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ABSTRACT viding these tools is sufficient to improvengoutermediated

While most collaboration technologies are concerned withcollabogtion. However, unless teams are given guidance on
supporting particular tasks such as workflows or meetingsthe basics of effective collakation skills, the tools may offer
many work groups do not have the teamwork skillsrgisge little benefit B2]. For instance, ging a design team a screen
to effective collaboration. One way to improventesrk is sharing tool in order to help them come up with a single d
to provide dynamic feedback generated by automateg-anal sign proposal will not nessarily help them to develop the
ses of behavior, such as language use. Such feedback cabnsensubuilding skills needed to cgptete the assignment
lead members to reflect on and subsequently improve theitollaboratively.

collaboetive behavior, but might also distract from the task :

at hand. We havexperimented with GrgaMeter b a chat Teamwork can be a perful tool for Iearnmg 4143 and
based system that presents visual feedback on team me for accomplishing tasks2{]. However, if people are e

bers® language use. Feedback on proportion céegre pected to successfully work in teams, they should be given
words and overall word count was presented using tio di tools to adopt appropriate interpersonal skills to overcome

ferent designs. When receiving feedback, teams rirstoily challenges and to achieve effective team processes &nd ou
expressed more agreement in their conversations end rcomes ,35]. These skills are often taught by providing team

ported greater focus on language use as compared to Whéﬂe_mbers with feedback.on their own behgvior, alc_mg W,ith
not receiving feedback. This ggests that automated, real guidance on how certain changes in their behavior might

time linguistic feedback can elicit behavioral changesy-offe |rr:1profve group ou;come§g{l[|.hOur h'l?;n',evm reiearlch goal,
ing opportunitieor future research. therefore, is to understand how colladtion technology can

illuminate social processes and behaviors within teatns, a

Author Ke ywords lowing members to reflect and learn to become better co
Feedback visualization, teamwork, linguistic analysi; p |aborators.

ripheral dgplays, CMC, CSCW.
P R One of our specific goals is to desigomputeimediated

ACM Class ification Keywords , environments that botfo¢us attention on group process and
H.5.3 .Infqrmatlon Intfaces and Presentation: Group and support the team task, thus enriching teamwork éapees.
Organization Interface8CSCW Below we describe our underlying priptes for providing
INTRODUCTION automated feedback to teams using peripheral visualigation
Growing interest in computesupported group workL] has as the team goes aboutmgeting its tasks. We then present
motivated research on developing communication ahd co GroupMeter, a research platform proposed by Leshed et al.
laboration technogies that support many aspects of group [27] that gplies these principles and used for the study of
work: fostering informal interaction (e.g.2]], creding teamwork behaviors, languagand feeback. We conclude
awareness of tieaguesO presence and behavior (d4f), [ by presenting a distributed grobpsed user study of
and supporting shared tasks such as writing otingege.g., ~ GroupMeter, focusing on four main questions:

[48]). An implicit assumption in this work is that simplyopr RQ1: Does automated feedback about language behavior

cause people to reflect on their use afjlzage?

RQ2: Do people modify thezommunication patterns when
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from the team task?



FEEDBACK ON TEAMWORK PROCESS such feedback might lead them to change their behavior in
Bosworth suggestethat providing feedback on teamwork beneifcial ways.

behaviors in practice sitions is a key element in teaching
collaborative teamwork skills, alling team members to
process and reflect on their own experiendgsMcLeod et

al. [34] found that feedback on interpersonal teamwak b that deict their presence and activitiesd]. For example,

Pawo_rs, such as how much members wenm ax tmg or Babble [L5] represents individuals in a discussion forum as
ocusing on the task, helped balance participation rates

among team nmabers and also shift the focus fiche task Colored dots around a circle that regemts the group, plagn
toward also considering some seeimotional apects of individuals closer to or farther from thenter based on their

teamwork (see als@y). participation in the disasion.

VISUALIZING LINGUIST IC INDICATORS AS FEEDBACK
A general strategy for making collaboration behavioiblés
is to usesocial proxies graphical represegitons of users

Traditionally, the source for group process feedback has bee{séﬁ:]embsazgghoisaig?; ﬁ\irﬂté]?]z[j]mt% vé?hagirzi\::;)hnse of ;uzr:
either mento teachers, managers, or expert obser 9 PUL% 9 Y8

[34K or group members through peer assessmenegures patterns 26] have shown that social proxies can stimulate
such as interviews or questionnair@ [However, askin reflection on and influence collaborative practice. Visirai
people to provide fee dqback has drawbacks |hi I rg each memérOs participation relative to other group members,

; : for example, has been shown to prompt dominant cortrib
feedback fom peers, supervisors, or instructors, can libe o . .
: i tors to become aware of their behavibt,12] and attempt to
trusive and gpensive £9,34].

achieve more balanced patrticipatior2q. Similarly, awg-
We suggest an alternative approach: using automategt analmenting synchronous CMC einenments with visualizations
sis of communication content to provifesdback. In many  of contribution level and amount of group agments led
settings, teamwork consists mostly of conversations andisers to perceive the group experience as more\vaositid
meeting$l often conducted through CMC tools that cap-ca effective, and to péorm better 21,22].

ture the caversation. In these cases, automated analysis oﬁ_

X = hese latter studies highlight the potential sing finer
group conversations could reveal much about a groupOs co__: . o .
laboratie processes. This, in turn, could bespnted to grained lehaviors, such as indicators of agreement obtained

teams to help them improve their skills andfgenance through linguistic analysis, as a source ofdback to help

Prior to deplgment, however, an automated technique must¥ 0P Tembe;s ;gﬁnd :.0’ re;)flehct on, ar\1/3| cg?nge thm(; fho
demonstrate (a) analyses of linguistic features thate-<corr ;nllljmc.a Ve an h uc;_ra |v.e ehaviors. WWe thus posed the
spond to actual desirable coltabtive kehaviors, and (b) oflowing research gueons.

feedback presentation that causes pgadits to reflect on RQ1: Does automated languaggsed feedback causeopke

and change theirehavior. to reflect on their language use, especially about the specific

LINGUISTIC ANALYSIS OF TEAM CONVERSATIONS aspects of language use the feedbaclesepts?

Recent work suggests that automated listguanalysis can  RQ2: Do people change their communication patterns when
achieve these two criteria. For ingtan Latent 8mantic provided with feedback compared to when not?

Analysis (LSA) of team conversations predicted team pe
formance scores on a flight simatibn task [7,19]. In that
task, teams where members stated maets fand acknolw
edged their peers tended to perform better. Furthehine
learning approaches have shown promise in coidive
learning settings in identifying how learners constructi-arg
ments that build on othersO cimttions R3).

Peripheral Feedback Visualiz ations

Despiteits value, fedback cannot be the star of the show. A
long-recognized principle of teamwork effereness is that
group menbers must attend both to their task and to social
matters (e.g.,40]). It is thus importantin desiging a system

to provide group process feedback, to ensure that team me
bers are able to focus on their task as well.

Others have investigated using wdegel analysis in group
situations, such as using the Linguistiguiry and Word
Count tool (LIWC; Bg]), a dictionarybased approach to
analyzing laguage features. For example, higher rates of
agreement words (e.gyes agree oK) can predict low peer
ratings on Bales and CohendssEale for evaluating tea
work practices 27]; the use of individual versus collective
pronouns (010 vs. OweO) can indicate a sense of grgup be
ing [7]; and the use of reasoning expressions cditate
focus on the group taskg. Still, our aim is to stimulate reflection on and awess of
language use and teamwork behaviorditegg to a possible
}ension between attending to ambient feedback vistialis
and accomplishing a task. Another key researchstigne

Our approach is to provide dynamic feedback in the Iperip
ery of the team activity interface. This allows teamminers

to maintan awareness of the social process and how their
behaviors are tied to it, while still focusing on théary
team activity. It is important that the peripheralsigzation
effectively conveys awareness infation B,40] in ways
FBH“ minimize cognitive load and do not sigeeitly impact
usersO performance on thienarry task 30].

These findings suggest that a system thalyaes language

in team conversations can be used to provide effective nea
real time feedback to team members, causing theefléatr

on their conversational practices. Moreover, vasoaedthat



therefore, is how to create designs that are cognizant of thiBnguistic metrics presented and the specific design of the

balance btween task and process:

visualizations.

RQ3: Do people find feedback about their language sse di The chatroomtext is processed using actibnary-based

tracting?

GROUPMETER

We implement our visualizations ofgjuistic feedback using
GroupMeter, a platform designed to help teaefeat on
their group behaviors and suppogsearch into the relatio

ships between communication behaviors, feedback, an

teamwork. GroupMeter was conceptualized2wd based on

a study with a peer feedback irwention, but was not fully
designed andnplemented. We present here a working g@rot
type developed to carry out the studggented later.

The basic design of GroupMeter consists of a-heted

system in which groups communicate through a chatroom t

peform their tasks and see feedback visadilons based on
their convesation. The front end consists of an AJ8Kven

HTML chat with feedback vismlizations presented using
Adobe Flash. A server manages the chat sessions and pars
the chat text to provide the feedback metrics. An admaristr
tive Ul supports management of user accounts, group cre

tion, feedback metrics and sessions. @kteterOs modular
approach allows easy modification of \dnles such as the

®®Wgroup
W meter”

Total Session Time (HH:MM:SS)

__stop |[ Logout

word count tool based on LIW@§. LIWC counts what
percentage of words in a block of text fall into varioug-cat
gories such as emotion words, gelferences, and assent
Unlike advanced natural language processing techniques
(e.g., I.7,23]), LIWC can produce linguistic mkers in near

&eal time. Further, these markers can serve asunes of
conveasation style and social behavi@7[. For example, the

use of pronouns requires a shared understanding of their re
erent between the speaker astelier p].

In the current study we chose to presentlfaek onword
count and percentage of agreement wor@sWCOsassent
gategory modified for chat commication style), based on
two sets of previous researchdings. First, 27] showed that
the amount of contribution to discussion is positively dssoc
ated with peerated teamwork beli#rs. Second, they also
owed that critically addressing the caise¢ion without
passively agreeing was related to positive collative ke-
haviors (see als@l]).

Designing the Visualiz ations

We tested two designs for feedback viswatiln. Our main
design goal for both was to give groupme
bers a clear ation of how their linguistic &-
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WE TG g Ul WiUigees o]
% ayumi: Sorry, logged out for a minute

cathy: well both should be focused on but remember that children are
the future of tomorrow

david: right
david: so what ideas do we have for kids
% cathy: so younger children should be the main focus
david: museums, parks, science centers.
david: youth sports
david: what else is there that would attract parents
% ayumi: Yes, those are fine David
cathy: pretty much anything that keeps children out of arm
 ayumi: We can also advertise the city
david: yeah good one... like better after-school programs
| cathy: i agree with the idea of young children

david

cathy

haviors compare to those of other groupnme
bers. This allows individuals to comparerthe
selves to specific others in the group @s o
posed to an abstract aggregate (see social
comparison theory, 16]), as well as allwing
them to reflect on both their own and their
teanmatesOebavior (e.g., 34]).

At the same time, we wanted to be sure the
design did not encourage competitive heha
ior. Hence it was important for us to show
individuals as being part of a larger grdbpll

of this through aesthetically pleasing visualiz
tions that Otell a story about the da& {.
177]. We also wanted to be amiaigs to
some extent with respect to behaviararms,
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E

david: youth sports
david: what else is there that would attract parents H

Figure 1. The GroupMeter chatroom with two feelback designs: (a top) bar
graphs, (b- bottom) school of fish. Length of bars and fish size and pid®n

hoping to make room for usersO own interpr
tations relevant to their specific oext [18].
Finally, to minimize distraction, we designed
the visualizations with the principle of glanc
ability [31], aiming for easy visibility of re-
»' vant feedback information.
Design for Effectiveness: Bar Graphs
In the first visualization, feedback isepented
as horizontal bars, one for word count and one
for percentage of agement words. The bars
change in length based on eachtipgantOs
linguistic behavior (Figure 1a). We chose to
present each linguistic indicator as an aggr
gate stacked bar to minimize thesgibility

represent team members® word count and proportions of agreement word us



that people would process the visualization in a cotiveeti  Procedure Figure 2 shows an overview of the structure of a
way. An alternate dplay using a standard bar chart might session. Using a withisubjects design, p&ipants were
cause people to try to have the highest batthEy shaving randomly assigned to seven mixgdnder groups of 2 to 5
individualsO déhavior as an aggregate banghasizes the idea members. Each group went through three conditions: Fish
of being part of a group. We located the bars at the bottom ofisualization, Bars visualization, and None (i.e., no visaaliz
the dat box as this allowed us to place therrsoreen wit- tion, or control). The order of the conditions was ramided

out the need for scrolling. The intent of the barsO design arfdr each group.

placement is to provide angmt, undtrusive feedback that

. To engender a feeling of distributed chatroom collatimor,
can be eftiently processed at a glance.

we did not require participants to come to the labtelad,
Design for Attention: School of Fish they were scheduled to log into the GroupMetebsite at
The second visualization (Figure 1b) consists of amated  particular times from wherever they were, using either-nte
school of fish with each member regented by a colored netExplorer or Fiefox on a PC or a Mac.

fish. We hoped that the school of fish would instill thd-fee . - .
ing of being part of a group. The fish start in a circular fo Once logged in, participants were greeted by the exper

mation, all atthe same size and equidistant from the center Menter (via text) andiiormed that they would be working as

When a partipant uses more agreement words, their fish @ team on three tasks. They then had a few minutes to talk, to

moves closer to the center. Fish increase in size when a paget used to the interface and to brehk ice. The exper

ticipant speaks more. Again, the shape of thealization menter thenxplained the nature of the study and that in each

dictated its placement. Locagjrit below the chat box would |0f the taSkﬁ they v;ogllg;ede a dn‘ferznt visuitin of the
have required users to scroll to see it; placing the vigualiz anguage they used. rd countand agreementsnes-

tion to the right of the chat box allowed it, like the bars, to peures were then described for both visualizations.

continually visible. The purpose of the lively nature of the For eachtask, the team was given five minutes to ristairm

fish was to draw attention to theeftback information repr  ideas for solving a problem, and then five minutes to choose
sented by their patgon and size. the top three solutions. The tasks were to 1) decide how to fill
an empty retail space near campus; 2) develop strategies to
reduce cell phondisturbances on public trgportation, and

3) choose items necessary for wilderness survival in Alaska.
The experimenter sent a message at the end of each brai
RQ4: How do people feel about their experience of beth d storming @riod and each task. Due to a small number of
signs? What aspects of each do they like and dislike? groups, it was not possible to countamce both the wis
EXPERIMENT OVERVIEW alization and task orders. Since the tasks were all of the same

These visualizations allowed us to address each of our fougeneral type, we felt that the risk of carryover effects was
research questions in the experiment described below. wgmaller than it would be for visuadizons. We therefore kept
wanted to assess: the capability of GroewDs feedback the task order constant for all groups and ramided the
visudizations to trigger reflection onriguage use and word order in which visualizations weregsented to groups.

choice (RQ1); peopleOs actual use of language beyond theiihon completion of all tasks, participants filled out afine
perceptions and reflections when provided with these ¥isual survey that included scale items to assess theejped
zations (RQ2); whether one or the other visualization wasawareness of theiriguage use during each task (e.g., OThe
more dstracting (RQ3)and usersO felt experiences with eachyjsyaization caused me to choose words diffely as the
visualiztion (RQ4). task progressed0), distraction by the visatadizs (e.g., Ol
Method was paying attention to the feedbackO), and-epded qus-
Participants. Twentyfive undergraduate students @riales) ~ tions to capture their experience (e.g., OWhat did you like
from a HumarComputer Interaction course in a largé-un @bout the fish visuedation?0).

versity in the United States received course credit for theifye kept the task times short and waited to the end of all three
participdion in the study. As HCI students, these participantsiasks to fill out the survey to avoid possible coritation

are likely sensitive to intéace design issues and we sought penyeen the tasks and to reduce the chance rétipant
their opnions about our designs. fatigue. Sessions lasted about 60 minutes total.

Our final research question, then, relates to how these-diffe
ent visualizations of the same feedback informatitfaca
usersO expence:

,Yo#t-1+-37#.%$-#1)6*271%- Yott-./+H-6G8%"-*&)2#D1" (-2 * ,Y%0#-.01)6&-$"-22%"-(-22)#)-Z
wougpangs] & 02)%* — &-()2)%* &-()2)%*
!"#$%&'(#)%r::>[ 0$1)"2#%$"'4 325)5)-)'41 ]:$[ 0$1)"2#%$"4* 325)5),).41 ]:>[ 0$1)2#%3)"4* 325)5),).41 ]:> +E,- *
"#$%&" % ("1 $Z "#$%&" %o (" 90" - * "#$%&"%(") 928

Figure 2. An example session. Task order remained constant while waization order was randomized across groups.



Data Anal ysis cused on the words | used rather than on the content of the
Our data consisted ofimerical and opeended responses to  task,0 OThe visualization caused me to choose words diffe
the survey and the transcripts of the chatroom coati@ns. ently as the task pgressed,O and OMy behavior changed as a
To examine communication patterns within teams, we codedresult of the visalizationO (Figure 3a).

each chat entry with one of six codes representing avheha
ioral move thatwe believe relate to the nature of the tasks
and the feedback provided through the visattins.

Participants reported that both visaations made them

more aware of their language use compared to no viaualiz

tion (Fish:M=2.65,SD=1.00; BarsM=2.65,SD=0.99; None:

¥ |ldea Suggesting a solution for the ptem-solving task.  M=2.24, SD=0.72; F(2,46)=7.87,p=0.001). Pairwise ¢o-
This included both new ideas as well as repeating ideas aparisons between the three citimhs show that the both the
ready mentioned (22% of dleaentrie3. An example for  Fish and Bars visualizations were siggahtly different from

the wilderness task was Oa wateifjgurthingy.O None $=0.001), and that Fish and Bars did not differ from
¥ Agreement:Expressing agreement with someone else®§ach other. There was no significant effect of the order in
staement, e.g.: Ooh, thatOs a good idea.O which visualiztions were presentedrF(2,46)=0.62, NS,

meaning that partipants were more aware of their language
use in the feedback conditions regardless of th@limtion
order.

¥ Disagreement:Expressing disagreement with or oppos
tion to an entry, e.g.: Oit won't needification.O

¥ DiscussionDiscussing an idea, typically elaborating on an
idea or reasung oneOs thoughts, e.g.: Omaybe they are i
the center of alaska where there is rapew..O
¥ Ranking: Proposing or stating a ranking of the ideas for Communic ation Patterns and Group Dynamics
reaching conseus and ompleting the task, e.g.: Owater RQ2 asked_ whether the feedback v!suallzatlons affected
purifier is important, i think.O communication patterns and group dyizs. We therefore
o o R used he coded chat transcripts as behavioral data in answe
¥ Feedback:Mentioning the visuatation, e.g.. OWOW My g this question. Based 083, we assumed that the dyna
fish just grew a lot.O ics and processes used by groups to accomplish the brai
We excluded entries about study administration, tesubl storming and decisiemaking sibtasks would als differ.
shooting, digressive remarks, and fillers. Teamlers coded For example, while brainstorming requires divergent group
the transcripts independently, 1269 entries in total, misgig  thinking, decisioamaking calls for convergence. We ther
each entry the most prominent code. humder agrement fore divided the transcripts into two segments, aliegrto
was 80%; disagreements were resolved byudsion. the 5minute subtaskesiods during which they were typed.

;J;his provided an initial answer to RQ1: feedback caused a
reported increase in reflection omgmage use.

Our data were hierarchical in nature, with obagons Figure 4 sbws the relative proportions of each codetiye
nested within participants and partjgants nested within type by condition and segment. The data for the bar charts
teams. We used hierarchical linear models dooant for appears as percentages in Table 1. For each entry type, we
norrindependence of the statistical data, calculatingavari used poshoc testing for main effects @onditionandSey-

tions within and between participants and teams, and usethent(the latter is also accoted for as a repeated factor in
posthoc analses for our statisticaésts. the hierarchical models), as well ageraction effects of
these factors. As with the questionnaire data above, we found
no main effects oWisualization Orderfor any of the entry
Awareness of Language Use ~ types, riling out the possibility that éhorder in which the
Since RQ1 was framed in terms of participantsO giknes, visualizations were administereffexted the results.

we relied on their responses to survey questions in WhichIOI Entries (Fi 4aW . d in whether th
they evaluated the degree to which the visetidins made ea Entries (Figure 4ajWe were interested in whether the

them think about and change the veottiey used. Three experimental condition had any effect on the number of ideas

five-point Likert scale items addressing these issues Werégenerated. Differences between the conditions migfit ind

aggregated into a single scale (Cronbach®s ! = 0.7%: Ol fcae, for instance, that feedbaclstdicted people from the
brainstorming task, or ativated them to produce more ideas.

RESULTS

(a) Focus on Language Use (b) Task Focus (c) Attention to Feedback (d) Distraction by
4 4 4 4 ‘ Visualization
3 3 3 3 ‘
2 I . . 2 2 2 ‘ .
1 1 1 T
Fish Bars None Fish Bars None Fish Bars Fish Bars

Figure 3. User responses to survey questions: (a) Focus on language use, (by§on task,
(c) Attention paid to feedback visualiations, (d) Distraction by feedback visualization. Responses were on 46int scale.



Table 1. Percentages of entry types by condition and
segment (BS=Brainstorming, DM=Decision Making).

Fish Bars None
BS | DM BS | DM BS | DM
Idea 27.0| 9.8| 26.5| 29| 29.9| 53

Agreement 31.3| 44.3| 24.6| 45.4| 23.9| 32.2

Disagrement| 6.7| 5.2| 16.2| 28| 9.6| 55

Discussion 29.7| 15.3| 31.0| 20.6| 33.7| 27.0

Rankng 1.7 249| 17| 283| 29| 29.9
Feedback 3.7| 06| 00| 00| 00| 0.0
Total 100| 100| 100| 100| 100| 100

However, there was no main effect ofondtion
(F(2,48)=0.78,N9S or Condtion" Segmeninteraction &ect
(F(2,72)=0.79,NS. There werealso no statigtally signif-

cant differencesdiween condions in the number of unique

ideas generated (Fisht=7.6,SD=4.5; BarsM=7.7,SD=3.0;
None:M=8.4,SD=2.0;F(2,12)=0.19NS.

We did find a statistically significant main effect ®gment
(F(1,72)=64.94,p<0.001). As expected, more ideas were

presented during the brainsting segment.

Agreement Entries (Figure 4bBecause participantse+
ceived feedback on the frequency of their use of agreemerfeerhaps the bars created a more iGesgikeO feel to the
words, differences between catiohs on their pportion of
agreement entries would strongly suggest that thdbéek

affected communicationehavior.
A main effect ofCondition (F(2,48)=3.45,0=0.04) was b-

served, supporting our expectation that the feedbagk tri
gered changes in the exgsion of ageement. There was a
marginally higher mportion of agreement entries in the Fish
condition compared to None(120)=1.84,p=0.07), and a
significantly higher proportion in the Bars conditionneo
pared to Nonet(120)=2.35,p=0.02). Athough we did not

(a) Idea Statements (b) Agreement Statements (c) Disagreement Statements

03

tell participantsthat frequent agreement were desirathiey
expressed more agreement when receivinglbfeek than
when they did not, suggéyg that they inferred an implicit
norm from the fedback.

Once again, we found a main effectS#iment with partci-
pants using a higher progion of agreement entries during
the decisiommaking segment than during the brainsiog
segment ¢(1,72)=16.12p<0.001). Again, this was expected
given that partipants were instructed to reach consensus
toward the end. flere was n&€ondtion" Segmeninteraction
effect ¢(2,72)=0.95N9S.

Disagreement Entries (Figure 4djor disagreementgies,

we did not find a main effect d€ondition (F(2,48)=2.00,
NS, but, interestingly, there wasGonditior' Segmeninter-
action efect (F(2,72)=6.29,p=0.003). Participants in the
Bars condition used a higher proportion of disagents in
the brainstorming segment compared to the other twoi-cond
tions and showed a largeealease in disagreement in the
decisioamaking segment. Thidgniding was unexpected. One
possible explagtion is that the bars visualization provided
participants with the clearest filmack, which in turn, may
have prompted the most behavioral change. Why ttis o
curred for dsagreements and not for other statemepesy
remains unclear. This suggests directions for future research;

session, and this may have led to greater sensitivitysto di
agreement than to agreemenifesck.

Again, we observed the expedtchanges acrossgseents
(F(1,72)=17.98,p<0.001), with participants reducing the
proportion of disagreement entries from the brainstorming to
the decisiormaking segment. This oplements our finding

on the increase of agreement entries from thendtoaiming

to the decisiommaking segment; both changes suggest that
groups attempted to reachnsensus.

0.2

0.4 0.15
0.2
03
0.1
0.2
0.1
0

0

Fish Bars None Fish Bars None Fish Bars None
(d) Discussion Statements (e) Ranking Statements (f) Feedback Statements
0.4 03 0.04
03 0.03
0.2
02 0.02
0.1
0.1 0.01
o o — — | o
Fish Bars None Fish Bars None Fish Bars None
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Figure 4. Proportions of each entry type by condition and segent. For each condition/segment pair, its bars sum to 100% acros
the six entry types, as shown in Table 1.



Discussion Entries (fgure 4d). As with idea generation, Considered together, these analyses allow us to address RQ?2.
differences in the amount of discussion betweemitons Feedback impacted the commuaticn pattern of groups in
would indicate that the feedback waffecting how teams several key ways: 1) feedback about the frequency oéagre
performed the task. There was a marginal main effect oiment wads tended toncrease agreement statements, 2) in
Condtion (F(2,48)=2.92 p=0.06) that resulted from a lower the Bars feedback condition participants drastically reduced
rate of discussion entries in the Fish conditiompared to  their disagreement statements as they itianed from the
None €(118)=2.51,p=0.01). In other words, when viewing brainstorming to decisiemaking, and 3) in the Fish cadnd

the Fish visualization, teams tended to discuss ideas ledson participants discusdeideas less compared to None.
compared to when not receiving feedback. This callsder a While it is possible that some of the differences observed in
ditional investigation, but we speculate that the visualizationthe proportion of agreement statements stem from partic
of agrements might have induced more focus on agreemenpants attempting to manipulate or OgameO the feedlack di
rather than on disrssing ideas. This finding also suggests, play, they nonetiess changed behavior in waystimade
regarding RQ3, that the fish drew more attention to tlee sp sense for the specific activity they were doing (e.g.,nbrai
cific behaviors that influence the visualibn as compared storming vs. decisiemaking). Further, we found little ev

to completing the task at hand. dence of gaming the system in our reading and coding of the

Across all conditions, a main effect 8gmenshowed that transcripts.

groups discussed ideas more in the brainstormiggeet Automated Analysis Captures Communication Patterns

than in the decision making gment §(1,72)=11.16, An important assumption in our approach is that automated

p=0.001), as expected. The interaction effect betwzmrd- linguistic analysis can effectively capture communication

tion andSegmentvas not significant(2,72)=0.70NS. patterns. To assess this assumption, we compareestits r

of an automated LIWC analysis with the relevant codes pr

duced by human coders. Fatample, the LIW@ssentae-

gory should correlate with the human coding of egent
ntries. Likewise, th@egatecategory should correlate with

disagreement s&hents. This was the case.

Ranking Htries (Figure 4e).We examined proportions of
ranking etries to see if the feedback had an effect on the
extent to which participants expressed their preferences fo
ideas. As expected, a main effecBefgmenshows that more
ranking entries occurred during decisimaking ttan bran-
storming E(1,72)=87.72p<0.001). There was no maif-e  To address this question, we could not simply examine-corr
fect of Condition (F(2,48)=1.18 NS, nor an interactionfe lations given the nomdependence in the group data- |
fect F(2,72)=0.32N9S. stead, we created hierarchical linear models nesting ipartic
pants within groups. One model tested whether the rate of
assent terms identified by the automated LIWC analysis
could predict the proportion @fgreement entries per pairtic
pant identified by human coders. The second moeédigted

the proportion of diagreement entries identified by human
coders using the LIWC categamggate

Feedback Entries (Bure 4f). As one indicator of the extent

to which different visualizations changed teamteiation,

we looked at the number of entries that explicitly nexieed

the feedback. These could indicate that the visa@lizs

captured the attention of participants and became a canvers

tion topic. Only 11 (< 1%) of the 1269 entries where coded

as Feedback entries, however. They onppeared in the Fish ~ The results of both models suggest that automated linguistic

condition, and only for 3 groups, as in the following chat analyss, such as that pduced by LIWC in the GroupMeter

excerpt: system, is a powerful method for capturing the comnaunic

tion pattern and tone of entries as interpreted by hum@n co

) . ers: theassenttategory significantly predicted theoportion
?ﬁ,tga ﬁjesttcslgjve(r)r\:\gt:q;nvc;re agreement of agreement e.ntri.e_s (E69):56._18, p<0.001), aqd time- .

Moreover, these erdss provide behavioral indicatorsatile gate category s_|gn|f|cantlz predicted the proport_pn G-ﬁ-dl

to the distraction effect and the experience of thdbizek agreement entries(1,69)=24.72p<0.001). This fiuing is

visualizations (RQ3 and RQ4). Comments such as tha-exa interesting. since lénough thg human coders were looking

for linguistic cues when coding for agreemant! disagre-

ple above suggest that the fish visualization dideam in o satements, they were instructed to consider the tone of
the periphery to the same extehat the bars visualization messages beyond the words they contained.nBtarice, the

dr:d' Tue f;)sh may thll,JS have bl,ee_m sorhat morﬁ d|sdtra<_:t|n% entry Ome tooO was coded as agreement but does not contain
than the bars visualization, elicitingroments that deviate agresment words.

from the task. We will msent further evidence relative to
RQ3 and RQ4 déow. Distracti_on of Feedback Vis_ualiz ation; .

) . ) In addtion to the behavioral data discussed earlier, die a
Total Conversational &ivity. Finally, we looked at total 4 aggeq RQ3 by asking participants to ea@ their task
conversational adtity to see whether the visualizations had ¢, s in each of the tasks using thpdint item Olemained
any effect on the duration or substance of group coavers ¢, sed on the task throughout the exerciseguréFiab).
tion. Neither the total number of entries nor the total word Responses were slightlput not significantly, lower in the
counts posted by team members had statistisanificant Fish condtion (Fish: M=3.66, SD=1.10: Bé\rS' M=3.75

differences byCondition, Segmenty Condtion" Segment SD=1.03; NoneM=3.79, SD=0.98, F(2,46)=0.68N9. This

m: wait, weren't our fishes gposed to swim?



suggests preliminarily that the visizations did not increase Addressing RQ1, we found that providing visualdfeseck
participantsO coitive load. made users more aware of their language uddleVit is
possible that the withisubjects design led participants to
pay special attention to the fwack when it was present,
research on psycholinguistics suggests that much of ur la

To specificallyaddress the difference between the twai-vis
alizations, we asked participants to rate the item Ol was pa

ing attention to the feedbackO (Figure 3c). Participanits ind guage production and plaing is unconsciouB]. Thus, we

cated pging attentiormore to the fish than to the baFsh: believe that stimlating reflection on one®s own word choice

M=3.58, SD=1.32; Bars: M=321, SD=1.28; t(23)=1.81, . . i le ch hei S
p=0.04), suggesting that, as designed, the fish attracted morg. Impatant in making people change their communication

attention than the bars. People also found them nzdirgi pallt.terln?, particullarly (;n a dqmer?]ationgl setting. This iska
more distracting (Figure 3d), based on an aggregate score é:)pncq 'rst st_ep In understamg howto improve teamwor

o ~ N ehavior via visual feedback.
two 5-point items (CrabachOs ! = 0.77): OThe feedback |
received was interruptiveO and OThealiimtion distracted ~ With respect to RQ2, our results show that people changed
me from the task.O (Fiskt=2.81,SD=1.11; BarsM=2.54, their behavior when seeing feedback. They spent more time
SD=1.07,1(23)=1.64p=0.06). agreeing with each other, less time discussing then-brai
stormed ideas when seeing thé fiand drastically etreased
their disagreement when seeing the bars. The fact that
GroupMeter was able to elicit changes in commatitin
Behavior is especially encouraging given previesearch
suggesting that peopleOs choice of words in csmtien &
yIargely spontaneous, unintentional, and utrmdled [9,39).
In our study, participants were rebheless able to effect
changes in their communication patterns (e.g., agrgén
Experience of Feedback Designs both visualization coritions.

Finally, we were interested in participantsO qualitatipe-e o its thus d trate th f aut teddinaui
riences with and opinions about the visualizations (RQ4). We ur results thus demonstrate the power of automatedsmgul

asked partipants in ope-ended questions to tell us their tic analysis for tgamwork_feedbgck in stimulatiegection .
reactions to and what they liked and disliked about each o n and changg n behgylor. T_h|s leaves open the_quesnon,
the visializations. They reported that they generally liked the owever, of Wh'c.h .specmc bevaral .change.s are desirable.
visualizations and thought they were OcoolO. They liked th e did not explicitly pose normative gelthes, although

the fish were Ofun to look atO, &0utand OdynamicOwHo length of bar and dance of fish from the center possibly
ever, the fish were also codeied by users to be harder to implied that more agreements were preferred. This, iit add

understand than the bars, and more distracting with thei{Ion todtheh[fnere p[jesence of thedﬂiﬁ'; %wdmlg gatl;]tlcm;ts
lively animations and maments on the screen. In contrast, oward seHfocused awareness, might have led them 1o co

whereas users liked the barsO ease of intipmethey were fqrm more to the groupl]. If feWer agree_ments gnd more
referred to as OboringO and Ojust thereO. The behaweral fifiscussion are favorable behavio&Lp7], integrating a-

ings presented earlier alsopport these selfeports. The propriate guidelines flor.efdnve teamwork into the design is
fewer discussion entries in the Fish condition compared N Important future dicgion.

None and the three groups talked about the fish but not abowRegarding RQ3, our findings demonstrate theymexity in

the kars suggest that the fish drew atiten and were worth  designing feedback visualizations that raise aves®of and
discussing during a timed axése. reflection about social processes withoutrdtcting the team.

?oth feedback designs presented here triggered awareness of

Thus, with regard to RQ3, our results provide sevemal a
swers. First, thdish visualization seemed to draw mote a
tention and was perceived as more distracting than the bar
visualization. This is also pported by two behavioral effects
reported above: people in the Fish condition were the onl
ones to talk about the visimdtion, and they had a smaller
number of discussion entriesngpared to None.

Together with the results for RQ3, these responses sugge
that our users experienced the fish visualization as engagin
and even enchanting (as defined Bg]), as they offered an
experience of being Ocaught up and carried away@veQ

nguage use, and their impact on hédrawas similar in
ome elements (e.g. agreements) but rdiffein others (e.g.
discussion and disagreements). However, the fish were pe

users did feel that the playfulness designed into the fish sacrche'\t/eqI as t(:]ra\:jvlng rgoreﬂ an'f[g)n th?jnbt;lbe lIJarhs, suggesting
ficed ease of use, glanceability, and peripherality, which ardha given the desired refiection an el change, more
important inthe taskrelated setting for which GroupMeter is subtle y|suallzat|ons may be suff|C|ent.. One I|m|tat|.on of our
designed for. They liked the unobtrusiveness of the bars, thesqlt§ is the se of selfreports to e.st|mate how dlgtragted
also criticized their lack of exenent. participants were. ure work could involve more objective
measures of distraction, such as via eye tracking oravalu

DISCUSSION tion of participant recall of specific neersational elements.
The findings suggest that our designs of feedback visualiz

tions, the fish and the bardfexted participantsO awaess
of their language use and their commatiin patterns. Our
findings also address issues of peripheraldaek displays.

Finally, regarding RQ4,w qualitative findings sggest that

the two designs elicited quite distinct experiences from users.
They ajoyed the playfulness and liveliness of the fish, and
valued the efficiency of inforation conveyed through the
bars. This further highlights the roplexity of the design



task. On the one hand, it is useful to have a design tthat e [3,12,21,22,26]. GroupMeter adds to this work by influzn
gages and entertains users, which may in itself triggecrefle ing teamwork behavior through detailed feedback about word
tion on behavior. On the other hand, ease of interpretation ishoice and production in computmediated s#ings.

also important so that users can derive mmggul lessons

and alter their behavior in useful ways. Our work also contributes to research around peripheral

awareness stams PB,30,31,40]. We denonstrate that the
FUTURE WORK design of such interfaces should carefully consilertia
We view both our design and implementation of Gha- ance between focus on the primary task, here tmenteek
ter, and the experimental results, as successful pnalign  task, and maintaining awareness of peripheralrimdtion,
efforts in a broader program of understanding thatioek here the nature of team communication. Finally, ouliriiys
ships between collapation, automated linguistic félgack,  reveal the power of different visualizations repréisgnthe
and visualization design. Extended research is needed to fullygame dat&o bring about diverse user interpretations aad e
undestand the ways that technology can be used toiillum periences..

nate and improve collaborative behavior.
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