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Abstract. How does a virtual agent’s gesturing behavior influence the user’s per-
ception of communication quality and the agent’s personality? This question was
investigated in an evaluation study of co-verbal iconic gestures produced with the
Bayesian network-based production model GNetlc. A network learned from a
corpus of several speakers was compared with networks learned from individual
speaker data, as well as two control conditions. Results showed that automati-
cally GNetlc-generated gestures increased the perceived quality of an object de-
scription given by a virtual human. Moreover, gesturing behavior generated with
individual speaker networks was rated more positively in terms of likeability,
competence and human-likeness.
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1 Introduction

A major goal in developing intelligent virtual agents (IVAs) is to advance the interac-
tion between humans and machines towards natural and intuitive conversation. Human-
human conversation is characterized by a high degree of multi-modality combining
speech and other non-verbal behavior such as gestures, facial expressions, gaze, body
posture, and intonation. Thus, IVA researchers are faced with two major problems: first,
how to master the technical challenge to generate flexible conversational behavior au-
tomatically in IVAs and, second, how to ensure that the produced synthetic behavior
improves the human-agent conversation valued by human users. The first issue has
sparked the interest of many researchers in the field of IVA. For instance, with regard
to iconic gestures, different modeling approaches are tested, with the goal to identify
systematic characteristics of co-verbal gestures, shared among speakers, and have tried
to cast these commonalities into generative models [6416/19]. Others have emphasized
individual differences in communicative behavior, e.g. [278]], or tried to model individ-
ual gesture style for IVAs [29112126]. It is obvious that for the generation of multimodal
behavior the consideration of both, commonalities that account for an agreed (or even
conventionalized) sign system, and idiosyncrasies that make for a coherent individual
style is an important issue. In previous work [1]] we have proposed the GNetlc (Gesture
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Net for Iconic Gestures) approach to automatically derive novel gestures from contex-
tual demands, for instance, the given communicative goal, discourse status, or referent
features. Importantly, by combining rule-based and data-based models, GNetlc can sim-
ulate both systematic patterns shared among several speakers, as well as idiosyncratic
patterns specific to an individual. That is, GNetlc can produce novel gestures as if being
a certain speaker.

The second major problem to be addressed concerns the question of how to ensure
positive effect and user acceptance. There is increasing evidence that endowing virtual
agents with human-like, non-verbal behavior may lead to enhancements of the like-
ability of the agent, trust in the agent, satisfaction with the interaction, naturalness of
interaction, ease of use, and efficiency of task completion [4/13]. Concerning the partic-
ular question how humans perceive a virtual agent showing co-speech gestures, Kramer
et al. [21] found no effect on agent perception when comparing a gesturing agent with
a non-gesturing one. The agent displaying gestures was perceived just as likable, com-
petent, and relaxed as the agent that did not produce gestures. In contrast, Cassell and
Thérisson reported that non-verbal behavior (including beat gestures) caused users to
give higher scores on language ability and life-likeness of the agent, as well as smooth-
ness of interaction [7]]. A study by Rehm and André revealed that the perception of
an agent’s politeness depended on the graphical quality of the employed gestures [28]].
Moreover, Buisine and Martin [5]] found effects of different types of speech-gesture co-
operation in agent’s behavior. They found that redundant gestures increased ratings of
explanation quality, expressiveness of the agent, likeability and a more positive percep-
tion of the agent’s personality. In an evaluation of speaker-specific gesture style simu-
lation, Neff et al. [26] reported that the proportion of subjects who correctly recognized
a speaker from generated gestures was significantly above chance.

The goal of this paper is to evaluate the GNetlc production model to explore if and
how automatically generated gestures can be beneficial for human-agent interaction. In
particular, we were interested in (1) the quality of the produced iconic gestures as rated
by human users; (2) whether an agent’s gesturing behavior can systematically alter a
user’s perception of the agent’s likeability, competence, and human-likeness; and (3)
whether producing gestures like a particular individual or like the average speaker is
preferable. To investigate these questions, we exploit the flexibility afforded by GNetlc
to generate speech-accompanying gestures in different conditions: individual speaker
networks (representing an individualized gesturing style), networks learned from cor-
pus data of several speakers, random gestures, or no gestures at all. The following sec-
tion briefly describes the GNetlc production model. Section[3]describes the setting and
procedure of the evaluation study. Results are presented in Section[] Finally, we discuss
the results and draw conclusions in Section

2 Gesture Generation with GNetlc

Iconic gestures, in contrast to language or other gesture types such as emblems, have
no conventional form-meaning mapping. Apparently, iconic gestures communicate by
virtue of iconicity, i.e., their physical form corresponds to object features such as shape
or spatial properties. Empirical studies have revealed, however, that similarity with the
referent cannot fully account for all occurrences of iconic gesture use [31]]. Recent find-
ings actually indicate that a gesture’s form can be influenced by a variety of contextual
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constraints, and that distinctive differences in personal and cultural backgrounds can lead
to obvious inter-subjective differences in gesturing (cf. [[15]). Consider, for instance, ges-
ture frequency: while some people rarely make use of their hands while speaking, others
do so almost without interruption. Similarly, individual variation becomes apparent in
preferences for general gestural representation techniques [24/17.31]] or the choices of
morphological features, such as handshape or handedness [2].

Taken together, iconic gesture generation on the one hand generalizes across indi-
viduals to a certain degree, while on the other hand, inter-subjective differences must
be taken into consideration by an account of why people use gestures the way they
actually do. To tackle the challenge of considering both general and individual pat-
terns in gesture formulation, we have proposed GNetlc [[L]. In this approach, we em-
ploy Bayesian Decision networks which provide a representation of a finite sequential
decision problem, combining probabilistic and rule-based decision-making. Gesture
features empirically found to be highly idiosyncratic, Idiosyncratic Gesture Features
(IGFs) henceforth, are represented as nodes conditioned by probability distributions.
These distributions can be learned from corpus data—either from data of several speak-
ers or for an individual speaker’s data separately [3]]. Resulting networks differ in their
global network structure as well as in their local conditional probability distributions,
revealing that individual differences are not only present in the overt gestures but can
be traced back to the production process they originate from.

Table 1. Gesture features, their types and the values as determined with GNetlc

Feature Type Gesture Features Values
Idiosyncratic Gesture (G) yes, no
Gesture . . . . . . ; .
Features Representation Technique (RT) indexing, placing, shaping, drawing, posturing
(IGFs) Handedness (H) rh, lh, 2h
Handshape (HS) ASL handshapes, e.g. ASL-B, ASL-C
Common Palm Orientation (PO) up, down, left, right, towards, away
Gesture . . . .
Features Finger Orientation (FO) up, down, left, right, towards, away
(CGFs) Movement Type (MT) up, down, left, right, towards, away
Movement Direction (MD) up, down, left, right, towards, away

Other gesture features, in contrast, are more universal. These features basically real-
ize the form-meaning mapping between referent shape and gesture form, thus, account-
ing for most of the iconicity in the resulting gestures. In the following, we will refer
to these features as Common Gesture Features (CGFs). In GNetlc networks, the use
of these features is modeled in a rule-based way, that is, by nodes containing a set of
if-then rules. Table [Tl summarizes GNetlc gesture features and their properties.

Figure [Tl illustrates the overall decision network. It contains four nodes representing
the IGFs (see Table [T} drawn as ovals) which are connected to their predecessors by
the network structure learned from speaker-specific data. The dependencies (edges) of
nodes representing the CGFs (drawn as rectangles) are defined universally and do not
vary across individual networks. Nevertheless, since each CGF-node has IGF-nodes as
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predecessors, the rule-based CGF decisions depend on IDFs whose (individual) values
have been determined previously. Furthermore, each CGF-node is determined from the
visuo-spatial features of the referent accounting for iconicity in the resulting gesture.

Whether the non-verbal behavior produced by GNetlc is a reasonable simulation of
real speaker behavior, has been investigated in [1/3]]. To do so, we conducted a corpus-
based cross-validation study in which we compared the model’s predictions with the
actual gestures we had observed empirically. Results for both, IGF- and CGF-nodes,
were quite satisfying with deviations lying well within what can be considered the nat-
ural fuzziness of human gesturing behavior. However, to find out whether the automat-
ically generated gestures are actually comprehensible as intended and thus helpful in
human-agent interaction, we still needed to conduct a study to evaluate GNetlc with
real human users. This study is described in the following.

Discourse Context Linguistic Context

Ex=)s] Exs1s]

Visuo-spatial ; o . %
Referent Features il iy gt Previous Gesture

Fig. 1. General structure of a GNetlc decision network. Gesture production choices are taken ei-
ther probabilistically (IGF-nodes drawn as ovals) or rule-based (CGF-nodes drawn as rectangles),
solely depending on the values of connected contextual variables. Links are either learned from
corpus data (dotted lines) or defined by a set of if-then rules (solid lines).

3 Evaluation Study

The present study was designed to investigate three questions. First, can we achieve a
reasonable quality in the iconic gestures automatically derived with GNetlc as perceived
by users? Second, is the user’s perception of an agent in terms of likeability, compe-
tence, and human-likeness altered by the agent’s gesturing behavior? And third, is it
preferable to produce gestures like a particular individual or like the average speaker?

3.1 Independent Variables

In a between-subject design, participants were presented with a description of a church
building given by the virtual human Max [20]. All descriptions were produced fully
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autonomously at runtime using a speech and gesture production architecture into which
GNetlc is integrated [[1]. We manipulated the gesturing behavior of the agent resulting in
five different conditions in which Max, notably, received the identical communicative
goals and produced identical verbal utterances throughout. Furthermore, all gestures
were generated from the same knowledge base, a visuo-spatial representation of referent
features (IDT, [30]). In two individual conditions, ind-1 and ind-2, the GNetlc networks
were learned from data of individual speakers from our SaGA corpus [22] (subject P5
in ind-1, subject P7 in ind-2). We have chosen these two speakers because both speakers
gestured quite frequently and approximately at the same rate. In a combined condition,
the GNetlc network was generated from data of five different speakers (including P5
and P7). These speakers’ gesture styles are thus amalgamated in one network. As a
consequence, Max’ gesturing behavior is not as consistent as with individual networks
with regard to the IDF choices. Finally, we added two control conditions. In the first
one, no gestures were produced at all, whereas in the second one values in the four
IGF-nodes were determined by chance (random). The latter condition can result, for
instance, in gestures occurring at atypical (e.g., thematic) positions in a sentence since
the network was applied for every noun phrase in the verbal description.

Overall, the virtual agent’s verbal utterances were held constant and all gestures were
created fully autonomously by the system. There was no within-condition variation,
because choices in the Bayesian networks were not made via sampling, but by choosing
the values with maximum a-posteriori probability. Furthermore, the values for the CGFs
were determined in the same rule-based way in all conditions, to ensure that no “non-
sense” gestures were produced throughout.

Table [2] shows the stimuli which resulted from the five different conditions. There
is no wide difference across conditions in gesture frequency (either five, six or seven
gestures in six sentences). However, the two individual GNetlc conditions are character-
ized by less variation in the production choices. In condition ind- I gestures are predom-
inantly static ones while there are more dynamic shaping gestures in condition ind-2.
Moreover, the gestures in condition ind-1 are mostly performed with c-shaped hands,
whereas in ind-2 some gestures are performed with a flat handshape. In the combined
GNetlc condition, a combination of different techniques is obvious. A similar mixture
of techniques is observable in the random condition which is further characterized by
inconsistency in handedness and handshapes. Moreover, gestures in this condition can
occur at atypical positions in a sentence.

3.2 Dependent Variables

Immediately upon receiving the descriptions by Max, participants filled out a ques-
tionnaire in which two types of dependent variables had to be assessed on seven-point
Likert-scales. First, participants were asked to evaluate the presentation quality with re-
spect to Max’s language capability (eloquence) as well as gesture quantity and quality.
With regard to gesture quality we used the attributes spatial extent, temporal extent,
fluidity, and power as proposed in [[12]. Further, subjective measures were taken as to
how comprehensible Max’s explanations were, as well as how vivid the agent’s mental
concept (or mental image) of the church was. Second, participants were asked to state
their person perception of the virtual agent. To this end, we chose 18 items [9/14], e.g.,
‘pleasant’, ‘friendly’, ‘helpful’ (translated from German) which had to be assessed on
a scale from one to seven how well they apply to Max.
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Table 2. Stimuli presented in the five different conditions: verbal description given in each condi-
tion (left column; translated to English; gesture positions labelled with squared brackets); GNetlc
networks from which the gesturing behavior were produced (top row); gestures produced (right
columns).

no gesture random  combined ind-1 ind-2

A

s
3

[The church is squared]...

...and in the middle there is [a
small spire.]

[The spire]...

I n H *

...has [a tapered roof].

And [the spire]...

I I I r H
-

has [a clock].

Ty
-

There is [a door] in front.

And in front of the church
there is [a low, green hedge].

There is [a large deciduous
tree] to the right of the church.
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3.3 Participants

At total of 110 participants (22 in each condition), aged from 16 to 60 years (M = 23.85,
SD = 6.62), took part in the study. 44 participants were female and 66 were male. All
of them were recruited at Bielefeld University and received 3 Euros for participating.

3.4 Procedure

Participants were instructed to carefully watch the presentation given by the virtual
agent Max in order to be able to answer questions regarding content and subjective
evaluation of the presentation afterwards. Figure [2] shows the setup used for stimulus
presentation: Max was displayed on a 80 x 143 cm screen and thus appeared in life-size
of 1.25 m. Life-sized projections have been shown to yield visual attention and fixation
behavior towards gestures that is similar to behavior in face-to-face interactions [11].
Participants were seated 170 cm away from the screen and their heads were approxi-
mately leveled with Max’s head.

Fig. 2. Set-up of the stimulus presentation phase

They were randomly assigned to one of the five conditions. The object description
given by Max was preceded by a short introduction: Max introduced himself and re-
peated the instruction already given by the experimenter to get participants used to the
speech synthesis. The following object description was always six sentences long and
took 45 seconds. Each sentence was followed by a pause of three seconds. Participants
have been left alone for the stimulus presentation, and after receiving the questionnaire
to complete it (neither experimenter nor Max present).

4 Results

In the following we report results regarding the effect of experimental conditions on
perceptions of presentation quality and agent perception. The third, more methodologi-
cally oriented question of preference for individual vs. average models will be discussed
based on these results in the next section.
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4.1 Quality of Presentation

We investigated the perceived quality of presentation with regard to gestures, speech,
and content. Participants were asked to evaluate each variable on a seven-point Likert-
scale with ‘1’ standing for the most negative evaluation and ‘7’ standing for the most
positive one. To test the effect of experimental conditions on the dependent variables,
we conducted analyses of variance (univariate ANOVA) and paired-sample ¢-tests. Mean
values and standard deviations for all variables in the different conditions are summa-
rized in Table[3and visualized in Figure[3lfor dependent variables with significant main
effects.

Gesture Quantity. With regard to gesture quantity, the overall mean value for the four
gesture conditions is M=3.75 (SD=1.06) on a seven-point Likert-scale (too few—too
many). There is no significant main effect for experimental conditions. That is, partici-
pants were quite satisfied with the gesture rate. For the no gesture condition participants
rated gesture quantity as rather too low (M=2.48, SD=1.21).

Gesture Quality. No main effect for experimental conditions was obtained for the four
attributes characterizing gesture quality: spatial extent (too small-too large, M=3.77,
SD=0.97), temporal extent (too slow—too fast, M=3.53, SD=0.85), fluidity (not fluid—
very fluid, M=3.70, SD=1.51), and power (weak—powerful, M=3.87, SD=1.30). In all
four gesture conditions the four quality attributes were rated with mean values between
3.0 and 4.0 on a seven-point Likert-scale, i.e., all attributes of gesture quality have been
perceived as relatively good.

Eloquence. For the dependent variable eloquence, there was a significant mean ef-
fect (F(4,79)=3.12, p=.02). This is due to the fact that the mean of condition for ind-2
differed from all other conditions (ind-2/no gesture: t(21)=2.64, p=.02; ind-2/random:
1(25)=2.94,p=.01; ind-2/combined: t(25)=4.02, p=.001; ind-2/ind-1: 1(31)=2.43, p=.02).
That is, gestures produced with a suitable individual gesture network have the potential
increase the perceived eloquence (recall that the verbal explanations were identical in
all conditions).

Table 3. Mean values for the dependent variables of presentation quality in the five conditions
(standard deviations in parentheses)

ind-1 ind-2 combined no gestures random
Gesture Quantity 3.91 (1.15)  3.95(0.95) 3.59(0.91) 2.48(1.21) 3.55(1.22)
Spatial Extent ~ 3.77 (0.87)  4.14(0.83) 3.59 (1.05) - 3.55 (1.05)
Temporal Extent 3.68 (0.83) 3.64 (0.66) 3.50(1.01) - 3.30 (0.87)
Fluidity 4.09(1.48) 4.00(1.57) 3.05(1.32) - 3.65 (1.53)
Power 3.59(1.10) 4.09(1.27) 391(1.38) - 3.90 (1.48)
Eloquence 3.50 (1.74)  4.91(1.14)  3.05(1.46) 3.69(1.11)  3.25(1.61)

Comprehension 5.18 (1.33)  5.27(1.16) 4.68 (1.49) 4.95(1.32) 4.18 (1.37)
Gestures helpful 5.68 (1.56) 5.82(0.85) 4.70(1.62) 1.82(1.14) 4.10 (2.05)
Vividness 532(1.62) 545(1.13) 4.18(1.81) 4.08(1.32) 3.81(1.80)
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Overall Comprehension. Another variable we were interested in was the comprehensi-
bility of the overall description (not comprehensible—easily comprehensible). Although
the ANOVA marginally failed to reach significance (F(4,105)=2.37, p=.057), we ana-
lyzed simple effects for experimental conditions. The means for both individual GNetlc
conditions significantly outperformed the mean of the random gesture condition (ind-
1/random: 1(42)=2.46, p=.018; ind-2/random: 1(41)=2.85, p=.007). In tendency, the no
gesture mean differed from the random mean. That is, participants reported greater
comprehension of the presentation when the agent produced no, rather than random
gestures.

Gesture’s Helpfulness for Comprehension. With regard to perceived helpfulness of ges-
turing we obtained a significant main effect (F(4,104)=25.86, p<.001). Not surprisingly,
participants in the no gesture condition rated gesturing as less helpful than participants
in the other conditions (z-test, p<<.001 in each case). In addition, gestures in both indi-
vidual conditions (ind-1, ind-2) were rated more helpful than in the random condition
(ind-1: 1(41)=2.87, p=.006; ind-2: 1(41)=3.63, p=.001).

Vividness. Furthermore, we asked participants to rate the vividness of the agent’s con-
ception of the presented content. Random gesturing tended to hamper this impression
even more than no gesturing and combined gesturing. Furthermore, the ANOVA re-
vealed a significant main effect (F(4,79)=3.50, p=.01). Results of #-tests showed signif-
icant mean differences between both individual GNetlc conditions and the other three
conditions (ind-1/no gesture: 1(29)=2.47, p=.02; ind-1/random gestures: 1(30)=2.66;
p=.01; ind-1/combined: 1(41)=2.19, p=.03; ind-2/no gesture: 1(22)=2.76, p=.01; ind-
2/random gestures: 1(25)=2.91, p=.01; ind-2/combined: t(31)=2.12, p=.04). That is,
producing gestures with an individualized network helps a virtual agent to create the
impression of having a better idea of what is being described in human recipients.

4.2 Agent Perception

We assessed how Max is perceived using several items, e.g. ‘pleasant’, ‘friendly’, ‘help-
ful’, on seven-point Likert scales. To measure the reliability of these items we grouped
them into three scales ‘likeability’, ‘competence”, and ‘human-likeness’ (see Table )
and calculated Cronbach’s alpha for the indeces. The alpha values for all three scales
were above 0.7, which justifies combining these items into one mean value as a sin-
gle index for this scale. We analyzed the main effect for experimental conditions by
applying ANOVAs and further investigated the pattern of means by computing paired-
samples z-tests. Mean values and standard deviations for all variables under the different
conditions are summarized in Table[8land visualized in Figure[3l

Likeability. Regarding likeability, we found a significant main effect for experimental
conditions (F(4,104)=3.88, p=.01). Mean ratings for the two individual GNetlc con-
ditions were higher than in the other conditions. In particular, this relationship was
significant when comparing the ind-2 condition with no gesture (¢(36)=2.68, p=.01)
and random conditions (#(38)=3.58, p=.001). The mean difference between ind-2 and
the combined condition marginally failed to reach significance (#(40)=1.99, p=.054).
For individual condition ind-1, the difference of mean evaluation of likeability in com-
parison with random gestures is significant (#(42)=2.06, p=.05). In addition, means for
the combined GNetlc condition were higher than in both control conditions. In other
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® ind-1 ind-2 W combined B random W no gestures

6,0
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Eloguence Comprehension Gestures helpful Vividness Likeability Competence  Human-likeness

Fig. 3. Mean values of the dependent variables in the five conditions (see Tables[3land[Blfor SDs)

words, all three GNetlc conditions outperformed the control conditions (random and
no gestures), whereby best evaluations for likeability were obtained by participants in
the individual GNetlc conditions.

Competence. With regard to the evaluation of the agent’s competence we also found a
significant main effect (F(4,101)=2.65, p=.04). The GNetlc conditions received higher
mean evaluations than the random condition. This relationship was strongly significant
when comparing ind-2 with random (t1(42)=3.94, p=.001). Comparing ind-1 and ran-
dom we also found a significant main effect (#(41)=2.08, p=.04). The combined GNetlc
condition also received a higher mean evaluation than the random condition which is,
however, not significant. Notably, there is no significant difference between the GNetlc
conditions and the no gesture condition.

Human-likeness. Finally, the analysis of ratings for human-likeness revealed a main ef-
fect (F(4,104)=2.08, p=.09). Both individual GNetlc conditions outperformed the other
conditions. Again, this relationship is stronger for the condition ind-2 (ind-2/no gesture:
1(42)=2.40, p=.02; ind-2/random gestures: t(42)= 2.09, p=.04; ind-2/combined: #(41)=
2.30, p=.03). For the other individual GNetlc condition ind- 1, the mean rating of human-
likeness is also higher than in the combined GNetlc condition and the two control condi-
tions, but these differences are not significant. No difference at all is present between the
combined GNetlc condition and the two control conditions (random and no gesturing).

Table 4. Reliability analysis for the three scales ‘likeability’, ‘competence”, and ‘human-likeness’

Scale Items Cronbach’s Alpha

likeability pleasant, sensitive, friendly, likeable, affable, .86
approachable, sociable

Competence dedicated, trustworthy, thorough, helpful, .84

intelligent, organized, expert
Human-likeness active, humanlike, fun-loving, lively .79
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Table 5. Mean values for the agent perception scales in the five different conditions (standard
deviations in parentheses)

ind-1 ind-2 combined  no gestures random

Likeability 4.12(1.18) 4.47(0.81) 3.95(0.87) 3.62(1.24) 3.39(1.14)
Competence 4.07 (1.11) 4.34(0.55) 3.89(0.84) 4.01(1.09) 3.44(1.07)
Humanlikeness ~ 3.11 (1.29) 3.37 (1.07) 2.64 (1.01) 2.62 (1.00)  2.73 (0.99)

5 Discussion and Conclusion

The goal of this paper was to evaluate the GNetlc production model and to explore
the impact of automatically generated gestures on human-agent interaction. A network
learned from a corpus of several speakers was compared with networks learned from
individual speaker data, as well as two control conditions (no and random gestures).
Results can be summarized in four points: First, Max’s gesturing behavior was rated
positively regarding gesture quantity and quality, and we found no difference across
gesture conditions concerning these issues. Second, both individual GNetlc conditions
outperformed the other conditions in that gestures were perceived as more helpful, over-
all comprehension of the presentation was rated higher, and the agent’s mental image
was judged as being more vivid. Similarly, the two individual GNetlc conditions outper-
formed the control conditions regarding agent perception in terms of likeability, com-
petence, and human-likeness. Third, the combined GNetlc condition was rated worse
than the individual GNetlc conditions throughout. Fourth, the no gesture condition was
rated more positively than the random condition, in particular for the subjective mea-
sures of overall comprehension, the gesture’s role for comprehension, and vividness of
the agent’s mental image. That is, with regard to these aspects it seems even better to
make no gestures than to randomly generate gestural behavior even though it is still
considerably iconic (cf. gestures in Table [2). It is remarkable that the significant effects
reported in this paper already occur after the presentation of 45 seconds lasting stimuli
each of them containing up to seven gestures. Future research should, however, also
investigate how users perceive longer presentations or interactions between agent and
user who was just a passive recipient in the present study.

The results reported here bear important and exciting consequences for IVA research.
First, from the methodological point of view of building IVAs, we now have evidence
that building generative models of co-verbal iconic gesture use, going beyond gesture
lexicons is possible and can yield good results with actual users. Notably, we did not
reproduce individual speaker’s behavior “literally”. Rather, we trained the model from
their data so as to extract their preferences and strategies in composing gestures. In
result, we can say that we obtained models that create novel gestures as if being the
respective speaker and users rated the produced gestures positively.

Second, from the point of view of human communication research our results show
that computational modeling with IVAs is a highly valuable tool to discover mecha-
nisms and principles of communicative behavior. Here we explicated process models of
how speakers form gestures and we showed that these models actually produce reason-
able behavior. Furthermore, different models result in perceivably different behavior,
with consistently differing perception and evaluation by human recipients.
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Third, and probably most surprising, we found that the common approach to inform
behavior models from empirical data by averaging over a population of subjects is not
necessarily the best choice. Our findings suggest that modeling individual speakers with
proper abilities for the target behavior (in our case good iconic gesturing) results in even
better behavior judged from the perspective of human interaction partners. This may be
due to the fact that individual networks ensure a greater coherence of the produced
behavior. As a consequence, the agent may appear more coherent and self-consistent
which, in turn, may make its behavior more predictable and easier to interpret for the
user. This is in line with Nass et al. who found that people like ECAs more when
they show consistent personality characteristics across modalities [25]. On the contrary,
however, Foster & Oberlander recently argued for more variation in the generation of
non-verbal behavior based on evidence from the evaluation of automatically produced
head and eyebrow motion [10]. In any case, as a consequence for future IVA research,
it seems reasonable according to our results to detect particularly appropriate speakers
and to individualize agents in their way (e.g., in our data ind-2 outperforms ind-1).
This may also help to point up a solution to the task of producing iconic gestures,
which is daunting because of the seemingly under-constrained problem of having to
pick from a myriad of possible options, which appear to be more or less equivalent and
whose contingencies are hardly known. Adhering to an individual style of gesturing
can provide additional constraints to resolve this problem of behavior formulation, and
it can actually help to produce good behavior and increase the acceptance of the agent.

Such an individualization, however, bears the danger of narrowing acceptance down
to a certain population of users, since gesture perception as well as production may
be subject to inter-individual differences. For instance, Martin et al. found the rating
of gestural expressivity parameters to be influenced by human addressee’s personality
traits [23]]. Although our data does not suggest such a risk immediately, since individual
conditions did not received higher standard deviations, an elaborated study should also
take the addressee into account. Further, a quest for individualization should, in our
view, be accompanied by efforts to also make agents able to deviate from this individu-
alized behavior in reciprocal interaction, in order to achieve inter-personal coordination
and to induce social resonance [[18]].

Acknowledgements. This research is partially supported by the Deutsche Forschungs-
gemeinschaft (DFG) in the Collaborative Research Center 673 “Alignment in Commu-
nication” and the Center of Excellence in “Cognitive Interaction Technology” (CITEC).

References

1. Bergmann, K., Kopp, S.: GNetlc—Using Bayesian decision networks for iconic gesture gen-
eration. In: Ruttkay, Z., Kipp, M., Nijholt, A., Vilhjdlmsson, H.H. (eds.) IVA 2009. LNCS,
vol. 5773, pp. 76-89. Springer, Heidelberg (2009)

2. Bergmann, K., Kopp, S.: Increasing expressiveness for virtual agents—Autonomous genera-
tion of speech and gesture in spatial description tasks. In: Decker, K., Sichman, J., Sierra,
C., Castelfranchi, C. (eds.) Proceedings of the 8th International Conference on Autonomous
Agents and Multiagent Systems, Budapest, Hungary, pp. 361-368 (2009)

3. Bergmann, K., Kopp, S.: Modeling the production of co-verbal iconic gestures by learning
bayesian decision networks. Applied Artificial Intelligence (to appear)



116

4.

11.

12.

16.

17.

19.

20.

21.

22.

23.

24.

K. Bergmann, S. Kopp, and F. Eyssel

Bickmore, T., Cassell, J.: Social dialogue with embodied conversational agents. In: van Kup-
pevelt, J., Dybkjaer, L., Bernsen, N. (eds.) Advances in Natural, Multimodal Dialogue Sys-
tems, New York, Kluwer Academic Publishers, Dordrecht (2005)

. Buisine, S., Martin, J.-C.: The effects of speech-gesture cooperation in animated agents’

behavior in multimedia presentations. Interacting with Computers 19, 484-493 (2007)

. Cassell, J., Stone, M., Yan, H.: Coordination and context-dependence in the generation of

embodied conversation. In: Proceedings of the First Intern. Conf. on NLG (2000)

. Cassell, J., Thorisson, K.: The power of a nod and a glance: Envelope vs. emotional feedback

in animated conversational agents. Applied Artificial Intelligence 13, 519-538 (1999)

. Dale, R., Viethen, J.: Referring expression generation through attribute-based heuristics. In:

Krahmer, E., Theune, M. (eds.) Proceedings of the 12th European Workshop on Natural
Language Generation, Athens, Greece, pp. 58—65 (2009)

. Fiske, S.T., Cuddy, A.J., Glick, P.: Universal dimensions of social cognition: Warmth and

competence. Trends in Cognitive Science 11(2), 77-83 (2006)

. Foster, M., Oberlander, J.: Corpus-based generation of head and eyebrow motion for an em-

bodied conversational agent. Language Resources and Evaluation 41, 305-323 (2007)
Gullberg, M., Holmgqvist, K.: What speakers do and what listeners look at. Visual attention
to gestures in human interaction live and on video. Pragmatics & Cognition 14, 53-82 (2006)
Hartmann, B., Mancini, M., Pelachaud, C.: Implementing expressive gesture synthesis for
embodied conversational agents. In: Gibet, S., Courty, N., Kamp, J.-F. (eds.) GW 2005.
LNCS (LNAI), vol. 3881, pp. 188—-199. Springer, Heidelberg (2006)

. Heylen, D., van Es, I., Nijholt, A., van Dijk, B.: Experimenting with the gaze of a conversa-

tional agent. In: van Kuppevelt, J., Dybkjer, L., Bernsen, N. (eds.) Proceedings International
CLASS Workshop on Natural, Intelligent and Effective Interaction in Multimodal Dialogue
Systems, pp. 93—100 (2002)

. Hoffmann, A., Krimer, N., Lam-Chi, A., Kopp, S.: Media equation revisited. Do users

show polite reactions towards an embodied agent? In: Ruttkay, Z., Kipp, M., Nijholt, A.,
Vilhjalmsson, H.H. (eds.) IVA 2009. LNCS, vol. 5773, pp. 159-165. Springer, Heidelberg
(2009)

. Hostetter, A., Alibali, M.: Raise your hand if you’re spatial-Relations between verbal and

spatial skills and gesture production. Gesture 7(1), 73-95 (2007)

Huenerfauth, M.: Spatial, temporal and semantic models for American Sign Language gen-
eration: Implications for gesture generation. Semantic Computing 2(1), 21-45 (2008)
Kendon, A.: Gesture—Visible Action as Utterance. Cambridge University Press, Cambridge
(2004)

. Kopp, S.: Social resonance and embodied coordination in face-to-face conversation with

artificial interlocutors. Speech Communication 52, 587-597 (2010)

Kopp, S., Tepper, P., Ferriman, K., Striegnitz, K., Cassell, J.: Trading spaces: How humans
and humanoids use speech and gesture to give directions. In: Nishida, T. (ed.) Engineering
Approaches to Conversational Informatics, pp. 133-160. John Wiley, New York (2007)
Kopp, S., Wachsmuth, I.: Synthesizing multimodal utterances for conversational agents.
Computer Animation and Virtual Worlds 15(1), 39-52 (2004)

Kriamer, N., Tietz, B., Bente, G.: Effects of embodied interface agents and their gestural activ-
ity. In: Rist, T., Aylett, R.S., Ballin, D., Rickel, J. (eds.) IVA 2003. LNCS (LNAI), vol. 2792,
pp- 292-300. Springer, Heidelberg (2003)

Liicking, A., Bergmann, K., Hahn, F., Kopp, S., Rieser, H.: The Bielefeld speech and gesture
alignment corpus (SaGA). In: Kipp, M., Martin, J.-C., Paggio, P., Heylen, D. (eds.) Proceed-
ings of the LREC 2010 Workshop on Multimodal Corpora (2010)

Martin, J.-C., Abrilian, S., Devillers, L.: Individual differences in the perception of sponta-
neous gesture expressivity. In: Integrating Gestures, p. 71 (2007)

Miiller, C.: Redebegleitende Gesten: Kulturgeschichte-Theorie—Sprachvergleich. Berlin Ver-
lag, Berlin (1998)



25.

26.

217.

28.

29.

30.

31.

Individualized Gesturing Outperforms Average Gesturing 117

Nass, C., Isbister, K., Lee, E.-J.: Truth is beauty: Researching embodied conversational
agents. In: Cassell, J., et al. (eds.) Embodied Conversational Agents, pp. 374—402. MIT Press,
Cambridge (2000)

Neft, M., Kipp, M., Albrecht, I., Seidel, H.-P.: Gesture modeling and animation based on a
probabilistic re-creation of speaker style. ACM Transactions on Graphics 27(1), 1-24 (2008)
Oberlander, J., Gill, A.: Individual differences and implicit language: personality, parts-of-
speech and pervasiveness. In: Proceedings of the 26th Annual Conference of the Cognitive
Science Society, Chicago, IL, pp. 1035-1040 (2004)

Rehm, M., André, E.: Informing the design of agents by corpus analysis. In: Nishida, T.,
Nakano, Y. (eds.) Conversational Informatics. John Wiley & Sons, Chichester (2007)
Ruttkay, Z.: Presenting in style by virtual humans. In: Esposito, A., Faundez-Zanuy, M.,
Keller, E., Marinaro, M. (eds.) COST Action 2102. LNCS (LNAI), vol. 4775, pp. 23-36.
Springer, Heidelberg (2007)

Sowa, T., Wachsmuth, I.: A computational model for the representation an processing of
shape in coverbal iconic gestures. In: Coventry, K.R., Tenbrink, T., Bateman, J.A. (eds.)
Spatial Language and Dialogue, pp. 132—-146. Oxford University Press, Oxford (2009)
Streeck, J.: Depicting by gesture. Gesture 8(3), 285-301 (2008)



	Individualized Gesturing Outperforms Average Gesturing – Evaluating Gesture Production in Virtual Humans
	Introduction
	Gesture Generation with GNetIc
	Evaluation Study
	Independent Variables
	Dependent Variables
	Participants
	Procedure

	Results
	Quality of Presentation
	Agent Perception

	Discussion and Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




