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1. Introduction

This research investigates design guidelines to assist in choosing the appropriate conversational agents to act as assistants in interactive e-commerce applications. The first experiment evaluated the effectiveness and user acceptability of human-like agents in an electronic retail application [5,7]. The second evaluated the same cast of agents in another application to explore application dependency effects on the users’ attitudes toward the cast of agents. The third experiment evaluated a cast of cartoon-like humanoid agents in an e-retail application. Participants 'eavesdropped' on spoken dialogues between a 'customer' and each of the agents.  They completed attitude questionnaires and took part in interviews designed to obtain information relating to their perception of the agents.

Experiments 1 and 2 showed that participants expected a high level of human-like communicative behaviour from the agents.  There was a dichotomy in the participant sample between those who wanted to see the agent in the interface and those who preferred just to hear a voice.  The second experiment results showed no application dependency: two different groups of participants rated the various human-like agents in similar ways, even though each group witnessed them in a different application.  Results from the third experiment showed that with respect to animated humanoid agents, participants prefer 3D to 2D humanoid agents and have a desire to interact with fully embodied agents as opposed to heads alone.  In this experiment two-thirds of the participant sample preferred to see an agent in the interface.

The success of these applications is dependent on advances in speech recognition and speech generation. It is for this reason that it has become necessary to investigate users' perceptions of the agents in order to create functional and acceptable e-commerce conversational agents for future applications. It has been pointed out that well-designed embodied interfaces will address needs that are not met in current interfaces. Such interfaces will help discover ways "to make dialogue systems robust in the face of imperfect speech recognition, to increase bandwidth at low cost, and to support efficient collaboration between humans and machines", [1]. 

2.   Experiment Procedure

Different groups of 32 participants took part in each experiment, distributed according to gender and age.  They read a brief explanation of the purpose of the experiment and were primed verbally by the experiment supervisor.   They viewed 2-minute videos showing the dialogue between the ‘customer’ and one of the agents.  After listening to each dialogue, they completed a seven point agree-disagree continuum questionnaire [4]. The passive methodology used to assess the agents was practical, it avoided complex technological issues involved in creating fully interactive applications with a large range of agents, but it still allowed an adequate evaluation of each.  Ideally an interactive application would have provided more informative results, however to evaluate such a substantial cast of agents this compromise had to be made.  

2.1   Experiment 1

The dialogue in this application [7] illustrated the ‘customer’ conversing with the agent in order to choose room furnishings.  The room was visible in the interface as a 3D living room.  Male and female human-like agents were all created from photo-realistic images of humans.  The cast of agents was based on an incremental technology scale chosen to represent a range of software techniques that may be used in the development of such on-line assistants.
2.2  Experiment 2

The same cast of agents that appeared in Experiment 1 were evaluated here. The agent appeared to the left of the main interface graphic of a CD. The dialogue illustrated the ‘customer’ conversing with the agent in order to compile a personalised CD.  The agents were created to represent a stereotypical assistant who seemed knowledgeable about popular music.  

Agent
Description of Technology

H1
Videos of human assistants.  Male/Female voice soundtracks used for the other male/female agents respectively

H2
3D talking heads (modelled on T1) with lip-synchronisation to the original male/female voice soundtracks.

H3
Still frames taken from videos (T1) with added graphic lip movement to match the original voice soundtracks.

H4
Still frames taken from the videos of the sales assistants without graphic lip movement.

H5
Disembodied voices (male and female) 

Table 1: Human-Like Agents

2.3   Experiment 3

Using the home furnishings application twelve cartoon-like agents appeared in the interface. 

Agent
Description of Technology

C1
Disembodied voices (male and female)

C2
2D animated head with synchronised lip movement and blinking and smiling during the course of the conversation with the customer. 

C3
3D animated head as in C2 

C4
2D animated full-bodied agent using the heads of C2, outside the 3D room.

C5
3D animated full-bodied agent using the heads of C3, outside the 3D room. 

C6
3D graphically animated full-bodied agent identical to C5, inside the 3D room.  

Table 2: Cartoon-Like Agents
3.  Human-Like Results
The results of a ten point rating scale completed during the post-experiment interviews were analysed. A 2x5x2 ANOVA, taking agent gender, agent technology and application as the independent variables and the mean rating scores as the dependent variables showed a highly significant main effect for agent technology (F=61.48, df=4.0, p<0.01) and a marginally significant effect for agent gender (F=4.26, df=1.0, p<0.05).  There was no main effect for application. Table 3 shows the mean ratings for each agent technology (pooled for application and gender) with the results of pair-wise comparisons.  The video (H1) was rated best and the 3D talking head (H2) rated worst. 

Agent
Mean Rating Score
Technology rated better than… (all at p < 0.01)

H1
7.25
H2,  H3,  H4,  H5 

H5
5.85
H2,  H3,  H4 

H4
4.70
H2 

H3
4.27
H2 

H2
3.05
-

Table 3: Ratings for Human-Like Agents

Participants felt the service would be easy to use and was a good idea, depending on the agent that appeared in the interface. Attitudes did follow the overall trend with videos being more popular than H2 (p<0.05), H3 (p <0.01) and H4 (p<0.05). Male agents had more positive scores than their female counterparts. 

Although the voices for each male and female agent were identical, participants had varying attitudes toward the clarity of the different technologies.  The disembodied voices (H5) were clearer than H2, H3 and H4, p<0.01. Also, the videos (H1) were clearer than H2 and H4, p<0.01. In addition, the 3D talking heads (H2) were liked the least, significantly less than the H1 and H5, p<0.01.  As regards gender differences, the male voice was liked more than female.  Participants explained that the female voice had a more distinctive accent, which did not appeal to them.
Even though the dialogue between the customer and each agent was identical, the conversation with the videos (H1) was felt to be most natural and was significantly more natural than the conversation with H2, H3, H4 and H5, (p<0.01).  As indicated previously, the conversation with the male agents was preferred to the female agents.  Interestingly, the conversation in the Home Furnishings application was more natural than that in the CD Service application.  This could be due to participants not knowing or liking some of the tracks that were chosen, or indeed because of the more relaxed and informal tone of the agents.

As regards the personality of the agents all were thought to be competent in both applications.   Participants felt the videos (H1) and disembodied voices (H5) were friendlier than the other agents.  Again a gender difference existed with male agents being significantly more friendly than the female. Participants felt that seeing the videos (H1) was more helpful than the other technologies.

The questionnaires also probed participants for information as regards the agents' appearance.  Following the overall trend, pair-wise comparisons showed that the videos (H1) had the most popular appearance and the 3D talking heads (H2) the worst. The appearance of the male agents was significantly preferred to the females.  The negative response to the female voice could also have impacted on the attitudes towards the appearance.  Participants felt the videos (H1) were significantly more suitable for the applications than H2 (p<0.01), H3 (p <0.05) and H4 (p<0.05) in both experiments. 

More concentration was given to the videos (H1) and the still with graphic lips (H4).  With respect to gender, more attention was given to the male agents, in all cases except H4.  However participants did not attend to this technology significantly, probably due to the fact that it did not move or show much emotion.  It may be the case that the more information on the interface, the harder it might be for the participant to concentrate on the agent.  

4. Cartoon-Like Results

New male and female speakers who had more experience with recorded speech output utterances for interactive applications were used in this experiment. On completion of the analysis of the results from Experiment 2 no application dependency was found: the human-like agents were rated similarly in both applications.  For this reason Experiment 3 used only one application, the Home Furnishings Service. The attitude questionnaires addressed five main issues: voice, personality, appearance, facial expressions and gesturing. 

The female voice was significantly preferred to the male voice. Qualitative comments indicated that both voices were clear.  However the female voice was more friendly and natural. The male was perceived to be slightly monotonous.  T-Tests indicated that the male voice of C4 and C6 (p < 0.01) were significantly less preferred to their female counterparts, suggesting that the male embodied characters may be less popular. 

Participants felt the disembodied voices and the 3D embodied characters were more polite, suggesting that gesturing may play an important role in participants' perceptions of politeness. An interaction between participant gender and agent gender, (F= 9.15, df =1.0, p<0.01), showed that female participants thought that female agents were more polite than male agents, and male participants thought that male agents were more polite than female agents. Results showed that the 3D embodied agents (C5, C6) were most friendly and significantly more friendly than the 2D and 3D talking heads.

C4 was significantly more forceful than all other technologies, (p<0 .01).  Many participants said that agents who made suggestions were more helpful.  Although the scripts were slightly different, the scripts of C4 did make specific suggestions about fabrics (e.g., "Would you like to try 'Stella Dual' instead").  It seems feasible, based on the analysis of the qualitative feedback that participants could have felt that the assistant was indeed too forceful.  The scripts for the other technologies did not make such specific selections, instead they asked if the customer would like to "try another", without saying the specific name of a fabric.
The appearance of the female agents was preferred to the male agents, this was significantly the case for the full- embodied agents. Many participants thought that the male embodied agents used hand gestures that dominated the interface.  The female agents were also thought to be significantly more helpful. A combination of poor attitude responses to the male voice and the exaggerated gestures of the male embodied agents were the probable cause of the gender bias. 

The facial expressions of all the agents were friendly. Significant the facial expressions of 3D agents appeared to be the most life-like. In the interviews, many participants said that that the lip movements of the talking heads were distracting because they looked dubbed and artificial. The 2D talking head (C2) had the most distracting lip movement, significantly less so than the embodied characters, p<0.01. The facial expressions of C2 were noticeable and it was found that they were unhelpful in comparison to other agents, namely C3 and C5, p < 0.05. It may be concluded from this that less obvious and more natural expressions could promote a sense of helpfulness in animated agents. 
C4 only had pointing gestures, which were thought to be less exaggerated. Deictic gestures may therefore be more functional in these e-retail interfaces. Many participants felt that the males' gestures were exaggerated which explains why participants may not have liked the male appearance. Gesturing contributed to the perceived friendliness of the agents.  The 3D embodied agents were significantly more friendly.  Qualitatively it was found that participants wanted the agents to be friendly, a feature that can be promoted by the use of gestures. However, the point at which gesturing becomes annoying and undermines the perception of friendliness remains to be investigated. 

5. Conclusions

The objective of these experiments was to evaluate user acceptability toward a variety of human-like agents and cartoon-like agents in two e-commerce applications. Many key findings, outlined below were discovered during the experimental phases.
Of a cast of human-like agents videos and disembodied voices are preferred. This is due to the strong preference to interact with agents that exhibited human-like facial gestures and emotion.  If the human-like agent does not exhibit this non-verbal behaviour many participants prefer to just hear the voice.  Results showed that the voice of the agent should be neutral and accent free.

A number of findings were discovered as regards cartoon-like humanoids. Firstly, 3D animated humanoid heads are preferred to their 2D counterparts but 3D embodied characters were thought to be more friendly, helpful and polite. It was shown that gesturing promotes friendliness and helpfulness.  Of a cast of animated humanoid agents, two-thirds of the participant sample preferred to see an agent in the interface.

It was seen from the results that competence and forcefulness are reflected in the speech output from the agent.  It is for this reason that it is important to design dialogues where the agent can make suggestions, without being too forceful.   Forcefulness can be off-putting for the participant, and in an interactive situation such an agent could undermine the participant's perception of its ability as an assistant.

In all three experiments the voice of the agent strongly affected users' perceptions.  Until speech synthesis techniques have advanced it seems more appropriate to use recorded speech, but the selection of the voice is critical.  In the first and second experiments the female voice had a distinctive accent that did not appeal to many participants.  In the third experiment where new voices were used, the male was deemed monotonous. The results suggest that neutral, accent free voices should be used. A finding that clearly emerged from these experiments was that it is important to select the voices of the agents carefully, as possible cross-modal effects may occur: if the voice is not favoured it could effect user perceptions of the visual display of the agents.

Passive viewing experiments have made it possible to retrieve user feedback and evaluate two e-commerce applications. Continuing with this progression of experiments and reflecting on the feedback retrieved, it is intended to research verbal and non-verbal behaviour of embodied agents in e-retail enterprises in greater depth. The information provided is now being used to create 3D embodied animated agents for a selection of interactive e-commerce applications that will be used as research platforms to address further aspects of human computer communication.  
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