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Evaluating Humanoid Synthetic Agents in E-Retall
Applications

Helen M. McBreen and Mervyn A. Jack

. . . While the importance of the interactive and contextual as-
Abstract—This paper presents three experiments designed to . . .
empirically evaluate humanoid synthetic agents in electronic pects of th? seconq and third categom.as 'TIUSt be rgcognlzed,
retail applications. Firstly, human-like agents were evaluated there remain many important, outstanding issues with respect
in a single e-retail application, a home furnishings service. The to the subjective experience of interfaces using embodied ani-
second experiment explored application dependency effects by mated agents. Dehn and van Mulken drew attention to some im-

evaluating the same human-like agents in a different e-retail ,qtant dimensions of users subjective experience that are com-
application, a personalized CD service. The third experiment .
monly measured:

evaluated the effectiveness of a range of humanoid cartoon-like
agents. Participants eavesdropped on spoken dialogues between 1) perceived intelligence;
a “customer” and each of the agents, which played the role 2) believability;

of conversational sales assistants. Results showed participants 3) likeability;

expected a high level of realistic human-like verbal and nonverbal L ) .
communicative behavior from the human-like agents. Overall rat- 4) activity of the SysFem,
ings of the agents showed no significant application dependency: ~ 5) degree of entertainment;
Two different groups of participants rated the human-like agents 6) usefulness.

in similar ways in a different application. Further results showed o regearch reported in the present paper extends this list of
participants have a preference for three—dimensional (3-D) rather

than two—dimensional (2-D) cartoon-like agents and have a desire dimensions through three experiments using a wide range of

to interact with fully embodied agents. synthetic humanoid agents.
In each experiment the interfaces were anthropomorphized by
|. INTRODUCTION having the humanoid agents act as assistants in a retail context.

HE PRESENCE of synthetic humanoid agents in intep-] the flrst.experlment, flve human-llke agents were selected .to
represent important points in the range of possible technologies

faces can result in an efficient, engaging, and social cQ X ) .
) . gt can be used to create conversational agents, vis-a-vis
laboration between humans and machines, as demonstrate

PPP-Persona [1], Rea [5], Steve [19], and Gandalf [24]. How- X) video; _ _
ever, it cannot be assumed that the use of animated agents i) & three-dimensional (3-D) talking head;
interfaces guarantees successful human—computer interactiors) & photorealistic image with quasidynamic facial expres-
There is a need for the establishment of objective and subjec-  S!ONS:
tive measures of usability for embodied animated agents ang?) @ still image; _
the development of methodologies to support such evaluations®) & disembodied voice.
As Cassell [3] observes, empirical investigations of any kind éfll the agent types (excluding the disembodied voice) were cre-
embodied interfaces are rare and the results so far have batgsl from human photorealistic images. In the second experi-
equivocal. Dehn and van Mulken [6] reviewed several empifment, the same five human-like agents were reevaluated in a
ical studies of the usefulness of animated agents in interfacegntrasting retail environment, to investigate application depen-
Although the evaluations used different methodologies, therelgncy effects. The third experiment investigated humanoid car-
making it difficult to make comparisons and draw general coieon-like agent types using the retail environment from the first
clusions, Dehn and van Mulken identified three categories experiment.
data important for the evaluation of interfaces using animatedVideo was included in the first experiment in order to allow
agents: the investigation of user expectations of human facial expres-
« the user’s subjective experience; s?ons in comparison to the yisually less sophisticateq expres-
« the user's behavior while interacting with the system; Sions of the other technologies. Although the use of video may
« the outcome of the interaction as indicated by performan@@ impractical in interactive online applications, the MikeTalk
data. project [7] has demonstrated that the illusion of video can be
created successfully without recourse to the use of prerecorded

_ _ _ , __segments. This particular technology may be a suitable substi-
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capable of assisting and conversing with the user.” Massaro [tgssion could be more engaging and motivating for the user.
has been instrumental in investigating user perception of spe&otpanding from this result, the empirical evaluation reported
output from talking heads, using a sophisticated computerizedre shows that certain human-like agent types are liked more
3-D talking head known as Baldi. This talking head can produtiean others and the point at which the human-like faces are dis-
synthetic auditory and visible speech and has a highly developiégd is sensitive. Walkeet al. [26] and Koda [10] also demon-
simulation of a vocal tract that can be shown to the user duristrated that task performance was not negatively affected by the
an interaction. use of a face in the interface. The results from the experiments
Thalmann [23] is focusing on facial communication in virtuain this paper show that certain agent types can distract the user,
environments, in particular facial cloning, real-time animatiomot necessarily leading to poorer task performance, in agree-
and face feature tracking. The work draws heavily on the modeknt with the results of Walkest al. and Koda, but the distrac-
of human facial expression developed by Ekman [20] to refien can reduce the user’s attitude to the agent as an assistant
resent life-like, nonverbal communicative behavior in the facand discourages further interactions with the agent.
Thalmann’s work concentrates on speech animation and synThe advantages of the presence of synthetic human-like or
chronization by extracting phonemes: “in virtual environmentsartoon-like agents in interfaces are not fully realized. The
realism not only includes the believable appearance and simutaig-term aim of the work reported here is to discover what, if
tion of virtual worlds, but also implies the natural representaticany, besides being an alternative mode of communication, are
of the virtual humans and participants.” the advantages of such synthetic humanoid agents in e-retail
The first and second experiments also posed the questemvironments.
whether participants would prefer to be presented with a still
image of an agent or just to hear a disembodied voice. Takeuchi Il. SYNTHETIC AGENT IMPLEMENTATION
and Nagao [21] showed that people do try to interpret facial dis- .
plays, and conversing with a system that has facial displaysts Human-Like Agents (H)
more successful than conversing with a system that lacks sucfThe first two experiments compared user attitudes to a cast
displays. However, they also showed that the use of facial daf-five human-like synthetic agents types who appeared in two
plays could interfere with the user’s concentration. They argeeretail environments. Two contrasting applications were used
that this is not necessarily a negative effect of anthropomdo-investigate application dependency effects. Male and female
phized interfaces. On the contrary, they suggest that it showessions of five contrasting agents were created (see Fig 1).
that the user is appreciative of the human image that he or sh&) H1—Video (H1): Using an auto-cue to read a script, a
tries to interpret. The inclusion of a quasidynamic image andwale and female person played the role of assistants and were
still image in the experiment reported here makes it possiblerecorded on video. The 2-min script was a dialogue between a
assess the effect of the image type on participants’ attitudes.‘customer” and the assistant. The soundtracks from these .AVI
The third experiment reported evaluated a selection of caeript files were extracted and used as the speech output for all
toon-like humanoid agents. Included in the cast of animated hather human-like agents, e.g., female assistant voice soundtrack
manoids were two—dimensional (2-D) and 3-D heads and 2vias used for the other four female human-like agents.
and 3-D embodied agents. Badler [2] has written about his vi-2) H2—3-D Talking Head (H2):Still images of the persons
sion of the future of virtual human animation in which new toolssed to create H1 were mapped onto a wire-frame model of a
and techniques, such as motion capture, will provide animaténsman head, creating a 3-D talking head. Phoneme matching
with a greater scope for developing the necessary animationslfprsynchronization was used to match the soundtrack taken
the future. In addition, studying human movements can proviftem the video files.
a better understanding of how animated agents should move3) H3—Photo with Facial Expressions (H3Photorealistic
“Virtual humans should be alive, not just movable. They shouktill image of the male and female videos were taken. Using
have nice, virtual bodies, they should walk and not slide” [22JAdobe PhotoShop 4.0 varying frames of these images were pro-
The results of the experiments in this paper showed that miced. These frames were imported into Adobe Premier 5.1,
tail applications offer an important and new environment fagdited, and run in a sequence to create an animation of the image
humanoid synthetic agents. Technological advances in spe®dth graphic lip movement and facial expression such as eye-
recognition, speech synthesis and, more importantly, dialogomw raising and blinking.
management have made it possible to use synthetic humanoid$é) H4—Still Image (H4): This was a static image of the male
as interactive conversational agents to assist users in completind female assistants who appeared in the video recordings.
a task or retrieving information about a product or service. In a5) H5—Disembodied Voice (H5)This was created using
study of personified interfaces [26], it was suggested that thaly the audio soundtrack files extracted from the recordings
goal of human—computer interaction research should not necies-H1. Including disembodied voices raised interesting issues
sarily be to give a computer a human face, but rather to detabout the need for anthropomorphic characters to visually ap-
mine when a face in an interface is appropriate. Not only dopear in interactive e-retail interfaces.
the research discussed in this paper evaluate various synthetit was predicted that the conversational applications would
agent types, it also attempts to discover if there is scope to bve received positively. This prediction was made based on the
clude such agents in e-retail applications. literature mentioned previously where users can benefit from
Studies by Koda [10], Lester [12], and Walket al. [26] the presence of a conversational agent in the interface. As the
showed that agents with strong visual presence and facial sgme male voice was used for all male agents, it was predicted
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that the attitude to the voices of all the male agents would b
the same, and as the same female voice was used for all femi
agents, the attitude to the voices of all the female agents wou
be the same. In addition to this as the male and female agents
the same agent type were the same by design (same verbal ¢
nonverbal feedback), it was predicted that agents of the san
type would be rated similarly.

B. Cartoon-Like Agents (C) Fig. 1. Photorealistic images of male and female human-like agents.

™

¥

An incremental scale of humanoid cartoon-like agents was
created primarily using 3-D Studio Max. Different voices to
those used for the human-like agent creation (one male, oni @
female) were used to create the voice soundtracks for the cat |
toon-like agents. This change was due to negative comment =,
about the voices used for the human-like agents, which were “
deemed less suitable for extension into the soundtrack voice
for the cartoon-like agents.

1) C1—Disembodied Voice (C1)fhis agent was included
as a control between the two casts of agents (human-like an
cartoon-like).

2) C2—2-D Head (C2):Two-dimensional male and female
animated heads with lip-synchronization were created. Se¢
Fig. 2.

3) C3—3-D Head (C3):Three-dimensional male andFig.2. Two-dimensional heads and embodied cartoon-like agents.
female versions of the 2-D heads described above were created.

The agents could nod at appropriate times during the conversisible agents (except H4). Although facial expressions were
tion and turn to look at changes in the interfaces. recorded naturally when creating the videos (H1), they were

4) C4—2-D Embodiment (C4)Two-dimensional male and introduced in a controlled manner for all other visible agents in
female full-bodied versions of the 2-D male and female hea@8 three experiments. When asking questions the agent raised
were created. See Fig. 2. the voice slightly, stressed the main word of the sentence, and

5) C5—3-D Embodiment (C5)Three-dimensional male raised its eyebrows (all visible agents, except H4). During an
and female full-bodied versions of the 3-D male and femafdfirmation the agent nodded, raised its eyebrows, and blinked
heads were created. As with the 3-D heads, nodding and e§k-the end of the sentence (nodding only for 3-D agents).
brow raising was included during the conversation. Gesturifgally, mutual gaze with the user was maintained when the
also added to the realism of the agents and the agents cdift§" Was speaking and at the end of the agent’s turn (all visible

also turn to look at changes in the interface. agents). _ _ .
6) C6—3-D Embodiment in 3-D Environment (C6Jhe 2) Gesturing: Gesturing was mtrqduced in a contrc_)lled
3-D full-bodied cartoon-like agents actually appeared insidga"ner for the 2-D and 3-D embodied agents. According 1o

the 3-D application environment instead of to the left of th assell [3] therg 6_“6 three categories of gesturing:
main application window. The male and female versions 1) emblemgtlc,.
were identical to C5 and differed only in their position on the 2) Propositional;

interface. Here it will be possible to investigate user attitudes 3) spontaneous. ) ] o
toward a 3-D embodied agent in a 3-D virtual environment. Spontaneous gesturing constitutes the majority of gestures and

As with the first two experiments, it was predicted that thwas introduced into the embodied cartoon-like agents evaluated

conversational application would be received positively. In ad? the third experiment. In parpcglar, the nature of t.he dialogue
dition, as the same male voice was used for all male agentsSll‘Pported the inclusion of deictic and beat gesturing. The 2-D

was predicted that the attitude to the voices of all the male ageﬁ bodied agents only had deictic gesturing and pointed to the

would be the same, and as the same female voice was used fosreaﬁmIon area at the.top of the mterlface, 'Fhere_by directing the
; . users gaze to that point. The three-dimensionality of C5 and C6
female agents, the attitude to the voices of all the female agen

would be the same. In addition to this, as the male and fem%ﬁg:g:%fﬂ':ﬁeu::n?é ?;;; 8vzssu'srrmlggs.a-|:?ee nonverbal behavior for
agents of the same agent type were the same by design (same '
verbal and nonverbal feedback), it was predicted that agents of

the same type would be rated similarly.

1))

I1l. A PPLICATION IMPLEMENTATION

Two contrasting application interfaces were chosen. For con-
C. Verbal and Nonverbal Behavior sistency both interfaces contained the same three elements:

1) Facial Movements:Facial movement and speech in- 1) awindow to display the synthetic agent (the same size in
tonation was attributed to all the visible agents in all three  both interfaces);
experiments. Randomized blinking was introduced for all 2) a main application window;
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3) a “product selection area” positioned above the applica-
tion window.
To minimize visual effects, the visual elements of both applica-
tion interfaces were designed to be consistent.

1) Application 1—Home Furnishings Servic&he graph-
ical user interface (GUI) was created in the style of MUeSLI
[28]. The main window was a 3-D view of a living room com-
plete, which was dynamically updated following changes re-
quested by the customer (Fig. 3). Above this was a “selection
area” containing fabric and wallpaper samples that could be se
lected in order to decorate the room. The synthetic agent wa:
displayed in a window on the left-hand side of the interface. The
dialogue illustrated a “customer” conversing with the agent to
decorate the room. Anidentical dialogue was used for all agents
an extract of which can be examined in Table I.

2) Application 2—Personalized CD Servict the CD ser-
vice, the main application window was a 3-D view of the Cugs . o
tomer’s personalized CD, updated after each addition. The se-
lection area contained a row of tracks from one artist, which

= Epe N2 eYes

Interface for application 1: Home furnishings.

. ' . . TABLE |
could be selected for inclusion on the personalized CD (Fig. 4). DIALOGUE EXCERPT FROMAPPLICATION 1
The synthetic agent was displayed in a separate window. The
dialogue illustrated the “customer” conversing with the agent in Customer I'd like to plan a make over for my sitting room
order to select tracks of their choice (Table I1). The customer Assistant Good, what would you like to see first? _
upon request, could listen to musical excerpts of the tracks the i’s‘:f;':;’ g‘;:;fli‘ys’}’]‘éfeZ’Zzzgifgse"[{‘zfggge’?; ;;’:asr‘]’f”‘

were available.

In all cases (except the disembodied voice agent type), stand-
alone movies were created for the male and female versions of
each of the agent types. The desktop video editor Adobe Pre-
mier 5.1 was used to manipulate a series of .JPG files that con-
tained the images of the interface, for instance, the sequence o
changes in the living room. These sequences of image change
were imported into Apple QuickTime and a movie file was cre-
ated. The multimedia files, the QuickTime movie file of the in-
terface changes, and the movie file of the synthetic agent were
exported into Macromedia Director 6.5, to create a projector
file, which timed exactly the audio and visual changes of the
interface to the soundtrack.

V. EXPERIMENTAL PROCEDURE

The experimental procedure was essentially identical for all
three experiments, although some necessary alterations werc
made to the design of the third experiment. Such improvemem& 4
were based on feedback gathered in the first two experiments.
Separate groups of 32 participants took part in the first and TABLE I
second experiments, distributed according to gender and age. DIALOGUE EXCERPT FROMAPPLICATION 2
Three age groups were used: 18-35, 36—49, and 50+. In t2z
third experiment, 36 participants took part to accommodate fi -Customer | I want to create my own compilation CD.
the additional agent type included in the cast. Participants fir -25sistant_{ Cool. what would you like for Track One?

. . . Customer | I want to start with something by Bjork?
rea_d a brief explanatlon_ of the purpose of the exp_erlment aft [selection of Bjork tracks appears]
which they were also primed verbally by the experiment supe “Assistant | Would you like to hear a track?
visor. They then viewed 2-minute videos (created using Macru-
media Director 6.5 and presented in randomized order on a Pen- ) _ )
tium 1l PC), showing the dialogue between the “customer” ari¢pers’ attitudes to the agents. An example statement is shown in
a synthetic agerit. A seven-point agree—disagree Likert [13]Table .

format questionnaire was used to retrieve quantitative data abou? €ach experiment, the attributes of the agents were assessed
by having participants “eavesdrop” on the dialogues between a

IFor the first and second experiments, identical application dialogues W' stomer (represented by afemale disembodied voice) and each

assigned to all agents. It transpired that participants felt the repetitive identié?l h Th . hodol d h

dialogues were monotonous, and therefore, in the third experiment, similar RitN€ agents. The passive methodology used to assess the agents

not identical dialogues were assigned to each of the agents. was extremely practical, as it avoided the complex technological

Interface for application 2: CD service.
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TABLE Il TABLE IV
EXAMPLE OF LIKERT QUESTIONNAIRE ITEM MEAN RATINGS SCORES AND PAIR-WISE COMPARISONS FORHUMAN -LIKE
AGENT TYPE
I liked the appearance of the assistant Human-Like Agent Mean Rating Type rated better
Type Score (max 10) than (all p < 0.01)
strongly slightly slightly strongly H1 (Video) 7.25 H2, H3, H4, HS
agree agree agree neutral  disagree disagree  disagree HS (Voice only) 5.85 H2, H3, H4

| I | | [ | I | | | I ' I I H4 (Still image) 4.70 H2
H3 (Image w/ facial exp.) 4.27 H2
H2 (3D talking head) 3.05 -

issues involved in creating a fully functional interactive applica-
tion with a range of agents, but it still allowed a full evaluation TABLE V
of each of them. Ideally, an interactive application would have =~ MEAN SCORES FORAPPLICATION AND HUMAN-LIKE AGENT FOR
. . . i QUESTIONNAIRE ITEM: “l THINK THIS SERVICE IS A GOOD IDEA”
provided more informative results; however, to evaluate such a
substantial cast of agents this compromise was made. Agent Type m ) 0 T s

At the end of the session participants took part in a short il
terview to provide them with the opportunity to expand on an
underlying issues. The qualitative information focused on tt Mean Score (App 2) 573 5.13 5.15 5.03 5.30
participant’s views of the application and the agent'’s function-
ality and behavior in the application. Following the interview,
participants rated each sales assistant on a scale of 1 to 10 ti8{p < 0.01), and H4(p < 0.05). There was a marginally
being the best). significant effect for agent gende#’( = 4.52, df = 1.0,

To summarize, experiment 1 evaluated the ten human-like< 0.05), with male agents given more positive ratings than
synthetic agents in application 1; the home furnishings servid@male agents (mean femate 5.30, mean male= 5.47).
Experiment 2 evaluated the same ten human-like syntheN@ significant effect for application was found. There was
agents in application 2; the personalized CD service. E&-significant interaction between agent type and application
periment 3 then progressed to assess a cast of cartoon-ke= 4.22, df = 4.0, p < 0.01). The interaction between
humanoid agents in application 1; the home furnishings servi@gent type and application suggested there were significantly

Mean Score (App 1) 5.53 5.32 5.53 5.57 5.57

The results are presented below. different attitudes to the agents in both applications. In fact
there was a much lower mean score for the still image (H4) in
V. RESULTS the CD Service, than the home furnishings service (Table V).

Analysis of the results showed that participants did not con-
sider that they would find either service difficult to use if they
The results from Experiments 1 and 2 have been groupedteere to use the applications interactively2A« 5 x 2 ANOVA
gether to allow a comprehensive assessment and comparisotaking agent gender, agent type, and application as the inde-
the human-like agents in the contrasting applications. pendent variables showed no significant effects. When asked if
1) Overall Ratings: In order to obtain an overall rating of they would like to use the service themselves, participants’ re-
the ten synthetic human-like agents for both applications, teponses were in general positive, with no significant effect for
results of a ten-point rating scale completed during the posigent type or application, and no significant interactions. The
experiment interviews in both experiments were analyzed. Ax 5 x 2 ANOVA showed highly significant effects for agent
2x5x2repeated measures ANOVA was carried out taking ageggnder, { = 4.108, df = 1.0, p < 0.01). Participants would
gender, agent type, and application as the independent variablage liked to use the service if the agent were male (mean female
and the mean rating scores as the dependent variable. Therewds92, mean male= 5.21: max= 7). This result is discussed
a highly significant main effect for agent typé' (= 61.48, in more detail below, but it appears to be an effect of the nega-
df = 4.0, p < 0.01) and a marginally significant effect for tive response to the distinctive accent of the female voice.
agent genderf{ = 4.26, df = 1.0, p < 0.05). There was no  3) Attitude to Voices:A 2 x 5 x 2 ANOVA taking agent
main effect for application and no significant interactions. Thgender, agent type, and application as the independent variables
effects of the between subject variables of participant age grosipowed (Table V1) highly significant effects for agent type£
and participant gender were also not significant. Table IV shoBs79, df = 4.0, p < 0.01) when participants were asked about
the mean ratings for each agent type (pooled for application athe clarity of the agent’s voice.
gender) with the results of pair-wise comparisons. These results suggest interesting crossmodal audiovisual per-
2) Attitude to Applications:Using the seven-point Likert ceptual effects. Even though the voices for the male and fe-
guestionnaire statements to express their opinion, participamtale agent types were identical for each gender, participants had
were asked if they felt the service was a good ide@.>A5 x 2 varying attitudes toward the clarity of the voices for the different
ANOVA taking agent gender, agent type, and application agent types. The videos (H1) and the disembodied voices (H5)
the independent variables showed highly significant effects favere rated similarly with respect to clarity. Pair-wise compar-
agent type, £ = 4.11, df = 4.0, p < 0.01). The participant isons show that the voices of H5 were significantly clearer than
attitudes did follow the general trend of the overall rating${2, H3, and H4, all ap < 0.01. Also, the voices of H1 were
with videos (H1) being more popular than H2 < 0.05), significantly clearer than H2 and H4, bothak 0.01.

A. Human-Like Agents (Experiments 1 and 2)
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A 2 x 5 x 2 ANOVA analyzed responses as to whether par- TABLE VI
ticipants liked the voice. The results showed (Table VI1) effectdEAN SCORES FORHUMAN-LIKE AGENT TYPE FORQUESTIONNAIRE ITEM:
for agent type, £ = 3.77, df = 4.0, p < 0.01). THE ASSISTANT S VOICE WAS NOT CLEAR ENOUGH

There was also a significant effect for agent gendeér=£ Agent Type HI H2 H3 H4 H5
7.26, df = 1.0, p < 0.01). No effect for application was found.
The female voice was not liked as much as the male (mean f
male= 4.53, mean male= 4.89: max = 7). Participants ex-
plained that the female voice had a more distinctive accent than TABLE VII
the male voice, which did not appeal to many participants. There MEAN SCORES FORHUMAN-LIKE AGENT TYPE FOR QUESTIONNAIRE
were no significant interactions. ITEM: “I L IKED THE ASSISTANT S VOICE”

4) Naturalness of ConversatiorFirst, a2 x 5 x 2 ANOVA Agent Type Hi H2 H3 04 H5
taking agent gender, agent type, and application as the indepe
dent variables showed highly significant effects for agent type.
(F = 22.55, df = 4.0, p < 0.01) with respect to the natu-
ralness of the conversation. There were also highly significant TABLE VIII
effects for agent gendeF(: 8.05, df =10,p< 001) and MEAN SCORES FORHUMAN-LIKE AGENT TYPE FORQUESTIONNAIRE ITEM: “I
for application ¢’ = 37.65, df = 1.0, p < 0.01). The results FELT THE CONVERSATION WAS NATURAL"
show (Table VIII) that the conversation with the videos (H1) Agent Type
was felt to be most natural and was significantly more natura
than H2, H3, H4, and H5, all ai < 0.01. The conversation ~_“iean Score
with the male agent was preferred to the female. The result can

Mean Score 4.80 4.29 4.52 4.39 4.86

Mean Score 4.91 4.59 4.69 4.68 4.82

H1 H2 H3 H4 H5

4.05 2.64 2.71 2.71 2.81

be explained by the negative attitude to the female voice (mean TABLE IX

female= 2.82, mean male= 3.14: max= 7). The figures show MEean Scores FORHUMAN-LIKE AGENT TYPE FORQUESTIONNAIRE I TEM:
that the conversation in both applications were below neutral; ‘I FELT THE ASSISTANTWAS FRIENDLY”

it was more natural in the home 'furn|sh|ngs service thanlln the Apent Type = = m ™ T
CD service (mean home furnishings3.82, mean CD service

= 2.16: max= 7). This could be due to participants not being Mean Score 472 | 423 | 440 | 435 | 463

familiar with the musical tracks that were chosen, as mentioned
by some participants in the interviews. TABLE X

5) Attitude to Friendliness and Competencehe question-  Mean Scores FORHUMAN-LIKE AGENT GENDER AND APPLICATION FOR
naire enquired if there were any differences in attitude to the = QUESTIONNAIREITEM: “I FELT THE ASSISTANTWAS FRIENDLY"
friendliness and competence of each of the human-like agent

types. A2 x 5 x 2 ANOVA showed no significant effects for Agent Gender Female | Male
agent gender, agent type, or application. No interactions were Mean Score (App 1) | 537 540
found. Participants felt that all agents were equally competent Mean Score (App2) | 5.50 5.42
(mean for agent type- 4.97).

However, & x 5 x 2 ANOVA showed (Table IX) significant TABLE XI

differences with respect to the friendliness of the human-like pean Scores FORHUMAN-LIKE AGENT TYPE AND APPLICATION FOR

agents {' = 3.87, df = 4.0, p < 0.01). QUESTIONNAIRE ITEM: “I T HOUGHT SEEING THE ASSISTANTWAS HELPFUL"
There was also a significant result for agent gendeér=

11.2, df = 1.0, p < 0.01). The male agents were significantly Agent Type H1 H2 H3 H4 H5

friendlier than the female (mean female 4.20, mean male  Mean Score (App1) | 4.66 3.78 4.47 4.35 NA

= 4.74: max= 7). A significant result for applicationi =  WGnScore App2) | 489 | 257 | 328 | 3.9 A

11.72, df = 1.0, p < 0.01) showed that the agents in the CD

service were friendlier (mean home furnishingss.39, mean

male= 5.45: max= 7). These results can be explained by an TABLE XII
interaction between gender and applicatirﬁh:é 12.36 df — MEAN SCORES FORHUMAN-LIKE AGENT TYPE FOR QUESTIONNAIRE
howi hat f | in th y . ITEM: “THE APPEARANCE OF THEASSISTANT WAS UNSUITABLE
1.0, p < Q.Ql), showing t at female agents in the CD service FOR THE APPLICATION"
were significantly friendlier than those in the home furnishings
service (Table X). Agent Type H1 H2 H3 H4 H5
6) Attitude to HelpfulnessParticipants were asked if they Mean Score 4.50 3.82 118 407 NA

thought that seeing the assistants was helpful. Significant resuli
for agent type, f' = 15.86, df = 3.0, p < 0.01) and an inter-
action between agent type and application emergéd; (.84, 7) Attitude to AppearanceWhen asked if the appearance
df = 3.0, p < 0.01). Inthe home furnishings service, seeing thef the assistant was suitable for the applicatiop & 4 x 2
videos (H1) was significantly more helpful than H2< 0.01. ANOVA showed (Table XII) differences for agent typ& (=

In the second application seeing the videos was significantiy, df = 3.0, p < 0.01). The videos (H1) were significantly
more helpful than H2, H3, and H4, at all< 0.01 (Table XI).  different to H2(p < 0.01), H3, and H4(p < 0.05). There was
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TABLE XIlI TABLE XV
MEAN SCORES FORHUMAN-LIKE AGENT TYPE AND APP. FOR QUESTIONNAIRE MEAN SCORES FORHUMAN-LIKE AGENT GENDER AND APPLICATION FOR
ITEM: “I L IKED THE APPEARANCE OF THEASSISTANT” QUESTIONNAIRE ITEM: “I THOUGHT THE ASSISTANT LOOKED NATURAL”
Agent Type H1 H2 H3 H4 H5 Agent Type Hl H2 H3 H4 HS5
Mean Score (App1) | 487 3.58 4.23 426 NA Mean Score (App 1) | 4.82 2.92 3.82 3.83 NA
Mean Score (App2) | 4.98 4.64 4.75 475 NA Mean Score (App2) | 3.50 3.95 3.64 4.78 NA
TABLE XVI
TABLE XIV MEAN SCORES FORHUMAN-LIKE AGENT TYPE FORQUESTIONNAIRE ITEM: “I

MEAN SCORES FORHUMAN-LIKE AGENT TYPE FORQUESTIONNAIRE I TEM: “
THOUGHT THE ASSISTANT LOOKED NATURAL”

LIKED THE APPEARANCE OF THEASSISTANT”

Agent Type H1 H2 H3 H4 H5
Agent Type H1 H2 H3 H4 H5
Mean Score 2.79 2.00 1.84 NA NA
Mean Score 4.93 4.08 4.49 4.51 NA
TABLE XVII
also a significant result for agent gendét & 5.9, df = 1.0, MEAN RATINGS SCORES FORCARTOON-LIKE AGENT TYPE
p < 0.05). The appearance of the male agents was more suitabl = - - -
f le= 4.40, mean male= 4.62, max= 7) Cartoon-Like Mean Rating Mean Rating
(mean ema IV it - ' Agent Type Female Agents Male Agents
A 2 x4 x 2 ANOVA was used to analyze the results when par- C1 (Voice only) 6.25 5.97
ticipants were asked if they liked the appearance of the agent: _C2 (2D Head) 5.89 5.86
The results showed (Table XIII) highly significant effects for 8 83 g;fgdied) g'gi g;ﬁ
appearance of the human-like agents. There was a significal C6 (3D Embodied in room) 6.52 5.44

interaction for agent type and applicatiafi & 4.59, df = 3.0,
p < 0.01). Following the overall trend, pair-wise comparisons
showed that the videos (H1) had the most popular appeararfée Cartoon-Like Agents (Experiment 3)
andp < 0.01. The questionnaires for the third experiment addressed atti-
There was also a highly significant effect for agent gendeandes toward the application, the agents’ voice, personality, ap-
(/' = 1198, df = 1.0, p < 0.01) with the appearance of pearance, facial expressions, and in addition, the gesturing of
the male agents being preferred (mean femald.35, mean the embodied agents gesturing was also assessed. Based on the
male= 4.65). The negative response to the female voice coutdsults from the human-like agent experiments, additional ques-
possibly have impacted on the attitudes toward their appearan@nnaire items addressing further the agents personality and fa-
Participants were also asked if they thought the assistaidl expressions were included in the cartoon-like experiment.
looked natural. Significant results (Table XIV) emerged witiDue to the fact that experiment 2 showed no overall application
respect to agent typd (= 7.36, df = 3.0, p < 0.01), with the dependency, the participants (36 in total) in this third experi-
videos thought to be more natural than the other agent typesnent withessed the cartoon-like agents in one application only,
There was also an interaction between agent type and appé-, the home furnishings service (application 1).
cation ¢ = 16.7, df = 3.0, p < 0.01). Agents in the firstap- 1) Overall Ratings: Participants were given the opportunity
plication followed the overall trend (Table XV), with the videato rate each agent on a scale from 1 to 10 and the mean scores
looking more natural. The CD service results did not follow thigive an indication of participant preferences for the agents. A
trend and a reason for this could have been still images of the 6 repeated measures ANOVA taking agent gender and agent
artist and the agent (H4) appearing in the interface simultartgpe as the independent variables and the mean rating scores as
ously, causing confusion. There could have been ambiguity, tila¢ dependent variable showed (Table XVII) significant results
is if the participants did think the agent was unnatural comparém agent gender{ = 5.606, df = 1.0, p < 0.05). The female
to the other agents, but not unnatural compared to the otheragients were preferred to male agents (mean femalé.20,
sual stimuli in the interface. mean male= 5.89: max= 10). In fact, an interaction between
8) Attitude to Facial Expressionstn the questionnaires par-agent type and agent gendét € 5.134, df = 5.0, p < 0.01),
ticipants were asked it they felt the speech matched the lip mog&owed that agent types C1, C2, C3, C4, and C5 of both genders
ment. A2 x 3 x 2 ANOVA taking agent gender, agent type, andavere rated similarly, but there was a very significant difference
application as the independent variables showed (Table X\lg¢tween female and male versions of{@6< 0.01). The female
highly significant effects for agent typé’(= 13.35, df = 2.0, 3-D embodied agent (C6) that appeared in the 3-D environment
p < 0.01), indicating participants were aware the agents hadhs rated significantly higher than the male counterpart.
different lip movement. There was no effect for agent gender.2) Attitude to Voices:A 2 x 6 ANOVA taking agent
The means for all three agent types were below neutral, sugender and agent type as the independent variables showed
gesting that participants did not think this lip synchronizatioffable XVIII) a significant effect for agent gendef' (= 7.37,
was impressive, even for the video H1. df = 1.0, p < 0.01) when participants were asked if they like
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TABLE XVIII TABLE XX
MEAN SCORES FORCARTOON-LIKE AGENT GENDER AND PARTICIPANT MEAN SCORES FORCARTOON-LIKE AGENT TYPE FORQUESTIONNAIRE I TEM:
GENDER FORQUESTIONNAIRE ITEM: “I LIKED THE ASSISTANT S VOICE” “THE ASSISTANT WAS POLITE”
Participant Gender Female | Male Agent Type Cl1 C2 C3 C4 C5 C6
Mean Score - Female Agents 570 4.87 Mean Score 5.78 5.59 5.50 5.58 5.83 5.72
Mean Score - Male Agents 4.77 4.90
TABLE XXI

MEAN SCORES FORCARTOON-LIKE AGENT GENDER AND PARTICIPANT

TABLE XIX GENDER FORQUESTIONNAIRE ITEM: “THE ASSISTANTWAS POLITE”

MEAN SCORES FORCARTOON-LIKE AGENT TYPE FORQUESTIONNAIRE ITEM:
“THE ASSISTANT S VOICE WAS ANNOYING”

Participant Gender Female | Male

Agent Type Cl1 c2 C3 C4 Cs cé6 Mean Score - Female Agents 5.89 5.39

Mean Score 4.93 4.96 4.72 4.64 5.19 4.96 Mean Score - Male Agents 5.71 5.68
the voices of the assistants. The female voice was preferred to TABLE XXII
the male voice (mean fematle 5.28, mean male= 4.84: max MEAN SCORES FOR(.::‘ARTOON-LIKE AGENT TYPE FORQUESTIONNAIRE

.. ITEM: “THE ASSISTANTWAS FRIENDLY”

= 7). There was a greater preference from female participants
for the voices of the female agents' (= 8.645, df = 1.0, ‘Agent Type Cl c2 C3 c4 Cs c6

p < 0.01). The male participants, however, liked the male an
female voices equally.
Participants were asked if the voice of the assistant was nat-
ural and a2 x 6 ANOVA taking agent gender and agent type TABLE XXIll
ShOWed that the Voice Of the male agentS was thought to be Sig' MEAN SCORES FORCARTOON-LIKE AGENT TYPE AND GENDER FOR
nificantly less natural¥ = 13.53, df = 1.0, p < 0.01) than QUESTIONNAIRE I TEM: “T HE ASSISTANTWAS COMPETENT”
the female agents (mean fematel.93; mean male= 4.44).
Another questionnaire item asked participants if the
thought the voice of the assistant was annoying. Statistic Mean Score~Female Agent | 5.80 | 556 | 547 | 577 | 567 | 5.67
results showed significant results for agent gendies(10.96, Mean Score — Female Agent | 5.50 | 5.6/ | 553 | 538 | 558 | 550
df = 1.0, p < 0.05). Participants felt the female voice was also
less annoying than the male voice (mean female.15; mean
male= 4.65). This questionnaire item also showed significardf = 5.0, p < 0.05). No significant result for agent gender
differences between agent types (= 10.96, df = 1.0, or any interactions emerged. Mean scores show that C5 and
p < 0.05). Specifically, the results showed (Table XIX) thatC6 were deemed to be most friendly. In fact, t-tests show that
the voices of the 3-D embodied agents (C5 and C6) we@b and C6 were significantly more friendly than C2 and C3,
significantly less annoying than all the other embodied agera at p < 0.01. This result shows that fully embodied agents
(C2, C3, C4: allp < 0.05). As the same voice was used for allnay play a more important role than 2-D or 3-D heads in
agent types of the same gender, this result highlights interestayticipants’ perception of agent friendliness.
effects about the perception of the voice based on the actuab) Attitude to CompetenceA 2 x 6 ANOVA showed
agent type, i.e., agent appearance. (Table XXIII) a significant effect for agent gender with respect
3) Attitude to PolitenessParticipants felt that all agentsto the competence of the agents. No effect for agent type
were polite, but the results from tiex 6 ANOVA showed emerged. Female agents were more competEntH{ 6.81,
(Table XX) significant differences for agent typ&' (= 5.17, df = 1.0, p < 0.05) than the male agents (mean female
df = 5.0, p < 0.01). C5 was significantly more polite than C2,= 5.66, mean male= 5.52: max = 7). This was specifically
C3, and C4, all ap < 0.05. Overall, the disembodied voicesthe situation for C1, C4, C5, and C6, and, significantly, the
(C1) and the 3-D fully embodied characters were thought tase for C4(p < 0.05). This result may be explained by the
be more polite than the 2-D or 3-D heads. This result suggeptsor perception of the male voice and, in addition, the poorer
3-D embodied agents (i.e., C5) could play an important role acceptance of the male embodied agent’s gesturing.
participants’ perceptions of politeness. 6) Attitude to HelpfulnessParticipants were asked if they
An interaction between participant gender and agent gendleought that seeing the assistants was helpful. The result showed
(F =9.15,df = 1.0,p < 0.01) showed that female participantsthat being able to see the female agents was thought to be signif-
thought that female agents were more polite than male agemtantly more helpful than seeing the male agents (mean female
and male participants thought that male agents were more potitel.62, mean male= 4.29: max= 7). No significant effect for
than female agents (Table XXI). agent type emerged, and results indicate it was helpful to see all
4) Attitude to Friendliness:A 2 x 6 ANOVA taking agent the agent types (Table XXIV).
gender and agent type as the independent variables showed) Attitude to AppearanceA 2 x 5 ANOVA showed signif-
(Table XXII) significant differences for agent typé'(= 3.15, icant results for agent gendef’ (= 16.5, df = 1.0, p < 0.01).

Mean Score 5.48 5.18 5.19 5.39 5.63 5.65

Agent Type Cl Cc2 C3 C4 C5 Cé6
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TABLE XXIV 70
MEAN SCORES FORCARTOON-LIKE AGENT TYPE FORQUESTIONNAIRE ITEM:

“BEING ABLE TO SEE THE ASSISTANTWAS HELPFUL” 65

8.0

Agent Type Cl1 C2 C3 C4 C5 C6
Mean Score NA 448 | 454 | 425 | 466 | 433 551
TABLE XXV

MEAN SCORES FORCARTOON-LIKE AGENT TYPE AND GENDER FOR

0

p g Agent Gend

QUESTIONNAIRE ITEM: “THE APPEARANCE OF THEASSISTANT WAS 5 gent=ender

UNSUITABLE" @ Female
o
@

Mal
Agent Type Cl ] C | C3 | cs] 5] Cé = Cuete

Mean Score — Female Agent NA 4.86 | 4.89 | 472 | 516 | 491

Agent Type

Mean Score - Female Agent NA 472 | 4.62 | 427 | 416 | 416

Fig. 5. Mean scores for cartoon-like agent type and gender for questionnaire
item: “I liked the appearance of the assistant.”

The results showed (Table XXV) that appearance of the female

agents were more suitable for the application than the male TABLE XXVI

agents (mean female 4'91; mean male= 4.38). An interac- MEAN SCORES FE)RCARTOON—LIKE AGENT TYPE FORQUESTIONNAIRE ITEM:

tion between agent gender and agent tyge< 3.04, df = 4.0, THE LIP MOVEMENT WAS DISTRACTING'

p < 0.05) was also evident. T-tests showed that the male 3- Agent Type Cl 2 3 4 5 6
embodied agents (C5 and C6) were less suitable for the applit
tion than the female counterparts, botlyat 0.01. The qualita-
tive findings indicated that participants perceived the male 3-D
embodied gestures to be more dominating than the female 3-D

Mean Score NA 3.89 4.14 4.39 4.67 4.79

TABLE XXVII

embodied gestures causing this gender difference. MEAN SCORES FORCARTOON-LIKE AGENT TYPE FORITEM: “THE FACIAL
These results were reiterated when participants were asked EXPRESSIONSMADE THE ASSISTANT APPEARLIFELIKE”
if they liked the appearance of the assistant2. A5 ANOVA
Agent Type C1 Cc2 C3 C4 C5 C6

showed (Fig. 5) that the appearances of the female agents w
preferred to the male agent® (= 22.0, df = 1.0, p < 0.01).  Mean Score NA | 389 | 448 | 368 | 412 | 380
More specifically, gender differences occurred significantly
for agent types C4, C5, and C6 (2-D and 3-D fully-embodied

agents), where the female appearance was significantly pre- TABLE XXVIIl
ferred to the male, alp < 0.01. Again, upon analysis of the MEAN SCORES FORCARTOON-LIKE AGENT TYPE
erre ! < 0.0l Ag » up y FOR QUESTIONNAIRE ITEM: “THE ASSISTANT S GESTURESWERE

qualitative interview data, many participants perceived the male EXAGGERATED"
embodied agents’ hand as dominating and in turn distracting

8) Attitude to Facial ExpressionsBased on feedback from Agent Type
the previous experiments, additional questionnaire items p Mean Score NA NA NA 393 | 334 | 289
taining to the agents facial expressions were included durifig
the analysis of the cartoon-like agents2 & 5 ANOVA showed
(Table XXVI) significantly that the lip movements of C5and C6 9) Attitude to Gesturing:A 2 x 3 ANOVA taking agent
were less distracting than C2, C3, and G4 3.996,df = 4.0, gender and agent type showed that participants significantly
p < 0.01). In the interviews, many participants said that the lipf" = 8.29, df = 1.0, p < 0.01) preferred the female gestures
movement was distracting because it looked dubbed and ttamthe male gestures (mean female3.89, mean male= 3.69:
the lip movement of the 2-D and 3-D talking heads was moreax = 7) and also thought the female gestures were signifi-
noticeable and looked artificial. No significant results for agemantly (" = 11.7, df = 1.0, p < 0.01) less exaggerated than
gender emerged. the male agents (mean female 3.898, mean male= 3.694:

A 2 x 5 ANOVA showed significant results for agent typemax= 7).
(£ = 3.692, df = 4.0, p < 0.05) with respect to the lifelike-  Another2 x 3 ANOVA showed a significant effect for agent
ness of the agents’ facial expressions (Table XXVII). The faciglpe (" = 12.74, df = 1.0, p < 0.01) when asked if the
expressions of C3 and C5 (the 3-D head and 3-D fully-embodiadents’ gesturing was exaggerated (Table XXVIII). The results
agent) appeared to be the most lifelike. Again, no significant efhowed that the gesturing of all the agents was thought to be
fect for gender emerged. T-tests showed that the facial exprezaggerated (all below neutral) but, in particular, the 2-D em-
sions of C3 were significantly more lifelike than C2, C4, and CBodied agents (C4) were less exaggerated than both of the 3-D
(p < 0.01). Even though the face of C5 was smaller, making émbodied agents, all at< 0.05.
more difficult for participants to judge them, it still had a mean Another2 x 3 ANOVA produced significant results for agent
score that was similar to that of C3, which was a talking heatype (F' = 3.78, df = 2.0, p < 0.05) when asked if the gestures
where the facial expressions could be clearly seen. made the assistants appear lifelike (Table XXIX). In fact, C5

C1 C2 C3 C4 C5 Cé
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TABLE XXIX No application dependency issues emerged during the two

MEAN SCHORES FORCARTOON-LIKE AGENT TYPE FORQUESTIONNAIRE I TEM: evaluations of the human-like agents in the applications. The
THE GESTURESMADE THE ASSISTANT APPEARLIFELIKE” . .. . .

human-like agents were rated similarly for both applications.

Agent Type Cl 2 C3 C4 Cs C6 Between applications, one significant difference occurred. The
Mean Score VA VA VA T3 1 370 | 350  stillimage (H4) was preferred in the home furnishings service.
It is suggested that the presence of a still image of the artist

in the CD service interface (Fig. 4), in addition to the still
image agent, could have caused confusion for the participants,

TABLE XXX resulting in the difference between the applications for this
MEAN SCORES FORCARTOON-LIKE AGENT TYPE FORQUESTIONNAIRE I TEM: g pp
“THE GESTURESMADE THE ASSISTANTAPPEARFRIENDLY” agent type.
A number of issues emerged with respect to the voices of the
Agent Type Cl €2 3 c+ | 63 €6 human-like agents. Quantitative data indicated the female voice
Mean Score NA NA NA 485 | 523 | 515 was not liked. The qualitative data reiterated this and the female

voice received a number of negative comments. One participant
commented that the “female voice was annoying and seemed
70 disinterested.” The voices of the agents need to be selected care-
fully and a clear fluent voice is desirable.

The appearance of the agents can also impact on the percep-
tion of the clarity of the agents’ voice. The appearance of some
agents was not liked (H2, H3, and H4), but also, these agents’
voices were perceived to be less clear, despite the fact the voice
output from agents of the same gender was identical. In addi-
tion, the conversation with the videos (H1) was thought to be
more natural than the conversation with all other human-like
agents, including the disembodied voice, despite the fact that the
conversation between the agent and the customer was identical.
This result suggests that conversations with human-like videos
may be more natural than the other human-like agent types for
e-retail applications.

Fig. 6. Mean scores for cartoon-like agent type and gender for questionnairdN DOth applications, there was significant preference for the
item: “The gestures made the assistant appear friendly.” videos and disembodied voices over the other agents in the cast.
Participants had a preference to interact with agents that ex-

was perceived as being more lifelike than C6, and significantijjoited human-like facial expressions and nuances during the
more so than C4y < 0.01. conversation to complement the human-like appearance of the

Another2 x 3 ANOVA produced significant results for agentagents. Thisis consist(_ant with experir_nfental findings by _Reeves
type (& = 3.60, df = 2.0, p < 0.05) when asked if the gesturesar_‘d Nass [18], who d|scove_red part|C|pant_s_ prefer_to interact
made the assistants appear friendly (Table XXX). In fact, C5 aMdth agents who have consistent personalities, which reflects
C6 were significantly friendlier than C4,< 0.01. Eventhough more human-like behavior. When the participants did not see
results showed the gesturing of C5 and C6 to be exaggeratdiéch human-like behavior they preferred not to see a visual dis-
the gesturing did promote the lifelikeness and friendliness By of the agent, but preferred a disembodied voice. The popu-
the agents. larity of the disembodied voices raises interesting issues about

Finally participants were asked if the agents’ gesturing afte need for synthetic human-like agents in e-retail interfaces.
peared unhelpful. 2 x 3 ANOVA produced significant results In addition to ensuring the agents’ behavior corresponds to the
for agent gender{ = 5.75, df = 1.0, p < 0.05), agent type Visual display, the application task should afford a visually dis-
(F = 15.78, df = 2.0, p < 0.01), and an interaction be- played agent. Some participants did comment that the image of
tween agent type and agent gender was also evidest §.85, the assistant distracted them from changes that were being made
df = 2.0, p < 0.05). The gesturing of the 3-D embodiedin the interface. It is therefore necessary for interface designers
agents was perceived as being more helpful than the 2-D fultyassess services and applications carefully to establish if a per-
embodied agent, but this was significantly the case for femadenified agent is an actual enhancement and not a distraction.

6.54

8.0

Agent Gender

- Female
EMale

Mean Scores

ca

Agent Type

agents who appeared inside the 3-D space (Fig. 6). Signals of friendliness and politeness were given high priority
by participants for enhancing the retail applications. A number
VI. DISCUSSION of participants from both sets of experiments suggested using
) cartoon agents as the assistants if it was not possible to use video
A. Human-Like Agents images of humans. It may be more appropriate to have animated

The claim that the conversational interfaces would be likezharacters in the interface, rather than trying to make the agents
was supported and the participant groups received the hoowenpletely human-like, raising user expectations above the ca-
furnishings application and CD service application positivelypabilities of the agent.
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B. Cartoon-Like Agents said it was “more complete,” “natural,” and “it added to the re-
alism.” It is possible that if the dimensions of the agent are in
The third experiment was largely encouraging for the use pfoportion and the gesturing is less exaggerated, the agent may
animated agents in e-retail interfaces. Participants enjoyed thdact be acceptable in the 3-D environment regardless of the
conversational capabilities of the application and two-thirds (2ask.
from 36) preferred to see an agent in the interface. It was found
that the 3-D agents were preferred to 2-D agents and that the 2-D VII. CONCLUSION

and 3-D fully embodied agents were preferred to 2-D and 3-D g naper has provided the agents community with new facts

heads. It must be remembered that one third of this participafioyt various aspects of the inclusion of human-like and car-
group did not like to see the animated agent in the interface; gy -like agents in e-retail environments.

this reason, interactive systems should cater for this by perhaps,
allowing users to turn off the visual display if necessary. How-
ever, if the nonverbal behavior is developed to provide essential .\ ~tion.
information to the user, the user may then prefer to look at the , | using an agent created from a photorealistic image of a
agent. human, make sure the agent is lifelike and has appropriate
The results showed the general preference for the female human-like nonverbal communicative behavior.
voice, the opposite finding to the human-like agent experiments. « Select human-like gestures and facial expressions to com-
Previous findings suggested that fluent conversational voices plement the agent's human-like appearance; exaggerated
should be used, and it was attempted to use such voices for gesturing could undermine the users’ perception of the
the cartoon-like agents. The female voice was “more friendly.”  agent. When using cartoon-like humanoid talking heads
The male voice seemed “monotonous.” The results show it is or humanoid embodied agents, 3-D agents can be more
important to select the voices of the agents carefully. appealing to the user than 2-D agents. Gesturing can pro-

It was also claimed that attitudes to male and female agents MOte the users’ perception of friendliness, politeness, and
of the same agent type would be similar. In fact, the results IlEfellkenelfs.d_ _ fh _ on with
showed that the female agents gesturing was preferred; this can th”S‘éfe the ) |menf5|31nsg 5 € agent aret|n pro;r)]f)rrt:qp wit
be explained by the largely negative attitude to the gesturing of € dimensions of the >-L) environment in which 1t ap-
the male embodied agent (C6) who appeared in the 3-D world pears, especially if the agent appears inside the 3-D virtual

' environment.

Overall, the competence and helpfulness of the female agents : o .
was thought to be better. Again, this can be explained by the » Examine the application task carefully and assess if the

. ’ ' : e . agent will distract the user from the task when it appears
poor perception of the male gestures, in combination with the . .

: . . in the 3-D environment.

poorer perception of the male voice. Differences between the
agent types also emerged, and results showed that the fully em-
bodied agents were thought to be more friendly, helpful, and
polite. The authors would like to thank their colleagues at the Uni-

Interesting research issues about the perception of embodiggsity of Edinburgh, particularly Dr. J. Foster, for their input
agents’ personality and the movement of the animated bo@§d suggestions and the research staff at BT Adastral Park for
have been introduced. It was shown that a 3-D agent appeariigir helpful planning of the experiment.
in a 3-D world was less desirable than the 3-D agent appearing
outside the world. There are two explanations to suggest that REFERENCES
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If using a human voice, consider and choose it carefully.
The voice should be friendly and conversational with in-
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