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Abstract human-computer interaction. A well-known exam-
ple is the Ananova virtual newscaster, which presents

We propose a theory of user engagement with empathicthe latest news in so-called video reports that are cre-
agents (Interactive PEFIC) that features a fundamental ated using ‘a unique combination of computer anima-
involvement-distance trade-off to explain the mixed emo-tion, text-to-speech and real-time information systems.
tions users may experience while interacting with anthro- Other applications of empathic agents include the Sign-
pomorphic software. For the experimental evaluation of our ing Avatar, (a system that allows for translating arbitrary
theory, we designed an environment for agent applicationstext in sign language for the deaf), talking heads in a va-
in the cultural heritage domain. In this context, we will in- riety of e-commerce applications, and the agent-bots in
troduce the notion of digital dossiers, which contain infor- virtual environments, such as Active Worlds, blaxxun Com-
mation about contemporary works of art, including video- munity, and Adobe Atmosphere. Clearly, there is such
recorded interviews with the artist. In this area of applica- a great diversity of systems in which empathic agents
tion, we intend to investigate the efficiency and effectivenesglay a role, for which it is not always easy to estab-
of guidance offered by empathic agents, the characteristicslish how essential the agent’s contribution is, that it is hard
of which may be varied across the parameters distinguishedto find the common denominator of this type of applica-
by the PEFIC-model. For the technical realization, we will tions.
use the DLP/STEP platform, which supports agent applica-  In this paper, we will attempt to establish a connection
tions in rich-media 3D environments. between on the one hand a theory of user engagement with
empathic agents as the common denominator (Section 2)
and on the other hand, the notion of digital dossiers (Sec-
tion 3) as the area of application and experimentation (Sec-
tion 4). We will prompt some ideas regarding agent rep-
resentations in Section 5, briefly describe our software plat-
form in Section 6, and conclude with certain problems, such
as contamination of effects between agents and application
domain (Section 7).
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General Terms Design, Human Factors, Theory
Keywords: Empathic agents, virtual environments, rich
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1. Introduction

Agents may be regarded as a merger of technology re-2. User engagement with empathic agents
sulting from research in artificial intelligence (agent
technology) and computer graphics (humanoid anima- Agents may be designed to perform autonomously, clas-
tion). Making agents empathic typically stems from sicalinformation processing tasks, such as searching for and



retrieving information, filtering and classifying informa- impeded by realistic, anthropomorphic visuals, the process
tion, conversion of formats, and information storage. Com- of attitude formation may be stimulated (cf. [16]). Human-

pared to traditional ways of interaction (command line, di- like creatures evoke stronger emotions than bare texts or
alog boxes), agents supposedly improve user involvementicons. Quite predictably attitudes tend to become negative
with the computer system [13] and would help reaching in the case of anthropomorphic agents that distract one’s at-
user goals, such as handling information (e.qg., filtering and tention from information processing tasks. Serious informa-
forwarding e-mail, doing information searches), buy goods tion processing is but one task of computer users, however.
(e.g., autonomous negotiator agents), or seeking entertaininformation on the Web that is usually skipped by users

ment (e.g., Alexbot playing the IRC Jeopardy game). (e.g., advertisements) may get peripheral attention due to

The use of agents in human-computer interaction en-anthropomorphic agents [2]. The agent's vividness may en-
gages the user in a two-way ‘face-to-face’ dialogue where hance perceived presence, which plays a pivotal role in gen-
the agent supposedly provides task-relevant informationerating more favorable attitudes toward the advertisement
and meaningfu| feedback. An anthropomorphic agent is in the Web site and Stronger intention to revisit the Web
typically presented to the user as a mediated figure, embodsite [ibid]. Web agents that help a user to navigate through
ied conversational agent, or animation agent to guide the@ new program are deemed less irritating than Web agents
users to the information sought for, the goods they want to that give unsolicited opinions on traditional tasks, suggest-
buy, etc. It is believed that employing humanoid commu- ing that task variation is much more important than anthro-
nicators reduces reluctance and increases involvement an@omorphic design variation [1]. Although task variation in-
credibility to use the services offered (e.g., buy, sell, in- deed is important to design choices, design choices pre-
form, distribute work, etc.). Yet, although reluctance may sumably have an independent effect on user evaluations. In
be decreased, the question remains whether the applicatioRealth care communication, for example, interaction with
of agents facilitates task performance (e.g., increasing effi-Patients is much more important than medical information

ciency and effectiveness) or merely serves as a nice diveri0 influence patients. Carefully designed anthropomorphic
sion? agents may add to the repertoire of interactive health care

Dehn and Van Mulken [3] provide an overview of em- communication [25]
pirical work in the area and found that an animated agent  The present research wishes to contribute to design the-
does not necessarily improve a user's comprehension or re0ry for (multi-) agent systems by investigating the end-user
call of information. The added value has more to do with €xperience of mediated figures and agents as realistic per-
motivational aspects. For instance, learners may be willing Sonalities so as to optimize task performance, to persuade,
to spend more time with the learning application when an and to entertain. The present generation of digital guides
agent is present, or may feel less anxious in a Comprehen.and aSSiStantS, however, is often rEjeCtEd as task-irrelevant,
sion test conducted by a synthetic tutor. Whatever the effectunreliable, or plainly irritating [24].
of an agent may be, the central issue is that the goals of the An integrative account of human experience with fic-
user are satisfied by the agent and that the work process totional characters, such as empathic agents, is provided by
wards those goals is facilitated. That is, the agent should beHoorn and Konijn [10]. and empirically supported by [15].
relevant to the task at hand (be it information or entertain- The model of Perceiving and Experiencing Fictional Char-
ment, communication, or composition) and should support acters (PEFiIC) (Figure 1) originates from the study of liter-
rather than impede the work process (raising positive in- ature, film, and theater, linking up with theories of emotion
stead of negative outcome expectancies) (cf. [8], p. 494, p.psychology, person perception, and interpersonal commu-
463, p. 455). Commercial systems such as Microsoft’s Bob nication.

and Clippit, kiosks such as the Postal Buddy and the an-  pEFiC regards empathy as a psychological state of being
thropomorphic bank teller machines, or the Ananova news concerned with another person, as a witness or a bystander.
reader have fa”ed because they either gaVe irrelevant in'The Somewhat |Ooser Conception Of empathy used in the
formation or slowed down computer processing and there-agent community is called involvement in PEFIC. Within
fore, transaction time. Agents that distract one’s attention the PEFiC_framework, involvement encompasses more than
from information proceSSing tasks invariably invoke irrita- empathy alone. Involvement is regarded aprocess that com-
tion and negative feelings [1, 24]. More extremely, many pines several approach tendencies, among which empathy
IRC channels do not allow software robots or 'bots’ be- plays an important role but also challenge, admiration, and
cause it is hard telling a good bot from a bad bot (e.g., assympathy. From the perspective of human-agent interaction,
programmed by a hacker [20]. involvement may be a more fruitful notion because the user
These findings are consistent with research results re-experience may be far richer than 'being concerned’ with an
garding media effects on information processing and atti- embodied computer application. PEFiIC explains which fac-
tude formation. Although information processing may be tors are important in establishing involvement (involvement
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Figure 1. Model of perceiving and experienc-
ing fictional characters, including empathic

agents. Features that are relevant to the
goals and concerns of the user evoke emo-
tions. Distinctive features that are appraised

positively and intersecting features that are

appraised negatively can increase both in-
volvement and distance (see %-sign). If bad
features are appraised positively, an ap-
proach tendency may occur, whereas a neg-
ative appraisal of good features may cause
an avoidance tendency. A second PEFiC pro-
cess is started relatively independently if the

norms of the individual are contrasted with

the norms of significant peers (‘What do the

others think of it?’).

Quite like characters on the silver screen, then, PEFIC as-
sumes that agents are judged for their Ethics (good vs. bad).
TheAesthetic®f an agent has to do with its appeal in terms
of look and feel. A beautifully shapen and fluently mov-
ing figure will be judged as more attractive than an agent
with ugly graphics and clumsy gestures. Related to this is-
sue is the level of realism a user attaches to the agent (factor
Epistemick It will make a difference if, for example, medi-
cal information is communicated by a realistic video doctor
or by an unrealistic cartoon. The popularity of avatars seems
to warrant the assumption that users like to converse with a
digital lookalike (factorSimilarity), which may have a posi-
tive impact on user involvement. Agents that are more sim-
ilar to the user (e.g., in looks and behavior) may be more
involving than dissimilar agents. The core of user involve-
ment and distance, however, will probably lie in the com-
bination of (task-) relevance and valen&elevancdafter

[8, 17]) is the assessed importance of the agent with re-
gard to user goals (e.qg., seeking instruction and/or entertain-
ment).Valence(after [8, 17]) is the expectancy of a positive
outcome or a negative outcome of using the agent (e.qg., ‘If
| use the agent | will have fun’ vs. ‘If | use the agent | will
waste a lot of time’). The factdlorm pertains to the judg-
ments of significant peers. If a user likes a Windows agent
but this is not done in a UNIX community s/he is a mem-
ber of, the appraisal of the agent will be affected by the
peer group norms [11]. PEFIC predicts that the positive ten-
dencies will load on involvement and the negative on dis-
tance but that maximum involvement is not necessarily the
most desirable state. A tele-operating surgeon may be sup-
ported by a virtual tutor but s/he should focus on the patient

and not so much on the agent. A certain amount of distance,
then, is equally important to establish involvement that is
not too compelling, thus evoking the highest level of appre-
ciation or user satisfaction.

that might but does not have to come in the form of empa-
thy). Moreover, PEFIC emphasizes the role of distance, the
counterpart of involvement, as a contributor to the user ex- The 6 factors that the PEFIC-model discerns (Ethics,
perience of agents. The fact that many Office Assistants areAesthetics, Epistemics, Similarity, Relevance, and Va-
hidden by the user each time they appear may indicate thatence) have 2 levels each, which establish the involvement-
avoidance tendencies are active as well. distance trade-off. For a full-fledged evaluation of the
Applied to interactive environments [26], PEFIC predicts PEFiIC-model as applied to agent?? = 64 charac-
that liking of the agent or perhaps user satisfaction (factor ters or agent types need to be developed. These (subsets of)
Appreciation cf. like/dislike and please/displease in [17] is 64 agent types are evaluated in terms of involvement, dis-
fed by the simultaneously active processesneblvement  tance, and appreciation by users of, for example, instruc-
(e.g., empathy, sympathy, challenge) &istance(e.g., an-  tion or entertainment applications. Because the 64 agent
tipathy, irritation, boredom) (Figure 1). There are six factors types reflect the systematic combination of the factor lev-
that determine the level of involvement (e.g., in the form of els within PEFIC, this factor matrix provides the user with
empathy) and distance (e.g., in the form of irritation). If an a database of agent types from which s/he can choose
agent is designed to help and support the user, the user will the right type of agent to the right mood or goal s/he
perhaps unconsciously - assess the agent as a ‘good’ force ihas. This may be quite important, for example, to in-
the environment. If an agent or other application is designedcrease the fun factor of an application or to be addressed
to spy on users, to damage system files (e.g., a hacker’sn an appropriate way (e.g., experts do not want to con-
bot), or unintentionally causes computer crashes, it will be verse with a cartoon paperclip and cyberpunks do not want
assessed as a ‘bad’ force (cf. approve/disapprove in [17]).a smooth Mister good guy drooling over their Web sites).



In the future, the user should be able to smoothly nav-
igate through a ‘MetaMorph box’ of agent types to adapt
the agent to his or her personal taste and needs, making the
agent, for instance, more similar to the self, less ugly, and
just a little bit bad.

3. PEFIC in digital dossiers

As a suitable domain to create evaluation scenarios for
the MetaMorph box so to test the predictions of the PEFiC-
model, we next want to introduce the concept of ‘digital
dossiers’.

Digital dossiers are to be understood as a collection of
information that may be viewed from different perspectives
and that essentially contains, apart from textual information,
rich media information in the form of video-recorded inter-
views, audio, and images. Each dossier is a collection of
documents concerning a particular person or matter, in this
case, contemporary artists and their work. The notion of a
dossier is closely related to that of an archive, but there is
a different focus, because an archive is a place where pub-
lic records are kept or they are the records and material it-
self (Webster New World Dictionary).

The digital dossiers are deployed in a project performed
in cooperation with the Dutch Cultural Heritage Institute
(ICN) 1 in the context of the International Network for the
Conservation of Contemporary Art (INCCA) In short, the
idea is to develop digital dossiers for individual artworks,
allowing professionals to deal with the information in an in-
tegrated, highly interactive fashion. We developed a proto-
type of a VR that realizes a digital dossier for selected works
of a particular artist. The digital dossiers represent the infor-
mation that is available for a particular work of art, or a col-
lection of works. The digital dossiers should be multimedia-
enhanced, that is include photographs, audio and other mul-
timedia material in a compelling manner.

Although there are many possible ways to realize a dig-
ital dossier, in one case study centered on the Dutch artist
Marinus Boezem, we have chosen a spatial metaphor for
display, the artist's atelier, which gives access to the avail-
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from an ini-
tial application of an artist's dossier
(Multimedia Casus Practicum, VU,
http://www.cs.vu.nl/ ~eliens/casus/). From
top to bottom: Artist’s atelier with chest of
drawers, watching the interview with a pro-
jector, and following the artist on a tour.

Figure 2. Screenshots

able information. The artworks as well as the information

about the artworks is present in the virtual atelier, and in ad- gation or a search task through the digital dossiers, the artist
dition, in one corner of the atelier there is a projector with agent can show different behaviors and have different ap-
which a video recording of an interview with the artist can pearances in various evaluation scenarios. In Section 4, we
be shown. The artist, in the form of a humanoid avatar, is will discuss how the navigation and guidance through the
available as an agent, waiting in the corner of the atelier, to dossiers may be adapted such that these tasks resemble con-

answer questions about his work (Figure 2).
We wish to elaborate on the idea of the artist as agent by

trolled laboratory conditions.

systematically varying the agent types of the MetaMorph 4. Evaluation scenarios

box to represent the artist. While the user performs a navi-

1 http://www.icn.nl/
2 http://www.incca.org/

We proceed from the assumption that our agents func-

tion primarily as guidance in complex interaction tasks with
some information system, i.e. the digital dossiers, although



conversational agents can take other functions as well, suctour preliminary experimental set-up, the navigation task the
as a conversational partner in language learning or a demonuser performs to search the digital dossiers is guided by an
strator in learning certain skills. There are two paradigms empathic agent. In different user groups, this agent should
of interaction in complex environments, namely pure nav- take different forms and show different behaviors, accord-
igation and guided tours/presentations that are based oring to systematic manipulation.

some narrative structure. Both paradigms can be aug- Task-relevancecould be manifested in agent behavior
mented using empathic agents, which in the case of nav-that is of direct importance to the user task (relevant be-
igation might merely give directions and, in the case of havior is to cue the choice option) or showing behaviors
guided tours, may explain what is going on, possibly offer- with little weight to the task (irrelevant behavior). Irrele-
ing the user a choice of continuations. The applicable vali- vance could be produced by offering help and tips on, for

dation scenario(s), then, could be: example, word processing, or like Microsoft’s Narrator, by
reading aloud interface code as if it concerned regular con-
Navigation - pure interactivity tents. To increase task-relevance of the agent, users could
Guided tours - using some narrative structure receive a reward if they expose the fastest and most accurate
Agent-mediated - navigation and guided tours performance of their groupalences varied by helping the

user with the task (correct cues foster a positive outcome ex-

For experimental purposes, navigation by pure interac- pectancy) or by deceiving the user with incorrect cues (pro-
tivity resembles most a forced-decision reaction-time task. voking a negative outcome expectancgjmilarity may be
User evaluation can be tested under two conditions: Agent-established by presenting an avatar (based on a photo of the
mediated navigation versus unmediated navigation. Twouser) or a dissimilar persoithicscan be manipulated by
guestions arise, then, which regard the efficiency of agent-presenting polite and friendly or impolite feedback (cf. Ag-
mediated navigation in terms of increased speed and deneta and Frida [19]) and aggressive proactive behas-
creased error percentages as well as regarding the levels dheticscan be induced by designing agents that have, for
involvement, distance, and appreciation (i.e. user satisfac-instance, average face shape and symmetry, ideally arched
tion) in both conditions. The task users could perform is to eye-brows, etc. (see, among others, [7, 18, 21]). Ugliness
find certain information in the digital dossiers (e.g., ‘find can be evoked by strong deformations of the ideal shapes
an article’ or ‘watch the interview’). Users can complete and showing signs of disease. Different level&pfstemics
this search task by clicking a correct or incorrect object or can be established by showing photo-realistic mediated per-
widget. This way, experimental trials consist of ‘searches,’ sons (e.g., Andrette) or, for example, unrealistic cartoon
which actually are simple decisions between two (hypertex- figures (cf. Bonzi Buddy} .
tual) options (e.g., cliciChest of drawerss. click Projec-
tor, Figure 2). After the decision, feedback is provided on g |nteractive PEFiIC powered by
the selected information (correct-incorrect). Together, the DLP+X3D/STEP
sequence of simple decisions between pairs reflects an ex-

tended navigation through a (narrow) hypertextual structure |, section 2, we outlined a theory of user engagement

in which users check whether a selected object is the right, i, empathic agents (the PEFiC-model) and concluded
chqlce or not. In the ag_ent-medlated condition, agents of ot (a subset of) 64 agent types is needed (the MetaMorph
various kinds serve to either correctly cue or wrongly cue box) to systematically explore the main factors that moti-
a choice option. In subsequent experiments, adding choicg ae yser engagement. In Section 3, we introduced the no-
options can extend the width of the navigation structure. jon, of digital dossiers as a suitable application domain to
The dependent variables are the online click speed and €rdevelop the MetaMorph box for. In this section, we will
ror percentage of decision making between the options t0piefly describe the DLP+X3D/STEP agent platform, which
measure task-execution efficiency and filling out a struc- gnaples user evaluation of agents in a natural setting, i.e.
tured questionnaire offline[14] to evaluate the agent's (émo- q,ring exploration of the digital dossiers in a cultural her-
tional) effectiveness (Relevance and Valence), look (Sim- jtaqe project. Following [22], we give an outline of the tech-
ilarity, Ethics, Aesthetics, Epistemics), and feel (Involve- hica| requirements of an empathic agent to be able to re-
ment, Distance, Appreciation). use and adopt’ the agent in future applications. ‘Stating the
technical parameters also helps to judge the design of the
5. Developing the metamorph box [agent] independent of the limitations of the implementa-
tion or technical resources available’ [22].
As mentioned in Section 2, the MetaMorph box ideally
contains 64 systematically varied agent types that togethe http://mww.bigscience.com/
reflect the full of Interactive PEFIC. In one condition of 4 http://www.bonzi.com/BonziBUDDY/BonziBUDDYFREE.asp




DLP+X3D is a high-level platform for 3D and rich media STEP is somewhat different from what is found in ap-
virtual environments based on agent-technology, using theproaches relying on animation tools or low level scripting
languages DLP, Java, and VRML. On top of this platform, a languages. STEP offers the means to model complex ges-
scripting language STEP was worked out for specifying hu- tures on a high level in a purely declarative fashion.
manoid movements and gestures, based on dynamic logic.

The platform supports, for example, embodied conversa-7 - gome issues and pitfalls
tional agents [6] and an avatar conductiong music [23].

From our background [5], we have a clear preference  Certain issues and pitfalls in evaluating agent character-
for Web-based real-time 3D environments with a strong istics are discussed next and may partly supply a list of
programmatic interface. Our requirements with respect tothings to do. PEFIC seems promising to evaluate user en-
a platform supporting such environments may be summa-gagement with empathic agents but one of the first things
rized as having a declarative language for agent supportthat should be added is the interactive aspect [26]. Many is-
multiple threads of control for multiple shared objects, sues may arise in this sense, for instance, whether the agent
and distributed communication for networking capabilities should maintain a model of the user [22] regarding demo-
(TCP/IP). This excludes systems that rely on offline ren- graphic variables (e.g., cultural background) and personal-
dering, but also systems that rely on the native graphics ofity traits (e.g., cognitive styles), proactive behavior, agent
a particular machine. In addition, we rather program the autonomy, and task difficulty [ibid].
dynamic behavior than creating it with advanced author-  There are also a number of problems in evaluat-
ing tools. Nevertheless, our approach allows for easily in- ing agent characteristics and determining the effectiveness
corporating content produced by such tools. However, this of the agent as distinct from the effectiveness of the applica-
stance may easily be misunderstood, and should certainlftion. One issue worth mentioning is that the complexity of
not be taken as to advocate a hacker’s approach to developthe domain of cultural heritage will make it (even more) dif-
ing agent-based systems. On the contrary, we adopt a fullyficult to distinguish between the effectiveness of the ap-
declarative approach, meaning that the code should be unpjication (the digital dossiers) and the usefulness of the
derstood as a specification of the desired properties of theagent (providing guidance in using the dossiers). Addi-
system, and not (only) by means of an operational inter- tionally, when it comes to testing task-related issues, we
pretation based on some complex execution model. In factface the fact that there is only a limited number of ex-
our platform is unique in that it is uniformly logic-based, perts who have sufficient knowledge to use the dossiers
both on the level of specifying the cognitive processes of in an effective way, for example, in preparing an installa-
the agents as in the specification of gestures and actionstion of the work of art in a museum or exhibition gallery.
And to the extent possible, even events within the 3D envi- Thus, for testing the MetaMorph box with a sufficient num-
ronment are controlled by a logical specification of sorts.  per of users, we should restrict the user tasks to exploration

The language DLP is a distributed object-oriented ex- and tasks requiring limited expertise.
tension of Prolog [4]. It supports multiple inheritance, non-
logical instance variables and multi-threaded objects (to aI—8_ Conclusions
low for distributed backtracking). By merging DLP with
VRML, using the VRML External Authoring Interface, the To contribute to the design of user support by means
DLP+X3D platform was created. This approach allows for ¢ Lumanoid software, we proposed the Interactive

a clear separation of concerns, modeling 3D content ONpeFic framework to explain user engagement with em-
the one hand and determining the dynamic behavior onpaihic agents. Appreciation (i.e. user satisfaction) is

the other hand. The first release of the DLP+X3D platform tqstared by the parallel processes of involvement (e.g., em-
was used to create agent-based multi-user virtual environ-pathy sympathy, challenge) and distance (e.g., antipathy,
ments, deploying a logic-based declarative language provid-itation, boredom). However, a certain amount of dis-
ing support for intelligent agents. tance is not seen as harmful to user satisfaction but a

Although a platform as described above offers powerful necessary compensation to avoid total immersion in the ap-
computational capabilities, this is clearly not enough to cre- plication or full identification with the agent, in other
ate embodied conversational agents with a rich repertoire ofwords, to avoid mixing up fiction with reality. PEFiC dis-
gestures. On top of the DLP+X3D platform, then, we devel- tinguishes 6 factors (Ethics, Aesthetics, Epistemics, Sim-
oped the STEP scripting language for defining gestures andlarity, Relevance, and Valence) with 2 levels each that
driving the behavior of our humanoid agent avatars [12].  govern the involvement-distance trade-off. Systematic vari-

STEP is based on dynamic logic [9] and allows for ar- ation on these dimensions would call for 64 agent types
bitrary abstractions using the primitives and composition (the MetaMorph box) to be evaluated in interaction with
operators provided by our logic. The rationale underlying the user.
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