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Abstract. In this paper, we introduce a coding
scheme aimed at annotating group behaviour.
The scheme is inspired by the Bales’ Interaction
Process Analysis and consists in 10 labels
organized in 2 dimensions. After the description
the categories some preliminary results
concerning its reliability are presented.

1 Introduction

Meetings are more and more important in structudaidy
work in organizations. Executives on average spk¥d-
50% of their working hours in meetings (Doyle & and
Straus, 1993) and automatic tools to support group
interaction in face to face meetings is becominboa
topic. Recently a number of research projects Hmeen
funded to investigate ways of employing multimodal
technologies in supporting group’s interaction; as
consequence, the need for annotation schemesethat s
both for exploratory research aiming at understagdi
relevant social phenomena and to provide datalthses
can be used to train systems has risen.

Most of the recent research in multimodality focuss
analyzing the verbal communicative behaviour of the
participants in group activities. For example, Gole¢ al.
(2002) study how the meeting scenario changes the w
subjects integrate deictics and language referenroaag
interesting guidelines for the design of multimosigtem

to support collaboration. Robinson et al., (200d3lgses
the patterns of exchanges in multi-party dialogusisg a
widely used coding scheme for annotation of diaésgu
(i.e. theHCRC dialogue structure coding

Laskowsky and Burger (2005) propose a new annatatio
scheme for emotionally relevant behaviour. Finally,
Carletta, J.C. and Kilgour (2004) discuss a tool to
annotate topic segmentation in the ICSI MeeetingpGs
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They mention the objective of exploiting Bales'’s
Interaction Process Analysis (Bales, 1970) for aloci
interaction, but they do not provide an annotaticlneme.

In the context of the CHIL project (Waibel et &Q04),
we are investigating the use multimodal information
monitor the group behaviour in face-to-face meetiing
order to provide meta-level services that can irhmerc
group dynamics (Zancanaro & Pianesi, 2004).

This paper describes a coding scheme aimed aifidegt
suitable observable behavioural sequences. Siityabil
refers both to the relevance of the behaviouraliseces

to implement useful meta-services, and to theimdefn

in terms of low-level (audio and video) events tlaat
multimodal system can detect.

In section 2, we discuss the motivations and the
background of our coding scheme, which is inspiogd
the Bales’ Interaction Process Analysis (Bales,0)9T
section 3, we introduce in details the coding saharhile

in section 4 we present some preliminary results
concerning its reliability.

2 Observing Group Behaviour

A coding scheme for group behaviour should, infirs
place, be usable by human annotators. This is deleath

for exploratory research aiming at understandigvemnt
social phenomena and to provide data bases thabean
used to train systems. Hence, the categories oifhgod
scheme must be capable of mapping onto consteltatd
low-level patterns that can be detected througtowviand
speech technologies.

In our search for suitable categories for the ogdin
scheme, the goal of presenting individual profiles
participants suggested carefully considering those
approaches to social dynamics that focus on the
(functional) roles members play inside the group.

39



Among the available notions of group members’ rolles
work of Salazar (Salazar, 1996) defining them mmteof
behaviour enacted in a particular context is ofipalar
interest to us. Indeed, it moves away from a $yrict
organizational perspective whereby roles are ddfibg
the social positions within the group, and it diffdrom
other approaches defining roles according to thgako
expectation associated with a given position (faneple
Katz and Kahn, 1978). This perspective on funcijon
situation, following Salazar, 1996) as opposed doiad
expectation allows exploiting information about wha
actually happens in the course of an interactiorilewh
reducing the necessity for knowledge about the gjrou
structure, history, position in the organizatiott, e

Benne and Sheats (1948) provided such a list of
“functional roles” recognizable in working groupkhree
dimensions are considered task-oriented, maint@ranc
oriented or individual-oriented. The first two dingons
are directed toward the group’s need: task-orientdels
provide facilitation and coordination while mainéece
roles contribute to structure and preserve inteqel
relations in order to reduce tensions and mairgainoth
group functioning. The third type of roles, thedividual
roles”, comprises those roles that aim at reaching
individual’s rather than group’s goals. Importantiyring

the interaction, each person can enact more thamae.
Finally, though not providing definitive answers tioe
quest for optimal group structure, Benne and Sheats
emphasise the threat due to a strong presenceividnal
roles, and the importance of achieving the task and
maintaining the relationship between members.

Starting from the model proposed by Benne & Sheats’
model, Bales (1970) proposes the Interaction Psoces
Analysis (IPA): a framework to study small group
interaction, by classifying functions in face-t@éa
interaction in a two-dimensional space based onlyhe
Task and the Socio-Emotional dimensions. In this
perspective, twelve functions needed for the irkern
group equilibrium are introduced, e.g. th8how
Solidariety function in the Social-Emotional Area is
performed by raises other status, giving help and
rewarding. The occurrence of a function is estihdte
terms of the frequency of performance of the sratlle
verbal and non verbal acts.

Other attempts to classify functional roles carfdagnd in
literature, even if, as Hare (2003) points out,r“@®
comparison of the various lists of roles descriiedhe
literature, each of the roles can be typed accgrttirtheir
position along the dimensions identified by Bales “
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3 The Coding Scheme

In order to build a reliable coding scheme and, in
perspective, to build a multimodal system that
automatically recognize group behaviour, both tleariz
and Sheats’ and the Bales approach are too coniplex
terms of the numbers of functions/roles they inticed.

We decided to employ the Bales’ categories becafise
the wide acceptance of the Interaction ProcessyAisal
while interpreting the functions as (functional)le® in
terms of Benne and Sheats’ approach. Since, itbean
expected that the behaviour of each participant mat
change too often during the meeting (even if thengles

of roles would be the most interesting to obseiwe &
multimodal system that aims at supporting the gyotie
static concept of “role” is more reliable than thgamic
concept of “function”.

The coding scheme consists of five labels for tlaskT
Area and six labels for the Socio-Emotional AreaeT
Task Area includes functional roles related tolfiation
and coordination tasks as well as to the technical
experience of members while the Socio-EmotionalaAre
involves functional roles oriented toward the fumaing

of the group as a group. Following (Salazar, 1986his
area we also included some behaviour types thatdén
Sheats define individual roles.

3.1 Task Area Roles

The Orienteeris the person orienting the group. S/He
introduces the items on the agenda, defining trstipa

of the group relative to the goals and helps kegpie
group focused and on track. S/He summarizes th@ mai
ideas of the group, recording the most important
arguments in the discussion, the minutes, and tbapg
decisions. S/He spells out suggestions in terms of
examples or develops meanings, offers a rationate f
suggestions previously made and tries to deduce drow
idea would work out if adopted by the group.

From a behavioural point of view, s/he is often finst
person to speak, proposes the topics to discusgdéhe
situation, summarizes the results, and uses thendge
The orienteertends to look at all the audience, rather than
at one specific person (as opposed to ghesr who
focuses on the interlocutor); s/he has a major inle
structuring the discussion (“ok, let's move on”jdain
planning the future works. S/he often uses thé fiesson
plural (“we” instead of “I"), or impersonal pronosin

The Giver (of information, opinions, suggestions, etc.) is
concerned with providing information. S/he oftensha
expertise on a given topic. She tends to statehdris/
beliefs and attitudes about the ideas, expresse s

40



values as well as factual information, and shows or
clarifies the relationship or linkage among variodsas
and suggestions.

From a behavioural point of view, tigéver tends to adopt

a first personal, singular perspective (using dther than
“we”), and his/her focus of attention is directexvards
the given interlocutor; finally, she/he often actactively,
upon prompt by another person.

The Seeker(of information, opinions or suggestions, etc.)
requests information, usually doing so to promateug
decisions. S/He can also ask for clarification alires and
opinions expressed by other members of the grobs T
role can be mistaken with the Orienteer; howevéeneas
the latter's questions are mostly meant to helpgitwip
reaching the objectives (for example, “what aboavimy

to the next agenda item?”), the Seeker’'s onesalated

to the task under discussion (e.g. “what’'s theustaif
project?”, “what do you think about adding a new
functionality to the system?”).

The Procedural Techniciaris the participant who does
something for the group: s/he uses the resourcafahble
to the group and manages them for the sake ofrthgg
The most apparent manifestation (and useful) fonctif
this role consists of keeping tracks of the disicussand
the decision for the group, this is, what Benne [&e&s
called “the recorder”. In this respect, it shouldt be
mistaken with the Follower (see below) who takegeso
only for his/her own sake.

Finally, the Follower listens and follows the group
interaction, possibly takes notes for personal heedoes
not participate actively.

3.2 Socio-Emotional Area Roles

The Socio-Emotional Area in our coding scheme
comprises five rolesAttacker Gate-KeeperProtagonist
Supporterand Neutral Each participant of the meeting
should enact one and only one role in the socictiemal
area at a given time. We emphasise that althougkeep

to Bales’ terminology by calling this area ‘socio-
emotional’, we are nor focusing on emotional stdlike

for example in Laskowsky and Burger, 2005), butyani
the social aspects.

The Protagonistis the participant that takes the floor and
drives the conversation. S/he assumes a personal
perspective asserting his/her authority or supigyior
because of her/his status or because of the partitask
she/he is performing.
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The Attacker may work in many ways — deflating the
status of others; expressing disapproval of theeslacts
or feelings of others; attacking the group or thebfem it

is working on; joking aggressively and so on. S/He
consistently reacts negatively to other’s ideaskevavery
critical comments, uses humor and so on.

The behavioural indicators that signal this role, @mong
others, an aggressive tone of voice, looking elsegh
making noise, moving nervously.

The Supporter shows a cooperative attitude indicating
understanding, attention and acceptance as well as
providing technical and relational support to other
members of the group. S/He also keeps a collaberati
atmosphere sharing the common objects and trying to
make them available to each member.

The Gate-keepeis the moderator within the group. S/he
mediates the communicative relations and attempts t
keep communication channels open by encouraging and
facilitating the participation. S/He mediates the
differences between other members, attempts taodeo
disagreements, and relieves tension in confliobsibns.

Finally, the Neutral goes along with the group passively
accepting the idea of the others and serving asidience
in group discussion.

4  Studies on the Rdliability of the Coding
Scheme

The object of our research is supporting small grou
interactions in ecological setting. Therefore, allir
observations were conducted on spontaneous intamact
of ITC-irst researchers not involved in the CHIlojerct.

[y ===
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Scees

chiarier
é}’ pas, pse,

Figure 1. The CHIL room

All the interactions took place in a special rooguipped
with two cameras and table microphones. The groank w
took place around a circular table, with the pabsitof
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using a tabletop device for co-located interactiealcon

et al., 2004). Most of the groups talked in Italamd a
few in English (non-native speakers). A small numbie
group interactions were recorded using six cameras,
closed-talk microphones and a microphone array
according to the specifications for data collect@nthe
CHIL project (see figure 1).

For each interaction, participants were annotated
separately using an event based procedure, matkang
start time and the end time of each role occurrence
MultiVideoNote, a tool developed at ITC-irst for
annotation of multiple-streams videos, was usedtti
task. This tool is designed for ethnographic-style
annotations of multimedia data, it is available Ggen
Source fromhttp://tcc.itc.it/research/i3p/mvn/The new
version that will be release in Fall 2005 will affe better
support for behavioral analysis.

Figure 2. shows an example of an annotation of the
behaviour of four subjects on the task and theosoci
emotional areas. By visualizing the behaviour oé th
subjects on parallel lines, the group dynamics ban
easily seen. For example, Subjl enacts the rolthef
Orienteer on the task area while being Protagamisthe
Socio-Emotional Area for most of the entire meetimga
way, he emerges as a leader. Subjects 2 and Baikdrin
serving as Procedural Technicians and in contrilgutd

the meeting interaction as Givers of information.

F TS I | 3 N N I = Y ] G 1 1 ) e ) I

A7 Al B[ 7] I S T0[ 1] 2] T3] T4 1A e 7] 18] 18] 0] J1] 27| 23]
S T ] ] T ]
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o3 I I
ub)
Folower

Figure 2. An example of a 23 minutes of annotafmm4
subjects.

4.1 Corpuscollection and preparation

We collected a corpus consisting in the video amdia
recordings of 9 spontaneous group meetings, fotad of
12.5 hours. For all the interactions, the behavigiuthe
most active participants was manually annotatezldiyig
a total of 10.5 hours for the Task Area and 14 &dar
the Socio-Emotional Area annotated data (see THble
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meeting  [total time of [numberof  [numberof  [Task-Area  [Socio-Em

code group paticpants |paiciparts [annotation  |annotation
interaction annotated

A Th 15" 5 1(30° 30

B 2h 3 2|2h 2h

C 45 4 3|2h 2h

8] 1h 15" 2 1[30° 15

E Th 3 2 2

F 30 3 3 1h 45

G 2h 4 2|1h 45" 1h 458

H 1h 45" 4 1[2h 2h

| 1h 45' 4 1{1h 45 1h 45

Table 1. Summary of the meeting collected and ateadt

4.2 Method

The reliability of the scheme was assessed on sob#ee
corpus consisting of 130 minutes for the Socio-Eomatl
Area and 126 minutes for the Task Area (from 3 grou
interactions). Five participants were coded on Sleeio-
Emotional Area and 5 in the Task Area. Two judges
separately annotated each selected subject of each
interaction. The annotations were then sampledyet@r
seconds to get #imed sequence of eveni@ottman &
Roy, 1989) which is more suitable for data analysis
Figure 3 shows a portion of an annotated interadtidche
two formats. On this data, the Cohen’s K (Coher§0)9
was computed.

Start End Role Time Role
E9e2] Eoaan o ] v
52230 60298 n 520 r
B0298] 64850 T 530 n
] 540 n
Figure 3. Event based (left) and time-based (yight
annotation.

Eventually, part of the corpus will then be re-atabed in
a reconciliation phase to obtain a golden standard.

4. 3 Results

On the Task Area roles, the inter-annotator agreemas
computed on 5 subjects for a total of 126 minutsisgl
the Cohen’s Kappa statistics reaching an agreemgnt
kK =0.70 (N=758, SE=0.020, p<.0001). Table 2 shows the
confusion matrix (the table shows the occurrendethe
different roles at sampling of 10 seconds).

42



JUDGEL1 * JUDGE2 Crosstabulation

Count

JUDGE2
g n 0 r s Total
g 115 55 13 3 0 186
n 3 140 15 18 1 177
o 2 18 231 0 16 267
r
s

JUDGE1

1 7 0 81 0 89
0 8 3 0 28 39
Total 121 228 262 102 45 758

Table 2. Confusion matrix for the roles in the Tdska
(758*10 secs = 126 minutes): g = Giver; n= Follower
Orienteer; r = Procedural Technician; s= Seeker

Figure 4. shows the relative percentage of theefit
roles as they occur in our corpus. The Orienteahés
most common role reflecting the nature of the Btéons
observed that were mostly project meetings werengea
had to report to their project managers about thiels of
the work.

Table 3. shows the confusion matrix (the table shtve
occurrences of the different roles at sampling 6f 1
seconds).

Figure 5 shows the relative percentage of the rdiffe
roles in the Socio-Emotional area as occur in @up@s.

60,00%
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40,00%

30,00%
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B judg-2

20,00%

10,00%

0,00%
n a p 9 S

Netural Attacker

Protagonist

Gate-keeper Supporter

40,00%

35,00%

30,00% -

25,00% -

@ Judge 1
20,00%
® Judge 2

15,00%

10,00%

5,00%

0,00%
n o r

Follower Orienter

Procedural T.

Figure 5. Percentage of the different roles in $loeio-
Emotional Area.

Figure 4. Percentage of the different roles inTthsk Area.

Regarding the Socio-Emotional Area, the inter-aataot
agreement was computed on 5 subjects for a totaBof
minutes using the Cohen’s Kappa statistics reachimg
agreement ok = 0.60 (N=783, SE=0.023, p<.0001).

JUDGEL1 * JUDGE2 Crosstabulation

Count

JUDGE2
a n p S Total
JUDGE1 a 26 1 5 0 32
n 3 241 29 105 378
P 0 32 233 12 277
s 0 14 7 75 96
Total 29 288 274 192 783

Table 3. Confusion matrix for the roles of the ®egi
Emotional area (783*10 secs = 130 minutes): a =
Attacker; n= Neutral; p= Protagonist; s = Supportgr
Gate-Keeper (not present)
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It can be noted that th@ate-Keeperole has never been
observed in our corpus, this being probably dughto
absence of a (either professionalderfact facilitator in
our meetings.

The Attackertoo is not a well represented role. Again, this
reflects the nature of our meetings which preveiitsng
contrasts among participants from arising.

4.4 Discussion

Following Landis and Koch (1977), the agreementhen
roles of the Task Area is good (0.6k<< 0.8) while the
agreement on the roles of Socio-Emotional Areanishe
borderline between being good and moderate (Okd<<
0.6).

The class-wise analysis of tkés for the Task Area show
that the most reliable classes are enteerand the
Procedural Techniciarfsee also the values of the z-scores
in Table 5). The least reliable class is Seeker mostly
because of its high standard error. TB&er and the
Follower fall in between. Considering the absolute values
of the k's and the lower bounds of the confidence
intervals, the classes that deserve consideratioreiv of
improvements are th@eekerland theFollower.
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Conf. ititerral

Up. Low.

* 2E Z-8C0re bu:uurfd ——

z 0,69 0,032 21,53 0,75 0,63
f 0,58 0,033 17,61 065 052
] 0,21 0,023 35 0,25 0,7é
t 0,83 0,031 26,65 0,29 077
5 0,65 0,062 10,44 0,77 0,53

Turning to the Socio-Emotional Area, the class-wise
analysis of thex’s, in Table 7, confirms that the social
area is slightly less reliable than the task orez (also
Table 8). The most reliable class is fmtagonist and
the by far less reliable one is tBeipporter the Attacker
despite its higtk value, needs some consideration, given
its high standard error.

Table 4. Class-wise values for the Task area - g = Giver,
f= Follower; o= Orienteer; r = Procedural Technigia=
Seeker

The use of standardised residuals computed withents
to the independence model, enable us to pin pbiat t
disagreements that more closely follow a uniforrttgra,
hence those on which the judges diverge most. i§tise
case when the standardized residual is close @ zer

Tudgel

Tudgel g F 0 t 3

g 187 -02 a1 54 -39

f 38 16.2 23 15 3.3

i} -a.4 -10.3 222 -a.0 1}

t A1 40 73 128 23

3 W28 -1.3 -6 -2.5 179
Table 5. Standardized residual for the roles inTtask Area.
Model: independence.

The data from Table 5 confirm the results basethex
statistics, in that almost all off-diagonal residuare
strongly negative, and often below the value ofh& can
be taken as a cut-off threshold for significancke Thost
interesting disagreements between the two judgesecn
two cases: in the first, judgel classifies a ral&er and
judge? classifies it as Follower; in the secondgpl sees
a Procedural Techniciamole whereas judge?2 classifies it
as a Seeker Putting together these results with the
discussion of Table 4, it can be concluded thairder to
improve inter-annotators agreement in the task, anea
must address, in the first place, tlseekerand the
Follower, in particular reducing thegiver-follower and
the ‘orienteer-seekédisagreement

Judge?

Tudgel a H P [ Total

a 26 1 3 0 32

fn 3 241 29 105 378

P 0 32 233 12 277

g 14 7 75 96

Total 20 288 274 102 783

Table 6. Confusion matrix for the Socio-Emotionadaa-
a = Attacker; n= Neutral; p= Protagonist; s = Supgro
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Conf. interval
. Low.
© SE -850t botnd —
a 0,25 0,05 16,92 0,94 0,75
f1 0,53 0,03 17,53 0,59 0,47
p 0,76 0,024 31,75 0,81 0,72
g 0,43 0,039 10,95 0,50 0,35
Table 7. Class-wise! values for the Social area - a|=
Attacker; n= Neutral, p= Protagonist; s = Supporter

The analysis of standardized residuals (computeti wi
respect to the independence model) shows the ianpet
of the disagreement oNeutral and Supporterbetween
judgel and judge2, see Table 7.

Tudged
Tadgel a n B g
a 3.7 -4.0 -2.3 -3.3
n 4.2 15.1 -15.5 2
p 41 -10.8 1.3 B.7
5 -2l 4.8 -1 13

Table 8. Standardized residual for the Social Akéedel:
independence - a = Attacker; n= Neutral; p= Pratéips
= Supporter

In conclusion, the weakest class in the social &dhe
Supporter which is involved in a strong disagreement
with theNeutral

Finally, an important feature of coding schemesghis
symmetry of their confusion matrices. In a perfectl
symmetric confusion matrix, for labedsandb, anya vs.b
disagreements between judgel and judge?2 corregpand

b vs. a disagreements between judge2 and judgel.
Symmetry can be assessed through the Bowker test
(Agresti, 2002), which vyields a statistics that has
asymptoticx? distribution. In our case, the value of the
Bowker statistics is 75.14 and 69.59 for the tastt the
social area, respectively, with 10 and 6 degrefeegdom.

In both cases, the null hypothesis that the matrae
symmetric can be rejected with p<.0001. Table 9 and
table 10 report the standardized residuals under th
symmetry hypothesis.
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= 0 683 2,54 1 0
- 2, -
fl 683 . 0320 57 1 943
o| 554 0,52 i 0 298
¢ -l 22,2 0 0
5 0 2331 298 0 0

Table 8. Standardized residual for the Task Areaddlt
symmetry. g = Giver; f= Follower; o= Orienteer; r|=
Procedural Technician; s= Seeker

The analysis of residual under the symmetry hymsithe
shows that the offending cases are the same ag thos
analysed above in connection with the independence
hypothesis. In detail, thegiver — follower and the
‘orienteer — seekér disagreements are the main
responsible for the lack of symmetry in the taskaar
whereas the rfeutral — supporter'disagreement is the
main responsible for the lack of symmetry in theialo
area.

a f1 P s
a 0 1 2,24 0
n 1 0 0,38 834
p| 224 0,38 0 1,15
s 0 834 1,15 0

Table 9. Standardized residual for the Social Akéadel:
symmetry - a = Attacker; n= Neutral; p= Protaggrsst
Supporter

To improve agreement, therefore, future efforts tnes
focused on thegiver-follower and the procedural
techniciandisagreements in the Task Area, with the goal
of improving thek values for thdollower and theseeker
respectively, and the balance/symmetry of the atiwot
schema. In the Socio-Emotional Area, the validitythe
annotation schema can be ameliorated by reduciag th
neutral-supporterdisagreements, which is expected to
improve thek value ofsupporterand the overall schema
balance.

5. Conclusions

In this paper, we discussed the background and the
motivation for a coding scheme inspired by the Bale
Interaction Process Analysis. We discussed theah2l$
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and the two dimensions of the coding scheme as agell
the procedures for the data collection and the tatioo.

We then presented some initial results concernisg i
reliability. The inter-annotator agreement was coteg
using the Cohen’s Kappa statistics and resulteal good
agreement on one dimensions and moderate on tee oth
Finally, a discussion about the reasons for the
disagreements and the way to improve the codiresnd
achieve a better agreement was discussed.

In the future, we plan to investigate these issard
refining the coding scheme with new annotation eises.
We also plan to enlarge the multimedia corpus of
recordings by using groups from other domains and
possibly to control the task of groups in orderntake
some roles more likely to happen.
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