is used on a general level as a mediational means in
experimental instructions, and this becomes visible here as Matti
has previous experience of what happens if the instructions are
unclear. However, Matti did not seem to consider how knowledge
construction could be supported by combining verbalization with
experiments. In parallel with the experiments, learning would be
deeper if students are invited to verbalize the process, includ-
ing descriptions of what they are doing, making questions, and
drawing conclusions. It is through verbalized meta-talk that learn-
ers understand the point behind the action and learn to link and
generalize science facts (see e.g., Probyn, 2019). Teaching science
should enlarge learners’ everyday perceptions and knowledge and
promote their understanding of more abstract and complex per-
spectives on societal issues with a scientific component. This re-
quires negotiation between teachers and their students (Mortimer
& Scott, 2003).

Language as a meaning-making tool was, however, occasionally
acknowledged with respect to written language. In the following,
Liisa and Matti negotiate how to translanguage between experi-
ments, visualizations, and taking notes:

(6)

Liisa: Something like this could be done, that they could
experiment themselves... in this picture ‘a glass and water
act as a convex lens'... so when you put water in a glass
and there is black and white paper behind it, they seem to
change places - - And there comes the core point, which one
diverges and which one converges [light].

Matti: So they do this page of the textbook after the break
and then [comes] the theory part, | mean the theory refer-
ring to drawing

Liisa: Making notes in the notebook and drawing exercises
Matti: Yes, and then they could go back to the experimental
set-up and do the tasks next in line - - So like, experiment,
theory, experiment (PL9)

In the above excerpt, Matti specifies that ‘the theory part’ means
drawing, and Liisa elaborates: ‘notes in the notebook and drawing
exercises’. However, spoken language, such as negotiations, were
not planned to be used as part of the experiments to deepen un-
derstanding. Furthermore, it remains unclear whether the notes
were planned to be copied or compiled collaboratively.
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It therefore appears, given the above, that meaning-making
resources were mostly treated as modular tools. Only occasion-
ally were language and visualizations or experiments acknowl-
edged as complementary to each other, thus as tools for translan-
guaging (Li, 2018). Furthermore, in line with previous research
(Valdés et al., 2005; see also Mortimer & Scott, 2003; Nikula et al.,
2016; Vollmer, 2008), the role of spoken language remained invisi-
ble even though it served as the main operating tool for all actions.
In other words, instructions were given and concepts explained
through spoken language, and the interpretation and application of
theory inevitably required language use (Nikula et al., 2016). Draw-
ings, diagrams, and other visualizations do not speak for them-
selves; deeper understanding of the phenomena requires verbal-
izing the causes and effects (Mortimer & Scott, 2003; Meyer et al.,
2015), i.e., translanguaging. In the student teachers’ planning talk,
however, spoken language seemed to remain unconscious without
realizing its potential in meaning making (Valdés et al., 2005), and
the student teachers did not explicitly plan to invite learners to ne-
gotiate the phenomena or elucidate their ideas for further develop-
ment (Probyn, 2019). In this sense, it seemed that not all meaning-
making tools were treated as affordances for deeper learning.

4.1.2. Functions of meaning-making tools in student teachers’
planning talk

In this section we respond to RQ 1 by presenting functions of
knowledge construction for which mediational means were used,
as well as ways in which learners were dynamically positioned as
agents in constructing knowledge in the student teachers’ plan-
ning talk (see e.g., McVee et al., 2018 for the theoretical analyti-
cal framework for the concept of positioning and Smith, 2019 for
transraciolinguistic perspective to positioning). Regarding the func-
tions, we examine what kind of continuum the student teach-
ers created from doing things scientifically to describing, explaining,
generalizing and finally arguing the phenomena when they collab-
oratively planned the activities to be conducted in the classroom
(Mortimer & Scott, 2003; Meyer et al., 2015).

Our analysis of the knowledge construction continuum showed
that in planning the teaching, the student teachers focused mainly
on the levels of doing and description. Linear and visual texts were
mainly used to transmit the basic idea (description) of the phe-
nomenon. Generalizations were discussed occasionally when ap-
plying the theory, for example in drawings, but explaining and es-
pecially arguing were often disregarded.

Firstly, action-based experiments, which are characteristic of
physics, often seemed to remain at the doing level: ‘hands on, but
not minds on’, as described by Osborne (2019, p. 1283). Experi-
ments seemed to be used mainly as technical teaching methods
and for illustrations - hence the focus was on teaching, not so
much on learning (Brown, 2003). Occasionally, experiments and
group work were not seen as tools to construct knowledge, but
rather as additional activities to keep learners occupied and help
them concentrate, as shown by Liisa:

(7)
Liisa: So there should be some sort of practical activity, so
that they have the energy to concentrate. (PL2)

Notwithstanding, there were certain instances during the plan-
ning process where student teachers acknowledged the value of
explaining what happens during the experiment. For instance, in
PL2, Anni proposed a new task type in which action and languag-
ing would be combined: first the learners would do an experiment
and then explain what they had just done. In PL4, she then con-
tinued to develop the idea of learners explaining their actions, so
‘that they’d also get a sense of the point in doing them’:

(8)
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Anni: There could be some sort of ‘explain the phenomenon’
[task] or something like that, I'm still a bit unclear on the
idea, but it would be a lot of fun if some tasks would be
done in a way that they'd also get a sense of the point in
doing them.

Liisa: Ah, you mean like it wouldn’t be said up front that
light rays are being refracted?

Anni: Yeah, maybe something like that, it could be done in
many ways, that they should reach a certain goal, or they
should test something and then explain what had happened
when such and such was done. (PL4)

The above discussion may be seen as an attempt to activate the
learners’ own critical thinking and deductive reasoning skills. Anni
and Liisa seemed to have grasped some aspects of the learner-
centred approach to teaching (see Brown, 2003) or the different
patterns of classroom interaction: knowledge was not planned to
be transmitted by the teacher, instead students were invited to ex-
plain the phenomena themselves (see Probyn, 2019 on levels of in-
teraction from teacher-centred monologue to teacher-led dialogue
and joint knowledge construction). They tried to balance the power
relationships in the classroom (Creese & Blackledge, 2015) and also
considered exercises where learners draw and explain phenomena
to their classmates: ‘how they explain them, would be interesting to
hear’ (PL3). Anni and Liisa acknowledged how this kind of translan-
guaging, using both language and visualizations, would promote
and deepen learning, and they strived for creating a continuum
from describing to explaining. However, in the planning talk, learn-
ers were mainly positioned as receivers of knowledge, not so much
as active contributors or agents (e.g., Sdljo, 2010; Probyn, 2019).

Arguing phenomena was considered when the student teach-
ers were planning to organize a debate on the benefits of glasses
vs. eye surgery, but eventually, they abandoned this idea. In their
planning talk, student teachers did not seem to trust the learners’
potential ability to search for relevant information, listen to each
other, negotiate, or work in teams. Thus, they recognized the skills
that were needed for argumentation, but could not see that prac-
tising debating would actually develop these skills. Instead, argu-
mentation was seen as pointless with respect to the learning pro-
cess (excerpt 9) because it was perceived to be too difficult a task
for 7th graders (excerpt 10):

9

Liisa: Somehow debating was a good idea at the beginning,
but I don’t sort of know if it supports their...

Matti: learning process as much. (PL3)

(10)

Liisa: 7t graders’ basic teamwork and negotiation and lis-
tening skills are very limited. Somehow they should also be
practised, like ‘listening to others’. So I think that as a task
debating may be too challenging. (PL3)

Liisa seemed to echo the ideal of sharing, interacting and crit-
ical thinking rather than learning by rote. The student teachers
were also aware of the challenges of engaging learners in con-
structing knowledge in collaboration and strove to achieve this, but
what seemed to be lacking were the actual means to support en-
gagement, teach interaction skills and build a collaborative space.
Occasionally, it was also emphasized that everyone should work
independently to avoid ‘free-riding’ (PL3), which may be perceived
as an echo of the traditional teacher-centred concern to have con-
trol over the learning process. Hence, interaction seemed to re-
main as a working method rather than a process of collaboration
through which to guide the students (Aalto & Tarnanen, 2017).

In sum, multimodal meaning-making tools were agreed-upon
as useful to promote understanding of the basic idea of opti-
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cal lenses: learners were planned to be guided through the writ-
ten and visualized texts, which described and explained the phe-
nomenon. In their discussion surrounding the planning of instruc-
tion, the student teachers occasionally made attempts to avoid us-
ing the tools just for doing things and acknowledged the value
of translanguaging through verbalizing phenomena, i.e., describ-
ing and explaining pictures and experiments. However, the stu-
dent teachers repeatedly negotiated how to support learners’ un-
derstanding of basic science facts - how to transmit them - but
hardly ever how to promote their active participation in the learn-
ing process: learners were not planned to be encouraged to pro-
duce and share their incomplete ideas, which characterizes the col-
laborative knowledge construction process (Damsa & Jornet, 2016,
43; see also Probyn, 2019). Hence, the focus in the planning discus-
sions appeared to be mainly on teaching and much less on learning
(Lonka, 2018).

4.2. Collaborative negotiation of knowledge construction

In this section, we respond to Research Question 2 by illustrat-
ing student teachers’ collaborative planning of how to use mul-
tiple meaning-making resources as tools for knowledge construc-
tion. We focus, in particular, on the interplay of everyday language
and disciplinary language as an essential form of knowledge con-
struction in physics (and all abstract content) learning. This is used
as an example of how student teachers collaboratively negotiate
and develop an innovative pedagogical idea, particularly the idea
of comparing everyday language and disciplinary language in con-
structing physics content knowledge. We explore how knowledge
asymmetry and subject boundaries between student teachers in-
fluence the development of shared practice and the kinds of re-
sources they exploit in their collaboration.

The idea of interplay between everyday language and disci-
plinary language (Lemke, 1990; Probyn, 2019; Gibbons, 2006) was
continuously present in the student teachers’ discussions from
their first planning session (PL1). Two functions of the interplay
between these two registers were identified in the student teach-
ers’ planning talk: firstly, to demonstrate understanding of the phe-
nomenon being learned and, secondly, to recognize the charac-
teristics of the disciplinary language of physics. In the following,
we analyse the student teachers’ negotiation of these functions in
more detail.

Everyday language was treated in the student teachers’ discus-
sions as a means to demonstrate knowledge and real under-
standing of the issue being studied. They clearly had a mutual
agreement that explaining an issue in one’s own words, i.e., in ev-
eryday language, requires the learner to have some depth of under-
standing of the issue, as opposed to merely mechanically repeating,
for instance, technically memorized definitions (Gibbons, 2006;
Probyn, 2019). Everyday language was also considered valuable in
making visible learners’ understanding of the phenomenon under
study. Furthermore, the student teachers criticized the pedagogi-
cal tradition of requiring, for instance, written definitions in exams
without explicit teaching of the genre of definition (PL2) and with-
out paying attention to learners’ real understanding of what they
are writing in disciplinary language.

Despite this mutual understanding, Matti’s approach to the ap-
propriateness of using everyday language tended to vary. In plan-
ning sessions 1 and 2, he articulated that although it is ‘ok’ to ex-
plain a concept in your own words, in an exam there is only one
correct answer and learners need to indicate mastery of terminol-
ogy and use disciplinary language.

(11)
Matti: On one hand it is quite ok that the pupil explains
a term in his own words, but then in an exam, there is
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only one correct answer. You can explain in your own words
what it means, but you still need to know the term because
the term has a certain definition and we all discuss it using
the same term, and if you know the definition there won’t
be any kind of confusion. (PL1)

(12)

Matti: These answers are sort of, not really in accordance
with physics conventions. You could say that it is wrong. You
haven’t understood it. (PL2)

According to Matti, an answer that does not follow the disci-
plinary practices of science is wrong and may even prove that the
learner has not understood the phenomenon. He claimed that ev-
eryday wording might be useless because disciplinary terms are
more expressive:

(13)

Matti: So if you say ‘take a lens that is thicker in the middle
than at the sides’, again, it’s useless because there’s already
an existing word for that thing. (PL2)

Liisa and Anni did not discuss or question Matti’s stance, but
rather treated him as an expert on what is required in physics ex-
ams. Matti’s stance regarding the suitability of everyday language
nevertheless seemed to vary. Contrary to his previous points of
view, in PL3, he criticized a learner’s assignment answer for being
a literal replication of the textbook. He admitted that the answer
was correct, but stated that a copied or rote memorized answer
was not ideal.

(14)

Matti: He copied it directly from here to his notebook,
whoosh, that ‘this is called lateral shift’. So it wasn’'t ex-
plained in his own words, it was more like ‘well I read it
from the book and I wrote it here’. It isn’t wrong, but it’s
not exactly ideal either.

Anni: Yes, it would be really good if they were first, like,
well okay, you find the right section in the textbook, but
then there should be another question that tests if you've
understood the concept, so, like, that’s the precise definition,
which you need to grasp, but then there should be a task
that says ‘now explain it to your classmate so that they can
understand it too’ (PL3)

In this episode, Anni concluded that both mastery of the disci-
plinary definition as well as everyday language explanation were
needed to prove understanding. The two student teachers thus
reached an understanding that disciplinary language alone was
not sufficient, but that together the two registers form a unity in
knowledge construction as resources of translanguaging. However,
writing was mainly used as a technical ‘copy and paste’ method:
the teacher offered ready-made notes for the students to copy
(Kibler, Walqui, & Bunch, 2015; Aalto, 2019). When writing was
employed as a tool to mediate knowledge in exams, the learn-
ers were asked to use disciplinary language. Hence, writing was
not used to develop incomplete ideas or to deepen understand-
ing of the phenomenon by using the learners’ ‘own words’, which
is characteristic of collaborative knowledge construction (Damsa &
Jornet, 2016).

In terms of collaboration, Matti had the expert role in the dis-
cussions concerning appropriate language use in physics exams
and assignments, and Liisa and Anni did not contribute to these
considerations. However, Anni acknowledged Matti’s thinking and
in PL3 she elaborated and drew conclusions from his perspectives.
Thus, knowledge asymmetry (Dillenbourg, 1999) between the stu-
dent teachers was evident in Matti’s expert position, but Anni con-
tributed by elaborating and drawing conclusions.
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Fig. 3. Trajectory of developing the initiative of comparing everyday language and disciplinary language.

The student teachers’ second approach to the interplay between
everyday language and disciplinary language focused on the char-
acteristics of disciplinary language through comparison of ev-
eryday language and disciplinary language. In this discussion line,
they treated these two genres as parts of a unity that complement
each other. Their approach here can be interpreted as a translan-
guaging practice (Li, 2018). The idea of a task in which learners
would compare an exam answer with an explanation of the same
issue to a classmate was introduced already in PL1. The trajectory
of dealing with this initiative is illustrated in Fig. 3 and analysed
in the following.

In PL1, Anni made an initiative and suggested an activity in
which learners write an exam answer and then explain it to a
classmate. The following excerpt demonstrates the way she and
Matti collaboratively elaborated the initiative.

(15)

Anni: But that could be a brilliant set-up, explaining to a
classmate and answering an exam question.

Matti: How do they differ from one another.

Anni: Yeah so some certain concepts or something related to
the topic, so like it could be a task of its own

Matti: Maybe it’s sort of a different type of text, because you
don’t explain something to your classmate the same way
you answer an exam question.

Anni: Right

Liisa: Well now we’re getting to the point ((laughing))
Matti: How you can talk about the same thing in different
ways, also just like here the same phenomenon is first ex-
plained in everyday language using lots of metaphors like in
normal speech and then the same thing again in a cold clin-
ical way using physics terms, so here we can see how the
same thing can be expressed in two quite different ways.
(PL1)

Interestingly, Anni proposed the idea and during the episode
Matti concretized the idea step by step by asking Anni clarifying
questions. Matti formulated the activity as a comparison of two
genres and re-verbalized the idea in different words to make it
clearer and to make sure that they understand it in the same way.
He even abstracted the idea by defining the initiative using the
concept of genre. Apparently, this exchange of views was mean-
ingful to Anni as she reported it in her learner log.

The student teachers returned to the initiative of comparing the
two genres only in PL5, although Liisa tried to prompt the initiative
in planning sessions 2 and 4 without finding an echo in her peers:

(16)

Liisa: At the beginning when we started planning I don’t
quite remember which one of you mentioned ‘tell a class-
mate’ in relation to the second lesson. What was that about?
Matti: Do you remember Anni?

Anni: I'm not too sure. (PL4)

Finally, in PL5, Anni again promoted the idea of comparing
two genres: academic definition and explaining to a classmate.
Matti, again, was interested in learning from her thinking and led
the discussion by concretizing questions and interpretations. Anni
thought that discussion about language should be carried out as a
teacher-led activity and that this requires careful listening to the
learners’ own interpretations and building the discussion around
them. Finally, Matti summarized that the goal is to use both dis-
ciplinary language and everyday language in parallel and to also
facilitate understanding of their difference.

(17)

Anni: Of course this might raise the question, as we have
already talked about, of ‘how to explain it to a classmate’
and ‘how to define it more scientifically’, so there might be a
difference, that you understand the idea, and that you know
how to use the correct terms.

Matti: So how would that go in practice?

Anni: In practice probably perhaps like a normal chat, what-
ever comes up

Matti: So the pupils would talk amongst themselves or?
Anni: Probably teacher-led, not making a big deal out of it
but just bringing attention to the language. In addition to
the content, otherwise it could be that they just cite the
textbook and nothing else like this would take place

Matti: Yeah because they don’t try to say it in their own
words.

Anni: Right.

Matti: So you thought, for instance with the first question
‘What is a lens?’ if a pupil answers ‘Well, it is a glass thing’
Anni: Yes

Matti: Then ‘yes, sure, it's a thing made of glass but, like,
use the terms that you've learned’, the way people, pupils,
would generally answer is normally just fine, but in physics
class we can define things a bit more accurately. (Anni ex-
presses agreement) (PL5)

The initiative of comparing the two genres was elaborated
through collaborative negotiation between Anni and Matti. Matti’s
contribution was crucial in concretizing how the initiative could
be operationalized in the classroom. He seemed to draw on Anni’s
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expertise and interpret it and put it into practice in light of his
own understanding. Nevertheless, despite the recurrent consider-
ation of the interplay of everyday language and disciplinary lan-
guage, the student teachers did not succeed in elaborating their
idea as a concrete activity to be taken to the classroom, as also
shown by previous research (Nikula et al., 2016).

In the final interview (INTW2), Matti brought to the discus-
sion an experience from his studies in the pedagogy of physics. He
claimed that language is often taken for granted, although learn-
ers need support in interpreting academic texts. According to him,
learners need to be taught how to talk about science, argumenta-
tion, verbalization of observations, and explicit literacy skills. He
even recognized that language provides a structure to knowledge.

(18)

Matti: One more thing I was thinking, I don’t know if it is
done a lot in Finnish language class, but I've read an arti-
cle ‘using language to teach science’ about communication
skills, that when pupils talk among each other, they should
somehow be taught what a fruitful discussion looks like,
how to debate and how to verbalize observations. And you
need to teach such literacy and language skills, because the
pupils can’t learn them themselves on the side. Like you
pointed out during our planning session, if someone answers
to ‘What is a lens?’ ‘A glass thing’, so, like, academic lan-
guage and everyday language aren’t the same... a rational
structure to knowledge, such as analysis, such things could
be [dealt with] (INTW2)

Matti connected the article he had read in his studies to the
initiative Anni had promoted earlier. Interestingly, he brought this
idea to the discussion only in the final interview and did not refer
to it earlier when they were discussing language-related issues in
general and Anni’s initiative in planning sessions 1 and 5. Clearly,
the student teachers could not internalize and make full use of all
the resources provided in their pedagogical studies; rather, differ-
ent ideas tend to become connected gradually over time (Spratt &
Florian, 2015).

When the researcher in the final interview asked the student
teachers why their idea of comparing the two genres was never
developed into a concrete activity, they answered as follows:

(19)

Liisa: We had such an idea during our planning stage but I
don’t know why it dropped out or whether we forgot it or
ran out of time, but somehow that kind of comparison of
how to explain to a classmate, it would have been nice for
them to see it written as well, sort of how weird their ‘a
thing made of glass’ looks when written and then next to it
the exam answer

Anni: | suppose that was the idea and I would have liked to
do it there, it just didn’t get refined any further (INTW2)

The student teachers had difficulty reflecting the planning pro-
cess and explaining why their initiative was not elaborated as a
concrete activity to be implemented in the classroom; it was ei-
ther forgotten or there was a lack of time, or it just did not get
developed further.

Anni and Matti conducted most of the negotiation on the in-
terplay of everyday language and disciplinary language. Although
Liisa did not seem to have an active role in those discussions, she
systematically kept the idea in progress, but did not develop it fur-
ther in terms of content. She prompted the idea in PL2 and PL4
attempting to remind them about the original idea, but neither
of her peers took it up. Furthermore, in interview 1, she was the
only one who included comparison of everyday language and dis-
ciplinary language in the linguistic aims of the study unit.

10
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While Liisa’s contribution might at first glance seem less sig-
nificant in developing the initiative, she nevertheless recycled her
peers’ ideas and was systematic and target-oriented in keeping
the initiative in progress. Moreover, at the end of planning ses-
sion 5, Liisa formulated the aim of the lesson as ‘explaining issues
and phenomena in one’s own words’ in the lesson plan form. Matti
commented on that formulation: ‘yeah, good, the nonsense genera-
tor is switched on’. It seems that the student teachers trod a fine
line between the roles of teacher and student. They tended to ori-
ent towards professionally planning their own teaching, whereas
the required formalities such as written lesson plans roused their
student orientation. In line with previous research on in-service
teachers (Kuusisaari, 2013), the student teachers had resources sit-
uated in teacher education, but they were not quite capable of fully
exploiting them to develop their pedagogical skills.

In summary, this collaborative process shows the complex na-
ture of student teacher collaboration. Student teachers’ negotiation
of the interplay of everyday language and disciplinary language re-
veals how they echoed the ideals drawn from their education and
recycled various ideas. Their collaborative effort to develop some-
thing new was apparent, but it was a complex process requiring
many joint phases and collaborative elaboration of ideas towards
more concrete pedagogical practices. From the ecological perspec-
tive, they seemed to have difficulty connecting various approaches
provided in the studies and harnessing them as affordances for
their development (van Lier, 2000). It is noteworthy that during
their project they never consulted the slides or the website pro-
vided in the course on language-aware teaching some months ear-
lier. As is characteristic of learning, the student teachers may not
draw on all the resources available to them. Only those resources
that the student finds relevant and that they can connect to
their previous understanding become affordances (van Lier, 2000;
Ruohotie-Lyhty & Moate, 2016). This observation is relevant to de-
veloping supervision mechanisms in teacher education.

Another noteworthy finding concerns the knowledge asymme-
try (Dillenbourg, 1999) of the student teachers. The expert roles
changed: Matti had an expert role when focusing on the content
knowledge of physics, whereas Anni had a leading role regard-
ing the characteristics of physics language. While one of the team
members acted as an expert and main innovator, the other had an
active role in elaborating the initiatives and ideas put forward. This
knowledge asymmetry and the fluctuation in expert roles tended
to enrich the collaboration (Walqui & van Lier, 2010; van Lier 2004,
p. 158).

5. Discussion and conclusion

This study set out to understand, first, what kind of space for
knowledge construction student teachers created for learners in
their planning discussion, and second, what characterized the stu-
dent teachers’ collaborative negotiation process. The focus of the
study was on the disciplinary language of physics, allowing the
study to contribute to the wider discussion of student teachers’
ability to learn and work in collaboration crossing subject bound-
aries and thus, to support all learners’ equal opportunities to en-
gage in mutual knowledge construction in various knowledge ar-
eas.

Based on our analysis, the student teachers made efforts to
create a translanguaging space for knowledge construction for
the learners (Walqui & van Lier, 2010; Li, 2018), as also em-
phasized in the dialogic approaches to the pedagogy of sci-
ence (Aikenhead, 2005; Lemke, 1998; Mortimer & Scott, 2003;
Pandian et al., 2013; Probyn, 2019). However, integrating multi-
ple multimodal tools was challenging and the space for knowl-
edge construction was reduced rather than enriched (Walqui &
van Lier, 2010). Markedly, language as a meaning-making tool
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remained mostly invisible apart from negotiation of the roles
of everyday and disciplinary language (Mortimer & Scott, 2003;
Nikula et al., 2016; Valdés et al., 2005). This is noteworthy, as one
of the aims of the project was to develop language-aware pedagog-
ical practices.

Additionally, promoting learner agency (van Lier, 2000) was not
particularly focused on in the planning talk. Knowledge construc-
tion was mainly perceived as understanding and describing the
basic ideas or facts; deeper learning, which also requires engag-
ing in explaining and arguing (see Meyer et al., 2015), was not
systematically taken into consideration, even though it was occa-
sionally discussed. Instead of practicing them, the student teachers
avoided these challenging linguistic practices. This result is in line
with Aikenhead (2005) and Pandian et al. (2013), who emphasize
that transmitting abstract knowledge in science class does not de-
velop applicable, critical understanding of the scientific phenom-
ena - skills that are crucially needed in the 21st century world -
and thus there is a need to develop collaborative approaches to
learning (see also Moore & Schleppegrell, 2020).

The findings of this study are also in line with
Canagarajah (2011) and Duarte (2020), who promote the need
to develop teachable strategies of translanguaging. The student
teachers and learners need to be encouraged to change their
orientation to content knowledge and learning: new knowledge
is not transmitted to learners by the teacher; learners need to
be invited and engaged in knowledge construction and shuttle
between languages and other meaning-making resources in their
learning. Interacting is not just using ‘a language code’, but rather
applying multiple, multimodal resources that intertwine (Li, 2018).
Pedagogically, creating a translanguaging space for knowledge
construction means enabling people to communicate flexibly with
any resources available to them: it means supporting participation
and engagement and promoting sharing and recycling of resources.

In line with previous research, this study indicates the complex
nature of student teacher collaboration (Damsa & Ludvigsen, 2016;
DelliCarpini, 2009). Although the expert roles changed, the stu-
dent teachers were engaged in mutual development of a shared
practice and flexibly adapted their roles according to situa-
tional requirements. The knowledge asymmetry between the par-
ticipants was interpreted as a resource for their collaboration
(Dillenbourg, 1999). Furthermore, the student teachers’ collabora-
tion revealed challenges in connecting theory and practice (see e.g.,
Lilja et al., 2020) and in bringing together different and indefinite
ideas and knowledge sources in order to appropriate them as affor-
dances and refine them into a concrete pedagogical practice (see
also Damsa & Jornet, 2016). Clearly, the student teachers would
have benefitted from more structured supervision and meta-level
conceptual discussion connecting theory and practice in order to
strengthen their collaboration and harness all their knowledge
sources for developing their shared practice (Kuusisaari, 2013).

There are some challenges to be considered regarding this
study. The study represents a practitioner research approach
(Heikkinen, de Jong, & Vanderlinde, 2017) as the first author had
a two-fold role as a teacher educator and as a researcher. This
double position was sometimes problematic as she avoided guid-
ing the student teachers’ efforts but, naturally, in her teacher posi-
tion, if asked, supervised the participants with their specific prob-
lems. This two-fold position has been analytically reflected upon
and the analytical process was validated by the co-author. It is also
noteworthy that both authors are language experts and, hence, the
interaction was mainly perceived with respect to the current ed-
ucational and linguistic approaches; a science expert might have
provided the study with different kinds of perspectives. Further-
more, the participants may not represent the plurality of student
teachers but embody students who at the outset were highly mo-
tivated to learn more about language-aware practices and collabo-
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ration across subject boundaries. With less motivated participating
students the results might have been rather different.

Drawing on these interpretations, consequences for teacher ed-
ucation can be identified. Even if student teachers are offered a
wide array of resources, they seem to need many phases and fairly
lengthy negotiation in order to appropriate them as internalized
affordances that they can employ dynamically and in a target-
oriented way. While it may not be possible to hurry this pro-
cess, it seems that collaboration across subject boundaries may
lead student teachers to fruitful negotiations that require them to
dig deeper in terms of developing their understanding and exper-
tise. More research on future teacher collaboration is needed in
order to understand the phases needed in transforming the re-
sources offered in teacher education into affordances internalized
and appropriated by the student teachers themselves. It seems ap-
parent, though, that supervision is needed to make the collabora-
tive process visible and more profoundly conceptualized. Student
collaboration is supported when students understand that fruit-
ful collaborative processes are by definition iterative and require
resilience to uncertainty and the ability to share thoughts and
ideas in progress, elaborate them, and consult different sources
of knowledge over and over again. Moreover, teacher education
should refine future teachers’ translanguaging instinct (Li, 2018)
so that they can exploit meaning-making resources naturally and
strategically for solving the problems at hand and support their
students with diverse skills in becoming more creative and active
agents in the school community.
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