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Abstract. To help guide design and development of embodied conversational
agents, this study reviews the evolving qualities of naturalistic agents by identi-
fying and tracking their most relevant features. The study extends prior tax-
onomies of characteristics of ECAs, developing a rubric that distinguishes
agents’ visual and functional characteristics. The study applies the rubric to 15
agents representing different genres of games, distinguishing agents in terms of
their naturalistic qualities. The study explores changes in qualities of agents as a
function of time.
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1 Introduction

Embodied conversational agents (ECAs) (Cassell, 2007) have changed the way hu-
mans interact with virtual environments and software products. In this paper, to help
guide design and development of ECAs, we review the evolving qualities of naturalis-
tic agents by identifying and tracking their most relevant features. In our study, we
examined what qualities make a more naturalistic agent by assessing ECAs from vid-
eo games based on their visual appearance and their functionality. We then assigned
weights to the most important capabilities and compared 15 representative ECAs.

The qualities of embodied conversational agents have been analyzed independently
(e.g., Pelachaud, 2005; Isbister & Doyle, 2002), but our review did not disclose a
comparison of these qualities that developed a comprehensive set of guidelines for
evaluation across agents. Existing rubrics include perception domain (context-
related), interaction domain (turn-taking), and generation domain (display of expres-
sive synchronized visual and acoustic behaviors) (Pelachaud, 2005). A proposed tax-
onomy of “Design and Evaluation of Embodied Conversational Agents” suggested
measures for describing and evaluating ECAs (Isbister & Doyle, 2002). However,
some of the measures were subjective or non-quantifiable, and no agents were eva-
luated. We propose an improved taxonomy that adds quantitative categories, and we
use the taxonomy to evaluate a set of representative agents. Our taxonomy groups the
features into two categories, visual and functional. In applying the taxonomy, we
weight feature scores to reflect the features’ importance and to account for composite
features that can only exist in conjunction with others.
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2 Methodology

We look first at the visual features of ECAs. We identified five key visual features:
human likeness, realism, facial expressions, first vs. third person, and motion. Second,
we look at the functional features of ECAs. We identified eight key functional fea-
tures: non-scripted dialogue, verbal communication, level of interaction, group social
skills, artificial intelligence level, environment interaction, persona, and nonverbal
reaction.

Some agents had been updated across different versions of the games and others
remained the same. For example, the agent Navi from the game “The Legend of Zel-
da” remained constant from its first incarnation at the game’s release in 1998 through
its last release in 2012. As different versions of the game were released, the agent’s
characteristics (and our assessment of the agent’s realism) did not change. The first
version of Navi apparently served its purpose and did not require updates of its ap-
pearance or functionality. Other agents were updated. For instance, the agent Cortana
from the videogame “Halo” has had several appearance updates that increased her
quality as an agent, becoming more realistic in her looks. In considering Cortana, we
evaluated both the original and updated versions.

We applied our taxonomy of characteristics to 15 ECAs; the agents selected are
presented in Figures 1 and 2. We chose agents based on how representative they were
in their specific genre and whether they represented milestones in the game industry
when they were introduced. Our evaluation of an ECA was based on our personal
experiences of interacting with it and, when an ECA was not available for personal
gameplay, on recorded gameplay. The games we were able to play were played in
their entirety to provide a full basis for judging agents’ quality. We also considered
reviews by game critics and the consensus from players generally. From our 8 key
visual and 15 key functional features, we developed a qualities rubric. Agents with
scores of 5 for the visual features and 8 for the functional features, for a total of 13
points, would represent the highest-quality, most naturalistic agent.

3 Results

Figure 1 presents a scatter plot for the 15 agents in terms of their visual and functional
scores, with the points in plot coded by color for the year the agent was originally
released. Darker colors represent more recently released agents. Figure 2 presents a
similar scatter plot for the agents in their latest release.

We calculated the mean visual, functional and total scores for the agents’ original
and latest versions. Bearing in mind that the evaluated agents do not represent a ran-
dom sample of the population of commercial ECAs, we note that the agents, on aver-
age, improved modestly in visual, functional, and total quality. This improvement,
though, came entirely from 3 of the 15 agents: Cortana, Glados, and Milo had a mean
increase in score of 0.92 points, while the other agents had no increase in score.

To determine whether the quality of an agent was a function of its year of release,
we calculated the correlations between the visual, functional and total scores and the
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years of original release and latest release. For the agents as originally released, the
data suggest that agent quality—visually, functionally, and overall—has increased
over time as new agents were developed. That is, newer agents tend to be better
agents. But for the agents in their latest versions, there appears to be no significant
relationship between quality and time, probably because most recent releases of all
but three of the agents were basically the same as their original versions.
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Fig. 1. Visual and functional scores of agents’ original version
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Fig. 2. Visual and functional scores of agents’ latest version
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Our analysis is subject to several limitations. First, the choice of agents was per-
sonal, reflecting the our impressions of game genres and of development milestones
for ECAs. The agents we analyzed likely do not represent a true cross-section of
ECAs. Indeed, defining such a cross-section would be difficult. A wider range of
agents could have presented a fuller picture of characteristics of agents in video
games. Second, we did not contact the agents’ developers to obtain explanations of
how and why they designed the agents with their particular qualities. Third, some
agents, such as Sheva and Navi, were apparently developed more for playability than
for realism. In a game, a realistically human-like but unusable agent might be interest-
ing to researchers in our field but would be of little interest to actual players.

The rubric, too, has limitations, chief among these that the one-point allocation to
each factor is arbitrary. We also tried a version of the rubric that allocated a point to
each of the five sub-features in the complex features, but this, even more arbitrarily,
gave the complex factors five times more weight than the other factors. A better ru-
bric could be based on a study of users’ perceptions that explores the relative impor-
tance of the features.

Even with these limitations, the agent-quality rubric could guide development of
ECAs not just in videogames but in ECA-based applications more generally. In our
current work, we are using the rubric to score and improve the ECAs being developed
in our own lab (e.g., Novick & Gris, in press).
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