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Creating joint representations of collaborative
problem solving with multi-touch technology
E. Mercier* & S. Higgins†

*Curriculum and Instruction, University of Illinois at Urbana-Champaign, Champaign, IL, USA
†School of Education, Durham University, Durham, UK

Abstract Multi-touch surfaces have the potential to change the nature of computer-supported collabo-
rative learning, allowing more equitable access to shared digital content. In this paper, we
explore how large multi-touch tables can be used by groups of students as an external
representation of their group interaction processes. Video data from 24 groups of students
working on a logic reasoning problem was examined to identify their levels of reasoning about
the task, and how they used the table to support their reasoning. Results indicate that of the 13
groups who solved or nearly solved the problem, 12 used the table to represent their reasoning
process, while only four groups who used the table to support their reasoning process did not
solve the problem. Examples from three groups are used to explore the different ways the table
was used as an external representation of the groups’ processes. The findings indicate that the
group problem-solving process can be enhanced with the use of multi-touch tables, although
students may need support in using the technology effectively to support their collaborative
reasoning.

Keywords: collaboration, CSCL, logical reasoning, multi-touch technology.

Introduction

The introduction of multi-touch technology, and the
creation of devices that allow for multiple points of
contact, and therefore multiple simultaneous users,
presents the possibility of changing the way learners
interact with each other and engage with content. This
potential comes from two features of this technology:
(1) a large shared display for group members to view
simultaneously, rather than using individual small dis-
plays or crowding around a smaller shared display, and
(2) the ability for all members of a group interact
directly with the content on the tables, rather than use a

single input device such as a mouse or keyboard whose
control needs to be negotiated. The tables also provide
a flat surface, rather than an upright screen that can
block the students’ faces from each other or the teacher,
while not requiring individual to hold onto a device,
which could potentially improve the interactions both
within groups and between groups of students and the
teacher. Thus, in contrast to other technologies that
have been used to support collaborative learning in
classrooms, such as traditional computers, tablets or
handheld devices, multi-touch tables may reduce the
need to monitor participation, provide a better setting
for face-to-face interaction and support collaborative
discussions (Dillenbourg & Evans, 2011; Higgins,
Mercier, Burd, & Hatch, 2011). However, it is yet to be
shown that students can effectively use this shared
space to support their joint cognition, leveraging it as
part of their collaboration to lead to deeper learning. In
this paper, we describe a study in which 24 groups of
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students worked on a logical reasoning problem using
a multi-touch table. We then explore the ways in which
they used the table to provide an external representa-
tion of their interaction processes.

Multi-touch tables and collaborative learning

While research on multi-touch surfaces and collabora-
tive learning is in its infancy, there is some evidence
that this type of technology allows different forms of
interaction from single-touch surfaces or paper-based
activities. In a study that contrasted groups using a
single-touch table and a multi-touch table, Harris et al.
(2009) report that there was less process-focused and
more task-focused conversation in the multi-touch con-
dition. They argue that group members could focus on
the task, rather than monitoring participation when
using the multi-touch table. This task would be equiva-
lent to using a single-touch interactive whiteboard, and
shows that the use of multi-touch technology can
reduce the need for students to negotiate turn-taking
and process issues during collaborative activities.

Research that contrasted using multi-touch and tra-
ditional personal computers (PCs), has shown that the
use of multi-touch led to increased time spent in shared
engagement in the task, while in the PC condition,
more time was spent with one student working on the
PC, while the other student sat back and watched
(Basheri, Burd, & Baghaei, 2012). Again, this work
indicates increased collaborative engagement using
multi-touch technology, and different interaction pat-
terns across the two types of devices.

In our earlier work, we have examined differences
between students using a multi-touch table compared
with working on a paper-based version of the same
tasks. In both history and maths ‘mystery’ tasks, we
found that the groups in the multi-touch condition were
able to use the surface to recruit and maintain joint
attention, with all group members looking at the same
clues as they took turns reading them aloud, and then
discussing their relevance in the multi-touch condition,
while in the paper-based condition, groups distributed
clues so that only the student reading the clue was
able to see its content. (Higgins, Mercier, Burd, &
Joyce-Gibbons, 2012; Mercier, Vourloumi, & Higgins,
2013). During the historical mystery that promoted
divergent thinking, we found that groups were more
likely to build on the ideas that their group members

proposed in the multi-touch condition, responding
more often with negotiating or elaborating comments,
when compared with the same task in a paper-based
condition, where the students were more likely to make
independent or quasi-independent statements (Higgins
et al., 2012). In a comparison of maths mysteries,
which were designed to promote convergent thinking,
including the logic task described in this paper, we
found that the students responded more often to ideas
proposed by other students in the multi-touch condition
than in the paper condition. These responses were also
more likely to be elaborations of the ideas that the other
student proposed, or statements that built on the pro-
posed ideas by combining them with other ideas
(Mercier et al., 2013).

Taken together, these results indicate that multi-
touch surfaces can support group processes and shared
cognition. We hypothesize that this is done by provid-
ing a space in which the group can create a shared
representation of their processes. This reduces the need
for aspects of the negotiating process, and allows more
concurrent engagement and activity than other
researched technologies or paper-based versions of the
same task. We explore this issue in the current paper.

Collaborative learning and problem solving

Research on collaborative learning has identified the
importance of the development of a conceptual joint
problem space in supporting a group’s process in
solving complex problems. Drawing on the cognitive
psychology concept of a problem space (Newell &
Simon, 1972), a joint problem space needs to be
created by members of a collaborative group to ensure
that all members of the group understand the problem
that is being worked on, and how the group is going
about solving the problem. The development of a joint
problem space was described by Roschelle (1992)
in a case study of students making sense of scientific
phenomena. To successfully create a joint under-
standing of the concept, the members of a group need
to converge on a shared meaning of the problem and
the solution processes, and from there, create a joint
understanding of the concept or solution. This is par-
ticularly important in mathematics tasks where model-
ling, representing and symbolizing are important
features of mathematical communication in classrooms
(Gravemeijer, Cobb, Bowers, & Whitenack, 2000).

E. Mercier & S. Higgins2
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Later studies indicate that when groups work to
reason clearly about an issue, elaborate on ideas and
verbalize the features that are causing difficulty, they
are more likely to solve the problem or learn from the
activity. Barron (2003) reports on different outcomes
between groups where all participants had been
selected based on their prior high levels of achievement
in maths tasks. Despite the assumption that all groups
should have been able to complete the task, not all
groups solved the problem, or transferred the skills in
individual post-tests. These differences were ascribed
to differences in the manner in which the groups inter-
acted over the problems and solution while all groups
proposed the correct ideas during the task, those who
solved the problems and learned from the process
engaged with the ideas, asking questions and building
upon their teammates’ ideas, again indicating the need
for a joint understanding for successful collaborative
learning. Hogan, Nastasi, and Pressley (1999) found
that the key features of groups who successfully rea-
soned about scientific principles were those who
worked with incomplete ideas to develop and improve
them, rather than ignoring their teammate’s miscon-
ceptions. In this way, the participants who succeeded
had been creating a situation in which they discussed
the complexities of the problem, considering each
members’ understanding until the formed a shared
understanding of the problem. These, and other studies,
indicate the importance of identifying misconceptions
or points of confusion or conflict within groups and
then working to understand how all members of the
group are conceptualizing a task so as to come to a
common understanding of the task and solution
process.

The use of external representations to support joint
problem spaces

While significant attention has been paid to the verbal
and interactional processes by which groups come to
converge on a problem space, less attention has been
paid to the use of external representations that could be
used to support this process. However, the use of exter-
nal representations has been found to be a useful tool
for individual problem solvers (e.g., Hatano & Inagaki,
1986). Martin and Schwartz (2009) describe the devel-
opment of external representations as a form of adap-
tive expertise, suggesting that representations are used

spontaneously in situations where the task becomes too
burdensome to complete without support or some-
times, in anticipation of a complex activity. In their
study comparing undergraduate students who had con-
stant or intermittent access to resources, they found that
the undergraduates with intermittent access were more
likely to create a representation to support their reason-
ing than those with constant access. While the creation
of a representation was associated with a slower solu-
tion time initially, those who created the representa-
tions solved later tasks more quickly and with more
accurate solutions.

In collaborative learning episodes, tasks are often
designed to be either too complex for a single individ-
ual to hold in working memory, or sufficiently chal-
lenging to require multiple perspectives and joint
engagement. These situations lend themselves to the
development of external representations, both as a way
to manage a complex task and in order to ensure a
common understanding of the problem. The choice to
use a representation to support the group process,
however, requires the availability of tools or artefacts to
create representations, the knowledge of the value of
this practice and either implicit or explicit negotiation
within the group about how to create the representation
(Barron et al., 2009).

Schwartz (1995), in a study of dyads reasoning about
turning cogs, found that some dyads converged on the
manner in which to represent the cogs, and that those
dyads were more likely to develop an abstract repre-
sentation of the problem, thus coming to a solution
more quickly when given a more complex problem.
This leads to the claim that group performance will
always fall short of individual performance if the group
does not create a shared representation of the problem,
indicating the importance of creating or adapting a
representation to support group process.

The development of tools, particularly technology
tools, to support the use of representations in groups
further indicates the importance of representations for
groups. Pea (1992) describes the role of technology in
augmenting learning conversations in such a way that
the representations created with or by the technology
can foster greater understanding and more scientifi-
cally valuable conversations. Using the Dynagrams
project, Pea illustrated how the use of visualizations
and tools can support interaction and, coupled with the
timely contributions of a teacher, can foster more

Joint representations with multi-touch 3
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complex understandings. Further work in computer-
supported collaborative learning supports this view. In
a re-analysis of four prior studies that examined differ-
ences between scaffolds that support the collaborative
process and scaffolds that support consensus build-
ing, Gijlers, Saab, Van Joolingen, De Jong, & Van
Hout-Wolters (2009), report that a concept mapping tool
and respect, intelligent collaboration, deciding together
and encouragement (RIDE), a series of communication
rules that were taught to the participants, were most
associated with consensus building interactions. While
indicating the need for caution in over-interpreting their
re-analysis of prior work, the authors note that having
the opportunity to display the thinking of members of a
group, and where it diverged, may explain why this form
of support was useful to the groups.

The present study

The research on representations, both at the individual
and group level, indicates that they should play a key
role in the development of a joint problem space, and
abstracting from details to a general understanding of
the problem. Building on our prior work comparing
this task in paper-based and multi-touch conditions
(Mercier et al., 2013), in this study, we examine the use
of collaborative representations in a logical reasoning
task, asking whether the groups of students automati-
cally use representation of the digital clues on the table
to support their reasoning, and whether there are dif-
ferences in outcomes between groups who use the table
and groups who do not.

Logical reasoning and the solving of non-numerical
word problems and logic puzzles are part of the math-
ematics curriculum in England (Department for
Education and Employment (DfEE, 1999) and stand-
ards in the USA (National Council of Teachers of
Mathematics, 2000). Reasoning is also an essential
feature of mathematics as a subject (Steen, 1999), which
underpins mathematical learning and understanding
(Russell, 1999). Though the link between developing or
improving reasoning performance and increasing math-
ematical attainment is harder to establish (Barkl, Porter,
& Ginns, 2012). Initial ideas were that development or
maturation was the key constraint in children’s reason-
ing (e.g., Piaget & Inhelder, 1969).Although these ideas
have now been largely rejected, other limitations have
been proposed, such as the application of pragmatic

schemas (Light, Blaye, Gilly, & Girotto, 1989), limited
knowledge or a weak knowledge base (Brown &
Campione, 1994; Metz, 1997) and teachers’ difficulties
in scaffolding reasoning effectively (Metz, 1997;
Diezmann, Watters, & English, 2002). Other factors
such as working memory and informational complexity
have also been identified as difficulties in logical rea-
soning and problem-solving tasks for young children at
school (Hoffman, McCrudden, Schraw, & Hartley,
2008).

The particular task in this study was designed to be
more complex than a single student could solve alone,
with one piece of information that provided back-
ground, but was not relevant to the solution, and ten
pieces of information that needed to be parsed and
related to real-world knowledge in order to find a solu-
tion. In this way, the task lent itself to the first of Martin
and Schwartz’s (2009) reasons for the use of represen-
tations, namely, that the task was too burdensome to
complete without additional resources. While it was
theoretically possible for the students to use their joint
memory to recall their solution, it is not possible to
solve the task using this strategy. Thus, the task
demands an externalization of the group’s thought
process, in an effort to facilitate within-group collabo-
rative learning (Leat & Nichols, 2000).

As prior research comparing multi-touch technology
to other tools indicates higher levels of joint attention,
more task focused talk and increased amount of inter-
active talk that builds on the ideas of other group
members when compared with other tools, this study
aimed to explore how the multi-touch table might
support the collaborative interactions in a larger sample
of students using multi-touch tables. With the hypoth-
esis that the tables may help the group represent their
process, as one form of supporting their collaborative
interactions, the study aimed first to ask whether
groups of students used the multi-touch table to repre-
sent and support their reasoning process. The second
questions addressed in this study is whether the use of
the table to represent the group process supported the
students in reaching a solution.

Method

Participants were 96 pupils (10–11-year-olds; mean
age 10.58; sd = 0.39) who attended six local primary
schools in England. There were 48 male and 48 female

E. Mercier & S. Higgins4
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students in the sample. Eight male and eight female
students came to the lab-classroom from each school,
working in groups of four in the lab-classroom. Groups
from four of the schools worked in same-gender
groups, while groups from two schools worked in
mixed-gender groups (two male and two female stu-
dents in each group), thus there were eight all-male
groups, eight all-female groups and eight mixed-
gender groups in the study.

All six schools were invited to participate agreed to
be part of the study. All the schools are ranked as
average, or just below average, on standardized tests of
academic achievement in England. For each of the
schools, two or three of the experimenters went to their
classrooms and led the pupils through a number of
introductory activities and showed a video of the multi-
touch classroom. Parental consent forms were distrib-
uted, and teachers selected the students who could
attend from those who returned consent forms.

The multi-touch classroom

This study took place in a multi-touch classroom, a
room that had been designed to develop and test multi-
touch technology for learning. As can be seen in
Figure 1, the classroom consists of four sit-to-use,
multi-touch tables for up to four students to use simul-
taneously. There is also a multi-touch teacher desk,
from where the teacher can control the student tables,
send or remove content from the student tables
and project the content of the student tables to the

multi-touch interactive whiteboard. The room is also
equipped with cameras and microphones to record
interaction data (see Higgins et al., 2011, 2012 for
more details).

Experiment procedure and the task

The students spent up to 5 h in the multi-touch class-
room on the day of the experiment. They completed a
number of activities to become familiar with the multi-
touch tables, and then a history ‘mystery’ activity. After
a short break, the participants returned to the classroom
and completed three maths tasks using the same
‘mystery’ format. The third of these, a logic problem, is
the focus of this paper. At this stage in the day, the
students were very familiar both with using the multi-
touch tables, and with the structure and affordances
of the task design. They were familiar with the
presentaion of digital information and the way in which
these ‘clues’ could be moved and resized.

The logic problem, like all three maths problems,
was designed to have a single correct answer. Students
received six clues, which they had to sort through in
order to find the answer to the question ‘What should
Mike have for dinner?’ One of the clues gave the stu-
dents more context for the problem, while the content
of the other five clues was necessary to solve the
problem. The clues are shown in Table 1, with the
correct answers. The clues were presented on the multi-
touch tables in text boxes, which could be moved and
resized as necessary. The most productive approach to
solve the problem is to create a circular arrangement
(see Figure 2).

Data

The multi-touch classroom is designed for data collec-
tion of group interaction. It allows for video recording
of each group from two angles, and audio recording
from a microphone placed in each table. The teacher
was recorded with a radio microphone and a fishbowl
camera was used to record the entire classroom. Screen
capture software was used to collect video of the use of
the interactive table. The audio streams from each
group were transcribed alongside the video and screen
capture data, using a tool developed by the project
team. Transcripts were created along a timeline,
producing time-stamped information for each turnFigure 1 The Multi-touch Classroom

Joint representations with multi-touch 5
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(see Mercier, Higgins, Burd, & Joyce-Gibbons, 2012;
Mercier, Vourloumi, & Higgins, 2013 for an example
of this tool).

Coding scheme

Building on prior research that views the group as the
unit of analysis (Stahl, 2006), and taking a socio-
cultural rather than cognitive approach to the study of
collaborative learning, we focused on understanding
how the group processes and the use of the technology
led to the level of success achieved by each group. A
coding scheme was developed to capture the levels of
reasoning necessary to solve the logic problem and to
capture the use of the table to support the group’s
problem-solving behaviour. The coding scheme was
designed to be applied to 30-second segments of inter-

action, during periods when the groups were working
on the task, and not during whole-class discussion.
These codes are described in Table 2.

The video of each group was broken into 30-s seg-
ments, starting from the time the teacher sent the clues
to the table and unlocked it for use. If the teacher
stopped the groups during the task for a whole-class
discussion, this time was not included in the analysis,
as the students could not move the clues when the
tables were locked (this happened in three of the six
class sessions). When the final segment was shorter
than 30 s, it was included in the penultimate segment,
so that no segment was shorter than 30 s, but up to two
segments per session could be longer than 30 s (one at
the end of the whole session, and one before a mid-
session whole-class discussion). As four groups partici-
pated in each class, each class had the same length and
number of segments, but these differed between
classes.

The codes that were developed to capture the table
use were recorded as either present or absent within
each 30-s segment; a single incident was sufficient for

Table 1. Dinner Disaster Clues and Correct Answers

Clue Child Meal Correct child

The new cook at school, Mrs Baker, has mixed up the trays
with the children’s school dinners on.

Mike scooped up a spoonful of his yogurt and grumbled,
‘Everybody knows I’m allergic to this stuff.’

Mike Yogurt Tanya

‘Well yogurt is the only thing I like on the menu’ replied
Tanya. ‘And there’s no way I’m going to eat THIS!’ At
that, she poked her salad with a fork.

Tanya Salad Grace

‘Hey, anybody want these chicken wings?’ asked Grace. ‘I
don’t like anything with meat in it.’

Grace Chicken wings Jack

‘Don’t look at me’, moaned Jack. ‘I hate any food with
cheese on it.’ At that, he pushed away his cheeseburger.

Jack Cheeseburger Ruby

‘Yuck!’ cried Ruby, making a face at the slice of pizza in
front of her. ‘I can’t stand pepperoni!’

Ruby Pizza Mike

Figure 2 Circular Pattern to Solve the Dinner Disasters Mystery

Table 2. Coding Scheme for Levels of Reasoning

Level Description

0 No discussion of the content (e.g., students are
either discussing procedural matters or
engaged in off-topic conversation)

1 No links are made (reading clues, summarizing
clues)

2 A link is made with one other clue
3 The relationship between three or more clues

is considered.

E. Mercier & S. Higgins6
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the code to be marked as present (see Table 3 for a
description of the coding scheme). Two members of the
research team coded three of the videos to assess reli-
ability of the codes, with 86% agreement on shrinking
unimportant clues, 86% agreement on enlarging impor-
tant clues and use of structure and 100% agreement on
higher levels of structure. Disagreements were mostly
found in sections where it was necessary to infer
the meaning of the movement of a clue on the table.
The segments that contained disagreements were
watched and discussed until the coders agreed on the
code for that segment.

The codes for reasoning were assigned to the highest
level of reasoning made during the segment. Two
members of the research team coded three of the videos
to assess reliability of the codes for reasoning, agreeing
72% of the time (Cohen’s kappa = .727; weighted
Cohen’s kappa = .781). Disagreement arose primarily
between Level 1 and 2 during segments where the
participants were discussing the way they were going
to solve the problem, but not actually making connec-
tions between the clues, therefore, not actually showing
the higher level of reasoning (although usually reach-
ing it in the subsequent segments).

Results

Time on task

The length of time the task took in each of the six
classes was calculated, as was the amount of time the
students spent working in a group or in whole class
discussion. The mean length of time for the dinner
disasters activity was 7 min, 40 s (sd = 79.25 s), with
a mean of 4 min, 40 s spent in groups work
(sd = 72.19 s) and 3 min spent in whole class discus-
sion (sd = 52.16 s). In three of the classes, there was
one period of group time, followed by a whole-class
discussion, while in the other three classes, there were

two periods of group time, broken up with one period
of class discussion to consider the process for solving
the problem and a final discussion of the outcome.

Success

Although the task was difficult, all of the groups made
an attempt to solve the problem. Not all groups were
successful in finding the solution. Ten groups came to
the correct answer before the teacher called the class to
a whole-class discussion, although three of these had
help from the teacher in finding the solution. Of the 14
groups who did not find the solution, three were close–
either needing a little more time to make the final
connection or making an incorrect decision so coming
to the incorrect answer, but understanding the principle
of the activity and successfully coming to a reasoned
solution. For the purposes of the analysis below, the
three groups who appeared to be on the path to finding
the correct solution will be classified with the groups
who did solve the task, in recognition that the process
by which the group was managing the task is the key
question in our analysis.

Reasoning and use of table

Each 30-s segment was coded to determine the highest
level of reasoning attained according to the coding
scheme. While some groups moved up through the
scale, many groups jumped from Level 1 to Level 3.
Additionally, each group’s use of the table was coded
to identify where they had used the tables to help struc-
ture their argument. A summary of these codes is
shown in Table 4, and described in detail below.

Five of the 24 groups did not progress beyond Level
1–dealing with each clue in isolation, but never making
links between the clues. As expected, none of these
groups solved the problem. Two of these five groups
only used the table to display the clues. They made no

Table 3. Coding of Table Use

Code Description

Shrink unimportant The students shrink the clues they deem to be unimportant (it is most useful to
shrink the first clue).

Enlarge important The students increase the size of the clues they deem to be important.
Evident use of structure The students use a structure of some kind to help them solve the problem.
Higher levels of structure The students use the table or space to develop a higher level of reasoning

about the clues (e.g., assign clues to people and parts of the table).

Joint representations with multi-touch 7
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attempt to alter the size of the clues to denote impor-
tance, or use the clues to help them structure their
argument. Additionally, one group made an attempt to
alter the size of the clues to denote importance, but did
not grasp the concept of the task, and therefore dis-
carded many of the important clues. Of the other two
groups who did not reason about relationships between
clues, both made some attempt to increase the size
of clues that they thought were important, and to put
the clues in some sort of order to help them solve the
task. However, in these cases, the students did not make
explicit links in their ordering, basically arranging
rather than ordering the clues.

Six groups reached the second level of reasoning,
drawing links between two of the clues at a time, but
not considering the larger problem. Again, none of the
groups who only reached Level 2 solved the problem
during the time available to them. Of these six groups,
one group made no use of the table to support their
work, and one group made a single move to increase
the size of an important clue, but otherwise did not use
the table as a resource to support their reasoning. Of the
remaining four, two groups did not resize to denote
relative importance of clues, but all four made some
attempt to arrange the clues in an order that supported
their thinking. In one of these groups, the arrangement
of the clues was done by one student at a different time
to the Level-2 reasoning; the arranging occurred in the
last two 30-s time periods, suggesting that the group
may have been attempting to reconceptualize the task,
but did not have time to proceed any further.

The 13 groups who reached the third level of rea-
soning in this task also either successfully found the
answer or came close to the answer, and all but one
group ordered their clues on the table to support their
reasoning. The differences between these groups and
the four groups who did not solve the problem but

attempted to use the table to support their solution,
appears to be in the higher level of reasoning that was
connected to their use of the table. Thus, the groups
who were making reasoned links were also ordering
the items on the table in a more complex manner, to
illustrate the chain of links, rather than simply denoting
pairs with a connection. The one group who did not
appear to use the table to support their reasoning solved
the problem with the teacher’s support. This suggests
that the teacher may have provided the external support
necessary for this group to solve the problem.

Vignettes of groups

In the section below, the interactions of three groups
are described in detail, to explore different ways in
which the groups used the table to support their think-
ing about the task. These groups were selected from the
list of students who were classified as either getting the
answer correct or coming close. They illustrate three
different uses of the table that could support the group
process and solution.

Vignette 1: Using the clues to aid memory
The first vignette is drawn from an all male group from
Shadbrook primary school (all school and child names
are pseudonyms). This group, Joshua, Samuel, Thomas
and John, had successfully solved the previous two
tasks and appeared to be keen to solve this third task,
starting to read the clues as soon as they were made
available by the teacher. This group reasoned about the
task, using the table as an external representation of
their thinking almost immediately. All of the students
appeared to quickly understand the process necessary
to complete the task.

In the first minute, Joshua, who has read two of the
clues, draws links between them, saying ‘he, he’s aller-
gic to cheeseburger, he’s allergic to yogurt so, if we
mix them around they won’t be allergic to it, but
instead’, thus immediately reasoning at Level 2 as
defined by the coding scheme. While he is saying this,
Joshua also places his hands on the screen, making a
swapping motion as if to indicate the foods were
moving between the clues (see Figure 3).

While the idea of swapping food gets the group on
the right track, it is not the correct way to reach a
complete solution. However, Samuel immediately
highlights a clue that might be better, an unstated strat-
egy that is quickly picked up by Joshua.

Table 4. Number of Groups Who Solved the Task, Their Highest
Level of Reasoning and How They Used the Table

Number
of groups

Highest level
of reasoning

Use of table
to structure
task

Solved (or
almost solved)
the problem?

5 1 No No
2 2 No No
4 2 Yes No
1 3 No Yes
12 3 Yes Yes
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Samuel: this one likes yogurt [referring to the clue in
front of him]
Joshua: does that guy like yogurt?
Samuel: yeah
Joshua: then he gets Mike’s [yogurt].

When the teacher brings the group back together to
check that all students understand what the task entails,
Thomas is the child who tells the whole class that they
need to work out what everyone gets to eat, not just
Mike, in order to be sure they have the correct answer.
This indicates that while the strategy has not been
articulated, the members of the group understand what
they are trying to do. The group return to the task
immediately and focus on finding the answer. At this
stage, they have the clues laid out so they are all visible,
making the clue about the cook smaller as they deem it
unnecessary to their solution. However, they try to
create links by pointing, but do not use the table to help
them structure their answer. Between this, and the fact
that they have not realized that Jack cannot have pizza
(it has cheese on it), they come up with an incorrect
solution, and are joined by the teacher who helps them
work through the task to find their mistake.

Once the teacher leaves, the rest of the groups are
still working on the task, this group return to the task,
moving one clue in front of each child as a way of
remembering how to solve the task. In this way, rather
than using the clues to explicitly structure their answer,
they each take ownership of a clue, and remember what
the person in that clue should have to eat (taking joint
responsibility for the fifth clue, which was left in the
centre of the table).

Vignette 2: Issues caused by the structure used
The red group from Seacrest was a mixed-gender
group, made up of two boys and two girls. In this class,

the teacher introduced the session by telling the stu-
dents that the school dinners had been mixed up and
that every child had the wrong meal, so they had to sort
it out, particularly working out what Mike should eat.
This meant the students began the task with a better
idea of how to deal with it than most school groups, and
the knowledge that most clues would be important. The
red group spent the first six 30-s segments moving
between reading the clues, and making links between
two clues (Levels 1 and 2), with the teacher helping
them to make the first and second connections. They
then move to Level 3, before just reading for one
more 30-s segment, and then have four segments,
which were classified as Level 3. This group managed
to solve the problem just as the teacher call the class to
an end, struggling to work out how to make the last
connection, partly due to how they structured
the clues.

As can be seen in Figure 4, the students in this
group used a linear structure to help them sort out

Figure 3 Shadbrook Red

Figure 4 Seacrest Red Screen during the Last Minute of the Task
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the task. They used the clues to identify the child, and
placed it below the clue that had the food that that
particular child should have (e.g., the clue about
Tanya was placed below the clue about Mike, indi-
cating that Tanya should get Mike’s yogurt). While
this pattern was useful for the students to identify the
first four links in this chain correctly, they became
stuck when trying to work out how to make the final
link, where it is necessary to complete the loop and
determine what Mike should eat. As can be seen in
the extract below, which occurred just before the end
of the activity, the students had worked out the first
four links, but were struggling to work out what Mike
should have.

Molly: Right, so Mike’s got yogurt. Tanya gets the
yogurt.
Ben: Oh god.
Molly: Then, she gets Tanya’s salad [pointing to clue
about Grace]. Who gets the chicken?
Molly: That one will get the chicken. [pointing to clue
about Jack] The one who didn’t like the cheeseburger
and then she can get emmm..
Megan: Yeah, but what’s Mike gonna get?
Molly: I dunno.
Nathan: Nothing.
Molly: Mike’s got the yogurt, so she gets a yogurt, she
gets a salad, she gets the chicken wings. [reviewing the
clues again]
Nathan: Ben, what you doing?
Megan: Oh, Ben! He’s hiding our things.
Ben: Just move it!
Nathan: Come on, get off it.
Ben: I’ve passed it.
Molly: So, if Tanya got the yogurt, Grace got the salad,
Jack got the chicken wings, Ruby got the cheeseburger,
and Mike got the pizza. [making the final link]

Vignette 3: Teacher models use of the clues to
structure thinking
The yellow group from Easterbrook was a male group,
who solved the problem with the help of the teacher.
They started by reading the clues aloud, making some
commentary on them–both in relation to the task, and
their own food preferences and purchasing habits. The
teacher joined them after the first minute, telling them
that in order to solve what Mike should eat, they would
need to work out what everyone wanted to eat, and that
they should look for a clue about someone wanting to
eat yogurt. The students correctly identified the clue
about Tanya’s preference for yogurt, and the teacher
moved it below the clue about Mike, modelling the use
of the clues to support their solving of the problem (see
Figure 5).

The teacher prompts the discussion that follows, and
again moves the third clue into place when the students
agree on it. He allows them to discuss further, but
corrects them when they consider whether the fact that
Mike is allergic to yogurt also means he cannot have
cheese. This quickly leads the students to decide that
Jack must get the chicken wings, so Ruby has the
cheeseburger leaving Mike with the pizza. Again, the
teacher moves the clues into place, allowing them to
view the pattern to their solution. The teacher moved
on to other groups, and after a brief few moments of
excitement about completing the task, the group began
to take another look at the clues, deciding to make the
clue about the cook much smaller, as it was unneces-
sary, and moving the clue about Mike to a more central
position above the clues about Tanya and Ruby, making
the circular pattern more obvious (see Figure 6).

Figure 5 Teacher Models Use of Table
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Discussion

This study set out to explore whether multi-touch table-
top computers could be used to support the use of
digital resources as an external representation for
groups working on a logic problem. The logic task was
designed to be fairly difficult for the age group who
participated in the study, and to be cognitively demand-
ing, exceeding the working memory capacity of most
individual students. Thus, the activity was designed in
such a way as to require collaboration and promote the
use of external representations. When examining the
number of groups who solved the task, results indicated
that almost half of the groups (11 of 24) did not come
close to solving the task, while ten clearly came to the
solution, and three other groups appeared to be close to
the solution. This indicates that the task was suffi-
ciently difficult for the groups, and sufficiently burden-
some to benefit from the use of external representations
(e.g., Martin & Schwartz, 2009).

When the process data was examined, the reasons
why groups did not solve the task appears to be asso-
ciated both with the way the groups reasoned about the
task, and the way in which they used the movement of
the digital clues on the table to represent their problem
space and solution. As expected, the level of reasoning
was directly associated with finding the solution, as the
problem could not be solved without reaching the third
level, and making connections between more than two
of the clues. However, the use of the table was associ-
ated with this higher level of reasoning, with all but one
group who reached Level 3 using the table to represent

their reasoning. This finding suggests that the external
representation seems likely to have supported the
groups in their joint reasoning about the task, although
it is also possible that reasoning at this higher level
could have led groups to represent their thinking
process externally on the table. This finding replicates
prior research on the function of representations in
groups, which suggests that the representations may
help groups create a shared understanding of the task,
and so engage in more complex reasoning about the
activity (e.g., Schwartz, 1995; Leat & Nichols, 2000).

However, as can be seen in the second vignette, the
choice of how to represent the problem in itself led to
difficulties with the problem-solving process, as the
linear structure that this group led them to struggle with
the final link. This suggests that, not only was the
reasoning process leading to the use of the tables, but
also that the representations had the possibility to influ-
ence and limit the reasoning process of the group. The
red group from Seacrest had to work through their
representation, re-conceptualizing how it was repre-
senting their reasoning, as they grasped the logic of the
problem they were trying to solve. As described by
Suthers and Hundhausen (2003), the tools that are
available to groups can influence how the groups
engage in a task. This can either support their problem-
solving activities, or lead them to attend to unimportant
features. In this study, we saw how the decision to use
a linear display caused difficulty for the students in the
final step of the task. Future work should examine
whether providing a structure to support the creation of
a representation avoids these issues, without removing
the need for groups to negotiate the development and
meaning of joint representations.

Martin and Schwartz (2009) described reasons why
individuals might choose to create representations in
a problem-solving situation. They found that under-
graduates who knew their access to supportive
resources would be limited, and graduate students who
had experience complex representations, both sponta-
neously created representations to support their think-
ing process. In our study, the 10-year-old participants
would have had some experience with representations.
They are likely to have used numberlines in mathemat-
ics and timelines in history, and other diagrams such as
mind maps. It is unlikely that had experience using
representations in solving logic problems. Only about
half of the groups used the tables to represent their

Figure 6 Final Screen for Easterbrook Yellow Uses a Circle to
Document Solution
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thinking process, so it is not apparent that the choice to
use a representation was obvious to our sample. In the
third vignette, the teacher is seen to explicitly model
the use of the table as a way to structure the group’s
process, leading the group to use the most appropriate
circular structure for their representation. In contrast,
Joshua, in the first vignette, uses a gesture to indicate
swapping of items, which starts the group on the path
of representing the solution using the clues. Research
on group process indicates that collaborators develop
practices to support their collaborations, through prior
experiences or direct instruction (e.g., Mertl, 2009;
Barron et al., 2009). In these two vignettes, we see that
direct instruction from the teacher is one way in which
a group developed the practice of using the multi-touch
table as an external representation of their process, and
eventually of their solution. We also see the red group
from Shadbrook, develop the practice by negotiating a
shared meaning of their gestures, the order of the clues
and finally of their personal responsibility for the clues
that were placed closest to them (in what has been
referred to as the personal space of the territory of a
table: Scott, 2004). Thus, it appears that the practices of
using representations can be developed either by the
group themselves, or through instruction from a more
expert collaborator or teacher. Further research is nec-
essary to investigate whether this practice is taken up
by members of the group in future collaborations as a
productive way of supporting joint cognition.

One aspect of this study, in contrast to many studies
of collaborative learning, is that it took place in a lab-
classroom, rather than just with individual groups, so
the teacher had to adapt to the whole class, and pro-
vided different amounts of support to different groups
within and across classes. The length of time that
groups were given to work on tasks differed between
the six classes, and the amount of support each group
received differed between groups as the teacher could
not be present with all groups during the task. As the
study aimed to look at learning within a classroom
situation, the decision was made for the teacher to
support the students in their learning, rather than try to
keep the experiences of each group constant. This was
to enhance the ecological validity of the classroom and
the pedagogical focus of the research project. It
resulted in a dataset where there were three groups who
were very close to the final answer when the teacher
called the group time to an end. For the purposes of

these analyses, we classified those groups as being
successful, as they appeared to be on the correct path.
Additionally, some groups received support from the
teacher in solving the task, or, as was seen in the third
vignette, were helped to develop a representation by
the teacher. In a more controlled environment, all
groups could have had the opportunity to complete the
task and be given the same types of support by a
teacher. However, we believe our study is similar to a
typical school situation, and provides evidence for the
possible value of multi-touch technology within school
settings. It also indicates the necessity of preparing
students to effectively use the tools that are available to
them during collaborative learning activities, if these
tools are to be implemented in a classroom setting.

The results from this study show the complex inter-
action between the tools that are available to groups,
and how they interact with each other and the use of
these tools in collaborative learning activities. It indi-
cates the importance of supporting students in the crea-
tion of joint problem spaces and the use of external
representations when engaging in collaborative
problem solving, suggesting both the need for the pro-
vision of appropriate tools, such as interactive surfaces,
but also the need to support representation of the
problem-solving process externally and the use of
prompts to develop such practices when necessary.

This study set out to explore the potential of multi-
touch tables as a tool to support the use of joint rep-
resentations by groups of students, in light of prior
research that indicated that the use of this technology
was associated with higher levels of task-focused talk,
more interactive discussion and more joint interactions
when compared with groups using paper, single-touch
tables or traditional personal computers. Our results
indicate that while the tables have potential to support
joint representations, this depends on a learning
context in which groups are supported in their col-
laborative process and helped to understand how
external representations might help their group
proceed. This suggests that multi-touch technology
may have the potential to be used for more complex
collaborative learning activities, with the appropriate
classroom support and that existing tools that have
been created to support, guide or monitor collabora-
tion in classroom environments could be adapted for
use with multi-touch tables to increase their value in
the classroom.

E. Mercier & S. Higgins12

© 2014 The Authors. Journal of Computer Assisted Learning published by John Wiley & Sons Ltd



Acknowledgements

The research described in this paper is funded through
the UK’s Teaching and Learning Research Programme
(TLRP) Technology Enhanced Learning(TEL) Phase
5, funded jointly by the ESRC and EPSRC, grant
number RES-139-25-0400. Any opinions, findings and
conclusions expressed in the paper are those of the
authors and do not necessarily reflect the views of the
sponsoring agencies. The authors wish to acknowledge
the schools and students who participated in this study.
The authors also acknowledge the contribution of
Louise Patterson and the SynergyNet project team in
the development of work presented here.

References

Barkl, S., Porter, A., & Ginns, P. (2012). Cognitive training
for children: Effects on inductive reasoning, deductive rea-
soning, and mathematics achievement in an Australian
school setting. Psychology in the Schools, 49(9), 828–
842.

Barron, B. (2003). ‘When Smart Groups Fail’. Journal of the
Learning Sciences, 12(3), 307–359.

Barron, B., Martin, C. K., Mercier, E., Pea, R., Steinbock, D.,
Walter, S., Tyson, K. (2009). ‘Repertoires of collaborative
practice’. Proceedings of the 9th International Conference
on Computer Supported Collaborative Learning –
CSCL’09, Association for Computational Linguistics,
Morristown, NJ, USA. pp. 25–27.

Basheri, M., Burd, L., & Baghaei, N. (2012) Collaborative
software design using multi-touch tables. In The Proceed-
ings of the 4th IEEE International Congress on Engineer-
ing Education.

Brown, A. L., & Campione, J. C. (1994). Guided discovery in
a community of learners. In K. McGilly (Ed.), Classroom
lessons: Integrating cognitive theory and classroom prac-
tice (pp. 229–270). Cambridge, MA: Bradford.

Department for Education and Employment (DfEE) (1999)
The national numeracy strategy. London: DfEE.

Diezmann, C. M., Watters, J. J., & English, L. D. (2002)
Teacher behaviours that influence young children’s reason-
ing. In Cockburn, A. D. & Nardi, E. (Eds.), Proceedings
27th Annual Conference of the International Group for the
Psychology of Mathematics Education 2 (pp. 289–296),
Norwich, UK.

Dillenbourg, P., & Evans, M. (2011). ‘Interactive tabletops in
education’. International Journal of Computer-Supported
Collaborative Learning, 6, 491–514.

Gijlers, H., Saab, N., Van Joolingen, W. R., De Jong, T., &
Van Hout-Wolters, B. H. A. M. (2009). ‘Interaction
between tool and talk: how instruction and tools support
consensus building in collaborative inquiry-learning envi-
ronments’. Journal of Computer Assisted Learning, 25(3),
252–267.

Gravemeijer, K., Cobb, P., Bowers, J., & Whitenack, J.
(2000). Symbolizing, modeling, and instructional design.
In P. Cobb, E. Yackel, & K. McClain (Eds.), Symbolizing
and communicating in mathematics classrooms: Perspec-
tives on discourse, tools and instructional design
(pp. 225–273). Mahwah, NJ: Lawrence Erlbaum.

Harris, A., Rick, J., Bonnett, V., Yuill, N., Fleck, R.,
Marshall, P., & Rogers, Y. 2009, ‘Around the table: are
multiple-touch surfaces better than single-touch for chi-
ldren’s collaborative interactions?’. Proceedings of the 9th
International Conference on Computer Supported Col-
laborative Learning, Volume 1, International Society of
the Learning Sciences, pp. 335–344.

Hatano, G., & Inagaki, K. (1986). ‘Two courses of expertise’.
In H. A. H. Stevenson & K. Hakuta (Eds.), Child develop-
ment and education in Japan (pp. 262–272). New York,
NY: Freeman.

Higgins, S. E., Mercier, E. M., Burd, E., & Hatch, A. (2011).
Multi-touch tables and the relationship with collaborative
classroom pedagogies: A synthetic review. International
Journal of Computer-Supported Collaborative Learning.,
6(4), 515–538. doi:10.1007/s11412-011-9131-y

Higgins, S., Mercier, E., Burd, L., & Joyce-Gibbons, A.
(2012). Multi-touch tables and collaborative learning.
British Journal of Educational Technology, 43(6), 1041–
1054. doi:10.1111/j.1467-8535.2011.01259.x

Hoffman, B., McCrudden, M. T., Schraw, G., & Hartley, K.
(2008). The effects of informational complexity and
working memory on problem-solving efficiency. Asia
Pacific Education Review, 9(4), 464–474.

Hogan, K., Nastasi, B., & Pressley, M. (1999). ‘Discourse
patterns and collaborative scientific reasoning in peer and
teacher-guided discussions’. Cognition and instruction,
17(4), 379–432.

Leat, D., & Nichols, A. (2000). Brains on the table: Diagnos-
tic and formative assessment through observation. Assess-
ment in Education: Principles, Policy & Practice, 7(1),
103–121.

Light, P., Blaye, A., Gilly, M., & Girotto, V. (1989).
Pragmatic schemas and logical reasoning in 6 to
8-year-old children. Cognitive Development, 4(1),
49–64.

Martin, L., & Schwartz, D. L. (2009). Prospective adaptation
in the use of external representations. Cognition and
Instruction, 27(4), 370–400.

Joint representations with multi-touch 13

© 2014 The Authors. Journal of Computer Assisted Learning published by John Wiley & Sons Ltd



Mercier, E., Higgins, S., Burd, E., & Joyce-Gibbons, A.
(2012) Multi-touch technology to support multiple levels
of collaborative learning in the classroom. In van Aalst, J.,
Thompson, K., Jacobson, M. J., & Reimann, P. (Eds.) The
Future of Learning: Proceedings of the 10th International
Conference of the Learning Sciences (ICLS 2012), Volume
2, Short Papers, Symposia, and Abstracts.

Mercier, E., Vourloumi, G., & Higgins, S. (2013). Idea devel-
opment in multi-touch and paper-based collaborative
problem solving. In N. Rummel, M. Kapur, M. Nathan, &
S. Puntambekar (Eds.), To see the world and a grain of
sand: Learning across levels of space, time, and scale:
CSCL 2013 conference proceedings (Vol. 2, pp. 313–314).
International Society of the Learning Sciences.

Mertl, V. (2009). “Don’t touch anything, it might break!”:
Adolescent musicians’ accounts of collaboration and
access to technologies seminal to their musical practice. In
C. O’Malley, D. Suthers, P. Reimann, & A.
Dimitracopoulou (Eds.), Computer-supported collabora-
tive learning practices: CSCL2009 Conference Proceed-
ings (Vol. 2, pp. 25–27). International Society of the
Learning Sciences.

Metz, K. E. (1997). On the complex relation between cogni-
tive developmental research and children’s science cur-
ricula. Review of Educational Research, 67(1), 151–163.

National Council of Teachers of Mathematics (2000). Prin-
ciples and standards for school mathematics. Reston, VA:
NCTM.

Newell, A., & Simon, H. A. (1972). Human problem solving.
Englewood Cliffs, NJ: Prentice-Hall.

Pea, R. D. (1992). Augmenting the discourse of learning with
computer-based learning environments. In E. de Corte, M.

Linn, & L. Verschaffel (Eds.), Computer-based learning
environments and problem-solving (NATO Series,
subseries F: Computer and system sciences) (pp. 313–
343). New York, NY: Springer-Verlag GmbH.

Piaget, J., & Inhelder, B. (1969). The psychology of the child.
London, UK: Routledge & Kegan Paul.

Roschelle, J. (1992). Learning by collaborating: convergent
conceptual change. The Journal of the Learning Sciences,
2(3), 235–276.

Russell, S. J. (1999). Mathematical reasoning in the
elementary grades. In L. V. Stiff & F. R. Curcio (Eds.),
Developing mathematical reasoning in grades K-12
(pp. 1–12). Reston, VA: National Council of Teachers of
Mathematics.

Schwartz, D. L. (1995). ‘The emergence of abstract represen-
tations in dyad problem solving,’. Journal of the Learning
Sciences, 4(3), 321–354. Lawrence Erlbaum Associates.

Scott, S. D. (2004). Territoriality in collaborative tabletop
workspaces. Proceedings of the 2004 ACM Conference on
Computer Supported Cooperative Work, ACM New York,
NY, USA, . 294–303.

Stahl, G. (2006). Group cognition: Computer support for
building collaborative knowledge. Cambridge, MA: MIT
Press.

Steen, L. (1999). Review of mathematics education as
research domain. Journal for Research in Mathematics
Education, 30(2), 235–241.

Suthers, D. D., & Hundhausen, C. D. (2003). ‘An experimen-
tal study of the effects of representational guidance on
collaborative learning processes’. Journal of the Learning
Sciences, 12(2), 183–218.

E. Mercier & S. Higgins14

© 2014 The Authors. Journal of Computer Assisted Learning published by John Wiley & Sons Ltd


