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Abstract: In spite of the substantial progress in CSCL, testill some distance between the
promise of educational technology for classroonrniieg and what is readily achieved.
Emerging tabletop devices can offer new means barmre teachers’ classroom control and
awareness. These technologies can help them orateeattivities, and capture, analyse and
visualise students’ collaborative interactions. sThpaper presents MTClassroom and
MTDashboard, that were designed, deployed and tésteapport the teacher in orchestrating
collaborative learning activities at an authentassroom. MTClassroom is an enriched multi-
tabletop environment that captures aspects of stadactivity as they work in small groups.
MTDashboard is an orchestration tool displayed &aadheld device, giving the teacher
control over classroom activities and providingalréme’ indicators of participation and task
progress of each group. We analysed teacher'stiattdny triangulating quantitative evidence
captured by our environment with qualitative obaéions and teacher's perceptions. We
investigated the affordances of our environmenttaedmpact of the information provided to
the teacher through the MTDashboard. The contobudif this paper is the novel approach
for providing teachers with key indicators of srgbup collaboration in the classroom and
analysing their impact on teachers’ attention tp figem manage their time more effectively.

Introduction and Related Work

Research on Computer-Supported Collaborative Legr{i@SCL) has demonstrated that small group
collaboration can activate particular learning natsms and that educational technology resourcebeased
to mediate and facilitate such collaborative atiggi (Roschelle et al., 1995; Stahl, 2006). Inesmif this
substantial progress in research and practices ihestill some distance between the promise dfrtelogy and
what has actually been delivered in most classrodimis issue is particularly important for CSCL doeoter-
generalisation from a small pilot study’s findingisd over-expectation of new technology (Dillenboatgl.,
2011a). Cuban et al. (2001) argued that the roleathers is critical to determine the successepfaying
technological innovations in the classroom. Thisnpoito the need to consider the potentially ke rfar
creating new mechanisms that can helgchersdesign and orchestrate learning activities (Dblaurg et al.,
2010; Prieto et al., 2011), so that they can ssfady use emerging technologies in the classroom.

An obstacle in using personal computers in thesotasn is that these tend to make it more difficmilt
promote face-to-face collaboration due to theirlsdigplay and single input (Morgan et al., 2008y. contrast,
emerging shared devices, such as multi-touch tgidetoffer a large enriched interface that learmers use
simultaneously to create artefacts. They also ddfaress to digital content while students collaleo@d
negotiate understanding face-to-face with equabdppities of participation (Dillenbourg et al., PIxr). Our
work aims to tackle the issues described aboverbyiging a suite of hardware and software tools (ipr
enabling students to work in small groups and bwitthal artefacts in the form of concept maps ttegiresent
their shared understanding (Figure 1, right), aidefabling teachers to orchestrate the learnttiyities and
teach curriculum content. We present MTClassrooigufi€e 1, centre) and MTDashboard (Figure 1, left)ich
were both deployed and tested in authentic classreessions. MTClassroom is an enriched multi-taplet
classroom that captures aspects of students’ legramd interaction processes as they work in sgrallps.
MTDashboard on an orchestration tool displayedtatralheld device that allows a teacher to contedstbom
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activities and obtain live visual indicators of lebloration or progress of each group. The main gariton of
this paper is the presentation of an approach ghatides indicators of small-groups’ performance tba
teacher’s dashboard, and our study of its impad¢herieacher’s decisions about the groups neediegtian.

To date, full class sets of interactive tabletopsehbeen studied in research contexts, rather than
authentic learning environments. One importantgmiothat explored the use of tabletops in the whass is
SynergyNet (Mercier et al., 2012). This was a mualtiletop environment used to investigate the gualit
school children’s collaboration and the ways teezhean interact with their system. Another similar
environment was presented by Do-Lenh (2012), whathicctrack command cards for the teacher to orchiest
the tables and also showed task progress indicabs wall display that all the class could seethBo
environments explored ways that a teacher can hesetdevices for classroom orchestration, in tesfns
collaboration and usability, respectively. A thedample was provided by a teacher’'s dashboard peapby
Martinez-Maldonado et al. (2012b), who evaluateystem that offered visual indicators of group watleach
tabletop to help teachers decide which group neetwé attention over the duration of a class. Haxewn all
this previous work, the studies were not linkeauthentic curricula; nor were they prepared bytétaeher.

The work we present in this paper builds on prilegf classroom orchestration (Dillenbourg et al.,
2011b), specifically on the dimensions of regulattmd awareness (Prieto et al., 2011). MTClassip@vides
an environment that captures live information abeaich learner collaborating at the classroom and
MTDashboard is the interface that provides conwaktfions and indicators enabling the teacher taviire of
each group’s progress and activity. Our work gaaghd previous research by showing how the captatal
can be used by the teacher in two ways: in clashgiut-weight indicators of students’ progressdaiter class,
to analyse the ways they allocated their atterttietveen the student groups.

Design of our Educational Technology

The main motivation for designing MTClassroom andDd4§hboard is that, as the use of technology inoamd
the classroom is spreading, large amounts of leataa can be captured and summarised. These suesnoéri
data can be exploited to show information that maherwise not be easily available. This can beides to
teachers so that they can better decide which stadeay need timely interventions (Bull et al., 2Dbr for
later reflection on how their classroom attentioaswdivided. Interactive tabletops are devices hizate the
potential to support knowledge co-construction rimal teams (Dillenbourg et al., 2011a) and alse@dpture
aspects of learners collaborative interactions {Mez-Maldonado et al., 2012c). Next, we describe t
principles of classroom orchestration and awarerieas drove the design of the educational technpolog
presented in this paper and then, our learningrenwients. These principles are as follows:

a) To support the role of the teacher as the maiorain classroom orchestratioifhe design of the
system should primarily focus on providing servitesssist teachers’ actions and awareness inldassroom
(Dillenbourg et al., 2010).

b) To support coordination of planned learning sittes. The tools should support the enactment of
the activities designed by the teacher, so thalethiming objectives can be achieved (Prieto e2all1).

¢) To support classroom regulation and manageme&he system should provide the teacher with
functions to manage and adapt, to some extentnd@o script of the classroom activity (Dillenbowegal.,
2011b). We also highlight the importance of afteiss analysis of the data that can be capturechglihe
learning activities for reflection and evaluation.

d) To provide “light-weight” indicators about leaens’ progress The system should be able to
automatically capture small-groups’ interactiontadand present this information to the teachentwmace their
awareness and direct their attention (Bull et2d112; Martinez-Maldonado et al., 2012a).

MTClassroom: Multi-Interactive Tabletop Classroom

The MTClassroom is composed of a number of intereoted multi-touch interactive tabletops (4 wereduge
our study). Each tabletop consists of a 26 incheB®multi-touch layer placed over a high-definitéhsplay of
the same size. Each tabletop is enriched with antoezad depth sensor that detects the student wioadhing
the interactive surface at any time (Figure 2,)ldft this way, thehost applicationgunning at the tabletops
recognise and log differentiated actions performed each student. From theeacher's perspective,
MTClassroom offers functionalities for orchestrgtithe tabletops through a controller dashboard @hatvs
teachers to send commands to the host applicatanigger actions such as blocking the touch irpunoving
to the next learning phase. A full description b tdesign of this tool is provided in the next mect
Additionally, the system incorporates a connectedl projector that the teacher can use to disptayartefact
being created at a determined tabletop to leadatidh at classroom level (Figure 2, right).

MTClassroom can run different learning applicatidnsthis study, the classroom activity consistéd o
the elaboration of concept maps. Concept mappiag &ctivity that encourages meaningful learning, arhen
maps are constructed in small groups, can fosterradisation and negotiation of diverse perspesti{Novak,
1995; Stahl, 2006). This tabletop concept mappingliegtion (Martinez-Maldonado et al., 2010)permits
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students to have access to a list of suggesteceptmeand linking words, or type their own wordspider to
build a concept map that answers a question askebebteacher. Prior to the classroom activity, téecher
uses a desktop concept mapping editor to creatésthad suggested concepts and linking words, gertkerate a
Master Concept Mapvith thecrucial or relevantconcepts and links that learners must includééir tmaps, as
well as otherelevantones that might be expected.

From adata capture perspectivghe system automatically differentiates studemistions at the
tabletop according to their seating position. Ttgglng system of each tabletop records all actiore ¢entral
repository that can be accessed in real time t@®mgém indicators of group activity to be presertedhe
teacher. Additionallypbservation consolesan be directly connected to the repository tduwapsynchronised
qualitative data. In our study, two different oh&es submitted standardised annotations of thehézac
attention and interventions. More details abous¢hare described in the next sections.

MTDashboard

Figure 3 !

The MTDashboard is a multi-platform teacher’s to@ttbontains both controlling and awareness comgenen
(Figure 3, right). In this study, the dashboard w&played at a handheld tablet device that theheracarried
while walking around the classroom to monitor shideogress (Figure 3, centre). The design of thghtloard
was driven by the requirements specified by thehtea The design was also based on principlesassobom
orchestration of regulation and awareness (Dillempet al., 2010; Prieto et al., 2011) and insplvgdsimilar
technologies applied in related work (Do-Lenh, 200&rcier et al.,, 2012). Figure 4 shows details luf t
MTDashboard interface that includes the followingnpmnents. A)General functionscommands that the
teacher can use with any tabletop. These are,t"SEgure 4, Al) and “Finish” (A4) commands, topgicitly
mark the boundaries of the activity; a “Send mes5&46) command, so the teacher can send text idento
all the tables about, for example, the time lefttfe activity; “Block” (A2) to freeze the table wh the teacher
wants students' attention and “Unblock” (A3) comagfor the teacher to get students’ attention wiesded:
and a “Reset” (A5) command to clean up the tabléttgrfaces and making them ready for studentseit n
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tutorial. B) Configurable functionsmay be applicable in various activities but theieaning depends on the
macro-script definition. These include the “Jumpthe next phase” (B1) and “Send to the wall” (B2)
commands. Figure 3 (left) shows that in our cdsig, latter shows a concept map of one tabletofménviall
display. And finally, C)Awareness visualisationghich can show key information about each grouggess,
participation or other indicators that may be cedpb the domain (D1-2 are explained in detail Wlo

Study Description

Authentic classroom sessionBwvo sets of tutorial sessions were taught in Sesnektand 2, 2012, by the
School of Business of the University of SydneytHafirst setof 14 classroom sessions, we investigated how a
teacher can design and orchestrate small-grouptagiusing an enriched classroom, and subsequandlyse

the data to assess that design (Martinez-Maldorgadb, 2012a). The technology used in this prelanirstudy

did nothave any awareness or control functions availabtae teacher. The study informed design of théstoo
needed t@rchestratea classroom, for the second iteratidhis paper focuses on that second set of classroom
sessions|t had 8 tutorials, run in the™6week of Semester 2, 2012, for a course titled “Mgment and
Organisational Ethics”. In total, 140 students ateehthese tutorials. Each had 15 to 20 studentstéduder
arbitrarily formed four groups, with 4 or 5 studerdt each table. All students knew each other. €aeher
designed a case-resolution activity to cover theéogec as defined in the curriculum for that week.

Activity designA macro-script was defined by the teacher fortthierials as follows: 1)ntroduction
(10 minutes): the teacher forms groups, explaires ttitorial objective, teaches students how to tnee t
minimalistic concept mapping application and expdathe objectives of the first activity. Zxtivity 1 (10
min.): the teacher uses the MTDashboard to ensateathgroupsstart at the same time. The four tabletops
respond by clearing the interface and loading dlssuaffolding concept map (5 concepts and 2 lisggsby the
teacher). Students have to complete this map slgolow the main actors of the case are linkedRef)ection 1
(5 min.): the teacheblocksthe tabletops and introduces Activity 2, explagnihand leading class discussion
about possible solutions to the caseAddivity 2 (15 min.): for the teacher, this‘ithe most important activity
of the tutorial from the learning perspectiverhe teacheunblocksthe tabletops; and students discuss the task
and complete their concept map. Gjoup sharing and final reflectiofl0 min.): the teacheblocks the
tabletops again and then asks each group to sheiresblution with the class. The teacher uses uihetion
send to the wallfor each table in turns. After each group has a&rpldd their concept map, the teacher
summarises the outcomes of the activity and firighe session. The class time was fixed at 50 nsnute

Visualisations presented to the teach&wo different conditions of the MTDashboard werged
across 8 sessions. For Condition 1, the dashb&agdré 3, left, and Figure 4, lower right) includibaé Group
Map Visualisatiorthat represented the size and distance of eacttorthp teacher’'s map. This information was
explicitly requested by the teacher because sheedahis concept map quality measure that is nanatly
available during the limited classroom time (FigdreD1). The second version of the dashboard (Figure
right) presented the visualisatid®adar of Physical Participatiothat shows the number of touches on the
tabletop per student and the equality among groemniper touches (Figure 4, D2). The design of this
visualisation was suggested by the teacher in pusviutorials (Semester 1) who expressed thaatititative
information about students’ actions would be usdtul identifying participatiof. This visualisation was
inspired by previous work on group chat commungatand physical activity (Martinez-Maldonado et, al.
2011). A larger range of visualisations (some melaborated) were offered to the teacher (Martinez-
Maldonado et al., 2012b), but not selected for shisly.

Research questiondVhen teachers orchestrate multiple groups in tresscbom, one of their
challenges is to identify the group that most neiedmediate attention (Dillenbourg et al., 2011b)ilsth
concurrently, spending a relatively balanced amaiiiime with each group, to be fair to all studenthis is
where MTDashboard can provide awareness suppottiédieacher, enabling an informed decision abduthw
group to attend next. For this, we sought to addtles next question§Vhat is the impact of the information
provided to the teacher by the MTDashboard durihg tlassroom sessiond® the teacher attending the
“lower achieving” groups according to the informati provided?

Data collection.We collected information from a number of sourocegriangulate evidence. These
sources included: automated capture of the MTGhassy notes from an external observer focused awhers
actions, notes from a second external observerséatwn assessing each small-group work and nates fr
interviewing the teacher. Theutomatically capturedataconsisted of synchronised log of the host appbcati
at each tabletop (differentiated students’ actamd partial states of the concept maps), logsaufhter’s actions
using the MTDashboard, and partial distances ofig@rtefacts from the teacher map. Tiknually captured
guantitative/qualitative datzonsisted of the observed time and duration ofntioenents when the teacher: i)
attendedor interveneda group, ii) looked at the MTDashboard, iii) spe&eéhe whole group, iv) walked around
the class or did not look at any specific group.sehebservations were captured through a console
synchronised with the application logs. The secaidobservations consisted of quantitative assests of
perceived qualitative collaboration per group baeadan adapted rating scheme (Meier et al., 200W).



scheme has 4 dimensions of collaboration, quadtiiem -2 to 2, for each of (a) mutual understagdamd
dialogue management, (b) information pooling andseasus (c) task division, time management andieah
coordination, and (d) reciprocity. The teacher assessed groups at the end of each tutorial, nsie@f three
possible values: low, medium or high achieving.aifin we conducted semi-structured post-tutoritééiviews
with the teacher to obtain feedback on the funstimd visualisations provided for classroom orchéen.

Data exploration.To analyse the teacher’s attention distribution fivg¢ define the termattentionand
intervention We consider that teachers payentionto a group when their gaze is focused on or théegract
with that grouplnterventionis thesubsef suchattentionthat happens only when the teacher interactstivith
group, therefore interrupting their work. We mabis distinction based on a previous study in whedchers
stated that for some outstanding groups they woskdg what they are doihdgut mostly leave them work by
themselves (Martinez-Maldonado et al., 2012b). byithe post-tutorial interviews the teacher commenhat
she ‘tried to provide equal attention to all groupsihile “focusing on groups that needed more helphis
means that the teacher dynamically chose the andesich she attended to each group. Having maie th
distinction, we now describe an example of the lieds actions at the MTClassroom. Figure 5 shows a
transition diagram where the nodes represent thmezits that were at the focus of teacher’'s attenfibie
nodes correspond &ach grouptheMTDashboardor the wholeClass The latter includes the times when the
teacher was not attending to any particular grougave a message to the whole class. The directed/sar
between the nodes represent the transitions retdrgehe external observer (45 transitions regesten this
example). In this group, the teacher devoted mios¢ to thered group (32% of attention and 29% of
intervention time) compared with the others (208%02 and 21%). In fact, the teacher assesserkthgroup as
the onlylow achievinggroup in the class, therefore confirming that &tiention in this class was not equally
distributed. We also observed that the teacherrrettended to thgreengroup after looking at the dashboard.
Coincidentally, the green group also received #veekt interventions. This motivated the analysithefrest of
the cases to find evidence that confirms the impddahe information delivered through the dashboand
teacher’s attention. In other sessions, the accatedilattention was more egalitarian. An analysidigfiersion
of attentionandinterventionamong the sessions showed that the teacher peittian to all groups largely
equally (mean index of dispersion -Gini factor- &tention= 0.12 and intervention = 0.124, whem zeeans
perfect equality). The next section describes owluation of the impact of the nature of the infotioma
displayed through the dashboard on teacher atteatid intervention. The actions that the teachek &dter
looking at the MTDashboard are the focus of outatéon (thicker transition lines in Figure 5).

Analysis and Discussion
This section is divided in three parts. The firsottackle our research questions and the last opleres the
impact of teacher’s feedback on students to complet analysis of the orchestration loop at ouirenment.
Analysis, part 1 For the first questionWhat is the impact of the information we providedthe
teacher in real-time during the classroom sessipns®@ started by analysing whether there was anyioelat
between the observexrformanceof each of the 32 groups during the tutorials it accumulated amount of
time that the teacher dedicated to attend or ieteeach of them. We divided the groups accordiribe two
conditions of the information that was providedthe teacher through the MTDashboard. The two comditio
were: (i)distance to teacher's mand (ii) physical participation We performed correlation analyses between
attention/interventionand groupperformancemeasured in different levels and from differentrses: the
external observer that measured collaborationattefact that students built and the teacher assgds Table
1 shows the results of these analyses, whAdsntion timeandintervention timeare the proportions of the time
the teacher dedicated to inspect and interactugiripteract, with specific groups respectivelyg&eling the
columns of groups’ performance, columolsl, ob2 ob3 andob4 correspond the 4 categories used by the
external observer to assess group’s collaboratemording to the schema adapted from Meier et &0T2
ColumnObc corresponds to the correlations with the cumutatiwore of these 4. Colum8&ze mamndDist
correspond to the correlations with, respectiviig, size and the distance of groups’ map to thehtrés map.
Finally, the columnlchrindicates the correlations with the quality oflegcoup as assessed by the teacher.

Figure5. % )



Results showed a difference between the two camditifor the correlation betweeobserved
collaboration and attention/intervention timeFor condition (i) distance to teacher's mapwe found a
significant positive correlation between levelscoflaboration and the attention and interventioavigted by
the teacher (columnsb2 ob3 andObg left). On the other hand, for condition (pjysical participationwe
found a negative moderate correlation (columns obB, ob4 and Obc, right). From a teaching perspaca
negative correlation might appear desirable, sina®uld mean that the teacher provided more dtierto the
low groups. However, a perfect correlation is uliséa, since the teacher cannot totally negleghhachieving
students. To explain these findings, we trianguldtésievidence with the teacher’s statements duthegpost-
tutorial interviews. The teacher found that the infation provided in condition (i) was useful duritige class
and it was expressed as:l6oked at the number of relevant links because gioup could have 21 links, but
how many of them actually matched my map? For agwith 9 linkages with most of them matching mp,ma
I would be satisfied This means that information about the distanceézher’s map in condition (i) helped the
teacher recognise the groups that might have nepumd help. The analysis supports this since thg onl
negative correlation of condition (i) was for colarist (-0.3 and -0.16 for attention and intervention)eTh
level of collaboration of groups does not deternmilmequalitative aspects of their artefacts, thweethere were
no negative correlations fobserved collaboratiom condition (i).

Table 1: Correlation analyses between Attentionfmetion and Groups’ performance.
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For condition (i), the teacher expressed thatitiiermation provided by th&®adars of participation
was good but was not used much becaaset'of the times groups decided that one onl\s@emwas going to
do the links or | [the teacher] could tell by loaki at the table that everyone was discussing blyt wvo or
three people were actually moving things arounderifty looking at the diagrams only, | couldn’teirgret
[them] as the group was not workihgrherefore, during these tutorials for the secenddition, the teacher
mostly used what she could observe and listen &aoh group work. We argue that this is the reason te
attention and intervention are more aligned to dbeervedlevel of collaboration (negative correlations for
columnsobl, ob3 ob4, Obsin conditionPhysical participatiof. As the information about the size of the map
and the distance to the teacher's map was notgedvin this condition, we found no correlation asjive
correlation respectively (columrSize mapand Dist). Finally, the teacher's assessment seemed indepen
from her decisions to provide attention (values @oese to zero infchr columns for both conditions). The
teacher described that groups’ assessment wasrpyirbased on the explanations that each presewtede
class towards the end of the tutorial, and alsloémiced by the students’ conversations that shiel auerhear
and the groups’ indicators of distance to teachevap provided in condition (i). Therefore, the tescts
assessment was not connected to their evaluatievhich groups needed the most help at some poirig. Th
suggests that, while the cumulative analypart(1)is informative in both conditionsve also need to conduct
further analysis taking into account the momentsnvattention was provided to groups.

Analysis, part 2As groups’ needs for teacher attention vary iretithe teacher needs to continuously
monitor groups’ performance to try and keep theslewacross groups as close as possible. Here i voloe
second research question arises:the teacher attending the ‘less achieving’ gugccording to the
information provide® To answer this, we analysed the decisions madkebteacher right after looking at the
dashboard. There were 38 teacher’s actions that eegreired by the external observer and synchronistd
the MTClassroom’s logs (17 falistance to teacher’'s magnd 21 foiphysical participatiorconditions).

Condition (i). For each moment when the teacher looked at thebdasth and for each group in the
classroom, we calculated the quantitative indicatdrsize and distance of the map provided byGhmip map
visualisationat that exact moment. Then, the groups were rarii@d the smallest and furthest map to
teacher’'s map to the biggest and closest map apthiat in time. There were 3 possible ranksthest behind
group(s), thestrongestgroup(s), and the groups in between. The strorgyesip at a determined moment was
the one with more relevant links and less irrelé¢Viaks according to the teacher's map. Then, watifled the
group that the teacher chose to attend next. Affier we assessed the category of the group chmgédhe
teacher, for example, if the teacher chose a fatthehind group or a strong one. Table 2 showsetelts of
this analysis. Column A corresponds to the 17 cabésacher’s attention after inspecting the daahbbof the
condition under analysis (i). Column B correspotwthe other cases where the second type of intismaas
provided (ii). We found that when the map size diglance to the teacher's map information was piexvi
(column A) the teacher only decided to attend thengest group 18% of the times (3 out of 17 cages)the
contrary, when this information was not providdtt teacher attended the strongest group 43% dintles (9



out of 21). This confirms that showing informatioheach group’s artefact in ‘real-time’ had some #@ipon
the teacher’s decision as to which group to attead. It also validates what the teacher expregkatiJooking
at the number of relevant links added by each ghmlped her have a better idea of groups’ perfooman

Table 2: Analysis the groups that the teacher at@fioi condition (i) distance to teacher's map.
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Condition (ii). We calculated the information provided by the wimation radar of physical
participation for the 38 cases when the teacher looked at thebdasd We had the same 3 possible ranks. In
this case, the strongest group was the more erpiiith in terms of participation. We measured thn 1asing
an index of dispersion, the Gini coefficient. Thésa number between zero and 1, where zero meafectper
equality of students’ participation. We followedethame process as the previous condition. Reseltshawn
in Table 3. These confirm that the participation rada least in the way in which we presented itl dot
provide information to the teacher to take decisiabout which group to attend next. The teacheiddddo
attend low or high achieving groups almost withdifference (33%, 38% and 28% of the times). The -post
tutorials interview confirmed that the teacher dal use the information about physical participatijostifying
this with the argument thanbtt everyone was touching the tabletop but theyevgpeaking a lot and this is
good from a learning perspectiverhe teacher also argued that this informatiamould be very helpful in a
bigger clas& The teacher described this as followlkscannot observe 80 people but | can observe 2plped
could tell who was talking. It would be fantasticcheck the participation information for a bigggoup'.

Table 3: Analysis the groups that the teacher atérior condition (i) physical participation.
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Analysis, part 3Finally, we investigated whether the teacher’srivgntion actually had an impact on
students’ performance immediately after. We consideas indicator of performance the number of eatev
links created by each group. The teacher intervgnedps a total of 74 times in the 8 classroom eassiFor
each intervention, each group was ranked at theenbthe teacher started the intervention from 4 (&rom
low to high group, according to the teacher’'s migpadce of the four groups in the class). Then, sgessed if
there was an improvement (or decrease) of the ma&) 2 and 5 minutes later (interventions lastedai@
minutes and each activity lasted from 8 to 10 n@ejut For example, at minute 5:05 the teacher attémel
Green group. At that exact moment, this group hadrthest map to the teacher map in the clashesorank
was 1. We divided the 74 interventions in two gapcording to the 2 conditions of the informatiwavided
to the teacher. Results on the analyses of caoefatbetween the rank of each attended group aed th
improvement of the teacher’'s map distance are showiable 4. For condition (iDistance to teacher’'s map
we found significant negative correlations. Thisame that the groups that were lagging significaimigroved
their teacher's map distance after teacher’s ietgien. However no correlation was found in coroditi (ii).

We can therefore argue that the teacher’s inteimeiad a significant impact on the groups’ artefaleen the
information about the distance to the teacher's map provided. This once again provides evidenceé tha
supports the benefits of showing information alibatquality of students’ work to the teacher in teae.

Table 4: the Impact of teacher’s interventions: eation analysis between the rank of a group amtbeg
others in the classroom and the improvement of Hrégfact's distance to the teacher’'s map.
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Our analysis completed the circle of teacher’s estfation that includestwareness, intervention and
students’ actiorfollowing this intervention. We found some trendsdnalysing the accumulated attention and
intervention by the end of the tutorials. Then, @l@ained stronger evidence confirming the important
showing indicators of quality of student’'s work dave teacher’'s decision. Finally, we found tliafiormed
interventions of the teacher can lead student:pwave their solutions according to teacher’s pectpe.

Conclusions and Future Work

We presented our enriched multi-tabletop classradoat afforded the unobtrusive data capture thateamak
possible to present two sets of information to téecher in real-time. The potential of MTClassroom ba
wide, from offering simple classroom orchestrat@mmtrols to awareness and reflection tools. We iooed
that the data presented to the teacher in therowscan drive their focus of attention especialligen



information about theuality of students work is delivered. The teacher desdrthés as follows: [think the
dashboard was really good, especially becauseatvgldl things about the quality of their work. Ifavien’t had
this information about the relevant links then bha look at the whole diagram so it would takegento look
at each map Our study also confirms that the teacher wouddle indicators of group work and individual
participation for post-hoc analysis. The teacherresged: I don't want to see a lot of information in the
dashboard, this can be distracting. But more infation can be provided after the tutorials for assaesnt
wise, like who did what, when, and the qualityhefworK. Our work in progress includes a detailed analysi
the information that should be delivered to theches during and after the classroom sessions; haed t
integration of other sources of information (e.grbal participation) and other analysis tools (daa mining)
to extract patterns of interaction that can providee insightful indicators to the teachers in¢tessroom.
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