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Abstract: In this paper, we review our findings from threzags of research into multi-
touch tables to support collaborative learninglassrooms. Findings indicate that multi-
touch tables can lead to the development of jomoblem spaces and more interactive
discussions, and that when placed in a classrodtimgecan be used to facilitate small
group, bewteen-group and whole-class learning. KWewethe use of tabletops in a
classroom setting requires consideration of the memn nature of the classroom
environment, and attention must be paid to howt¢laeher, technology, teams and tasks
fit together.
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1. Introduction

Multi-touch tables allow multiple users to interagth the same content simultaneously,
which has the potential to change the way groupgeafple work or learn together.
Decades of research point toward the value of looi#ion as a pedagogic strategg;
15], with evidence pointing toward the benefits gszbup work for problem solving,
learning and transfer. However, despite its apparesefulness, classroom research
indicates that even when students are seated upgro classrooms, they rarely work in
groups, and collaborative learning is a rarely ustdtegy is most classrooms [4]. The
concept of placing multi-touch tables into classnsp creates the opportunity to allow
collaborative learning to occur more seamlesslyhwiasier management of the groups,
content and interaction for the teacher, and batt#laborative engagement by the
students [5, 8].

Research on the use of multi-touch tables fomiegris beginning to indicate that
they can be useful for supporting small group extgons. Findings indicate that groups
who use multi-touch engaged in more task-focused |@ss process-focused conversation
than groups using single-touch [6], and that the afsa multi-touch table supported the
development of a joint problem space and more actere discussion when compared to
paper [9]. Tables have also been used to implemeanhge of learning activities, from
biology and physics to story-telling and music [&.g16, 17, 18] , where findings indicate
that groups can use this technology to engagenmptex collaborative learning activities.

However, the placement of multi-touch tables assfooms requires an approach that
considers how the groups will be supported by #aeher, how small group and whole
class activities will be integrated during a sem¢sactivities, and how the collaborative
activities fit into the broader curriculum of th&ass. In the studies described below, we
have approached the data from a number of diffelmgles to create a broad
understanding of the issues involved in using mldfimulti-touch tables in a classroom

525



setting, in order to develop a deeper understandinthe issues involved in placing
tabletops in classroom environments.

2.  Method
2.1 The SynergyNet Multi-Touch Classroom

The multi-touch classroom contains four sit-to-uselti-touch tables, a multi-touch
podium, which is used as the teacher orchestratgsk and interactive whiteboards (see
Fig 1). The student tables have 3 sides that stadmn sit at, and between three and six
students can sit comfortably at the table. Thenreldgy in the room is networked, to
allow the teacher to pass content to the studéhgaand between the student tables and
the interactive whiteboard. Content can also besgrhdetween tables for between-group
activities. As work in the classroom developedalaldt device (ipad), and then a gesture
recognition system (kinect), were integrated irite tlevice ecology, to facilitate teacher
orchestration of the room without being limitedagarticular device or location in the
room. The classroom is equipped with ceiling-modntameras to capture two views of
each table, and fishbowl cameras to capture thdenmtlassroom. Each multi-touch table
has an embedded directional microphone, to cobextio of the groups, and screen
capture software is used to collect the on-screéwiiges for each table.

Figure 1: The SynergyNet Multi-touch Classroom

2.2 Activities for the Multi-touch Classroom

A number of activities were created for use inhgti-touch classroom. In this paper, we
will focus on two — Mysteries and NumberNet.

2.2.1 Mysteries

One of the primary activities we have used in thdtirtouch classroom is based on
mysteries, a pedagogic strategies designed by &eHiggins [11]. In mystery tasks,
students are asked a question, and given a nurhbkres that they need to put together in
such a way as to answer the question. The mystare designed to contain more
information than is possible for one student to ena&nse of alone, and therefore require
collaborative interaction in order to solve thekta®/e have used divergent history
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mysteries where there is no single correct answéich encourages the students to
explore a range of possible answers, and convergatitematics mysteries, where there is
a single correct answer. In both types of mystesesne of the clues contain necessary
information, while others are less important ogeliewant to the question.

2.2.2 NumberNet

A second activity that was created for the multieio classroom was developed from the
traditional “make up some questions” mathematicsk téhat is commonly used in
classrooms. In the classroom task, individual sitglare given a target number and asked
to come up with as many expressions (or questithad) create that target number. The
task can be approached using either a patternugest the same operator (e.g. 100+0,
99+1, 98+2 etc) or using a wide range of express(erg. 100*1; 50+25+25; 200/2 etc).
The way a student approaches the task gives tiebeea snap-shot of how flexible and
fluid students are with particular mathematical rapghes, but does not lend itself to
interaction or learning for the students.

An adaptation of this task, NumberNet, was bwlt the multi-touch classroom to
create opportunities for within and between-groegring [7] . In this new application,
each table of students receive a target number, h@ve to create as many unique
mathematical expressions to make that target numiblein a certain length of time. This
gives students the opportunity to negotiate angb lileéir group members create new
expressions. The target number and correct expressire then moved to the next table,
where the students continue making unique expnessitaving the opportunity to learn
from the expressions made by earlier groups.

Orchestration tools for NumberNet were placed ¢abtet device (iPad) to allow the
teacher to move around the room, while still havaugess to the tools. These tools
included live updates of the expressions that estadent was creating, which were
flagged red if they did not match the target numbéowing the teacher to quickly see if
one particular student or group of students wangggting with the task and intervene as
appropriate. This data was also available to thehter after the activity was complete, to
review the types of expressions each student aeateich could be used as a type of
formative assessment, giving the teacher informadimout support students might need in
future classes.

2.3 Study Design and Data Collection

The data that is reported in this paper is drawmfthree studies conducted between 2009
and 2011. In all studies, the participants werevdrdrom local state primary schools.
Members of the research team visited the schodlescribe the study and, in the case of
NumberNet, conduct pre-test data collection. Sttglevere then brought to the Multi-
touch classroom in groups of up to sixteen. Infntonsent was acquired from the
parents or guardians of all participating studerd. students who used the tables spent
about thirty minutes using applications that wereated to help them learn to use and
become familiar with the tables before data colbecbegan.

2.3.1 Study 1: Single Table
The first study compared students working on alsimgulti-touch table with students
working on a paper-based version of the same &ctifAarticipants were 32, year six

pupils (10-11 year olds) with 16 boys and 16 gimlshe sample. Eight participants came
to the lab together, working first on a history teyg and then on three maths mysteries in
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groups of four. One group completed the historgtany on the multi-touch table, while
the other used paper, they then swapped locatonkscompeted the maths tasks on paper,
while the other group used the multi-touch table ttee maths mysteries. Video was
collected for groups in both conditions, which wienscribed for analysis.

2.3.2 Study 2: Classroom Study

During the second study, ninety-six year-six stuslehom six schools came into the
multi-touch classroom, in six groups of sixteene Btudents spent up to five hours in the
lab classroom, working on the maths and historyterystasks, as well as piloting new
activities. The video, audio and screen captunewgnced and transcribed for analysis.

2.3.3 Study 3: NumberNet Study

During the third study, forty-four, year-five stude from two schools came to the multi-
touch classroom, in three groups of between foorte®l sixteen. They spent half a day in
the lab, working on NumberNet, and other multi-towctivities. The video, audio and

screen capture were synced and transcribed foysisal

3. Results
3.1 Tabletops to support collaborative groups

In our initial work with a single-table we reportédeht groups who used the multi-touch
table to solve a mystery task engaged in more dotime comments (elaborating and
negotiating), than students in a similar paper-thassk. In both the paper-based and
multi-touch condition, students took turns readthges aloud at the beginning of the task,
however, the way the group interacted once thesdhagel been read differed between the
conditions. In the multi-touch condition, clues wamlarged, and all students looked on,
while one student read aloud. In most groups, theg discussed the relevance of the clue
before organizing them on the screen in areasdtradted relative importance or the need
to return to the clue when more information wasilatée. In the paper-based condition,
students often shared out the clues, picking thermna reading them aloud, but with little
discussion afterwards, so that all the clues wead rbefore the group engaged in
discussion of the clues or their relative impor&anthus, in the multi-touch condition,
groups were able to develop a joint understandintpe task, or a joint problem space,
more quickly than in the paper-based condition [9].

In the second study, the classroom study, grodpstumlents worked on a logic
mystery, which could be solved by placing the cliurea circular pattern (See Fig 2). Of
the 24 groups in the study, 13 solved or almostesblthe task. Of these, 12 groups
arranged the clues on the table in such a way &adk their progress on the task, creating
an external representation of the solution procelsscontrast, only two of the eleven
groups who did not solve the task, used the tabtigplay their progress.

Taken together, these findings indicate that thitistouch table has the potential to
be used in ways that support collaborative probsatving, although the design of the
task, and the students’ understanding of how totheeresources available to them to
support their interactions are key to taking fulVantage of the hardware.
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Figure 2: Screen shot of circular pattern to solvd®inner Disaster Mystery (start with
clue at the top and move anti-clockwise)
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3.2 Within and Between-Group Learning with Talgsto

Networking the tables, interactive whiteboard aedcher tools allows us to explore the
role of between group interaction in the multi-tbudassroom. During the mysteries task
in the second study (classroom study), the teachesgected the content from the
students’ tables to the interactive whiteboard atious points during the activity to
facilitate a whole-class discussion about the tdakeach of the six classes in study 2, the
history mystery, lasted about half an hour, usuallth two whole group discussions
during the task, and one final discussion to sunredhe groups’ decisions, leaving three
separate small group discussion during the 30 misegyment. Transcripts were coded for
the complexity of reasoning within the group (SOL@)d highest level of reasoning in
each group or whole-class discussion identifiede BOLO (Structure of the Observed
Learning Outcome) taxonomy is a hierarchical taxopahat classifies the level of
complexity in reasoning [3]. The levels range frgme-structural, where no complex
reasoning is evident, to extended abstract, a levelhich multiple ideas are drawn
together to create an explanation. The adaptatmrisis scheme are described in detail
elsewhere [9], and were used to identify studeriits vead the clues, but did not make any
comment (pre-structural), comments that includédief statement about the value of one
clue (unistructural), comments where the value afllee was described in relation to
another clue or prior knowledge (multi-structuradmments that drew on the clues to put
together an explanation for the mystery (relatipaald comments that drew on clues and
prior knowledge to develop an explanation (exteralestract).

Results indicated that while there was little @i group reasoning after the first
whole-class discussion, about half the groups aszé in their level of reasoning after the
second whole-class discussion. There does notapp®e one simple cause for this, and
groups were not simply copying the highest leveradsoning used in the whole-class
discussion, instead there appear to be a numbegménations. One cause may be the
teacher signaling to the students that the task al@®st over, so prompting them to
engage in higher levels of reasoning in an efloxtdme up with a final answer. A second
reason appears to occur in groups who discusseéddineent ideas during the second
whole-class discussion. Regardless of the leveteakoning used in the whole-class
discussion, these groups tended to return to itteas, and develop them further, perhaps
responding to the knowledge that they now had aeage for their ideas and needed to
elaborate them fully in order to discuss them mfihal whole-class time [13].
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A second example of between group interactiorteenmulti-touch classroom comes
from data collected during a study of NumberNeg, titol developed to explore between-
group learning on a mathematics task. During thskt each table of students created
unique expressions to make a target number, an ttie teacher rotated the correct
expressions and target number to the next tablach Eable had to continue creating
unique expressions for target number, therefore tabk got progressively more difficult
as the obvious expressions were created by theofirsecond group to get the number.
However, groups also had the opportunity to lookhatexpressions created by the other
groups before they started making new expressidings provided an opportunity for the
groups to consider different approaches to the, tasé try to implement new strategies.
In one instance, we see a group identifying thattser group had used multiple operators
in their expressions, which increases the rangepadsible expressions available.
Throughout the rest of the task, this group expenitmwith expressions with multiple
operators, helping each other to create more congxdpressions than they had up to that
stage.

Another example of using the work from anotherugroto stimulate creative
expressions was identified when one group recemetrget number where a lot of
expressions had already been created. Rather tnaggling to come up with new
expressions, Poppy suggested that using the cortiveupaoperty of addition could help
them come up with many more expressions, shariggidea with the group and helping
them understand this feature of the addition po¢ese Fig 3)

Poppy:I've got an idea, do the opposite way, like 3 tinaelsl...
Amy: And they've already done that Poppy.

Poppy:Yeah but the other way round

Amy: What? Like 60 add 1?... 60... 30?

Poppy:Imagine that but just turn it round

Figure 3: Video image and screen capture from Numb®let activity

4. Discussion

The research presented in this paper points towsrdcomplex nature of using multi-
touch tables in a classroom setting. While thishietogy has potential to support
collaborative learning, their value must be unda®rdtin relation to the complex nature of
classroom interactions. The first two studies regmb indicate that the tables have the
potential to support collaborative interactionsttipalarly if the students are prepared to
leverage the resources that are designed int@khest

The second two studies indicate that placing malich tables in a classroom setting
has the potential to facilitate whole-class andwkeen-group learning as part of the
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collaborative learning process. However, the comiple of the classroom and
collaborative learning context requires detailedlgsis in order to fully understand how
best to support learning. For example, in studthg, first classroom study, the teachers
used the orchestration desk (see Fig 1) at the @fathe room to send content to the tables
and project student content from the tables. Thehers could also monitor the student
tables from this desk. However, teachers did netthe orchestration desk to monitor the
tasks, rather they moved around the classroom,rahgethe groups directly and
intervening when needed. While this direct intecacwas more natural for the teachers,
they were removed from the orchestration tools,ctvthindered their ability to capture
and project interesting content immediately. Thaghe NumberNet study (study 3), and
in later versions of the classroom, orchestratamist were place on a tablet device for the
teacher to carry with them. This solved some ofgrablems, although created an issue
when the teacher wanted to interact with a stutksie and had to find somewhere to
place the tablet. We are currently exploring thee wf gesture recognition in the
classroom as an alternative mode of classroom sti@tion, which will allow the teacher
to manage the classroom without being tied to glsilocation or device [14].

While most groups engaged appropriately with tls&daas we report elsewhere, the
students were not always able to manage their lmoidive process, or understand the
tasks without teacher support. This indicatesedrie provide teachers with information
on how each group is progressing with tasks (asdeas in the NumberNet activity), and
providing instruction and practice in collaborativehavior for the students who use this
type of classroom environment.

Tabletops have huge potential to support collabgdearning, but they must be
considered in light of the classroom environmertie ossibility of placing multiple,
multi-touch tables in classrooms requires that wesier how they can be part of the
device ecology within the classroom, which can therused to facilitate orchestration of
the devices and collection and use of data on tindests’ learning, and the creating of
new types of classroom learning and interactior].[V&hile these opportunities for the
design of new types of learning move forwardss ie$sential must be done in a backdrop
of theory that places the technology, the desieadning, the learner and the context into
frame [10, 12] understanding not just the individdesigns of learning experiences, but
how they fit together in a complex learning envirant [1].
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