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Abstract
This study contributes to our understanding of meaning making in CSCL environments by
examining a specific aspect of collaborative problem solving in which students improvise,
introduce, and make meaning with representations in disciplinary domains. These situations
include the embodied and imaginative processes of discovering new representational possi-
bilities and artifact meanings. Much of the research on student-generated representations
examines situations in which students are asked by a teacher or researcher explicitly to produce
representations. However, we need more knowledge about how students within CSCL settings
introduce representations from outside of the designed environment or intended task in order to
solve a problem. To unpack the processes of collaborative improvisation and meaning making,
we take a sociocultural stance towards imagining. This stance involves considering the socially
and materially situated ways that participants express new possibilities and alternative situa-
tions that extend beyond the present reality. Focusing on a specific task based on maps as
disciplinary representations, we analyze video data of upper secondary physics students
working in small groups in a co-located CSCL environment. To characterize shifts across
boundaries of several modalities including the verbal and gestural, digital and physical, and 2-
dimensional and 3-dimensional, we identify emergent representations as imaginative produc-
tions. The findings extend current research on collaborative meaning making by bringing
attention to the processes through which improvised representations emerge.. This knowledge
is key to facilitating the discovery of representational possibilities in CSCL environments.

Keywords Imagination . Representation . Embodied interaction .Maps . Computer-supported
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Introduction

One of the fundamental themes of CSCL research involves exploring how small groups of
students navigate multimodal constellations of representations and artifacts, yet we know little
about the precise means through which improvised representations emerge in collaborative
scientific discourse. The roles of different modes and multiple representations in student
learning processes are particularly important as digital representations become more sophisti-
cated and complex, and as new forms of computer-supported participation and collaboration
are identified.

Prain and Waldrip (2006) draw a useful distinction between multiple and multimodal
representations: Multiple representations encompass the practice of repeating and re-
representing the same concept through different representational forms. Multimodal represen-
tations constitute the integration of different modes (e.g. spoken and written language, draw-
ings, and gestures) within one representation or across several representations to construct a
concept. Computers have been acknowledged for their potential to support student learning by
linking multiple representations in ways that support broader conceptual understanding (White
and Pea 2011). Moreover, digital learning environments (Tang et al. 2011) and mobile learning
(Nordby et al. 2017) provide settings where the interplay of modalities can be studied in a pure
form. In CSCL environments, these kinds of arrangements might occur within an entirely
online environment containing multiple modes of interacting (e.g. through a text chat and
digital white board (ÇakIr et al. 2009)), or might involve face-to-face collaboration in a place
containing physical and digital elements (e.g. using gesture and language over an interactive
tabletop (Davidsen and Ryberg 2017; Evans et al. 2011)). In the latter case, referential shifts
between digital and physical features of the setting are fundamental to the activity.

Often, it is the interaction with digital representations through dialogue and collaboration
that gives particular insight into how students learn with multiple modalities. These kinds of
collaborative sense-making processes with designed digital representations have received
significant attention in CSCL (ÇakIr et al. 2009; Dwyer and Suthers 2006; Furberg et al.
2013). However, the use of student-generated representations has received less attention than
how students understand representations provided as a part of a CSCL environment (Prain and
Tytler 2012). In one example from a CSCL setting for mathematics, Çakir et al. (2009)
demonstrated that small groups of students in a multimodal workspace integrated drawings
on a virtual white board with text-based interaction to maintain a continuous meaning-making
trajectory. In another study that focused on a face-to-face CSCL environment, Medina and
Suthers (2013) showed how students using collaborative drawing software and table top
resources for building electric circuits configure “the environment through multiple surfaces
to mediate their meaning making” (p. 333).

These studies clearly suggest a growing interest in the processes through which students
introduce and generate their own representations in the context of scientific problem solving.
However, the majority of research on student-generated representations considers representations
students are explicitly prompted to produce as part of a designed aspect of a classroom task (or
CSCL environment). Much less attention has been paid to cases when, in order to solve a problem,
students introduce unprompted representations by drawing on resources from outside the designed
environment or task. We refer to such situations as involving improvised representations.

Improvised representations are in many ways similar to what Enyedy (2005) refers to as
invented representations. In this important study, Enyedy traces the trajectory of an elementary
school classroom working with maps as they (re)invent topographical lines as a means for
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expressing height on a two-dimensional map. Looking particularly at gesture in the context of
the broader sociomaterial setting of a classroom, the study demonstrates “that the students and
the teacher opportunistically assembled resources to understand and solve their collective
problem” (Enyedy 2005, p. 459). It is this spontaneous assembling of resources in a collab-
orative act of meaning making that characterizes both improvised and invented representa-
tions. However, there is an important difference: Though students adopt everyday resources in
order to invent this new representation, the context of invented representations includes a
lesson plan and a teacher guiding them to this invention. In contrast, we define improvised
representations as developed by students as a means to solve another problem, not the result of
a classroom activity that is intended to produce specific representational outcomes.

Research on the use and emergence of such improvised representations constitutes a
significant gap in CSCL literature, and attending to the ways that students expand their local
context to create new representational possibilities will give us a richer understanding of
student problem solving and meaning-making practices. It is important to understand not only
the collaborative learning processes in designed, controlled, or intended contexts, but also the
unexpected ways that learners alter their activities and resources. Attending to this gap
involves generating knowledge about the complexity of learning situations in which students
are using and improvising representations when working on tasks that are digitally mediated,
sometimes without the immediate presence of a teacher. Such learning situations involve
students’ use of imagination to reorganize their local environment in order to meet their
particular problem-solving needs. Additionally, deepening our understanding of the cases
when students work outside of the planned CSCL environment can contribute to the design
of more effective tools and resources.

We define improvised representations as visual and material artifacts and embodied actions that
may begin in everyday use and transition to disciplinary (scientific) practice. One particularly
illustrative instance of the kind of phenomenon that we refer to is drawn from our dataset in this
study. A pair of students, in attempting to depict the shortest path of an airplane traveling fromOslo
toNewYork, brought out awrapped sandwich from a backpack to stand in for amodel of the earth.
Holding the sandwich between them, the pair took turns tracing possible flight paths over the
curved surface of the sandwich. Thus, through the improvisation of the students, one of the
multitude of everyday objects that populate classrooms (i.e. lunch) developed meaning as a
disciplinary representation in the form of a three-dimensional map. Students’ everyday experiences
and objects can function as mediational means for discussing disciplinary issues and solving tasks
when engaging in academic matters (Silseth 2018).

Research on collaborative learning with multiple representations has shown that students
demonstrate significant creativity in their ability to navigate and shift between material and
digital representations (White and Pea 2011). Groups of students make meaning by drawing on
emergent and often unexpected representations. However, we have limited understanding
about where these unexpected representations come from and how they develop. We take this
observation as basis for our study that focuses on the emergent use of representations in the
context of imaginative problem solving. We address the following research question:

How do small groups of students collaboratively improvise, introduce, and make
meaning with representations that extend across multiple modalities?

We address this question empirically by looking at how small groups of students use a web-based
learningmodule with a map task that compares two- and three-dimensional spatial representations.
As we will describe below, early observations of students revealed that this particular task seemed
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to invite students to introduce and improvise with new representations. In the following sections,
we will first outline our theoretical approach to collaborative meaning making. We then introduce
sociocultural approaches to imagining as an exploratory concept to account for the ways that new
representational uses are discovered and to frame the ways students interpret this particular task.
We then turn to a review of the disciplinary aspects of maps as representations with particular
affordances, which in turn sets the stage for our study.

Meaning making and representations in CSCL environments

In this study, we adopt sociocultural theory as an overarching perspective on learning. This
implies that learning is considered to be a socially- and environmentally-situated process of
meaning making in which participants develop interpretations of activities and contexts
together (Suthers 2006; Vygotsky 1978; Wertsch 1993). For the purposes of this study, we
focus on meaning making that occurs in small groups through face-to-face interaction in a
CSCL setting. In contrast to individualist epistemologies which highlight knowledge as
information structures which may be attributed to one member of the group, sociocultural
approaches to meaning making emphasize the participation processes of group members as
emergent meanings in the group as a whole (Gee and Green 1998; Greeno 1997). Language
and gesture are considered to be psychological tools that mediate interpretations of the context.
Thus, a verbal utterance or explanatory gesture reflects the group meaning-making process as
opposed to reflecting an individual’s isolated cognition. Physical tools and material artifacts,
including visual representations, also mediate these interpretations while simultaneously
constituting aspects of the context (Duranti and Goodwin 1992; Van Oers 1998; Enyedy
2005). These artifacts are not containers of meaning but are rather embedded with meaning
potentials through historical use and cultural practices (Wertsch 1993). As one example
relevant for this study, maps, as cultural and historical artifacts, mediate a variety of
activities from navigation to design, and their use and meanings develop over long
trajectories within and across these particular disciplines. Suthers (2006) emphasizes that these
referential resources become embedded with meaning through processes of negotiation by
participants. These negotiations include building on prior interpretations made relevant
through language, gesture, or the manipulation of the representation. Suthers notes,

In this manner, collaboratively constructed external representations facilitate subsequent
negotiations; increasing the conceptual complexity that can be handled in group inter-
actions and facilitating elaboration on previous conceptions. The expressive and index-
ical affordances of a medium will affect its value as a referential resource. (2006, p. 329)

In other words, a small group of collaborators needs to be able to perceive and communicate
about the relevant features of a representation for it to be taken up as a meaning-making
resource. Another implication of our use of sociocultural theory is that the status of a particular
object’s mediating function as a representation cannot be removed from its use in context.
Zemel and Koschmann (2013) articulate this characteristic of representations by arguing that
objects only become representations when their indexical properties become relevant in use:

Objects, be they drawings, gestures, graphs, texts, formulae, etc., are not themselves
representations. We hold that representations are these objects and the way they are used
in referential work. This makes representations referential resources used in the pursuit
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of interactional goals or outcomes that achieve their meaning through their referential
use. In our view, no object is inherently representational in and of itself. (p. 67)

In this sense, representational qualities of an object emerge in situated practice. However,
although we adopt this broader perspective on representations as practices (Greeno and Hall
1997), we are particularly interested in improvised representations as being adopted from
outside of the intended activity; representations that are not provided by the teacher or
designed into the learning resource. To characterize this distinction and to deepen our
understanding of the phenomenon, we introduce a perspective built on sociocultural ap-
proaches to imagining.

Imagining with representations

One contribution that we wish to make through this study is the introduction of sociocultural
perspectives on imagining into the CSCL field; this concept may in particular help us to understand
the phenomenon of improvised representations. Imagining, from a sociocultural perspective, is an
interactional process that involves the ways a group of participants interact with each other and the
world to express possibilities and situations that are different from the present reality (Nishizaka
2003; Murphy 2004; Nemirovsky and Ferrara 2009; Zittoun and Gillespie 2015; Steier and
Kersting in press). Imagining, like other sociocultural processes, develops through interaction
between and among participants and their environment. Linking imagination to collaboration
contrasts with a long tradition of studying imagination as the mental images of individuals
(Nishizaka 2003). Imagination includes seeing, creating, and communicating new ideas, and is
thus required to see the representational qualities and possibilities of an object (Zittoun and
Gillespie 2015). Imagination thus expands the representational possibilities of a designed CSCL
setting. The context of being included in a textbook, in a lecture, or in a web resource canmake the
indexical properties of a particular (potential) representation explicit. That is, the representational
relationship between an image and a concept or phenomena can be framed by the pedagogical
situation. When objects exist outside of that situation, or are framed in a different way, learners use
their imagination to recognize representational needs of a specific task and to develop new or
unexpected meanings.

In line with previous research on imaginative processes in math and science, we regard
imagining as distributed in ecologies of local materials and resources (Hutchins 2010;
Nemirovsky and Ferrara 2009). As proposed by Nemirovsky and Ferrara (2009), mathematical
imagination “can illuminate the roles of tools and materials—not as ‘embodiments’ of
mathematical ideas, but as means to productively extend the horizon of possibilities that
students come to entertain” (p. 173). Imaginative activity thus involves working with the
representational affordances of a given setting, and the flexibility to allow the expression and
exploration of alternative situations that differ from that of the immediate “reality”. Charac-
terizing imagination as materially and physically situated implies that imagining depends on
attention to features and resources of the local environment (Hutchins 2010; Jornet and Steier
2015). In other words, a learner’s ability to explore possibilities and to bring new ideas into the
world depends to a great extent on the ways that aspects of the setting can be productively
appropriated in order to depict these ideas.

Characterizing imagination as a social process means that a group of people may explore
(imagined) possibilities through communicative processes. Alternate situations and abstract
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ideas may be co-created or considered by participants through the mutual elaboration of
semiotic resources like language, artifacts, and bodily performances. Conceptualizing imagi-
nation as a social process suggests how important imagining may be in school situations such
as small group work, teacher facilitated discussion, and the production of knowledge artifacts
(Furberg 2016; Furberg et al. 2013). This approach to imagining allows us to draw on findings
from studies of collaborative learning, shared representations, communicative practices, and
problem solving. Analytically this implies that researchers can study imaginative processes in
small group settings by attending to the semiotic productions that participants develop to
interact with alternative situations.

Finally, imagination is also an embodied process (Lakoff and Johnson 1999; Murphy
2004; Nemirovsky and Ferrara 2009; Steier and Kersting in press). This may be viewed
as an extension of the notion of imagining as not bounded by the brain of an individual.
Imagination is considered embodied because it depends on the sensory experiences of
one or more bodies interacting in the world, as well as on our bodies’ functions as tools
to think and communicate with. For example, in a recent study by Steier and Kersting (in
press), upper secondary physics students trying to imagine the nature of gravity drew on
a variety of bodily forms of knowing including past experiences of the feeling of
gravitational forces on one’s feet, on the imagined scenario of placing one’s own body
in outer space, and on the communicative properties of hand gestures to depict the
trajectory of objects under the influence of gravity. Attending to these diverse embodied
aspects of imagining is thus crucial for gaining a more complete understanding of
productive imagining.

Studies of imagination have often been restricted to children’s play and fantasy and to arts
disciplines. Increasingly, however, disciplinary forms of imagining are recognized and devel-
oped. For example, in architecture (Murphy 2004) and exhibition design (Jornet and Steier
2015), designers often engage in “embedded skits” as a strategy for acting out and performing
the experience of being in a future space. These performances allow participants to consider
the implications of design decisions in the present by collectively imagining their outcomes.
Similarly, in the discipline of mathematics, mathematical imagination involves maintaining a
collection of possible consequences for actions in the present (Nemirovsky and Ferrara 2009;
Nemirovsky et al. 2012). Nemirovsky and Ferrara (2009) illustrate this process through the
ways that students in an algebra class consider the possible triangles that might form by
projecting a set of intersecting lines. Thus, mathematical symbols characterize possible
outcomes instead of describing present situations.

Imagining is an important analytical lens for making sense of improvised representations
for several reasons. First, the act of recognizing the representational needs of the task requires
imagining that a potential resource might be useful in solving the task. Students recognize that
their capacity to complete a task may be improved if they alter their current material
environment and introduce a new representation. This recognition involves imagining other
possibilities for exploring their current situation. Second, imagination is required to assign new
meanings to improvised representations. Seeing a sandwich as representing the earth, or one’s
hand as a stand in for a map depends on imagining. Finally, exploring different possibilities
with these improvised representations also requires imagining. For example, tracing a possible
pathway over the imaginary map, or rotating the “basketball” earth to find a useful orientation
are also best understood as ways to explore possibilities, and therefore as imaginative acts
(Nemirovsky and Ferrara 2009). In the next section we discuss maps as a particular type of
disciplinary representation.
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Maps and mapping as learning domain

By compressing geographic structures to human scale, maps give us access to reality beyond our
reach (Wood 2010). In providing a small and simplemodel,maps are representation of the surface of
the earth that can be used in place of the earth itself (Anderson and Leinhardt 2002). By representing
spatial and temporal features of the world, maps reorganize space in ways that allows us to establish
a geometric correspondence between our reality and a map (Downs and Liben 1991).

As long as there have been maps, however, cartographers and mathematicians have
grappled with the impossibility of portraying the earth in two dimensions (Snyder 1993).
There are two distinct challenges: first, the surface of the earth is curved. Converting a curved
surface to a planar one necessitates “stretching” and “squashing” of some areas of the original
surface (Brainerd and Pang 2001). Second, in moving between maps and the world, we have to
translate between dimensions. The world is three-dimensional and we think of the surface of
the earth as embedded in three-dimensional space. Yet, maps are essentially two-dimensional
representations. Map projections, therefore, always involve distortions because of tensions
between curvature and flatness and between two and three dimensions..

The representational challenges of reading maps and dealing with cartographic distortions
requires skills from disciplines including geography, math, astronomy, and physics (Snyder 1993).
Focusing on the learning domains of geography and astronomy, we will first shed light onto the
distinct challenges of curvature and dimensionality respectively. Having done this groundwork, we
will transcend disciplinary boundaries to characterize general abilities to read and navigate maps.

The geography literature on learners’ challenges when working with maps is rich (Battersby
and Kessler 2012; Bausmith and Leinhardt 1998; Wiegand 1999). General findings suggest
that students are not competent map users (Bednarz et al. 2006). Many students lack deeper
conceptual knowledge of how maps represent reality by introducing distortions (Anderson and
Leinhardt 2002). Tyner (1987) went so far as to call the distorted conception of the earth
caused by the common Mercator map the “Mercator mentality”. Indeed, reading maps entails
an inherent complexity due to the multiple relations between the map and the curved surface of
the earth (Anderson and Leinhardt 2002). Novices have more difficulty in moving back and
forth between cartographic representations and the real-world objects represented. Anderson
and Leinhardt (2002) suggest that what distinguishes an expert geographer from a novice is the
use of a map as a tool for reasoning as opposed to reasoning with and within the map itself.

While geographers focus on the challenges of distortion, astronomers foreground the problem of
dimensionality. Indeed, astronomy as a fundamentally three-dimensional discipline poses special
demands on learners because the field involves extreme distances, translations, and the motion of
objects in a three-dimensional universe (Barab et al. 2000). Astronomy educators, thus, interpret
spatial thinking in terms of being able to extrapolate three-dimensionality from two-dimensional
representations (Eriksson 2014; Eriksson et al. 2014). They subsume the skill of “reading the sky”
under a more general spatial ability (Eriksson 2014). This ability allows learners to understand and
elaborate on a three-dimensional body in terms of two-dimensional geometrical representations
(Latour 1986). Being able to extrapolate from two-dimensional representations to a three-
dimensional reality can be hard for learners because of difficulties in understanding the multidimen-
sionality of the Universe (Eriksson et al. 2014). Students struggle in particular when the spatial and
temporal scales are extremely large and thus inaccessible to direct perception (Eriksson et al. 2014).

While most accounts of the representational challenges of maps are situated in the disciplinary
discourse of a particular field, it is clear that the ability to read maps requires skills that transcend
disciplinary boundaries.What is common to all disciplines is the understanding that navigatingmaps
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is a cognitively complex task. Maps reorganize space in ways that can contradict learner’s
experiences (Taylor and Hall 2013). Yet, mastering these cognitive tasks has become increasingly
important in light of the rise of geospatial technologies. Digital map services such as GoogleMaps™
have become a ubiquitous feature of daily life in the twenty-first century. Indeed, digital maps and
the logic of space informed by them guide the daily lives of students. As a consequence, there is a
change in how we think with maps and what counts as cartographic knowledge (Silvis et al. 2018).

By acknowledging the increasingly dynamic and multi-faceted nature of map navigation
(Farmann 2010), researchers have introduced interactive digital mapping to support a new
form of digital literacy (Silvis et al. 2018). Digital mapping adds a dynamic facet to traditional
paper maps when students develop spatial understanding of places (Silvis et al. 2018). Such
learning processes often unfold through interaction. Silvis et al. (2018), for example, studied
collaborative cartographic experiences in which learners used a computer screen and
GoogleMaps™ as the repository and reference for their gestures. Likewise, Eriksson et al.
(2014) call for computer simulations and hands-on experiences to facilitate the ability to
extrapolate three-dimensionality. With the exception of these initial explorations, however,
interactive digital maps have yet to receive much attention in the CSCL literature.

It is against the backdrop of interactive digital mapping that we situate our study. To be able to
answer our research question, it is important to characterize collaborative learning processes that are
framed by shifts between digital and physical representations. In particular, such a characterization is
useful if students introduce and improvise representations that extend across multiple modalities.

Project background and task

Data for this study were collected through a larger design-based research project called ReleQuant,
which investigates new ways of teaching modern physics concepts through web-based learning
modules on the topics of general relativity and quantumphysics (Bungumet al. 2015;Henriksen et al.
2014). The project takes a sociocultural stance on learning science (Vygotsky 1962) with a particular
focus on facilitating understanding through “talking physics” (Henriksen and Angell 2010; Lemke
1990). This focus is reflected in the design of the modules: several tasks invite final year upper
secondary school students to discuss in pairs, small groups, or in plenum. Additionally, the design of
the module activities is intentionally multimodal, asking students to write short text responses and
perform simple drawing tasks, as well as record short verbal dialogues about the content matter.

This study considers part of the first two design and development cycles of the general
relativity module. The module is divided into a sequence of three chapters, which constitute
two 90-min classroom periods. The last chapter in the general relativity module presented the
core concept of general relativity: gravity is curvature of spacetime (for a detailed look at
student understanding of this concept, see Kersting and Steier 2018). In a series of activities,
students explored the geometry of curved spaces by collaboratively working with interactive
digital maps and spacetime diagrams. The first task in this series asked students to consider and
discuss in small groups why the flight path of a plane traveling from Oslo to New York appears
to be a curved line when viewed on an ordinary world map (Fig. 1). For this study, we focused
on this single discussion task because early observations revealed that the task seemed to be
very engaging for students inviting them to introduce and improvise with new representations.

The purpose of the task was to introduce some of the challenges that arise when moving
between two-dimensional and three-dimensional representations of curvature. In particular,
students should become familiar with representational distortions. This task was followed by

116 Steier R. et al.



the introduction of time as a 4th dimension and gravity as a manifestation of curved four-
dimensional spacetime. It is worth noting that the task of finding the shortest path between two
points on a world map is not a trivial one. Anderson and Leinhardt (2002) found that a flat map
invites map readers to use their knowledge of flat geometry; geography undergraduate students
and preservice teachers would often carry the mathematical rule that the shortest distance
between two points is a straight line over to the geometry of world maps.

Data collection and methods

We collected video data of 15 groups of students from seven final-year physics classrooms in
five Norwegian upper secondary schools over a period of two years. The students were
organized in small groups (each group consisted of two, three, or four students), and the groups
were placed at desks with one laptop per group or in some cases with individual laptops. The
classroom organization depended largely on how the teachers chose to implement these
modules. Teachers devoted three hours of class time for this particular module with two units
of 90 min each. Video data enables us to study in detail how students make meaning in situ and
how they collaboratively manage the task at hand (Derry et al. 2010). Because video data
capture students’ utterances, gaze and gestures, it also enables us to say something detailed and
systematically about what types of representations students orient towards when engaging with
the map task across the different groups, and how they engage with these representations.

When reviewing the total corpus of data of the 15 groups we identified segments where groups
were working with this map task. The map task lasted for between 1 and 12 min depending in part
on how the teacher organized the activity and how engaging the task was for the students. The
segments were first transcribed, translated from Norwegian, and then viewed multiple times noting

Fig. 1 The airplane task in the first version of the general relativitymodule: Aworldmap presents the curved flight
path between Oslo and NewYork and asks students: “Why do we fly over Iceland when we travel to NewYork?”
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the representations used, the use of gesture, and the gaze of the participants. Sequences inwhich new
or unusual representations were introduced were noted for closer analysis.

An important distinction we wish to draw is between provided representations and improvised
representations. Whereas provided representations include visualizations within the web-based
learning module, improvised representations include other productions that the students introduce
or produce. If the students leave the web-module to search for other visualizations on the web, then
we consider these to be improvised because they were not provided by the designed activity and
CSCL environment. In this studywe focus on such improvised representations in small groupwork.

Our analysis is inspired by principles as outlined by Interaction Analysis and Embodied
Interaction (Jordan and Henderson 1995; Streeck et al. 2011). The importance of analyzing learning
and meaning making on a microlevel has been emphasized within the CSCL community (Furberg
2016; Krange and Ludvigsen 2008; Silseth 2012). This approach emphasizes the need for analyzing
meaning making and learning as sequentially organized and as an interactional achievement. The
analytical focus is on how participants produce and respond to each other’s utterances turn-by-turn
when collaboratively engaging in an activity, and how the participants orient to resources that are
made available in the context of interaction (Ludvigsen 2012; Silseth 2018). Furthermore, gaze and
gesture become part of the meaning-making processes, and contribute to co-construction of
knowledge and meaning. In analyzing these aspects, we distinguish between depictive gestures
and indexical/deictic gestures (McNeill 1992; Streeck 2009). Depictive gestures involve using the
hands to produce pictorial representations of some external referent (Streeck 2009). For the purposes
of this study, we characterize such productions as a type of (bodily) representation similar to other
improvised representations because in interaction, attention is directed towards the visual/bodily
aspects of the gesture itself. Indexical or deictic gestures such as pointing, on the other hand, are not
considered to be improvised representations because they direct attention, not to themselves, but to
some other feature of the world.

The transcript convention that we employ is based on Jefferson (2004) (see Appendix). Because
gesture is central to our analysis, we also include detailed illustrations and images of bodily
positioning and gesture taken from screen shots of the video material. To connect the moments of
the verbal transcript with the corresponding gesture, we also adopt a notation in which a “•” symbol
in the transcript corresponds with the moment from the video data of the associated gesture (Streeck
2009). Because images are static and bodily movement and video data are continuous, we have
made choices about the moments in time that best capture the movements relevant for our analysis.
We view such transcription work as an important phase of analysis with embodied interaction
(Davidsen and Ryberg 2017; Steier et al. 2015). Accordingly, we have emphasized gestural
depictions to highlight the mutual elaboration of these gestures as shared representations.

Results

During the initial classroom observation period, it quickly became clear that the map task
invited the use of improvised representations. Reviewing the video data of the 15 groups, we
noted the use of a variety of such representations including student drawings, basketballs, a
sandwich, a tape measure, and GoogleEarth™. We identified six groups as improvising such
representations. We additionally observed that students gestured extensively while engaged in
this task.. Focusing only on depictive gesturing (not just pointing), we noted that nine groups
incorporated gestural depiction into their discussions. This use of gesture and external
representations were in addition to the use of the designed module by the groups.
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Before narrowing our focus to one particular group of students whose conversation
illustrates how improvised representations emerged within the collaborative meaning-making
processes of several groups, we would like to give a more general account of our findings.
When looking at the moments that preceded the introduction of new representations, we noted
that students engaged in activities that blurred the boundary between digital and material
representations. In addition to discussing and interacting with digital maps displayed on the
laptop screen, students actively made use of the material properties of the screen by, for
example, physically tracing or measuring digital images to find the shortest distance in a map.

More generally, we observed a high frequency of shifts across modalities. In addition to
shifting between physical and digital representations, students frequently shifted between two-
and three-dimensional representations while simultaneously moving between gestural and
verbal modes of communication. This engagement in various strategies allowed students to
fluidly shift between bodily, material, and digital representations and seemed to have helped
the groups to both understand and overcome representational challenges of the given task.
Specifically, we explored patterns in which several groups progressed from bodily to material
forms of representations as they collaboratively developed more sophisticated means of
dealing with the task. Often, students began using gestures and language as their primary
tools of expression before turning to their local environment to identify possible “earths”.

A common thread running through all of these meaning-making practices was the role of
imagination in facilitating the discovery of representational possibilities and new artifact
meanings. Here, imagination took a dual role: First, imagination allowed students to transcend
their experience of space around them to entertain situations that differ from the present - such
as following the route of a transatlantic flight between Oslo and New York. Second, imagi-
nation helped students to identify the representational affordances of their current environment
to see new possibilities in the present – such as seeing the hand as the round earth or a flat map.

In the analysis below, we present the entire trajectory of one group working with this task.
This group consisted of two students, here called Gunnar and Janne. This group sat at the front
of the classroom on opposite sides of their table using a shared laptop. Gunnar and Janne spent
seven minutes on this task, and we will present the analysis in three sequences. This group’s
trajectory demonstrated several patterns common among other groups including the extensive
use of improvised representations and challenges in linking a verbally expressed understanding
of the difference between two- and three-dimensional maps with the production of a visual
demonstration of this relationship.

The rationale for presenting a trajectory and selecting the trajectory of this particular group is
based on several considerations. First, focusing on trajectories enables the researcher to demonstrate
“how multiple actions and people collectively produce phenomena” (Derry et al. 2010, p. 22).
Choosing to analyze a trajectory of one group, rather than a collection of episodes from different
groups, allowed us to analyze in detail how the actions of the group develop over time as a
collaborative activity. A second consideration is about interactional transparency. That is, the group
members’ verbal and gestural contributions are characterized by a high degree of explicitness (Linell
2009; Mercer 2004). In this context, explicitness refers to the fact that the group’s interaction
provided us with a clear lens to examine representational practices. Third, this group introduced
digital representations from outside the activity, including as GoogleEarth™. Focusing on this
particular group enables us to shed light on the complex relationship between digital representations
in and outside the task, with specific reference to representations used bymany in everyday settings.
Finally, the quality of the video data allows for clear viewing of both the face-to-face interactional
aspects of the episode and the images on the computer screen.
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The task as a representational challenge

In the first sequence, we observe how the map task presents itself as an educational challenge
for Gunnar and Janne. The group interprets and formulates a brief answer to the main question
in the map task (“explain the shape of the path”) and then begins to introduce new gestural
representations in an attempt to provide a justification for their answer. In this sequence, the
analytical focus is on the mutual elaboration of the gestural representations and corresponding
language, as well as the frequent references to the map representation provided in the CSCL
environment. Additionally, we will see imagination play an important role for the participants
in quickly adopting improvised representations as their referents (e.g. imagining a hand as a
map). The sequence begins as Gunnar is reading the task out loud, as displayed in Excerpt 1.

Excerpt 1
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The episode starts with Gunnar reading the task out loud “Why do we fly over Iceland
when we travel to New York? ” and Janne immediately responds that “Because the earth is
round and this is the shortest way” as she traces the flight path over the screen (turn 2). Gunnar
agrees, but then pauses while lifting both hands in the air to apparently depict the surface of the
earth (turn 3). The use of “because” sets the stage for providing justification for Janne’s
answer, either because he wishes to clarify Janne’s response, or perhaps because he recognizes
that part of the task is to provide justification for one’s answers. Janne then elaborates that a
map is flat and the earth is round while she uses her hands to depict the flat map and then the
round earth respectively (turn 4). This is the first time that she acknowledges the tension
between flat and curved spaces. In recognizing flatness as a feature of a map representation,
she articulates one important challenge of working with such a representation.

Next, Gunnar contributes to positioning their reasoning as a representational challenge by
introducing the hypothetical situation of drawing the flight path (turn 6). As he raises the key
distinction between a two-dimensionalmap and a three-dimensional earth, he shifts between pointing

(continued)
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to the map on the screen and a two-handed gestural depiction of the round earth. Thus, in a short turn
of utterances, the two students have identified both the challenges of dimensionality and of curvature.

Then, in turn 8, Gunnar initiates a key sequence of gestural elaboration. Gunnar places his left
hand in a curved half-sphere shape down on the table as a stand-in for the earth. Using his right index
finger, he slowly traces a possible trajectory of the flight path. As he questions “I guess?” he turns to
Janne who reproduces the same depictive gesture so that both are now attending to their own hands
simultaneously (turn 9). Thus, quite quickly the group has accepted that they are imagining a curved
hand as the earth, but also using their other hand to imagine possible flight paths. Gunnar then
elaborates on this gesturally constructedmodel by pointing to an imaginary Oslo andNewYork and
illustrating the path between them (turn 10). In a fewmoves, one hand has become an earth marked
by the location of cities while the other shows possible connecting routes of airplanes. Then, Janne
(turn 11) moves her depiction into the table space between the pair while confirming Gunnar’s
proposition of indicating the locations of the two cities before connecting the path between them.
This movement to the center of the table clearly marks this mutually constructed gesture as a shared
representation. This move also coincides with a shift from amore exploratory use of the gesture to a
more explanatory way of talking to Gunnar. In turn 17, Janne adds an additional aspect to this
depiction by flattening her “earth” hand onto the table and tracing a new “bowed” path (turn 19).
This move re-introduces the dimensional challenge of moving from three to two dimensions.

Wewish to highlight a few key aspects of this sequence. First, the group immediately generates a
verbal answer to the question, but it seems that to move on they need to either elaborate on this
answer, to visualize it, or to justify the response representationally to each other. This need for
representational justification can also be framed as an imaginative challenge. The group has quickly
recognized that they must turn to their local environment in order to collectively imagine the
conditions for this flight path. We also wish to note that the key representations emerging in this
sequence include the map displayed on the screen from the module and a sequence of depictive
gestures. Importantly, the pair shifts back and forth between these two different representational
spaces, the digital screen and the shared (physical) gesture space (McNeill 1992). The pair’s verbal
references to the representational challenges of maps (i.e. that a two-dimensional object represents
three-dimensional space) are accompanied by frequent shifts between representational gestures in
three-dimensional space, and indexing gestural references to the two-dimensionalmap on the screen.
Finally, this sequence clearly illustrates imagination as an interactional achievement. The pair
introduces and mutually elaborates on new depictive gesture to facilitate their intersubjective
meaning-making process. Gunnar first introduces a particular way (curved hand down on the table)
of depicting the problem space, which then gets taken up and elaborated on by Janne as she uses the
same gesture to shift between the three-dimensional earth and the flattened two-dimensional map.
The initial proposition of imagining one hand as the earth to solve the problem becomes a sequence
of collective imagining as layers of meaning are added and alternative possibilities are explored.

Struggling to become fluent in shifting representations

As the episode continues, Janne and Gunnar begin to elaborate on the consequences of using flat
maps as representations of three-dimensional earths, and how that shift is accomplished. We will
see that their gestural depictions become more sophisticated in order to imagine these possible
shifts, and that they are less reliant on the map from the computer screen. At the same time, they
display struggles in resolving the task as they confront the limitations of their developing
representations. We enter back into the episode in the next sequence, displayed in Excerpt 2, as
the group expresses difficulty in articulating the shift between three and two dimensions.
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29 Janne [Yeah: yeah:
yeah: yeah:

30 Janne Yes maybe so.
31 Gunnar Ok cause it’s the only thing 

that makes sense (0.3) for 
me °that I don’t know° (0.7) 
(     ) no (0.4) but ok it's 
the fastest route.

20 Janne Because or yes:: (0.2) like 
(0.4) on the map also not 
all in a way (0.8) eh:: 
dimensions are correct 
[either in a way,

21 Gunnar [No no no (0.5) not at all
really.

22 Janne Li::ke yes for example 
Norway looks huge actually 
(0.2) but (0.3) it's much 
smaller (0.9) that's because 
• but anyway (0.4) there 

(0.5) the earth is 
round [(0.2) and therefore • 

that is the fastest route,
23 Gunnar [Yes,
24 Gunnar Yes 

(0.6) [yes
25 Janne [Whi::le (2.0) yes: 

(0.3) li::ke (0.2) 
and therefore (0.2) 
I don’t know (0.2) 
so: (1.0) yes the 
route will be like
that on a 2 D map,

26 Gunnar °Yes° (0.5) but I try to 
think of how (0.4) cause it 
you think • ok now we have a 

2 D map (0.4) then we can’t 
you can’t see (0.2) if we 
draw the route like this 
(0.7) on a 2D map (1.8) 
the:n you don’t see the 
difference then it looks 
like then the route is
actually longer (0.5) cause 
you • have like a curve here 

(0.7) and I guess the curve 
will be longer than a • 

straight line like this,
27 Janne M:m[::
28 Gunnar [So I don’t know if you 

in a wa::y [(0.5) that 
they that you • rotate 

like this to show the         
entire route (0.3) or • 

the entire length of 
the route,

Excerpt 2
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This sequence begins with Janne describing some of the challenges of shifting
between three and two dimensions and the inevitable distortions that such a shift
entails. In turn 22, she states that Norway appears to be much larger on a flat map
which suggests that she is aware of the relevance of the issue of distortion in map
projections. However, rather than completing this argument by relating the distortion
to curvature, Janne returns to her initial response that “the earth is round, so it’s the
fastest route”. Gunnar laughs, acknowledging the difficulty in articulating their per-
spective, as Janne confirms that the flight path on the screen is correct “on a 2D
map” (turn 25).

In turn 26, Gunnar builds once again on the same gesture from the previous
sequence, here using two hands on top of each other to show the relationship between
two and three dimensions. With his right hand depicting a round earth on top of his
left hand depicting a flat map, he attempts to express the conceptual shift by
exploring different possibilities of projecting three dimensions onto two. First, he
flattens his curved right hand onto his left to visualize how a path on his curved
hand corresponds to a path on his flat hand. Both students have used this gesture
before and Gunnar repeats it in what seems as a stepping stone for him to introduce a
new representational shift of dimensions.

By tilting and rotating his earth hand to form a projected curved path on top of his flattened
‘map hand’, he chooses a tilting movement to project a curved path onto a flat space (turn 28).
This rotation involves a new strategy for depicting the dimensional shift. Gunnar wonders
about the length of the curved line and flatting out his hand does not seem to give him a
satisfactory answer. In tilting his curved hand towards the flat surface of his other hand, he
explores a possibility of projecting dimensions that does not distort the length of the arc of his
hand. Constructing a map projection always involves a choice of what properties of three-
dimensional space one wants to preserve e.g. area, direction, shortest distance. Moving
between different representations of the dimensional shift, Gunnar grapples with the difficulty
of finding a presentation that works for him in the setup of the task.

Thus, with the same initial depiction of imagining one’s hand to be the earth, Gunnar and
Janne present multiple ways of expressing the dimensional shift. From the perspective of

32 (23.7) ((the group stops
recording their discussion 
and they talk about what 
they should name the audio 
file))

33 Janne But (0.6) ok if you (0.2) if 
you • have a ball like this 
and (6.5) • like (1.7) eh:: 
(0.6) how • will it be if 

you drive that trip then 
(3.3) ((traces straight line 
on screen)) will it be 
longer?

34 Gunnar ((laughs)) Drive through the 
earth (0.5) eh::

35 Janne We should have had a Globe?
36 Gunnar Visualized it,
37 Janne Yes.

(continued)
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imagination, this tilting strategy involves imagining the rotation of a surface onto a flat plane to
imagine the projected flight path. This use of projection resembles imaginative processes
described by Nemirovsky and Ferrara (2009) in which mathematics students imagine the shape
of triangles through laser projections.

In turn 31, after having performed this rotation several times, Gunnar acknowledges that
this representation makes the most sense for him, but that this explanation is perhaps not
sufficient as he states “I do not know” and repeats the initial verbal answer once more that “it’s
the fastest route”. At this point, Gunnar attempts to bring the task to a close as he hits the stop
recording button on his phone. Again, part of the task was to record their own discussion.

However, though the pair has completed the task, Janne re-opens the discussion in turn 33 by
introducing a two-handed “ball”. She continues by returning to the previous gesture of a curved
earth-hand sitting on top of a flat map-hand. In an important turn, Janne reverses the task by asking
what a straight-line path on the two-dimensional mapwould look like on a three-dimensional model
of the earth (turn 33). Here she traces a straight-line path between the two points on the computer
screen while asking if translating this path onto a three-dimensional earth would result in a rounded
path. This turn can be viewed as an imaginative problem-solving strategy. Here, Janne shifts
between the two problem spaces and approaches the task of the shortest path from the opposite
site. Instead of looking at the shortest path in three dimensions and the way its two-dimensional
representation is distorted on a map, she starts from the shortest (straight) path on the two-
dimensional map and tries to imagine what this path would look like in a three-dimensional setting.
Posing the reversed question can be understood as a thought experiment or an imaginative strategy
to resolve the initial task by entertaining alternate scenarios.

Gunnar jokes that that question would resolve in a straight path through the earth instead of
along its surface which suggests a lack of consensus on what Janne was attempting to achieve
with the proposed thought experiment. Importantly, in turn 35, Janne suggests that a globe
would help them to visualize these paths while she turns and looks around the room. This
suggestion demonstrates awareness of new representational requirements of the situation.

In this sequence, the students alternate quickly between dealing with the two challenges of
maps: dimension and distortion. They demonstrate awareness of the relevant issues and
explain them in more detail. However, their strategy of applying rotational projection and
flattening to their gestural model does not resolve the task. The struggle to become fluent in
these shifting representations is highlighted by frequently returning to their initial verbal
response. The gestural depiction initiated in the first sequence continues to develop through
a mutually elaborated process. Through the lens of imagining, we see that Gunnar and Janne
use their hands to imaginatively depict multiple aspects with this gestural representation. The
representation mediates their collective exploration of several different possibilities
(Nemirovsky and Ferrara 2009). Janne’s introduction of a new strategy of reversing the task
appears towards the end of the sequence. This proposed thought experiment also constitutes an
metaimaginative production by altering the given situation with an alternative form of
imagining in an attempt to shed light on the initial task (Steier and Kersting in press). Though
this suggestion is not taken immediately up by Gunnar, the possibility of a three-dimensional
globe will again become relevant in the next sequence.

Introducing a digital earth as a resource to understand the complexity of maps

As the episode continues, Gunnar and Janne discuss the importance of dimensionality
but are still not able to confirm their answer of the shortest path with a suitable
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representation. We omit several of these turns from the transcript as no new repre-
sentations are introduced and start the next excerpt at turn 54. In this third sequence,
we see the group introduce a new digital representation from outside the module in
the form of GoogleEarth™. By taking turns manipulating the perspective and
inscribing imagined pathways on the the screen, as displayed in Excerpt 3, the group
ultimately reaches a satisfactory resolution.

54 Gunnar Wish you could have like drawn 
it on like m:: 3D (0.2) like 
i::n graph image. 

55 Janne Ye:s (0.3) try searching for a 
globe,

56 Gunnar ((opens new browser window))

57 Janne Maybe there exists a 3D globe 
thing?

58 Gunnar Yes I believe it does, 
(5.6)

59 Gunnar No:: wait a minute, 

(10.1)
60 Gunnar Myea:

61 Janne Hm:? (0.7) there yes? (1.3) ok. 
• (2.4) yes there you see that 
• it (1.8) but wait a minute.

62 Gunnar Here is New York,

63 Janne No no but yo:u put ((takes 
control of trackpad)) put it 
right on (0.6) like in the 
middle here, 

64 Gunnar Yes?

65 Janne Then you see it (0.2) or it is 
(     ) yes that was not in the 
middle now but like (0.2) here 
• its right in the middle of •

then you'll see it in a way 
that thi::s,

Gunnar ((takes control of trackpad)) 

66 Janne That is the fastest way,

67 Gunnar Yes (0.3) and here is New York 
approximately,

68 Janne Mm:?

Excerpt 3

126 Steier R. et al.



The final sequence begins when Gunnar mentions that he might have preferred a three-
dimensional “graph” image in the module. This prompts Janne to return to her earlier
suggestion of using a globe. This time, she suggests searching the web (turns 55, 57) and
Gunnar opens up a new tab. Gunnar is controlling the track pad on the laptop and opens up
GoogleEarth™ (turns 58–60) and Janne exclaims “there yes” in recognition. This intro-
duction of a new improvised representation results from the group recognizing that
representational possibilities not currently available, namely “graph” features, might be
useful in their discussion. This suggestion prompts them to reconfigure their local repre-
sentational environment.

First, Gunnar rotates the view so that it is oriented over the Atlantic Ocean with a similar
perspective to the original two-dimensional map. Gunnar starts to identify the cities (turn 62),

69 Gunnar Yes (0.2) and Oslo is here, 
(0.3) ah::

70 Janne But they didn’t drive • totally

over [Iceland right (0.4) they 
drove like this.

71 Gunnar [No no they drove here or 
something.

72 Gunnar Yes,

73 Janne So::
74 Gunnar Yes there you actually see it,

75 Janne Mm:,

76 Gunnar You can just see it here also 
(0.7) in a way (2.2) ok cool,

77 Janne Bu::t wait can you see how that 
route will be like (0.6) that 
(0.2) we (0.2)((rotates globe)) 
or that you see on 2D °map° (       
) let’s see (0.5) on 2D map the 
route will be ((traces path)) 
like (0.5) that (0.5) around 
there (0.3) or something 
((slightly rotates globe)) or 
(0.3) wouldn’t it be (0.6) so 
then it actually would have 
been a detour • then you drive 

down here [(1.1) over here, 

78 Gunnar [Ye::s (0.2) yes yes 
right.

79 Janne Yes (0.6) yes?

80 Gunnar Coo:[:l,

81 Janne [Ok (0.3) they should 
really integrate 
something like that 
(0.3) i:[:n

82 Gunnar [Yes (0.2) 
that’s right,

(continued)
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but Janne reaches in to take control of the trackpad. She orients the view directly over the
North Pole (turn 63–65). From this perspective, Janne reaches with her extended right hand
over the screen demonstrating a straight path between the two cities. She again confirms “Then
you’ll see it in a way. It’s the fastest way” (turn 65–66). The particular orientation of the globe,
combined with the path marked by Janne’s extended hand, both serve to mediate the group in
imagining and confirming this pathway as the fastest.

At this point, Gunnar takes back control of the trackpad and marks the two cities
using the cursor on the screen and the path between them (turn 67–69). Marking the
imagined location of these cities, though not labeled on the globe, links this new
representation to the work performed with their previous representations. Then, using
her right index finger, Janne repeats this path while noting that the path does not actually
pass over Iceland but only approaches it which Gunnar also agrees with (turn 70–72).
These turns demonstrate a level of precision not available to the pair with their previous
gestural depictions.

Gunnar begins to rotate the image again saying “cool” in an apparent attempt to close
the task. However, Janne again takes control of the trackpad and returns to her earlier
thought experiment about reversing the question (turn 77). She rotates the view back to
the original perspective that lines up with the map in the module. She confirms that a
straight path on the two-dimensional map would take a “detour” well below Iceland in a
path that would not be the fastest. They express agreement that they have resolved the
task (turn 78–80). Finally, Janne suggests that the web-module would be improved with
the inclusion of a three-dimensional globe instead of or in addition to the static map.
With this metareflection on the representational possibilities of the module, they move on
to the next section of the module.

In this sequence, Janne and Gunnar have reached a satisfactory conclusion to their task and
are able to advance to the next section of the module. The introduction of GoogleEarth™ as an
improvised representation becomes essential for them in confirming the flight route as the
shortest path. Though Janne had suggested using a globe earlier, Gunnar’s mention of a three-
dimensional graph allowed her to repeat this suggestion. In a process similar to their appro-
priation of the depictive gesture in the earlier sequences, they collaboratively manipulate the
representation by taking turns controlling the trackpad to rotate the globe and by gesturing over
the top of the image. Imagining, in this sequence, involves the collective manipulation of the
digital earth and the inscription of possible pathways over top that are collectively performed
and collectively perceivable. These actions are not separate from the activity, but constitute
imagining in action (Nishizaka 2003).

GoogleEarth™ has a few representational affordances that differ from their previous
gestural depictions. It allows the pair to rotate the image while preserving the dimensional
relationships (the “graph” lines of latitude and longitude). In addition to rotation and dimen-
sional affordances, GoogleEarth™ also can be thought of as a three-dimensional represen-
tation presented as a two-dimensional digital image. That is, the flatness of the screen allowed
Janne to easily inscribe a two-dimensional straight line with her extended hand. These
particular manipulations made it possible for Gunnar and Janne to crosswalk between the
two-dimensional and three-dimensional perspectives. It is also important to note that these
affordances of GoogleEarth™ allowed Janne to return to her earlier thought experiment by
confirming that the inverse of the given task is not the shortest route. Thus, this thought
experiment, as an imaginative strategy, supports the conclusion that the curved path is in fact
the fastest route.
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Discussion

Our analytical work has been guided by the research question asking how small groups of students
collaboratively improvise, introduce, and make meaning with representations that extend across
multiple modalities. We now summarize the above findings and discuss them in relation to prior
research on and approaches to student-generated representations in meaning-making processes.

One important aspect of the analysis involved attention to gesture as a form of improvised
representation. The use of gestural depictions was a fairly common response among other
observed groups engaging with the task of finding the shortest path on a map. Of the 15 groups,
we observed nine groups engage in some form of gestural depiction. This observation suggests
that certain disciplinary tasksmay prompt the use of improvised representations; bodily depictions
are often the most immediately available resource. Additionally, introducing new material
representations of the earth beyond the gestural such as basketballs, a sandwich, and drawings,
was another feature of several observed groups. One group with a similar initial premise as Janne
and Gunnar, namely imagining their fist to be the earth, inscribed flight paths by literally drawing
on the hand with a pen to view how this path might become distorted. We organize the rest of the
discussion around three areas: imagination in CSCL settings, shifts between representations and
across modalities, and maps as disciplinary representations. We present these areas in relation to
the group of Janne and Gunnar and our analysis of their meaning-making process.

Imagining with representations in CSCL settings

The task of finding the shortest path between Oslo and New York and the associated digital
map were quickly understood to be insufficient representational resources for Gunnar and
Janne to elaborate and justify their initial response. Accordingly, the students improvised
several important representations while working with this task. These representations included
gestural depiction and a digital globe. The task itself required imagining the curved line on the
map to be the shortest path on a round earth. To mediate this imagining, the first improvised
representation was as a gestural depiction of a round earth along with a dynamic relationship to
a flat map and possible airplane flight paths over these flat and curved surfaces.

Although the use of hands as representations came early in the episode, the gestural depictions
gradually grew more sophisticated as layers of meaning were added. We saw how a gestural model
grew out of attempts to depict a curved surface and quickly became a shared resource that was used
and appropriated by both of the participants. Over several turns of interaction, the gesture became
more sophisticated as Gunnar and Janne modified it, adding features, inscribing these features with
meaning, and passing it back and forth. The location of the cities, strategies for alternating between
two and three dimensions, and alternate flight paths, all became features of the representation as their
collaboration progressed. The process through which this group developed and negotiated a
representational tool with more features and complexity echoes the study by Enyedy (2005) in
which younger students invented map conventions in socially coordinated activity.

Sociocultural approaches to imagining are important for making sense of how this improvised
representation came to be (Murphy 2004; Zittoun and Gillespie 2015). Gunnar and Janne were
attempting to imagine conditions in which a curved line would in fact be straight. In accordancewith
this view of imagining as materially distributed (Hutchins 2010; Nemirovsky and Ferrara 2009), we
understand that the emerging gestural depiction was a mediational means to explore this task. The
emergence of the gestures as a resource for imagining for both Janne and Gunnar underlines the
social aspects of imagining. Imagining was required for the participants to see their hands as the
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referents, as the earth, or as a flat map. They took turns adding features to the gestures in turn
supporting their collaborative imagining. Additionally, further layers ofmeaning, such as the location
of Oslo or New York were briefly indicated indexically, but then were preserved as imaginative
features of the constructed representation. That is, there were no visual marks indicating these cities,
but the initial proposals were enough for the group to refer to them in subsequent manipulations of
the gesture. In a classic series of studies by Ochs and colleagues (Ochs et al. 1994; Ochs et al. 1996),
professional scientists were shown to engage in imaginative processes (interpretive journeys) by
becoming the physical phenomena and inhabiting the scientific representations. Similarly, Gunnar
and Janne, by tracing possible flight pathswere both entertaining possibilities for action (Nemirovsky
and Ferrara 2009) as well as imaginatively performing these journeys (Ochs et al. 1994).

The second mode of improvised representation involved the use of GoogleEarth™. This
representation emerged based on the representational needs of the task and came in response to
the need for a three-dimensional depiction of the of the earth and eventually to Janne’s thought
experiment of reversing the task. It is important to consider the conditions in which the need for
this improvised representation were identified. First, Janne proposed a reversal of the given task
as a kind of thought experiment. This proposal prompted her to identify a globe as a potentially
productive resource. She did not seem to see one available in the room, and Gunnar did not fully
take up the suggestion. However, a few turns later, Gunnar proposes that a “3D graph”might be
helpful in shifting between two and three dimensions. Under these conditions, they turn to a
web search. In any case, GoogleEarth™, as a representation, did not immediately resolve the
challenge for the students. Similar to their earlier gestural depiction, the pair took turns rotating
the model, and adding imaginary flight paths and lines over the surface of the image. We have
thus seen how both a gestural depiction and GoogleEarth™were improvised and introduced, as
well as how the pair made meaning through the development of these representations.

Managing shifts between representations and across modalities

An additional important aspect of the development of improvised representations involves the
ways that students worked together to manage shifts between representations and across
modalities. Our findings suggest that shifts across boundaries of modalities might be a
fundamental feature of activities that foster the emergence of improvised representations in
collaborative meaning-making processes. The task invited students to navigate a representa-
tional landscape that allowed them to alternate between three distinct sets of modalities: digital/
physical, verbal/gestural, and representations of two or three dimensions.

The three excerpts we presented in this study characterize three different stages in the
meaning-making process of a group of students. In each stage, the patterns of shifts among
modalities are different and help to shed light on how new representations are improvised and
introduced. In Excerpt 1, the students shifted quickly between the digital and space of the
learning environment and the physical space of the classroom as they tried to frame the
representational challenge of finding the shortest path on a world map. Their conversation
was characterized by a quick succession of moves between pointing to and tracing lines on the
screen and developing a gestural vocabulary to represent shifts between two and three dimen-
sions. It seems that their frequent shifts helped them to identify key issues of the task at hand.

In Excerpt 2, the students had established an initial understanding of representational
challenges and had probed different ways of approaching the task. They continued to explore
the workings of maps in relation to the task. Doing so, they struggled to become increasingly
fluent in shifting among multimodal constellations of representations. The shifts between
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digital and physical, verbal and gestural, and two- and three-dimensional representations
seemed to have helped them deepen their understanding of what was needed to solve the task.

In the last excerpt, the students had gained enough familiarity with navigating the representa-
tional space to introduce GoogleEarth™ as yet another representation (the representation that would
allow them to solve the task satisfactorily), and were able to orchestrate the interplay of different
modalities successfully. The pair was fluent in their collaborative exploration of the digital repre-
sentation, taking turns in rotating and zooming in and out of the map while tracing lines and flight
routes on top of the screen. The shifts betweenmodalities were deliberate and occurred less frequent
than the swift and possibly erratic shifts we observed in the first episode.

These shifts may also be conceptualized through the notion of joint attention, an important theme
in CSCL literature. Joint attention has been examined through several different lenses and ap-
proaches, including the notion of group practices (Stahl 2017) to account for the ways that
participants make their work visible to each other; through eye-tracking methods (Schneider et al.
2018) to record literal shifts in visual attention; and through attention to bodily orientation and gaze
around shared digital surfaces (Evans et al. 2011). In this study, the participants’ joint attention across
thesemodalities facilitated the development from individual gestural productions to a shared gestural
practice, and ultimately to the collaborative use of the digital map.

To summarize, our findings indicate that in developing improvised representations students shift
across different modalities as a way to make meaning of and eventually master a task that presents
them with representational challenges. Students engage in a variety of creative and imaginative
strategies as they fluidly shift between bodily, material, and digital representations which thus
become an important feature of imagining with improvised representations in CSCL environments.

Maps as disciplinary representations

In this study we have taken maps as a disciplinary domain to investigate the emergence and
appropriation of improvised representations within collaborative meaning-making processes. While
our findings extend current knowledge of how learners introduce and establish new representations
by drawing on shared imaginative reasoning, the setting of (digital) maps allows us to contextualize
our findings within a broader body of literature on representational challenges of maps.

In particular, our findings both corroborate and extend observations of Anderson and Leinhardt
(2002) who studied expert and novice geographers’ ability to use maps as representations of the
surface of the earth. Our results are consistent with the observation that learners often try to directly
manipulate maps, e.g. by curling maps physically, in order to “look through the map and connect it
to the globe” (Anderson and Leinhardt 2002). The authors characterized these manipulations as a
weak visualization strategy in that learners were not able to connect their image of the curved earth
or globe back to the flat map representation. A robust strategy, on the other hand, was characterized
by the great extent to which it allowed learners to establish such a connection. In other words,
competent readers of maps were able to use maps as a tool for reasoning while novices reasoned
with and within the map itself (Anderson and Leinhardt 2002). Moreover, Anderson and Leinhardt
noted that learners who displayed weak visualization strategies would often draw on other resources
(such as knowledge of flight routes) to assist them in solving their tasks. Our study extends these
findings. Among the 15 observed groups we identified similar patterns of reasoning with and within
the maps as well as the need to draw on new objects and gestures for representational assistance
when finding the shortest path on a world map. However, instead of just identifying this issue, we
focused on the imaginative processes of improvising and introducing new representations in. This
detailed approach provides an insight into how learners might transition from everyday reasoning
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within themap itself tomore sophisticated uses of maps as a tool for reasoning – a crucial distinction
emphasized by Anderson and Leinhardt (2002).

Maps mediate a unique type of CSCL activity in that they reorganize space in ways that
contradict our experience of the physical world (Taylor and Hall 2013). Accordingly, we
emphasize the importance of imaginative reasoning when collaborating and communicating
with digital and physical maps. Students must transcend their experience of perceptible space
to interact with spaces that are different from the present situation. Above all, this is the case
when the spatial and temporal scales of the maps are too large to be compared with the
everyday experiences of students (Eriksson et al. 2014), as is the case with intercontinental
flights on a global scale. Even though maps are a ubiquitous feature of everyday life, reading
and navigating maps requires imagining that is often overlooked in cartographic instruction.
Understanding how maps represent curved spaces requires instruction that allows students to
fluently navigate representational shifts across modalities of medium and dimension.

Concluding remarks

Based on studies of collaborative learning with multiple representations, we know that students
employ creativity as they navigate and shift between material and digital representations (White and
Pea 2011), and as they reconfigure representations to understand a problem (Enyedy 2005).
Interactional approaches to students’ use of representations in CSCL environments have articulated
the processes through which these representations develop meanings (ÇakIr et al. 2009; Dwyer and
Suthers 2006; Furberg et al. 2013). However, even in well-designed CSCL environments, students
may have difficulty expressing particular ideas within the given representational constraints. In such
situations, students may look for new opportunities to make their understandings relevant and
perceivable to collaborators. In this study, we have identified improvised representations as an
important feature of many problem-solving situations that are located in the real world. Attention to
where such representations come from extends the CSCL field by highlighting the fact that
collaborative learning may occur with representations outside of the designed environment or task.
More specifically, our study has showed in detail how students within CSCL settings improvise new
representations in order to solve a problem, and how this is enacted as a collaborative achievement,
involving both verbal, bodily and digital resources. In a recent squib in this journal, Stahl (2017)
argues that attending to group practices gives insight into the kind of pervasive, yet often invisible,
work of novice learners. We suggest that improvised representations are one such form of locally
enacted group practice that has remained invisible precisely because they emerge from outside the
designed environment. We saw that the particular task in this study seemed to prompt such
improvised representations and we hope that future research can help us better understand the
qualities and features of such tasks. Our findings demonstrate that improvised representations
develop collectively, as mutually elaborated forms which develop meaning as they are passed back
and forth among participants. Importantly, these forms shift across modalities in response to the
representational affordances of the given modality. Gestural depictions support quickly expressed
relationships but may lack the precision of a digital simulation of a globe.

Additionally, this study extends CSCL research by proposing a sociocultural approach to
imagining as a means to understand several different aspects of collaboration with representations.
This approach emphasizes that students’ imagination of new representational possibilities for
solving problems is a collaborative enterprise, not restricted to the realm of individual cognition
or mental images,. We identified how imaginative processes were required for participants to
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recognize that altering their local representational environment might be productive. Additionally,
imagination was essential to perceiving new representations as their referents in interaction. By
approaching imagining as a means to “extend the horizon of possibilities that students come to
entertain” (Nemirovsky and Ferrara 2009, p. 173), we documented how students employed
sophisticated imaginative practices to consider, compare, and test out ways of expressing possible
flight paths and the corresponding changes in dimensionality. Treating the given task as an
imaginative challenge also accounts for the way students in this study moved beyond their initial
verbal response to a manipulation of the local environment. Imagining as a collaborative learning
process involves both considering situations that are different from the perceivable present and
seeing new possibilities in the present. More broadly, we argue that imagination, along with
improvised representations, are productive analytic concepts for expanding our understanding of
where and how meaning-making unfolds in CSCL environments.
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