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Abstract: Drawing on a multi-year study of using multi-toutables in a classroom setting,
this paper lays out a framework to use when desggand studying collaborative classrooms.
The framework identified the overlapping aspectteathers, tasks, technology and teams, as
being essential features of the use of computepatipd collaborative learning in classrooms.
We argue that the design of collaborative classsaimould take this model into account
during design and evaluation phases. This paperibates to the Methods and Techniques
strand of the Orchestrated Collaborative Classrodfoskshop.
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Introduction
A review of the literature indicates that the cqutseof computer-supported collaborative learning haen
expanding in the last decade, with a range of t@dgies, locations and types of interaction beisgdito
promote learning. And as the range of technologyeiases, so does the possibility of integratingraye of
devices into learning environments to support déifé types of learning, interaction and teachingt{s, 2010).
While these advances create opportunities for &ségd of new types of learning to occur, this nhestdone in
a backdrop of theory that places the technology,désired learning, the learner and the context firime
(Lawurillard, 2008; Luckin, 2003). There is a needunderstand, not just the individual designs afriég
experiences, but how they fit together in a compdexning environment (Anderson & Shattuck, 2012).
Drawing on a range of our previously published lkwfstom a multi-year design research project that
focused on the creation of a multi-touch classroem, propose a model for future technology-enhanced
classroom designs. This model draws on four magees of the classroom — teachers, teams (of disiden
tasks and technology — set within the context efldarning environment (see Fig 1). The goal f plaper is
to use some of our findings to elaborate this mamied how it can inform the design and research of
collaborative classrooms.
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The design of computer-supported collaborativenliearenvironments requires the exploration of rpleti
perspectives and dimensions in order to createrplete understanding of the issues and influenngb®
learning experience. We propose that there arekieyiaspects that need to be considered; by theessahd in
the ways they each impact the rest of the systdmsd aspects — teams, teachers, technology arsd-ask
often studied in isolation or in some combinatibat we argue that building a CSCL environment rezguthat
they all must be considered.
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Detailed exploration of these four aspects exisbs the literature on CSCL, classroom technology
and collaborative learning more generally — frora ttetailed work on collaborative learning both wathd
without technology and work that specifically comgmhow different technology influences learniregwork
that examines how teachers should support colléilzergroups and that looks at the role of the stkbocture
and teacher in using technology in the classroamaddition, research that examines the overlapdmivthese,
such as much of the research on computer-suppodiaborative learning (teams and technology), TPCK
(Mishra & Koehler, 2006) or classroom orchestrat{t#achers and technology), and scripting or madeli
collaborative behaviors (teachers and teams). Theséde a rich place to start examining CSCL, hesve
alone none provide sufficient scope of the problEhusing technology to support collaborative leagnin
classroom environments.

Building on this literature, we propose a framekvtitat takes from each of these, recognizing the
complexity of each of these aspects, but that inisttending to the confluence and interactiorthaf four
aspects of the framework that we believe we caml¢he most about the use of technology to support
collaborative learning. While each of the four @arhave been described, the main goal of this framieis to
consider the intersections between planes, and they influence the design of CSCL environments. To
elaborate the interplay of these planes, findimgmfthe SynergyNet Classroom project are descrisiealying
how pieces of this larger project fit into the di#nt dimensions and, together, provide a richderstanding of
the issues that arise when integrating technologupport learning within classrooms.

Methods

As part of a design-research project, a classrobmudti-touch tables was developed (see Figurenith a

range of activities for use by students in the upmars of primary school in the UK (i.e. 8 andyEhrs old).
Over a four-year period, a series of studies wemdacted in the lab classroom. The initial studplesed

single groups using a multi-touch table with a beacpresent. Later studies focused on bringingaufi&

children from the same class into the lab classrémmone or more days of lessons, including onelystihat

brought students from six different schools inte kb for a full day. In the studies describeceheil students
worked on a series of math and history tasks waiehdescribed in detail in the full papers.

The multi-touch classroom was equipped with vidmadio and screen capture technology to collect
data on the groups and classroom interactions eauhing. The video, screens and audio were syraed,
transcribed for analysis. Pre and post-test measueee also conducted in the lab or schools wheassary. In
the section below, summaries of findings will begamted to illustrate how the data from this projgased to
build an understanding about designing collaboedtdarning environments for classrooms.

Summary of Findings

Technology & Teams

In our initial study, we compared students usingudti-touch table or completing paper-based versibthe
same activity, to understand if the technologyueficed the collaborative processes. Eight grofigfeus

students completed this within-subjects experimeoinpleting one task in the multi-touch conditiomdaone
task in the paper-based condition. Groups stavta#t on a history task, and then completed 3 matkg in the
second condition. In each task, a teacher was mireg® aimed to help the students complete the taslysis
of the group processes during the history taskdaiat groups using multi-touch engaged in morerattive
statements, building on the ideas that their teaatemintroduced, than groups in the paper-baseditaon
(Higgins et al, 2012). Analysis of the math dataveéd a similar pattern, with groups who used thétisteuch

table engaging in more statements that elaboratedems or combined ideas with ideas raised by team-
mates (Mercier et al, 2013). These results showabtiss conditions, groups act differently, engggh more
interactive discussion when completing tasks inntdti-touch condition than in the paper-based étom

Task and Teams

Understanding the role of technology in supportiofaborative learning requires that we understaotjust
the relationship between the tools and teams, Isotfeow different tasks and content areas influgheeway
groups interact, and how that impacts on what weozaclude from the use of particular technologigsthe
six-school study, we compared groups working otohjsand mathematical mystery tasks. In an expiomabf
the types of leadership that emerged within theseigs (Mercier et al, 2014) we found that althoggbup
membership was the same across tasks, differeptgpemerged as leaders, and different amountsadélship
were seen in the two content areas. While thestaskhe two content areas were similarly structuthe
history task was a divergent activity, with a rarmafepossible situations, while the math tasks hadect




answers, which may have influenced how studentgHel should interact with their group. One kegttee of
this finding is that it suggests that beyond treht®logy or the learners involved, the task andexttrarea can
influence how group members interact, and our figdiof the value of that technology for supportihgir

collaborative learning, as a result.

Teams and Tasks in the Classroom Context

During a 6-school classroom study, the organizatibthe room was altered in order to explore whethere
was any difference when the tables faced towarm$rtmt of the room, in a more traditional set sfudents sit
around 3 sides of the table, thus the unused sickesfthe interactive whiteboard and teacher dési), when
the tables faced the center of the room, makingafatore collaborative classroom design. During ntasks,
results indicated that groups in the traditiona@ssfoom solved the tasks more frequently than graupghe
centered classroom. However, groups in the centelassroom had higher levels of on-task discustiam
groups in the traditional classroom. These findigigggest that groups in the traditional classroareviocused
on solving the problem, while groups in the cerdezlassroom were focused on collaboratively disogsthe
task, so that more students were involved in theversations in the centered classroom, which maae ha
influenced the time it took them to solve the pewb$ (time on task was fairly constant across cmdi}. This
study highlights the importance of attending to hthe organization and placement of technology withi
classrooms can influence the way groups engagelleborative activities (Mercier et al, in press).

Technology, Teacher & Teams

The role of the teacher in supporting the use o€C# classrooms has had less attention, and utachelisg
how to design orchestration tools for technologitanted classrooms is less clear (Dillenbourg & dam
2010). The multi-touch classroom was initially dgsd so that the teacher could control the stuiddhes from
an orchestration desk in one corner of the classr@ending content to the student tables, obsethimgtudent
tables, and projecting from the student table$éoititeractive whiteboard to facilitate whole-claéscussions.
In a six-school study, the use of the projectiostesm was explored. During the history task the heec
allowed the groups to work in small groups for ¢htiene periods, with two whole-class discussionpayress
and a final whole-class concluding discussion. Hiimwed us to examine the role of teacher intetieerat the
whole class level, the value of projecting the eohtof a group’s table to the shared interactivéteroard,
and the way in which the teacher could use thenwogy to facilitate the uptake of ideas betweeougs.
Paying attention to how students changed in theftsoning about the history mystery after whole-grou
discussion times, we used the SOLO taxonomy (Bfg@ollis, 1982), to identify the highest level afasoning
in each period of small-group discussion. As exg@cmost groups moved to higher levels of reasonirey
the course of the task, moving from lower levelshia first and second small-group times, to higitehe third.
However, it was also clear that the groups movetigber levels of reasoning after the second wigoteyp
discussion, at that stage elaborating their comsni@ninore detail and tying their ideas togethere Kay issue
that seemed to be at play here, however, was toalpg appear to take the ideas that they contdbistehe
whole class discussion, and develop those withéir ttmall group, rather than building on ideas easoning
structures shared by other teams. This suggestaportant role for the classroom ‘audience’ in suping the
increase in reasoning and argumentation withingsdiercier et al., 2012).

Conclusion

While the four results described here each talferdifit pieces of the model into account, takenttuge they
begin to build a more complex picture of what oscwhen technology is used to support collabordéaening

in a classroom environment. The initial study, Whiexamined how groups interacted between multitouc
tables and paper, indicated that the technologypauied greater levels of joint attention and tharsd
development of ideas. However, this finding is swificient to place the technology in classroonse econd
two studies show thatherethe technology is in the classroom, amdat content the students are working on,
can both influence their problem solving successiateraction behaviours. The final study preseimeitates
that the movement between small group and whoksaléscussion plays an important role in the wagestts
engage in a task.

Taken as a whole, these four results show thatsheof multi-touch tables for collaborative leaqin
classrooms is far more complex than is suggestedeirinitial comparison study (teams and techndloghe
technology may lead to better collaborative behayibut the influence of the broader context ofdlassroom,
the role of the teacher and classroom peers anth$ledesign and content area must be considehési rdnge
of studies (including more studies beyond thoserite=d here) indicates the importance of desigomputer-
supported collaborative learning tools with a vienassessing them in the classroom and curricolategt and



creating them in concert with tools for teachersrthestrate the learning. The framework proposzd Bhould
serve as a guide for development projects, infogntite design of CSCL tools through the multiplesknthat
are available in the framework, and be an impetusdésign and research studies that go beyond dbie b
evaluation of the interaction between the tool ladner, but look at the context more broadly.

For example, a new project that intends to expliwe value of multi-touch surfaces to support
collaborative sketch activities in introductory @regering courses (as is currently being conductethb first
author), will be concerned with the developmenskdtch tools for interactive surfaces and the humaman-
computer interaction when using these tools. Howedmawing on the framework, the tool developmeiit w
also consider 1) the tools that a teacher would re®rchestrate the interactions and tool us¢h@xlassroom
environment in which these tools will be used,8) type of interactive surfaces that the tool migghtused on,
and how that would influence interactions and lesyropportunities (e.g. tablets, large screendeftand 4)
the manner in which this tool may be used for coinéeeas beyond introductory engineering. Studidbese
tools, therefore, will go beyond the traditionabiation of the learning that occurs when studaststhe tools,
but will also include implementation in a rangectifssroom environments, with different types otteas and
learners. The tool development will also includeldofor the teacher to use when orchestrating ¢laening
experience, and examine the potential for toolsujgport evaluation and assessment activities danmgafter
the activity.
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