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CHAPTER 1

Introduction

1.1 What elephants and interfaces have in common

‘Nature does nothing without a purpose’ (Aristotle, 384-322 B.C.)

At first sight, elephants and interfaces do not have much in common. Elephants
are living creatures, whereas interfaces are part of computers (according to a de-
sign perspective, cf. Moran, 1981). Nevertheless, elephants and interfaces have
certain things in common, as this introduction will explain. These shared at-
tributes will serve as a starting-point for the study of user responses to embodied
agents. Put simply, embodied agents are computer programs that have life-like
visual representations and appear on a computer screen, such as on the Internet
(e.g., http://www.ikea.com1, in productivity applications (e.g., Clippy in Microsoft
applications) or in computer games (e.g., Grand Theft Auto). The central ques-
tion this dissertation examines is how computer users respond to embodied agents.
Understanding user-agent interaction is useful for designers who want to use em-
bodied agents in software products. In interface design, as in Aristotle’s nature,
nothing should be designed without a purpose.

In the animal kingdom, the form of an animal is crucial for its survival. For
example, an elephant needs legs to move, and its legs are huge, thick pillars, neces-
sary to support an elephant’s bulk. Although an elephant cannot use pick up blades
of grass or rip off branches off a tree with such hefty legs, its trunk, comprised of
over forty thousand individual muscles, offers a solution. The form of an animal
is related to its function. For example, in many animal species, the males hunt for
food and protect their families against dangers in the environment, and therefore re-
quire muscles that are better developed than those of females, who manage the care

1Retrieved January 1st 2008
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and feeding of the offspring. In elephant society, females spend their lives in fam-
ily groups made up of mothers, daughters, sisters, and aunts, whereas males live
more solitary lives2. Because only the most dominant males breed with cycling
females, male elephants spend much more time fighting for dominance amongst
themselves than the females do. Furthermore, an animal’s outer appearance in
terms of beauty is an indicator for an animal’s strength and how well it can survive
(cf. Etcoff, 1999). For example, male peacocks with beautiful tails have the best
chances of mating and producing offspring: the more beautiful, the stronger, and
the higher the likelihood of successful young. Thus form, function, and appearance
aspects of animals influence their roles in the animal kingdom.

The same is true for humans. The form of our bodies enables us to move (legs),
talk (tongue, vocal chords, etcetera), eat (teeth, stomach), and perform other bod-
ily functions. More than for animals, however, humans assign certain functions to
particular individuals. For example, a farmer grows food, a police officer main-
tains safety, a doctor provides medical help, a teacher transfers information and
promotes the educational development of children. However, humans do not judge
other people on rational grounds alone. Appearance also plays a role. The ancient
Egyptians used eye liner to beautify themselves, and African tribes have a tradition
of decorating their lips, ears, and necks. Nowadays, millions are spent in the fash-
ion industry, and ‘extreme make-over’ programs are popular. Humans want to look
good, and for good reasons. In general, an attractive person has a greater chance of
getting an office job than an unattractive person, even if appearance has nothing to
do with successfully performing that job (Watkins and Johnston, 2000; Cash et al.,
1977; Dipboye et al., 1975). Even Aristotle observed that ‘Beauty is a greater rec-
ommendation than any letter of introduction’ (cited in Etcoff, 1999, p30). In short,
form, function, and appearance of humans influence their interactions in society.

The importance of beauty did not emerge by accident and is no cultural con-
struct, but is a result of evolution (e.g., Etcoff, 1999). What humans regard as beau-
tiful or ugly, however, does depend on culture and time, which is why the fashion
industry can influence what clothes we wear and what shoes we like. Even three- to
six- month old babies spend more time looking at attractive than at non-attractive
faces, and they play with attractive dolls for a longer time than with non-attractive
dolls (e.g., Langlois et al., 1990, 1991). Thus, it is not surprising that humans
judge inanimate objects not only in terms of their functional aspects (what can a
person use the object for) but on appearance as well. For example, even though
a car’s function is merely to transport someone from one place to another, it will
only sell well if it has a nice appearance. Likewise, a winter coat should be not
only warm but fashionable as well, and a child will only enjoy playing with a doll
if it looks like a clown, knight, or ballet dancer (i.e., it should be beautiful and have
a realistic appearance as well).

In this dissertation, the research objects are embodied agents on computer
screens. Functional aspects seem to be the primary concern for computer users.

2http://en.wikipedia.org/wiki/Elephant
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What tasks can the embodied agent do, and can it perform those tasks properly?
For example, is the agent able to search efficiently and effectively on the Internet?
Does the agent offer useful advice? People will only ask an embodied agent for ad-
vice if the agent seems knowledgeable. Otherwise they will discard the agent into
the virtual ‘bin’. As long as the user is able to clearly communicate to the computer
what tasks should be done, a dialogue window may suffice and the ‘body’ of an
embodied agent seems of minor importance. The body, or form, of an embodied
agent only seems important for task performance when it becomes functional. For
example, a virtual salsa teacher needs legs to demonstrate steps. Or, if an agent
wants to communicate with people who are hard of hearing, hands for sign lan-
guage are indispensable. Most of the time, however, the form of an agent does not
affect what actions it can perform on the computer. Whether or not an agent has
legs does not affect its ability to search the Internet or give the user advice. Never-
theless, the agent’s outer appearance may affect the user. A smiling face (or smiley
‘:-)’) is appreciated more than a sad face (‘:-(’), like in the ‘real’ world (e.g., Mueser
et al., 1984). Or, a boy may prefer a game character mainly because of its heroic
appearance and ignore a less heroic-looking character (Konijn et al., 2007). Cen-
tral in this dissertation is the idea that user responses to embodied agents depend
on both their function and outer appearance3, just as animal or human responses to
elephants, peacocks, humans, cars, winter coats, and dolls.

Yet, human responses are more complex than the above statements suggest.
This can be illustrated by the following excerpt from Henry James’ letter to his
father about meeting the unmarried, 19th century novelist George Eliot (James and
Edel, 1987, cited in Alam and Dover (2001)):

‘She is magnificently ugly. She has a low forehead, dull gray eyes,
a vast pendulous nose, a huge mouth, full of uneven teeth. Now in
this vast ugliness resides a most powerful beauty, which, in a very few
minutes, steals forth and charms the mind, so that you end as I ended,
in falling in love with her.’

For Henry James, George Eliot’s ‘beauty’ does not reside in her appearance,
which most would consider to determine beauty. In addition, a beautiful appear-
ance may not necessarily lead to happiness and fulfillment. A less beautiful pea-
cock could have more offspring than a peacock with more beautiful plumage. The
less physically attractive candidate of two may get the job. Someone may drive
a car that he describes as plain ugly, for many years. A child’s lovely new doll
may disappear into the closet after only one day. Sometimes people prefer ugliness
to beauty, and usefulness and beauty do not always produce positive attitudes and
use. Therefore, we can assume that how users respond to embodied agents is also
a complex matter.

3Form aspects can be considered part of appearance and will not be separately considered in this
dissertation
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Of course, the analogy between embodied agents, humans, and animals is not
a complete one. In the end, embodied agents are not living creatures that develop
naturally. Rather, they are virtual entities that humans design and create. Never-
theless, the above analogy illustrates that people’s responses to embodied agents
bears resemblance to the way humans respond to living creatures. What matters
is not just whether the agent looks like a real human or animal (realism). Appear-
ance aspects such as beauty, and more importantly, functional aspects (the agent’s
abilities) determine how people respond to the agent.

1.2 Embodied agent research

In computer science, the term ‘agent’ traditionally describes ‘intelligent’ software
that is capable of flexible and autonomous action and behavior (Wooldridge and
Jennings, 1995). Although not all computer programs with a human- or animal-like
representation can be considered intelligent, it is common practice to use the terms
‘embodied agent’ or ‘embodied conversational agent’ to describe such programs
(e.g., Cassell et al., 2000; Ruttkay and Pelachaud, 2004). Yet, researchers have used
many other related terms as well, such as animated interface agents (e.g., Dehn and
Van Mulken, 2000), intelligent (virtual) agents (for example, a yearly conference
is called Intelligent Virtual Agents), lifelike characters (Prendinger and Ishizuka,
2004), animated characters (Rickenberg and Reeves, 2000), interface characters
(Van Vugt et al., 2006), and virtual humans (cf. the Virtual Human Interaction Lab
at Stanford University, and Swartout et al., 2006). The word embodied obviously
refers to their visual, often human- or animal like, representation (cf. film charac-
ters or cartoons). Thus, ‘embodied agent’ is a generic term for different types of
computer programs that have life-like visual appearances and appear on computer
screens.

This section will focus on previous research examining user responses to em-
bodied agents. First we provide several examples of embodied agents and clarify
why systems may or may not improve by incorporating an embodied agent.

Embodied agents may play the role of sales assistant, customer service em-
ployee, teacher, storyteller, health advisor, or another role. For example, the virtual
hostess Amber tries to answer customer questions on the ABNAMRO web site4.
Or, the web site of the Dutch railway system5, has a virtual coach available for
download. The virtual coach, operated by a professional human trainer, provides
the user with simple, general tips to stay healthy, such as, ‘drink one glass of water
every hour’, or, ‘get coffee for all your colleagues on your floor’. Another ex-
ample in the health domain is the exercise advisor Laura, developed by Bickmore
and Picard (2005). Using her social-emotional skills, Laura motivates people to
do their daily physical exercises. Earlier, in 1997, Lester et al. (1997) developed
embodied agents that tutored students. More recently, a research group developed

4http://www.abnamro.nl, Retrieved September 1st 2007
5http://www.nsensport.nl, Retrieved January 1st 2008
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the ‘FearNot!’ system to teach children to deal with bullying behavior in schools
(Aylett et al., 2007). In the entertainment domain, Mateas and Stern (2003) created
the ‘Façade’ system in which users actively intervene in the marital problems of
a successful and attractive couple in their early thirties, the virtual humans Grace
and Trip. A well-known example from Microsoft is Bonzi Buddy, intended to make
searching the Internet more fun, but often experienced as disruptive and annoying.
Some even claim that Bonzi Buddy contains spy ware6. Thus, a large variety of
embodied agents exist and may be found on the Internet and platforms such as
television (e.g., Krämer et al., 2003; Chorianopoulos, 2006), as well as on virtual
(e.g., Garau, 2003; Bailenson et al., 2006; Reidsma et al., 2007), mobile (e.g.,
Tomlinson et al., 2006), and desktop environments.

In many virtual worlds such as Second Life and in messenger services such
as Yahoo! Messenger, users can create a virtual self. Such a self-representation,
also called an avatar, graphically represents the user online. This research does not
directly address such avatars. Commonalities are likely to exist between how users
interact with embodied agents and how they use their avatars because they are both
visual, often human-like, representations on the computer screen. However, pro-
cesses involved in self-identity and self-consciousness may have a strong influence
on how the user responds to avatars, for example, how involved the user feels with
the avatar. This dissertation does not examine these factors, and hence the results
may not be generalizable to human interaction with avatars.

Equipping applications with embodied agents is a relatively new trend in inter-
face design. In the last two decades of the 20th century, human-computer interac-
tion scholars questioned whether future computer applications would (and should)
develop into ubiquitous, invisible, disappearing computers, or whether they would
lead to natural, human-like interaction between humans and computational devices
(e.g., Shneiderman and Maes, 1997). In fact, current technologies represent both
of these very different views. On the one hand, the new generation of technolog-
ical devices is moving from the desktop into everyday items such as refrigerators,
telephones, and wearables such as glasses and bracelets. They have ‘disappeared’
from sight. They have gotten smaller, too. Apple’s iPod nano, a super slim mu-
sical device, is one example. On the other hand, many new technological devices
have human-like features, such as voice interaction in car navigation systems (Nass
and Brave, 2005), and embodied agents in a range of applications (not to be con-
fused with ‘humanoid’ agents such as ELIZA (Feigenbaum and Feldman, 1963)
that usually do not have a visual appearance). The idea is that users can interact
more naturally and efficiently with embodied agents, a human substitute, than with
machines, because humans communicate with other humans all the time (e.g., Pi-
card, 1997). In addition, because people would often rather interact with people
than with machines, embodied agents may enable people to interact with comput-
ers in an enjoyable, motivating, and engaging way (e.g., Maes in Shneiderman and
Maes, 1997; Nass et al., 2006). Last, people may even interact more honestly with

6http://en.wikipedia.org/wiki/Bonzi Buddy
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embodied agents than with non-humanoid interfaces: one study found that a pic-
ture of a pair of eyes near a coffee machine where people had to leave money in
a so called ‘honesty box’ tripled the amount of money collected (Bateson et al.,
2006).

Of course, not all systems improve by incorporating an embodied agent. The
benefit of using embodied agents is likely to depend on a variety of factors. Com-
puter games such as Grand Theft Auto would be very empty without virtual crea-
tures, and not interesting enough to visit. Applications used for story-telling or
for teaching salsa dance are nothing without a virtual storyteller or salsa teacher.
However, few people would miss Clippy if it totally disappeared from the screen.
Perhaps a three-year old would. A young child may want to see the cute dog
that makes such funny noises or the lovely cat that blinks at him or her from the
computer screen. For small children, this is entertaining, whereas for others, it is
disrupting. When people surf the web site of IKEA, they might ask the embod-
ied agent Anna questions because she looks like a real IKEA employee. If she
replies intelligently, they may seek her expertise again. Otherwise, they might ig-
nore her the next time they have a question, and call customer service instead. The
‘framework for research on anthropomorphic interface agents’ of Catrambone et al.
(2004) sorts the factors affecting user-agent interactions into three groups: features
of the embodied agent, features of the user, and features of the task the user wants
to perform.

Among first group, features of the embodied agent, realism has received the
most attention in embodied agent research. The degree to which the agent resem-
bles a real person or animal, in form and behavior, is likely to influence the user
(e.g., Bailenson et al., 2006, see Chapter 2 for an elaboration). Many empirical
studies have investigated form realism, by comparing realistic and unrealistic outer
appearances of embodied agents. Koda and Maes (1996) found that people prefer
realistic human faces over cartoon faces in terms of likeability and comfort. On
the other hand, Catrambone et al. (2002) found that agent realism (lifelike versus
iconic) had little effect on the perception of an embodied agent, but user percep-
tions were strongly influenced by the task. Despite the contradictory findings, in
their overview of the empirical studies on embodied agents performed up to the
year 2000, Dehn and Van Mulken (2000) concluded that the degree of realism is
probably an important factor influencing likeability and other social evaluations.

Scholars have argued that besides realism, other agent features are also likely
to affect the user. Just like in real-life, human responses are likely to depend on
both the way an embodied agent looks (appearance aspects) as well as the things
an embodied agent is capable of doing (functional aspects). Indeed, Catrambone
et al. (2004) reviewed a range of relevant agent features, such as visual appear-
ance, fidelity, expressiveness, personality, presence, role, initiative, speech quality,
and other variables such as gender and competence. Further, Ruttkay et al. (2004)
distinguish between aspects related to the embodiment (e.g., look, communication
modalities), mental aspects (e.g., personality, emotions), and technical issues (e.g.,
the use of certain programming languages). Finally, Gong et al. (2006) created
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a categorical framework for (static) embodied agents by asking users to catego-
rize pictures of embodied agents into meaningful groups. They identified four
dimensions: humanness, graphic details and stylization, good-natured versus bad-
natured, and gender. The above scholars thus identified similar dimensions (e.g.,
the agent’s look and gender). Note that these categorizations emphasized appear-
ance aspects more than functional aspects, or related aspects such as competence.

Note that, although embodied agents can be designed to smile, be rude, etcetera,
they cannot actually feel happy or sad, they do not actually have a rude or extro-
verted personality (e.g., Konijn and Van Vugt, 2008). Users assign such qualities
to the agents (just as we assign personalities to cars or other objects), but embodied
agents do not actually possess them. User perceptions are based on design charac-
teristics. For example, an embodied agent using speech may be perceived as more
realistic than an embodied agent that is text-based.

The second group of factors that affect user-agent interactions are features of
the user. This includes various characteristics such as gender, age, personality,
cognitive style, background knowledge, capability, goal, computer experience and
skills, psychological states (e.g., mood), and culture (e.g., cultural norms and be-
lieves) (e.g., Catrambone et al., 2004; Ruttkay et al., 2004). In the studies pre-
sented in this dissertation, we control for a range of user characteristics such as
gender, age, and computer experience. More importantly, however, we especially
focus on user perceptions in order to understand their responses to embodied agents
(cf. Konijn and Hoorn, 2005). Thus, we investigate embodied agents from the
user’s perspective, which sections 1.4 and 1.5 discuss in greater detail.

The third group of factors affecting user-agent interactions are features of the
task. They include the intent, domain, context, difficulty, timing and duration of
the task, as well as consequences of the quality of task performance (Catrambone
et al., 2004; Ruttkay et al., 2004). In this dissertation, we adopt the view that users
perceive embodied agents as tools they may use within a task or goal context. That
is, in user-agent interactions, users perceive the actions that the embodied agent
can perform, and judge whether these actions are useful for their task (relevance),
and whether they expect positive or negative outcomes, for example in terms of
efficiency, effectiveness, or effort, when using the embodied agent in their task
(valence). 1.3 and 1.5 elaborate on these ideas.

The studies mentioned above allow us to categorize the research on embodied
agents. They indicate that the agent’s outer appearance, as well as the agent’s
behavior, the user, and the task, may all influence user responses. However, to
understand the psychological processes evoked during user-agent interactions, an
enumeration of factors does not suffice. Because it was impossible to include every
single factor in this dissertation, we therefore selected specific factors to study user
responses to embodied agents systematically. We developed an integrative model
as a conceptual framework to explain user responses to embodied agents. The
model focuses on the psychological processes user-agent interaction evokes. More
specifically, the model aims to explain user engagement with embodied agents, the
user’s intentions to use the agent again in the future, as well as user satisfaction.
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Thus far the literature has lacked such a systematic integration of factors.
The building blocks of the integrative model were derived from different dis-

ciplines, mainly communication science and computer science. To understand the
model it is necessary to understand the interdisciplinary approach.

1.3 Interdisciplinary approach

Interdisciplinary research exists at the boundaries of, and includes elements of,
different scientific disciplines. The work this dissertation describes has been in-
terdisciplinary from the start (being part of ‘VUBIS’ and the ‘Network Institute’
at the VU University Amsterdam), and is the result of collaborative work between
two faculties: the faculty of Social Sciences, department of Communication Sci-
ence, and the faculty of Exact Sciences, department of Computer Science. Not sur-
prisingly, therefore, the research presented in this dissertation includes elements
from Communication Science and elements from the field of Human-Computer-
Interaction (HCI).

For a better understanding of what factors affect user responses in user-agent
interactions, it seems obvious to start with insights from the field of HCI, typically
concerned with the understanding of why people use certain technologies and why
they ignore others. For a long time, the main focus in HCI was on computers as
tools for task performance, just as a carpenter uses a hammer as a tool for mak-
ing furniture. Microsoft’s Office Assistants, for example, were designed to help us
search our directories or to teach us something about computer use. The starting
point for research in HCI was the belief that people evaluate the usefulness of a
computer program (e.g., an embodied agent) mainly through effectiveness and ef-
ficiency considerations, during task performance. Early versions of the influential
Technology Acceptance Model (TAM), developed by Davis (1989), for example,
predicted computer technology acceptance and utilization based solely on the con-
cepts of perceived usefulness and perceived ease of use. In general, aspects of util-
ity and usability, such as learnability, efficiency, and memorability (e.g., Nielsen,
1993), gained the most attention in HCI. However, HCI scholars and designers real-
ized that computer program use is not a purely rational, cognitive decision. Utility
and usability alone could not explain the total experience of using computerized
systems. Extended versions of TAM emphasized user motivation and emotion as
major components in technology acceptance and use (Venkatesh, 2000). Thus it
appeared necessary to go ‘beyond usability’ (Green and Jordan, 2001; Maxwell,
2001) to understand the total user experience of interacting with computers (cf.
Preece et al., 2002; Shedroff, 2001; Forlizzi and Ford, 2000; Garrett, 2002).

Stemming from communication science, the work of Reeves and Nass (1996)
has been influential in this field of interdisciplinary studies. Their work demon-
strated that people often operate ‘mindlessly’ while interacting with computers (c.f.
Langer, 1992). People apply social rules, norms, and expectations to computers, re-
sponding to them in a social way, as they would to real people. For example, impo-
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lite computers are deemed offensive, and they are not regarded as technologically
deficient, but as socially incompetent. An embodied agent is not allowed to disap-
pear from the screen without first saying goodbye to its user, because this behavior
does not conform to the rules of leaving a social situation (Reeves and Nass, 1996).
In addition, embodied agents suffer from many social categorizations, for exam-
ple, based on ethnicity (Biernat and Vescio, 1993). Embodied agents with a similar
ethnicity as the user, hence in-group members, are better liked and more trusted
than out-group members (Dryer, 1999; Nass and Moon, 2000). The phenomenon
that systems are seen as independent social actors is known as the Computers as
Social Actors (CASA) paradigm (Nass et al., 1995, 1996; Reeves and Nass, 1996).
In the mid-90s, the development of the first intelligent embodied agent, Microsoft’s
Bob, was a direct consequence of the Reeves and Nass studies. Bob is a primitive
example of what eventually may be done to design computers that look and act like
humans. More sophisticated embodied agents were designed in following years.
The idea of human-like computers certainly fires our imagination. Science fiction
movies such as Star Trek feature computers with gender, personality and emotion,
and with whom it is easy and stress-free to talk.

People thus treat computers not only as tools with which to perform tasks,
but also as communication partners with intentions, emotions, and personalities.
Humans anthropomorphize their computers, meaning that they are ‘described or
thought of as having a human form or human attributes’7. This anthropomorphism
affects how much individuals like a computer that is represented by an embodied
agent. To go ’beyond usability’, researchers began to combine models of human-
computer interaction with insights from social science theories concerning human-
human interactions. They drew upon person perception, interpersonal attraction,
and psychological theories of emotion to understand human interaction with em-
bodied agents (cf. Sproull et al., 1996; Reeves and Nass, 1996; Dryer, 1999; Nass
and Moon, 2000; Bente et al., 2001).

A core idea in this dissertation is that humans use their person perception skills
to interpret and evaluate embodied agents. From this perspective, then the complex
interplay of factors involved in human-human communication (e.g., looks, ideas,
capabilities, the relevance of a person’s comments and behavior in a certain con-
text) should apply to user responses to embodied agents. Yet, since the embodied
agent represents a tool, other things matter as well. In the literature, this is indi-
cated by the various, extensive, frameworks for categorizing embodied agents. In
this dissertation, this is further elaborated in the Interactive model on Perceiving
and Experiencing Fictional Characters, the I-PEFiC model. The following section
describes how we developed this model as a conceptual framework for studying
human-agent interactions. The model integrates insights from various disciplines.
This is important, because disciplines usually explore only one side of user-agent
interactions, whereas a deeper understanding of this phenomenon obviously re-
quires insights into interactions among multiple sides.

7Definition from Merrian-Webster online dictionary
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1.4 The PEFiC model

Instead of starting from scratch to explain user responses to embodied agents (en-
gagement, use intentions, and satisfaction), we built upon an existing model that
takes a similar perspective in studying human engagement with fictional charac-
ters in literature, film, and theater (Hoorn and Konijn, 2003; Konijn and Hoorn,
2005). This model on Perceiving and Experiencing Fictional Characters (PEFiC)
is based on psychological theories of emotion, interpersonal attraction, and media
entertainment (e.g., Cacioppo and Berntson, 1994; Dollard and Miller, 1950; Fri-
jda, 1986; Lazarus, 1991). It assumes that the process of establishing engagement
with film and television characters is similar to how people respond to others in
real life. We similarly assume that the processes involved when humans encounter
embodied agents resemble how media users respond to film and TV characters.

Figure 1.1: Perceiving and Experiencing Fictional Characters (PEFiC) (Hoorn and
Konijn, 2003; Konijn and Hoorn, 2005).
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The PEFiC model itself (see Figure 1.1) as well as how the PEFiC model relates
to psychological theories of emotion is described in detail in Hoorn and Konijn
(2003) and in Konijn and Hoorn (2005). A short description will suffice to under-
stand the aspects of the model that are relevant for this dissertation. PEFiC assumes
that the establishment of appreciation or liking of of a fictional character depends
on parallel tendencies to approach and avoid the character. Approach and avoid-
ance are the backbone of the processes of involvement (e.g., empathy, sympathy,
challenge) and distance (e.g., antipathy, irritation, boredom), which are the two
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dimensions of character engagement. In explaining engagement (involvement and
distance), PEFiC assumes that when people watch a fictional character, they ‘en-
code’ that character on several dimensions8. Is the character good or bad (ethics)?
Is the character beautiful or ugly (aesthetics)? And, is the character like a real per-
son or a fantasy figure (epistemics or realism)? All of these factors influence how
people respond to the fictional character, that is, the feelings of engagement the
person has for the character. For example, as in real life (Etcoff, 1999), beauty is
assumed to be more involving than ugliness.

Ethics, aesthetics, and epistemics are factors that are largely similar across
(sub)cultures, within which people generally agree about what is good, what is
bad, what is beautiful, etcetera. Individuals typically judge fictional characters
along the ethics, aesthetics, and epistemics dimensions with reference to prevailing
cultural standards, and with reference to the self only in a limited way. Responses
to fictional characters may, however, also depend on viewer interpretation factors
that do reference the self. Therefore, PEFiC incorporated a ‘compare’ phase, in
which viewers ‘compare’ the fictional character’s features with their own, such as
their looks, goals, and previous experiences. The viewer determines whether the
fictional character looks like him or her, and whether he behaves like the viewer
does (similarity). Similarity is a key factor in interpersonal attraction, for exam-
ple, for feeling sympathy and choosing friends (Byrne, 1971; Klohnen and Luo,
2003). Second, the viewer monitors whether the fictional character is more likely
to harm or sustain the viewer’s goals (valence), such as entertainment or learning.
In the psychology of emotion, valence often reflects the direction of the affective
response (positive or negative), based on the implied outcome of the encountered
event (e.g., Cacioppo and Berntson, 1994). An encountered event that is about
to turn out well evokes positive affect (e.g., hero helps victim). An event that is
about to turn out poorly evokes negative affect (e.g., character kills hero). Valence
is a key factor of engagement with fictional characters. Third, the viewer moni-
tors whether the fictional character is important for the viewer’s personal goals and
concerns (relevance) (cf. Frijda, 1986; Lazarus, 1991). For example, a soap opera
star is more relevant to marital problems than Clippy, but not for task execution on
the computer. Relevance influences the intensity of the emotion. If the user judges
a fictional character to be relevant, emotion felt towards the character will be more
intense, irrespective of its positive or negative direction (valence).

PEFiC has been tested in elaborate experimental settings (e.g., Konijn and
Hoorn, 2005; Konijn and Bushman, 2007). In Konijn and Hoorn (2005), engage-
ment and appreciation were measured as a function of ethics, aesthetics, and epis-
temics of eight considerably different protagonists in feature movies. For exam-
ple, Gandhi represented a good-beautiful-realistic fictional character, Superman
a good-beautiful-unrealistic fictional character, and Dracula a bad-ugly-unrealistic

8The term ‘encode’ in the PEFiC model refers to the interpretation process of the viewer of a
fictional character. This might be confusing, because in the literature (e.g., Zuckerman et al., 1975),
the term ‘decode’ is also used to refer to interpretation process, whereas the term ‘encode’, then,
refers to the transmission process.
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fictional character. The experimental data generally supported the theoretical model’s
predictions about how fictional characters are perceived. First, the best model-fit
was obtained by including all the PEFiC factors. The model-fit was sufficiently
high (χ2 = 9639.80; df = 4,902; AIC = 10755.80; RMSEA = 0.056), which means
that, to a large extent, the PEFiC factors suffice to explain viewers appreciation of
fictional characters such as those in films. Each independent variable significantly
affected the dependents. For example, variation in the dimensions ethics, aesthet-
ics, and epistemics led to variation in the intensities of involvement, distance, and
appreciation.

Second, results indicated that for bad fictional characters, observers reported
more distance than involvement, whereas appreciation did not strongly suffer. Thus,
fictional characters can be liked in spite of distance (antipathy, cold feelings). As
expected, appreciating a fictional character was best explained by both involvement
and distance experiences (the explained variance of appreciation was 36%). Factor
analysis showed that involvement and distance were two distinct experiences, not
the ends of a continuum. They are related but can be experienced at the same time.
An increasing amount of evidence suggests that involvement and distance are the
two dimensions of engagement that affect character appreciation in parallel (Hoorn
and Van Vugt, 2006; Konijn et al., 2007; Konijn and Bushman, 2007).

What Konijn and Hoorn (2005) and Konijn et al. (2007) found for fiction cor-
responds to what Priester and Petty (2001) called ‘subjective ambivalence’, that
is, a conflict in real life between simultaneously occurring positive and negative
attitudes towards an object or person. For example, a mother may feel involved
with a boy because he is her son, but at the same time, she feels distanced because
he has just stolen something from a store. Interestingly, feelings of ambivalence,
which are assumed to cause discomfort in real life, can be used in fiction to enhance
pleasure (Konijn and Hoorn, 2005).

Third, results showed that, in general, positive features (e.g., beauty) of a fic-
tional character will produce positive effects (involvement), and negative features
of a fictional character (e.g., ugliness) will produce negative effects (distance).
However, the reverse may occur as well. Sometimes, the ‘bad’ guy (e.g., Drac-
ula) was liked more than the ‘good’ guy: Some liked it bad. The direction of the
effect of a dimension such as ethics may depend on the context and the viewer’s
goal. If you feel like being thrilled you may appreciate a character like Dracula,
whereas you may appreciate Gandhi as a historical person. In addition, ugliness
was more involving than beauty if the fictional character was bad, for example,
a thief. Or, the distancing effect of ugliness could be compensated for by moral
goodness. Thus, other features of the character may determine whether positive
features lead to positive or negative effects. Konijn and Hoorn (2005) found that
involvement with and distance towards a fictional character depend on a complex-
ity of features, such as its beautiful appearance, its moral behavior, and personal
relevance for the viewer.
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1.5 The I-PEFiC model: Adjusting PEFiC for the embod-
ied agent domain

Because this dissertation focuses on embodied agents, not fictional characters, we
adjusted the PEFiC model for the embodied agent domain. Note that, whereas the
basic ideas of PEFiC can also be found in other theories on interpersonal (human-
human) attraction, we choose to use the PEFiC model as our starting point as it
concerns attraction with non-human, or non-real, characters. Because of the appar-
ent commonalities between fictional characters and embodied agents, PEFiC was
a good starting-point for studying user responses to embodied agents. However,
the differences between television viewing and user-agent interactions should also
be considered. A main difference is that, unlike film characters, embodied agents
are tools with which one can accomplish a task. Therefore, we adjusted the PEFiC
model to the embodied agent domain using theories from HCI. Whereas PEFiC
aims to explain viewers’ engagement and final appreciation, I-PEFiC aims to ex-
plain engagement with, intentions to use, and final user satisfaction with embodied
agents. The PEFiC model was based on empirical work. I-PEFiC, however, is a
conceptual or theoretical model, in need of empirical testing. Our empirical studies
form the body of this dissertation. Theoretically, our reasoning was as follows:

In general, people may approach embodied agents similar to the way in which
they approach fictional characters. A computer user’s encounter with an embod-
ied agent triggers an engagement process. The engagement process, as the PEFiC
model describes, is likely to work similarly for interaction with embodied agents.
Ethics, aesthetics, and epistemics (or realism) are likely to affect interactions be-
tween humans and embodied agents. For example, more than 20,000 people down-
loaded ‘Virtual Katja’9 in the first week after her introduction. This agent looks like
the real-life Katja, a famous Dutch television actress and presenter (realism), well-
known for her attractive appearance (aesthetics). However, some time later, people
accused agent Katja of carrying spyware (‘bad’, ethics) and stopped using her or
removed her from their computers10 (non-use).

However, there are several differences between television viewers perceiving
fictional characters and computer users perceiving embodied agents. A first dif-
ference concerns how people ‘stay in touch’ with the characters. If traditional
television viewers want to see a specific game show host or actor, they are gener-
ally dependent on the broadcasting schedule for particular shows (e.g., Vorderer
et al., 2004). Computer users, however, can interact with embodied agents when-
ever they like, because they may access the agents at will. A second difference
is that, whereas viewers often intend to satisfy entertainment needs by watching
films (e.g., Vorderer et al., 2004), computer users have a larger spectrum of needs
that may be satisfied by interacting with the computer, such as finding information,
getting advice, or completing a task efficiently . A third difference from television

9http://www.katja-schuurman.com, Retrieved January 1st 2008
10http://www.nu.nl/news.jsp?n=514923& c=50, Retrieved January 1st 2008
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viewers is that computer users interact with computers and embodied agents in or-
der to perform a task or reach a goal. Computer users have some control over the
course of interaction with software applications, whereas television viewers are not
able to influence the course of a television program or film. Although with ‘interac-
tive television’ the difference between the audiences may decrease, computer users
are generally more active than television viewers. Therefore, interaction-related
experiences should supplement the engagement process.

We modified the PEFiC model to incorporate the interactive nature of user-
agent encounters and to explain intentions to use embodied agents. We used two
well-known HCI theories - technology acceptance theory (Davis, 1989; Venkatesh
et al., 2003, see also section 1.3) and affordance theory (among others Gibson,
1979; Gaver, 1991; McGrenere and Ho, 2000). Based on these theories, the Inter-
active PEFiC model (I-PEFiC, Figure 1.3) includes an ‘interaction process’ which
focuses on the user’s perception of embodied agents as tools that they may use
within a task or goal context. Thus, whereas the engagement process concerns
the character-side of user-agent interactions, the interaction process concerns the
tool-side or system-side of user-agent interactions. Affordances are the possibil-
ities for action that the software offers to the user (cf. McGrenere and Ho, 2000;
Gibson, 1979), and affordance evaluations are central to the interaction process.
Affordances in the virtual world operate in a way similar to the real world. First,
they exist relative to agent features and the user (see also section 3.2.2). A window,
for example, only affords opening to individuals who have hands and the strength
to do so. Similarly, a virtual advisor that is text-based only affords asking advice
to those computer users that can see the agent and have hands to use a keyboard.

Second, affordances have a ‘quality’, that is, they can be an ‘aid’ (positive) or
an obstacle (negative). For example, it might be difficult to open a window with
old or broken hinges - the affordance of opening the window can be of good or bad
quality. Similarly, users may perceive the provided advice of an embodied agent to
be of good or bad quality.

Third, a person may or may not want to use an affordance, depending on the
situation. For example, if the temperature outside is 35 degrees Celsius, the affor-
dance that the window can be opened becomes relevant, and the person is likely
to use it. If the temperature outside is 10 degrees Celsius, the person will prob-
ably leave the window closed and opt to use the affordance of a radiator instead.
Similarly, if an affordance of an embodied agent is relevant for the user, he or she
is likely to use it. This is especially true if the user expects positive outcomes,
for example, in terms of efficiency, effectiveness, or effort when using the embod-
ied agent in a task (valence). If the agent seems irrelevant, the user will probably
leave it untouched. The interactive side (affordances) yields intentions to use a sys-
tem. Although use intentions may not always lead to actual usage, use intentions
are strong predictors of actual usage (cf. Fishbein and Ajzen, 1975; Ajzen, 1991;
Davis, 1989; Venkatesh et al., 2003). Therefore this dissertation did not need to
study actual usage.

Affective responses (e.g., involvement, distance) and behavior (e.g., use inten-
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tions, actual use) often do not go hand in hand. For example, Figure 1.2, was
created from data collected by talking to users of an intranet system. It shows that

Figure 1.2: Model on user responses to features of an intranet system. Most fea-
tures that were used were disliked (Saffer, 2007). Reprinted with permission of
Dan Saffer.
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most of the features of the intranet system that were used, were also disliked. Saffer
(2007, page 92) contends:

‘The data revealed that much of the intranet wasn’t being used, even
features that users said they wanted. Part of the reason these features
were unused was because users didn’t know they existed - they were
buried in the system. The data also showed that most of the features
the users did know about, they disliked. Most of what the users wanted
in an intranet was unused or unknown or not in the system.’

Similarly, the relationships between involvement with, distance towards, and using
an embodied agent are likely to be complex. People might feel distant from an
agent ‘on a personal level’ but still use it. Perhaps, they have no other way to per-
form a task (e.g., buy something online via a virtual product salesman) or someone
obliges them to do so. Or, people might feel involved with an embodied agent ‘on
a personal level’, but not intend to use it. They might not know the features of an
embodied agent that may help them during task performance. Or, they might think
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it is inefficient to use the agent (e.g., in the case of misplaced pro-active behav-
ior of an Office Assistant), or because they think they cannot successfully execute
the behavior, that is, they might have a lack of self-efficacy (cf. Bandura, 1997;
Ajzen, 1991). Therefore, we treat engagement (involvement and distance) and use
intentions as separate factors that are not necessarily interconnected.

The parallel occurrence of involvement and distance in the PEFiC model results
in a measure of appreciation, but in human-computer interaction, user satisfaction
is seen as the more important end-goal. Therefore, the ultimate user response in I-
PEFiC is user satisfaction, of which appreciation for the agent may be a part. Note
that these end-states are related: satisfied users are often happy users. Following
the PEFiC way of reasoning, the I-PEFiC model predicts that involvement and
distance (together engagement) both influence user satisfaction. In addition, I-
PEFiC predicts that satisfaction with a character not only depends on the character-
side but also on the system-side of embodied agents. This argument stems from
HCI literature indicating that user satisfaction is related to usability and utility
aspects of a system experienced during task performance (e.g., Gelderman, 1998;
Bevan and Maclead, 1994; Lindgaard and Dudek, 2003). Hence, user satisfaction is
expected to depend on the engagement and interaction processes with the embodied
agent.

The conceptual I-PEFiC model is quite complex because it combines theo-
ries from various disciplines into one integrative model, covering a character en-
gagement model, affordance theory, and TAM. Basically, the Basically, the model
comprises of two layers. The first layer concerns the character-side of embodied
agents and describes an engagement process. The second layer concerns the tool-
or system-side of embodied agents, and describes an interaction process. These
layers come from different theoretical backgrounds. . It is not yet clear whether
effects cross from one layer to another, either directly or indirectly, via perceptions
of relevance and valence. For example, does the typical engagement factor real-
ism affect use intentions? Or, does the typical interaction factor affordances affect
engagement? Such ‘cross-over effects’ will also be studied in the present disser-
tation. To better understand the full of the I-PEFiC model, Figure 1.3 as well as
the glossary on page 179 provide an overview, while below we elaborate on a few
important issues.

Distinction between designed and perceived features. I-PEFiC clearly dis-
tinguishes between the designed features and the perceived features. Designed
features are concerned with, for example, how to give an agent an extrovert per-
sonality or a particular quality of speech. In I-PEFiC, the design features of em-
bodied agents are part of the left box called ‘character system’ (see Figure 1.3).
Perceived features are concerned with perceptions of a particular agent, such as the
perception of beauty, ethics, and relevance. I-PEFiC includes perceived features in
the ‘encode’ and ‘compare’ phases. In the experiments presented in this disserta-
tion, the design of embodied agents (for example, a beautiful versus an ugly agent)
was manipulated to affect the perception of these features, and we measured the
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Figure 1.3: I-PEFiC with a short explanation of each factor.
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perceptions, e.g., perceptions of beauty, evoked in users confronted with a partic-
ular embodied agent. User perceptions are often related to design characteristics,
for example, an embodied agent with a small waist is generally perceived as more
beautiful than an embodied agent with a large waist. Sometimes, however, vari-
ations of a certain design factor can also affect other perceptions unintentionally.
A realistic agent might be perceived as more beautiful than an unrealistic agent.
Therefore, we measured a range of user perceptions in each study.

User differences. Individual differences and characteristics such as personal-
ity, beliefs and attitudes, contribute to users’ responses to computers (e.g., Brosnan,
1998; Ajzen, 1991; Johnson and Palmer, 2006). In addition, although some stan-
dards of beauty are universal (e.g., average face shape and symmetry, see, among
others, Johnston and Oliver-Rodriguez, 1997), perceptions of beauty may differ
among users and cultures (e.g., Western versus African cultures, Rguibia and Be-
lahsen, 2006). Because such individual characteristics may also affect user re-
sponses to embodied agents, we include these in the I-PEFiC model. That is, I-
PEFiC is directed at psychological variables (user perceptions) that vary among
individual users because they depend on user characteristics. Obviously, compared
to a male user, a female user will perceive a female agent as being more similar.
Or, a funny agent may be perceived as relevant when the user wants to be enter-
tained, and irrelevant when the user wants to finish a task efficiently. A user with
computer anxiety may expect negative outcomes (negative valence) from trying to
use an agent - ‘the system will crash if I touch it’, whereas other users have no
such fear and expect positive outcomes (positive valence). Thus, I-PEFiC takes
user differences into account by focusing on user perceptions.

Social norm. PEFiC states that social norms may affect the engagement pro-
cess. In technology acceptance literature (e.g., Venkatesh et al., 2003), as well as in
related theories such as the theory of planned behavior (Ajzen, 1991), social norms
are regarded as a factor influencing the user. Norms are social phenomena, which
group members propagate through communication (Lapinski and Rimal, 2005).
What is considered as ‘good’, ‘bad’, ‘beautiful’, or ‘ugly’ depends to a large ex-
tent on the prevailing societal norms. Today, most cultures believe a slim body to
be ideal, whereas four centuries ago, the round, voluptuous curves may have been
considered beautiful. Although social norms are important, in order to narrow the
scope of this dissertation, social norms were not investigated. For the same reason,
this dissertation also does not examine other societal factors that may affect system
use, such as the social position of users in society (e.g., Van Dijk, 2006).

Involvement and distance. In following PEFiC, I-PEFiC assumes that the es-
tablishment of engagement with an embodied agent consists of involvement and
distance. A user might feel sympathy for an agent but simultaneously think the
agent is boring (for example, a virtual news-reader). This is in line with studies that
show that negative and positive affect are relatively independent factors (e.g., Di-
ener and Emmons, 1985; Cacioppo and Berntson, 1994; Priester and Petty, 2001).
We treat involvement and distance as separate factors and test whether this distinc-
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tion is valid in the embodied agent domain, because researchers are still debating
about whether positive and negative affect should be treated as one factor or as two
separate factors (e.g., Brehm and Miron, 2006).

Positive effects of negative dimensions. I-PEFiC assumes that most often,
positive dimensions (e.g., beauty) will result in positive effects (involvement, in-
tentions to use), and negative dimensions (e.g., ugliness) in negative effects (dis-
tance, intentions not to use). However, one should not be too surprised to find
positive effects of negative dimensions as well as negative effects of positive di-
mensions, because previous studies on fictional characters have found such effects
(e.g., ‘some like it bad’ in Konijn and Hoorn, 2005). Perhaps ugly embodied
agents (negative dimension) are still involving (raising pity). Or, the user may pre-
fer an unrealistic agent to a realistic one, because the user is disappointed that a
realistic agent does not live up to the expectations that realism evokes. User re-
sponses to embodied agents become even more complex because they feature in
interactive contexts. In games, for example, obstacles during interaction promote
a positive experience such as challenge or fun, and may evoke intentions to use
an agent (e.g., Song and Lee, 2007). However, it is not yet clear which features
affect the user under what conditions, in what direction, and to what extent. At this
point, therefore, precise hypotheses about user responses to specific factors cannot
be given. In the chapters to follow, we theoretically elaborated on the model and,
zooming in on specific aspects of the I-PEFiC model, formulated more specific
hypotheses and tested them empirically.
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1.6 Structure of the dissertation

In each study presented in this dissertation, we manipulated one or several I-PEFiC
factors. Table 1.1 provides an overview. In each study, we measured the factors by
means of user-perception questionnaires and tested the reliability and discriminant
validity of the factors. Appendix B in Chapter 2 and Appendix A in Chapter 3
show the exact items of the user perception questionnaires and the reliabilities of
each scale used in the first two studies.

The dissertation incorporates four articles, dealing with effects of features of
embodied agents on user responses. Although a different term (interface charac-
ter) was used in two published articles, the term ‘embodied agent’ is used consis-
tently throughout the dissertation, for the reader’s convenience. The contents of
the chapters 2 to 5 in this dissertation are identical to those of published articles or
manuscripts submitted for publication. Similar to the articles, each chapter starts
with an abstract and has an introduction, method section, results section, and con-
clusion and discussion section of its own. Parts of this introduction chapter and the
discussion chapter are included in a book chapter (Van Vugt et al., 2008).

Table 1.1: Overview of manipulated factors, user perception variables, and depen-
dent variables per chapter.

Character- or
system-side of
I-PEFiC

Manipulated
factor(s)

User perception vari-
ables

Dependent vari-
ables

Chapter 2 Character-side (Form) Realism Ethics, Aesthetics, Re-
alism, Similarity

Involvement,
Distance

System-side Relevance, Valence Task performance
Satisfaction

Chapter 3 Character-side Aesthetics Ethics, Aeshetics, Re-
alism, Similarity

Involvement,
Distance

System-side Affordances Affordances, Rele-
vance, Valence

Use intentions

Satisfaction
Chapter 4 Character-side (Facial) Similar-

ity
Similarity Involvement,

Distance
System-side Affordances Affordances, Rele-

vance, Valence
Use intentions

Chapter 5 Character-side (Body shape)
Similarity, Ideal-
ness

Ethics, Idealness (a
measure related to
Aesthetics), Similarity

Involvement,
Distance

System-side Relevance, Valence
(not reported in this
Chapter, but in Chapter
6, section 6.1)

Use intentions
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CHAPTER 2

Realism is not all!
User engagement with task-related embodied agents

Abstract

Human-like agents in the interface may evoke social responses in users, and
literature suggests that realism is the most important factor herein. However, the
effects of embodied agents on the user are not well understood. We developed an
integrative framework, called I-PEFiC, to explain ‘persona’ and realism effects on
the user. We tested an important part of the model using an experimental design in
which 140 secondary school students were class-wise shown an informative virtual
reality demonstration that incorporated either a realistic or an unrealistic (fantasy)
embodied agent, or no agent. Findings show, first, no persona effect on task per-
formance. We discuss how user engagement might be related to persona effects.
Second, designed realism of the embodied agent contributed to user engagement
when controlled for various user perceptions. Moreover, perceived aesthetics and
task-relevance further influenced user engagement. Third, user engagement and
task performance combined better predicted satisfaction than either one of the fac-
tors alone. In sum, several appearance- and task-related factors contributed to user
engagement and user satisfaction. Thus, realism is not all.

This chapter is published as:
Van Vugt, H. C., Konijn, E. A., Hoorn, J. F., Keur, I., and Eliëns, A. (2007). Realism is not
all! User engagement with task-related interface characters. Interacting with Computers,
19(2):267–280.
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2.1 Introduction

People can react to computers as they would react to real people (e.g., Nass et al.,
1994, 1995; Reeves and Nass, 1996). An example of a user treating a human-like
computer application in a social way, is: ‘You are very rude! You interrupt our
conversation without any real reason. I’ll leave you, as you don’t wish to talk
to me any more.’ (in De Rosis et al., 2005). Computer applications designed
to resemble humans or animals have qualities, such as a human- or animal-like
appearances, that are especially likely to elicit social responses. Of these computer
applications, embodied agents are a special type. By embodied agents we refer to
a broad range of characters that may appear on the computer interface with a life-
like visual appearance. They may be computer programs themselves and possibly
behave intelligently, or they may be part of a computer program (e.g., characters
in games or desktop applications). They may or may not use gestures and speech
to communicate and show emotions (e.g., Brave et al., 2005; Picard and Klein,
2002; Gratch and Marsella, 2005). Human-character interaction, then, is a type
of human-computer interaction in which a human interacts (more or less actively)
with an embodied agent.

Indeed, users respond differently to interfaces with an embodied agent than to
those without an embodied agent (e.g., Takeuchi and Naito, 1995), a phenomenon
known as the ‘persona effect’ (Lester et al., 1997). However, empirical investiga-
tions often produce conflicting results concerning persona effects on the user (Dehn
and Van Mulken, 2000). Several theoretical views address the persona effect on as-
pects of task performance and liking. In this introduction, we outline three of these
theories and then propose a new theoretical approach to studying the topic in more
depth.

The first theory states that embodied agents may steer user attention, especially
when they have an eye-catching appearance. This may improve task performance
and liking. Some studies indeed found that an embodied agent increases a user’s
likeability of the system or enhances a user’s learning experience (e.g., Moundridou
and Virvou, 2002; Koda and Maes, 1996; Lester et al., 1997). Others found the
reverse effect (e.g., Sproull et al., 1996); embodied agents may distract users from
their task, which may worsen task performance and liking (e.g., Takeuchi and
Naito, 1995).

Second, social presence theory explains that in real life, the mere presence
of another person increases anxiety and lowers levels of performance on complex
tasks, but might facilitate simple task performance (Rickenberg and Reeves, 2000).
Similarly, embodied agents might evoke feelings of presence of ‘another person’,
which might consequently affect task performance either positively or negatively,
depending on task difficulty (e.g., Choi et al., 2001; Rickenberg and Reeves, 2000;
Nowak and Biocca, 2003). In line with these ideas, Rickenberg and Reeves (2000)
found that a ‘monitoring’ agent led to decreased task performance in complex
tasks. On the other hand, Beun et al. (2003) found that people had better mem-
ory recall when an agent was present in the interface. In addition, some studies did
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not find a persona effect on task performance or recall at all. Mulken et al. (1998),
for example, found that agent presence had neither a positive nor a negative effect
on comprehension and recall. Likewise, no persona effects were found in a tutor-
ing domain (Moundridou and Virvou, 2002) and in an advice giving domain (Xiao
et al., 2004).

Third, from a designer’s point of view, the differentiating factor between agent
interfaces and traditional interfaces is human- or animal-likeness. Obviously, then,
the degree to which the agent resembles a real person or animal, in form and be-
havior (e.g., Bailenson et al., 2006), is likely to influence the user. Form realism
was subject of investigation in several studies, by comparing realistic and unre-
alistic outer appearances of embodied agents. Koda and Maes (1996) found that
realistic human faces are preferred over cartoon faces in terms of likeability and
comfort. On the other hand, Catrambone et al. (2002) found that agent realism
(lifelike versus iconic) had little effect on the perception of an embodied agent, but
user perceptions were strongly influenced by the task. Despite the contradictory
findings, Dehn and Van Mulken (2000) conclude that realism is likely to have an
important effect on users’ responses. For this reason, the present study addresses
realism.

Overviews of relevant factors (e.g., Ruttkay et al., 2004; Catrambone et al.,
2004) indicate that factors related to the agent’s outer appearance, as well as fac-
tors related to the agent’s behavior, the user, and the task, all potentially explain
user responses. Therefore, this study takes a more fine-grained perspective by con-
sidering a variety of factors mentioned in the literature. In this paper, we present
a model as a conceptual framework to explain liking of and user engagement with
embodied agents. Such a systematic integration of factors was missing in literature
thus far. The model is user-centered, as it focuses on how users perceive embodied
agents within a task context. The opposite is a designer-centered perspective which
may focus on the design of visual life-like appearances, communication modalities,
behavior and emotion modeling.

User perceptions might depend on specific design characteristics (e.g., com-
munication modality) and task context characteristics (e.g., the user’s task goal).
For example, an embodied agent using speech may be perceived as more realistic
than an embodied agent which is text-based. Or, a funny agent may be perceived
as relevant when the user wants to be entertained, and irrelevant when the user
wants to finish a task efficiently. We believe that this user-centered perspective
provides us with a deeper understanding of the psychological processes underlying
human-agent interactions. Further, we believe the integrative model will be useful
for the HCI community, and especially those dealing with embodied agents, as it
allows for a systematic empirical investigation of relevant factors, investigations
into the relative importance of factors, and an integration of past research results.
In addition, results can be used to inform the design of embodied agents.
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Interactive PEFiC

Social science theories can be applied to study human-computer interactions, be-
cause they resemble human-human interactions (cf. the media equation, Nass
et al., 1994, 1995; Reeves and Nass, 1996). In line with these ideas, we take a new
scientific perspective on studying humans interacting with embodied agents. We
apply a specific theory based on interpersonal attraction, psychological theories of
emotion, and media entertainment, which explains user engagement with fictional
characters, such as film and television characters (Konijn and Hoorn, 2005). This
model on Perceiving and Experiencing Fictional Characters (PEFiC) (Hoorn and
Konijn, 2003; Konijn and Hoorn, 2005) integrates several factors that contribute
to human engagement with fictional characters. We may conceive of embodied
agents in a way similar to film characters.

Unlike film characters, however, people can actively interact with embodied
agents. To account for this interactive nature, the PEFiC model was adjusted to
include engagement during human-agent interaction, as well as embodied agent
use. The model is called Interactive PEFiC, which is abbreviated to I-PEFiC, see
Figure 2.1 (Van Vugt et al., 2004, 2006). In the present study, we focus on the
engagement process evoked during human-agent interaction, whereas the lower
part of the model (affordances, use intentions, and use) is addressed elsewhere
(Van Vugt et al., 2006,b).

Figure 2.1: Graphical representation of the I-PEFiC model. Note: The grey ar-
eas and dashed lines indicate factors and processes that are not investigated in the
present study (see Van Vugt et al., 2006).
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In analyzing the user’s experience towards an embodied agent, I-PEFiC dis-
tinguishes between three phases, encode, compare and respond (see Figure 2.1).
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Typical factors in the encode phase of embodied agent engagement, each modeled
with a positive and negative dimension, are Epistemics (realistic vs. unrealistic),
Aesthetics (beautiful vs. ugly), and Ethics (good vs. bad). Epistemics relates to
the extent to which the embodied agent is perceived as a realistic representation
of a real life character. Both form and behavioral realism may contribute to per-
ceived realism (Bailenson et al., 2006; Guadagno et al., 2007). Behavioral realism
of embodied agents is concerned with, for example, the agent’s facial expressions,
body and head movements, gestures, eye contact and gaze (e.g., Rosis et al., 2003;
Bailenson et al., 2001; Cassell et al., 1994; Cassell and Thrisson, 1999), as well as
the agent’s abilities, intelligence, conversational and social behavior (Hayes-Roth,
2003; Dehn and Van Mulken, 2000). Form realism is concerned with the outer
appearance of the embodied agent. Does it resemble an existing living creature,
whether human- or animal-like, or is it an unrealistic fantasy creature? Form real-
ism is not likely to affect the dynamics of user interactions with an embodied agent
as much as behavioral realism. Form realism can, on the other hand, be important
in terms of social identity, and hence engagement with the agent. Dryer (1999),
for example, contends that visual appearance, in terms of form realism, influences
whether an embodied agent is perceived as agreeable (i.e. involving) or disagree-
able (i.e. distancing), which is in line with our I-PEFiC model. In our study, we are
interested how form realism affects engagement with the agent, while controlling
for other factors.

Ethics relates to how morally good or bad the embodied agent is. For example,
does the embodied agent have bad intentions when communicating (e.g., spam)?
Does the embodied agent comment ironically or even sarcastically on the user’s
actions (cf. Agneta and Frida, see Persson, 1999)? Or, does the agent provide
kind, helpful instructions (e.g., Clippy1? In our study we kept this variable constant
across conditions. We only used agents that were helpful, and hence ethically good.

Aesthetics concerns the attractiveness of the appearance of the embodied agent
(is she a beauty or an ugly agent?). There are universal standards of beauty (e.g.,
average face shape and symmetry; among others, Johnston and Oliver-Rodriguez,
1997), that apply to real people. Similar standards probably apply to embodied
agents. Ugliness is induced by deviations from the beauty standards, for instance,
embodied agents having misshapen skulls or showing signs of ‘physical’ decay.
To avoid unintended influence from aesthetics in the present study, we attempted
to keep this variable constant across conditions, and we checked it post hoc.

The comparison phase entails, first, establishing one’s personal relevance and
valence towards the agent, which is probably the core of establishing user engage-
ment with embodied agents (cf. Konijn and Hoorn, 2005). These factors are inter-
twined with the task-context in which users find themselves during human-agent
interaction. Features of the embodied agent are evaluated for their relevance (im-
portance) to task goals of the user, and for their potential to hinder or sustain one’s
task goals (valence). Examples of general goals in human-agent interaction are

1Clippy is a product of Microsoft Inc. (http://www.microsoft.com)
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entertainment, efficient task completion, or learning. In an embodied agent con-
text, valence is concerned with questions such as ‘If I use the agent, I will have
fun’ versus ‘If I use the agent, I will waste time.’ Furthermore, similarity between
the embodied agent and the user also influences user engagement. Agents that are
more similar to the user (e.g., in looks and behavior) are likely to be more involving
than dissimilar agents. Bailenson et al. (2001) contends that users treatagents em-
bodied with their virtual selves fundamentally different from agents embodied with
virtual others. In sum, the comparison factors of relevance, valence, and similarity
impinge upon user engagement with the embodied agent.

The response phase, finally, concerns engagement with an agent that consists
of parallel tendencies to approach and avoid the agent. This is the backbone of the
processes of involvement (e.g., empathy, sympathy, challenge) and distance (e.g.,
antipathy, irritation, boredom). Konijn and Hoorn (2005) and Konijn and Bushman
(2007) provide evidence that liking a mediated person is best explained by both
involvement and distance experiences. Thus, involvement and distance are two
distinct experiences that are not the ends of a continuum; they can be experienced
at the same time. A user might feel sympathy for an agent and at the same time
think the agent is boring (for example, a virtual news-reader). Therefore, the I-
PEFiC model predicts that satisfaction with the agent is fed by the simultaneously
active processes of getting involved with and keeping distant from the agent.

Because the PEFiC-part of the model was originally based on non-interactive
engagements with fictional characters, I-PEFiC does not take specific task contexts
into account. However, interacting with embodied agents is usually directed to
accomplish a certain goal through tasks, for instance, via the Internet to book a
flight. It is well-known that in a task context, satisfaction is related to task per-
formance (e.g., Gelderman, 1998). Hence, user satisfaction may not only depend
on engagement with the embodied agent, but also on task performance. Further-
more, engagement might also directly affect task performance. The assumption
is that increased engagement with an embodied agent improves task performance
when the agent’s actions are useful for the user’s task. Increased engagement may
worsen task performance when the embodied agent is distracting the user from the
task. Therefore, the present study explores a variety of factors that contribute to
engagement with a task-related embodied agent, satisfaction with that agent, and
task performance.

In general, we expect that positive dimensions of the factors (e.g., realism,
beauty) result in positive effects (e.g., involvement) and negative dimensions (e.g.,
unrealism, ugliness) result in negative effects (e.g., distance). However, the model
also accounts for the positive effects of negative dimensions as well as negative
effects of positive dimensions. This may explain why embodied agents can, for
example, be ugly (negative dimension) and involving (positive effect) at the same
time. For example, unexperienced users may like Clippy because it tries to be
helpful, even if they find it ugly. Furthermore, Konijn and Hoorn (2005) provide
evidence that both realistic and unrealistic fictional characters evoke involvement,
but realistic characters more so than unrealistic ones. Similarly, both realistic and
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unrealistic characters evoke distance, but unrealistic characters more than realistic
characters. In fact, reality judgments (realistic and unrealistic) occur in parallel,
and their mixed effect further contributes to engagement. A similar pattern is ex-
pected for embodied agents. Therefore, the I-PEFiC model serves as a theoretical
framework to explain potential persona and realism effects on engagement, satis-
faction and task performance as studied in the present study. The model takes a
user-centered perspective by focusing on user perceptions, rather than focusing on
design characteristics.

2.2 Hypotheses

We designed an experiment to study the effects of ‘designed realism’ by taking a
user-centered perspective. Using the I-PEFiC model as our theoretical framework,
we focus on user perceptions, including perceived realism and perceived aesthet-
ics, to understand how user engagement is evoked. Task performance and user
satisfaction will be studied as effect variables. With this study we aim to increase
the understanding of the contradictory findings found in the literature thus far.

Persona hypothesis
Although the literature is unclear about whether a ‘persona effect’ on task perfor-
mance exists, we hypothesized affirmatively. In general, we expect positive effects
on task performance in particular when the agent provides task-relevant informa-
tion.

H1 The presence of an embodied agent positively affects task performance.

Realism hypotheses
Based on previous research, Dehn and Van Mulken (2000) stated that agent real-
ism was likely to be an important factor influencing user experiences. Specified
according to earlier findings within the context of the PEFiC model (Konijn and
Hoorn, 2005; Konijn and Bushman, 2007), we formulated two hypotheses:

H2a Both realistic and unrealistic agents evoke involvement, but realistic
agents more so than unrealistic agents.

H2b Both realistic and unrealistic agents evoke distance, but unrealistic
agents more so than realistic agents.

Satisfaction hypothesis
In addition, we are interested in relations between user engagement, task perfor-
mance, and user satisfaction. The I-PEFiC model predicts that satisfaction is a
function of involvement and distance, but in a task context, satisfaction is also
highly related to task performance (Gelderman, 1998). Therefore, we formulated
the following hypothesis:

H3 Engagement and task performance both contribute to user satisfaction.
In coalition, they better explain user satisfaction than either of the variables
alone.
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2.3 Method

2.3.1 Design

To address our core hypotheses adequately, we created a between-subjects design
consisting of three conditions: (1) system without embodied agent (2) system with
a realistic agent (3) system with an unrealistic agent. Figure 2.2 is a graphical
representation of the relatively complex experimental design. The conditions 1 to
3 and hypotheses H1 to H3 are indicated in the figure. Obviously, the variables
epistemics (realism), similarity, and engagement (involvement and distance) can-
not be studied in condition 1 (the system without an embodied agent). As can be
seen in Figure 2.2, the dependent variables task performance and satisfaction were
measured in all conditions. Furthermore, the control variables perceived aesthetics,
perceived (task-) relevance, and perceived valence were included in all conditions.

Figure 2.2: Graphical representation of the three experimental conditions in the
present study.
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2.3.2 Participants

The participants were adolescents (aged 12 to 18) in six classes at a Dutch middle
school (N = 140). The number of participants varied from 16 to 32 participants
per class, with a mean of 23. All participants used the computer at least weekly.
Most participants (72%) played games on computers, boys (89%) more than girls
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(56%). The number of participants and the descriptive statistics on age and gender
per condition can be found in Table 2.1.

Table 2.1: Participants’ characteristics per experimental condition.

(1) System without
embodied agent

(2) Realistic agent (3) Unrealistic agent

Number of participants 38 57 45
M (SD) of age 16.33 (.68) 14.21 (1.69) 13.61 (.62)
Percentage boys 32% 47% 56%

2.3.3 Materials

Agent features

To avoid problems of incomparability, one should keep the various experimental
conditions as similar as possible. Therefore, we designed the embodied agents
ourselves, only varying the factor under study, that is, realism. We manipulated
realism along the appearance dimension: the only differences between the unreal-
istic and realistic agent were that the unrealistic agent had a beak, wings and claws,
which made it a fantasy creature (see Figure 2.3). The posture, shape, color of the
clothing, and movements of the two embodied agents were equal.

Figure 2.3: The stimulus materials. The realistic agent, with text balloon, next to
‘Stone and Feather’ (on top). The unrealistic agent (right). The no-agent version,
with text frame only (left). The text is translated from the Dutch.
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Virtual environment

The stimulus materials were based on a 3D virtual environment deployed in a
project performed in cooperation with the Dutch Cultural Heritage Institute (ICN)2

in the context of the International Network for the Conservation of Contemporary
Art (INCCA)3. In short, the idea was to develop ‘digital dossiers’ (Hoorn et al.,
2004) for individual artworks, allowing professionals to deal with the informa-
tion in an integrated, interactive fashion. We developed a prototype of a VR (the
artist’s studio) that contained information on the artwork ‘Stone and Feather’ of the
Dutch artist Marinus Boezem. The environment was multimedia-enhanced; it in-
cluded visual (e.g., the art work, photographs), textual (background information),
and audio (e.g., audio-video recording) information. The environment allowed for
the inclusion of the artist in the form of an embodied agent. The VRML based
DLP+X3D platform was used to create the environment, and the DLP+X3D/STEP
agent platform to create embodied agents that move naturally and use complex
gestures (Eliëns et al., 2002). For more technical details, we refer to Huang et al.
(2003).

Demonstration materials

For the experiment, we developed three demonstration versions (no-agent, realistic
agent, unrealistic agent) of the 3D virtual environment viewable with Windows
Media Player. The demonstration showed the construction of an artwork. The
viewer was led through the environment while text pointed out various details of
construction and the characteristics of the artwork (e.g.,‘The feather is an ostrich
feather’). Thus, the same communication modality (text) was used in the agent
conditions as in the no-agent version to avoid that communication modality (e.g.,
speech versus text) might explain the effects (e.g., in studies of Sproull et al., 1996;
Moundridou and Virvou, 2002). This textual information was given either as a text
balloon in the embodiment conditions, or as a text frame in the no-agent condition.
These balloons and frames had equal sizes (see Figure 2.3). Each version included
nine text balloons.

The size of the text and the presentation speed made the demonstration easily
readable from several meters away. No sound accompanied the demonstration to
avoid possible confounding. The total duration of the demonstration was about 4
minutes. We used a laptop (ASUS 5600N), a projector, and a big screen (about 150
by 200 cm) to show the demonstration to the participants.

2.3.4 Procedure

At a middle school, six classes cooperated in the research that was presented to
the students as ‘aimed at improving computer-mediated education’. The classes

2http://www.icn.nl/
3http://www.incca.org/
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participated during one day, sequentially, all in the same class room. They were in-
structed to watch the demonstration silently. To ensure that students paid attention
to the demonstration, we told them that we would return the next day to see how
well they could reconstruct the piece of art. However, as our dependent measure,
the participants completed a recall test that was related to the actual reconstruction
task. Directly after watching the demonstration, the participants completed this
recall test as well as a user perception questionnaire (see section 2.3.5). After they
finished, the participants received a small present. The next day, the participants
were debriefed and thanked again for participating in the experiment. The teachers
explained that the instructions concerning the reconstruction of the artwork were
mainly used to guide their attention, and that it would not be necessary to actu-
ally reconstruct the artwork. Students were also told that they could contact the
researchers anytime for more information concerning the artwork and the experi-
ment.

2.3.5 Measurements

All measurements were taken by means of paper-and-pencil questionnaires. We
developed a recall test to measure task performance. A structured questionnaire
was used to measure user perceptions, engagement, and satisfaction.

The recall test consisted of 10 multiple-choice questions about the information
given in the demonstration. Task performance was assessed as a percentage of
correct responses. Prior to the experiment, we performed a pilot test to assess
task and test difficulty. A variation in correct answers told us that the test was
neither too difficult nor too simple, and that the language and questions used were
comprehensible for the target test population.

The structured user perception questionnaire contained Likert-type scales. Each
item was followed by a 6 point rating scale, ranging from 1 (do not agree at all),
2 (do not agree), 3 (barely agree), 4 (agree a little), 5 (agree), to 6 (fully agree).
Items were presented in mixed order and existing scales were used wherever pos-
sible. When necessary, items were translated, adjusted to the purpose of the study,
the specific material (embodied agents), and the language use of the target group
of adolescents. In order to avoid directing participants in an affirmative direction
(see Dillman, 2000), all scales contained indicative items (e.g.,‘The figure looks
natural’) and counter-indicative items (e.g.,‘The figure looks fake’).

As an indication of how well a set of items measures a latent construct, we
use Cronbach’s alpha. In other words, Cronbach’s alpha indicates whether a set of
items is a homogeneous set that covers the meaning of the theoretical construct.
The higher the Cronbach’s alpha, the more reliable the generated scale is. A Cron-
bach’s alpha above .60 generally indicates an acceptable scale (Dillman, 2000).

Perceived realism was measured with 4 items (c.f. Konijn and Hoorn, 2005).
A Cronbach’s alpha of .55 indicated that the statistical reliability of the perceived
realism scale was marginal. Psychometric analyses gave no indicators to improve
this scale. Although group-wise comparisons are still allowed, results should be
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interpreted with caution.
The measurement of engagement was based on scales used by Konijn and

Hoorn (2005), distinguishing between involvement and distance. The involvement
scale was measured using two items (‘The figure is appealing’ and ‘The figure
makes me happy’) and was reliable according to a Cronbach’s alpha of .64. The
distance scale was measured using two items (‘The figure is annoying’ and ‘The
figure irritates me’) and was reliable according to a Cronbach’s alpha of .77.

The scales for perceived aesthetics, perceived relevance, and perceived simi-
larity were also based on Konijn and Hoorn (2005). The perceived aesthetics scale
consisted of two indicative items (e.g.,‘The figure is beautiful’) and two counter-
indicative items (e.g.,‘The figure is ugly’). Compared to the original scale, one
item had to be discarded because of poor fit (i.e., an inter-item total correlation <
.30). The remaining scale was reliable (Cronbach’s alpha = .77). The perceived
relevance scale consisted of two indicative items (e.g.,‘What the figure says, is im-
portant’) and two counter-indicative items (e.g.,‘If something is said in the demo,
I think: never mind!’), and had a satisfactory reliability (Cronbach’s alpha = .79).
The perceived similarity scale comprised of only two items, one indicative item
(e.g.,‘I resemble the figure’) and one counter-indicative item (e.g.,‘The figure and
I are different’). This scale was reliable (Cronbach’s alpha = .82).

In addition, perceived valence and satisfaction items were based on technol-
ogy acceptance theory (e.g., Davis, 1989; Venkatesh et al., 2003) and requirements
analysis literature (e.g., Hoorn and Van Vugt, 2006). Perceived valence was mea-
sured using 8 items. We included various items to test whether different types
of valence, concerning effectiveness, accuracy, speed and effort, would all fit into
one valence-scale. The perceived valence scale consisted of four indicative items
(e.g.,‘I can reproduce the artwork without errors’, i.e., accuracy valence) and four
counter-indicative items (e.g.,‘It is difficult to reproduce the artwork’, i.e., effort
valence). The different types of valence fit into one scale that was reliable accord-
ing to a Cronbach’s alpha of .90. The satisfaction scale consisted of two indica-
tive items (e.g.,‘The figure was clear’) and two counter-indicative items (e.g.,‘The
figure was confusing’). A Cronbach’s alpha of .80 indicated a reliable scale to
measure satisfaction.

The scales that dealt with specific agent properties (realism, similarity, and
engagement) could not be included in the questionnaire used in the no-agent con-
dition. Where needed, items containing ‘figure’ were replaced by items containing
‘demo’. For example, ‘The demo is beautiful’ (perceived aesthetics) and ‘What is
said in the demo, is important’ (perceived relevance). The questionnaire used in
the agent conditions consisted of 30 items, and the questionnaire in the no-agent
condition consisted of 20 items. Additional information was collected about the
students’ gender, age, game usage (hours per week), computer usage (hours per
week), and school level (either low or high).

Appendix A shows the recall test, translated from Dutch. Appendix B shows
the items of the user perception questionnaires and the reliabilities of each scale.
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2.4 Results

In this section, we first check whether the realistic agent was indeed perceived as
more realistic than the unrealistic agent (manipulation check). After that, we test
our hypotheses and perform additional analyses to look into user perceptions. The
criterion for significance was set as alpha = .05. Note that the persona hypothesis
is tested on task performance as dependent variable and the realism hypothesis
on engagement (involvement and distance) as dependent variable. Finally, these
dependents are tested for their combined contribution to satisfaction.

2.4.1 Manipulation check

To assess the success of our realism manipulations, an analysis of variance (ANOVA)
with designed realism (Realistic versus Unrealistic) as between subjects variable
and perceived realism as dependent variable was performed. Participants perceived
the realistic agent as significantly more realistic (M = 3.09; SD = .98) than the un-
realistic agent (M = 2.62; SD = .80): F(1,100) = 5.90, p < .02. The successful
manipulation justified further hypotheses testing.

2.4.2 Testing Hypotheses

To test whether the presence of an embodied agent affected task performance (here,
recall) or not (H1, persona hypothesis), we conducted a contrast analysis of vari-
ance (ANOVA). This is a solid method to compare the mean of one level (no-
agent) to the mean of other levels combined (realistic and unrealistic agent). Re-
sults showed that the no-agent (M = 81% correct answers; SD = 17) and the agent
(M = 78% correct answers; SD = 17) conditions led to similar levels of recall (p =
.63). Thus, we did not find support for the persona hypothesis (H1) as we did not
find a persona effect on task performance.

Second, to test whether the realism hypotheses (H2a and H2b) were supported
by the empirical data, a multivariate analysis of variance (MANOVA) was con-
ducted. We entered designed realism (realistic vs. unrealistic) as the between-
subjects factor, and involvement and distance as the dependent variables. Results
showed that the realistic and unrealistic agent evoked similar levels (p = .31) of in-
volvement (M(realistic) = 2.11; SD = .99, and M(unrealistic) = 2.41; SD = .98) and
distance (M(realistic) = 3.66; SD = 1.38, and M(unrealistic) = 3.58; SD = 1.23).
Thus, we did not find empirical evidence that supported these two hypotheses. Re-
alistic agents did not evoke more involvement than unrealistic agents (H2a), and
unrealistic agents did not evoke more distance than realistic agents (H2b).

Third, we tested whether the empirical data supported the satisfaction hypoth-
esis (H3). We expected that satisfaction using an embodied agent would be signif-
icantly influenced by task performance, involvement with, and distance toward the
embodied agent. Therefore, we performed a regression analysis (method Enter),
with task performance, involvement, and distance as predictors, and user satis-
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Table 2.2: Means and standard deviations (SD) of perceived realism, aesthetics,
relevance, valence, similarity, involvement, distance and satisfaction per experi-
mental condition. n.a. = non applicable.

Perc.
Real-
ism

Perc.
Aesthet-
ics

Perc.
Rele-
vance

Perc.
Valence

Perc.
Similar-
ity

Invol-
vement

Dist-
ance

Satis-
faction

No agent n.a. 3.12
(1.17)

2.96
(1.13)

3.52
(1.26)

n.a. n.a. n.a. 3.51
(1.46)

Realistic
agent

3.09
(.98)

2.87
(1.07)

3.35
(1.18)

3.22
(1.07)

1.81
(1.06)

2.11
(.99)

3.66
(1.38)

3.81
(1.03)

Unrealistic
agent

2.62
(.90)

2.65
(1.07)

3.87
(1.19)

3.47
(.94)

1.53
(.82)

2.41
(.98)

3.58
(1.23)

3.64
(.96)

faction as the dependent variable. The model explained 26% of the variance in
satisfaction. Distance appeared to be the best predictor of satisfaction with an em-
bodied agent (beta = -.41, p < .001, partial r = -.40, semi-partial r = -.37) followed
by task performance (beta = .32, p < .01 partial r = .34, semi-partial r = .32).
Involvement did not significantly contribute to satisfaction (beta = .07, p = .42).
Based on these results, the satisfaction hypothesis can be partly sustained; in coali-
tion, distance (as part of the engagement process) and task performance can better
explain satisfaction than either of the variables alone.

2.4.3 Additional analyses

Thus far, we tested the effects of designed characteristics on users’ responses. Yet,
because the I-PEFiC model predicts that a number of user perceptions in the encod-
ing stage are indicative to user engagement, we tested specific user perceptions in
predicting user engagement. In addition, we tested the effects of user perceptions
on task performance. Thus, we tested the persona and realism hypotheses again,
but this time we included the user perceptions in the analyses, in addition to the
persona factor and the realism factor. The participants’ means on the various user
perceptions, as well as on involvement and distance, are presented in Table 2.2.

First, we tested whether user perceptions could explain involvement and dis-
tance better than designed realism. Therefore, we performed an ANOVA with
designed realism (realistic versus unrealistic) as the between-subjects factor, and
involvement and distance as the dependents. Furthermore, we included perceived
realism, perceived aesthetics, perceived similarity, perceived (task-)relevance, and
perceived valence as covariates. The multivariate effects were tested using the
multivariate criterion of Wilks’ lamda. This statistic evaluates the multivariate hy-
pothesis that the population means on the multiple dependent variables are equal
across groups, while controlling for interdependency between dependents (e.g.,
Stevens, 2002). The multivariate test showed that designed realism significantly
affected the dependents, that is, involvement and distance taken together (Wilks’
lambda = .93, F(2,93) = 3.47, p < .04, partial η2 = .074). Furthermore, perceived

4Using partial eta-squared (partial η2) as the measure of effect size. In general, the conventional
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aesthetics (Wilks’ lambda = .67, F(2,93) = 32.07, p < .001, partial η2 = .33) and
perceived relevance (Wilks’ lambda = .79, F(2,93) = , p < .001, partial η2 = .21)
also affected the dependents. Perceived similarity and perceived valence did not
significantly affect the dependents (ps > .05).

More specifically, further tests specified whether designed realism and the user
perceptions contributed to involvement or distance, or both. First, designed real-
ism affected involvement (F(1,94) = 6.44, p < .02, partial η2 = .06). Of the user
perceptions, only perceived aesthetics affected involvement (F(1,94) = 19.22, p <
.001, partial η2 = .17), The more beautiful the agent was perceived to be, the more
involved participants were. Second, both perceived aesthetics (F(1,94) = 25.43,
p < .001, partial η2 = .21) and perceived (task-)relevance (F(1,94) = 22.82, p <
.001, partial η2 = .20) affected distance. The more beautiful and relevant the agent
was perceived to be, the less distant participants felt. Note that we did not find
effects of perceived realism on either involvement or distance. However, designed
realism did affect involvement. Thus, if we control for the user perceptions in
the analyses, we found that realism affected user involvement which supports re-
alism hypothesis H2a, in contrast to results in section 2.4.2. Note that designed
realism and perceived realism are highly related (we checked the manipulation of
designed realism using the perceived realism scale), which makes it difficult to
separate these effects. In sum, the results of this additional analysis showed that,
next to designed realism, several user perceptions significantly contributed to user
engagement. That is, perceived aesthetics affected both user involvement and dis-
tance towards the agent, whereas perceived relevance contributed to user distance.

Second, we tested to what extent user perceptions could explain task perfor-
mance. We performed a contrast analysis within ANOVA, comparing the no-agent
system with the embodied agent systems (agent presence was the between subject
factor), and task performance as the dependent variable. Furthermore, we entered
perceived aesthetics, perceived relevance, and perceived valence as covariates. As
in the foregoing analysis (concerning H1), we found that agent presence did not
affect task performance (p = .46). In addition, none of the user perceptions sig-
nificantly influenced task performance (ps > .05), indicating that user perceptions
(of embodied agents to which users feel distant) were not decisive for task perfor-
mance.

Then, we questioned whether task performance, involvement, and distance
were affected by the personal characteristics of participants (gender, age, game
usage, computer usage, and school level). Therefore, we performed two additional
analyses. An additional ANOVA was performed with personal characteristics as
covariates to see whether these could explain task performance. We found a sig-
nificant main effect of school level (F(1, 121) = 12.61, p < .001, partial η2 = .09)
on task performance. Higher qualified students performed better (M = 82% correct
answers; SD = 18) than lower qualified students (M = 74% correct answers; SD

cutoffs are .01, .06, and .14 for small, medium, and large η2, which are even too large for partial η2

(Green and Salkind, 2005, p. 187)
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= 14). This result follows general expectations and did not affect our theoretical
assumptions.

An additional MANOVA was performed to test for effects of the personal char-
acteristics on user involvement and distance. The multivariate test showed that only
age affected (one of) the dependents (Wilks’ lambda = .86, F(2, 88) = 7.30, p <
.001, partial η2 = .14). Further tests showed that age affected distance (F(1, 89)
= 14.76, p < .001, partial η2 = .14), but not involvement (p = .26). The elder the
students were, the more distant they felt towards the embodied agents. Perhaps, the
elder students might have found the demonstration childish or have a more negative
attitude in general.

2.5 Conclusion and discussion

The main goal of the study was to investigate persona and realism effects on agent
engagement and task performance, taking a user-centered perspective. Hereby,
we focused on form realism, not behavioral realism. In our study we tested an
important part of the I-PEFiC model, which aims at explaining user engagement
and satisfaction with embodied agents. This model integrates a variety of factors
mentioned in the literature, and focuses on how users perceive embodied agents
within a task context.

First, we did not find a persona effect on task performance. The presence of
an embodied agent neither increased nor decreased task performance, as compared
to the no-agent system. In addition, user perceptions (of aesthetics, task relevance,
etc.) did not contribute to task performance. Thus, task performance remained
unaffected by the presence or absence of an embodied agent. Second, the re-
sults of hypothesis testing indicated no support for the realism hypothesis. That
is, whether the embodied agent had a realistic or unrealistic design did not affect
users’ involvement nor distance with the agent. However, if users’ perceptions of
the embodied agent were included in the analyses, designed realism did affect in-
volvement (but not distance). This supports the realism hypothesis that (designed)
realism of an embodied agent affects the users’ involvement with that embodied
agent. We did not find an effect of perceived realism, which might be due to the
relatively low reliability of this scale.

Results further indicate that several user perceptions affected involvement and
distance with embodied agents. It appeared that users felt more involved with an
agent when they perceived it as more beautiful. In addition, users felt less distant
to an agent when they perceived it as more beautiful and more relevant for the
task. This is in line with results of Van Vugt et al. (2006) in which engagement
was affected by both the aesthetic looks of an embodied agent, as well as the rel-
evance of the affordances the embodied agent offered for task completion. Last,
we found support for the satisfaction hypothesis. Both task performance and dis-
tance predicted user satisfaction with an embodied agent. Involvement, however,
did not significantly contribute to satisfaction. Participants felt rather distant to,
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and not so much involved with, both the realistic and the unrealistic agent. This
might explain why distance, and not involvement, was a predictor of satisfaction.
This finding shows resemblances with results from Konijn and Hoorn (2005) and
Konijn and Bushman (2007). They found that distance was a better predictor of
liking an agent than involvement. The result is also in line with Lindgaard and
Dudek (2003) and Van Vugt et al. (2006) who found that satisfaction is a subjective
sum of several user experiences with the system. Both the appearance, as well as
task-related features of an embodied agent affect user satisfaction with that agent.
Because end-user satisfaction is seen as an important goal in user-system interac-
tion and design, our results show that it is important to enhance both engagement
and features related to the task at hand.

The present results showed that perceived aesthetics was the most important
variable that influenced user engagement with the embodied agent. The more beau-
tiful users found the agent, the more engaged they were. This is in line with results
of Van Vugt et al. (2006), in which aesthetics was also the best predictor of user
engagement. The result is also in line with results from studies dealing with in-
terpersonal attraction in real life, showing that beautiful people are generally pre-
ferred over ugly people. Furthermore, aesthetics also influences users when they
are interacting with computers (e.g., Tractinsky et al., 2000). Perceived aesthet-
ics might account for some unexpected results of previous studies on embodied
agents. For example, the study of Beun et al. (2003) experimentally compared
three interfaces incorporating either a realistically designed, pretty female agent,
a cartoon-like agent, or no agent. Participants performed better on a memory task
when the female agent was present than when the cartoon-like or no agent was
present. Although these results were said to support the persona effect hypothesis
on task (here, memory) performance, this was only true for the female embodied
agent.

Using the insights of the present study, we may understand why interaction
with the female agent, but not with the cartoon-like agent, led to higher recall
than in the no-agent condition. This might have been due to her aesthetic appeal.
As we learned in the present study, perceived aesthetics of an embodied agent
positively contributes to user engagement. It is likely that the female agent was
more attractive to the (64% male) participants than the cartoon agent, and hence
more engaging (involving). Possibly, the engaged students paid more attention to
the story told by the pretty interface lady than the students that used the cartoon-
like or the no-agent version. As a result they had a better recall. Thus, the positive
effect of the agent on task performance might have been the result of the particular
agent used, that is, a beautiful one.

Furthermore, in the study of Koda and Maes (1996) human and cartoon faces
were used to study (form) realism effects. They stated that the level of realism
of an embodied agent (referred to as level of abstraction or humanity) changes its
likeability and perceived intelligence. However, it is unclear whether perceived
realism was the factor that led to effects, or whether, in line with our study, per-
ceived aesthetics was a decisive factor. After all, the human face could have been
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more aesthetically pleasing than the cartoon face. This is a rather fair explanation
of the reported perceived intelligence effect, as empirical studies demonstrate that
individuals perceive beautiful people to be more intelligent than ugly people (e.g.,
Kanazawa and Kovarb, 2004).

Remarkably, embodied agent research thus far has belittled the importance of
aesthetics. This was also the case for a long time in other HCI fields (see Tractin-
sky, 1997; Liu, 2003; Norman, 2004). We believe that embodied agent research
would benefit from a recognition of not only the importance of realism, but also of
the importance of aesthetics in human-agent interactions (see also Van Vugt et al.,
2006). How perceptions of realism and aesthetics of embodied agents interrelate,
and which factors contribute most to user engagement and satisfaction, should be
investigated in future studies.

In the present study, not only perceived aesthetics but also perceived relevance
of the agent to accomplish a task was a predictor of engaging with the agent. That
is, when the embodied agent was perceived as more relevant to the task, the user
felt less distant to the agent. Unlike realism and aesthetics, relevance is a variable
that is not clearly related to the agent’s appearance. However, this factor is related
to the user’s task goal. Is the agent relevant for the user to perform the task in the
particular environment? The importance of taking into account the task context
in embodied agent research has been recognized (e.g., in Dehn and Van Mulken,
2000; Catrambone et al., 2002). Based on the results of our experiment within the
I-PEFiC framework, we assume that it is not so much the task context itself, but
the perceived relevance of the embodied agent in view of the task to be accom-
plished, that determines the users’ responses. In a game, for example, the presence
of an embodied agent that behaves realistically might be important to make the
game entertaining (the user’s goal). However, in an editing task, for example, such
an embodied agent might be irrelevant for or even obstructing efficient task com-
pletion (the user’s goal). When taking into account the (perceived) relevance of
embodied agents in various task contexts, we might better understand why users
react differently to the same agent in different task contexts.

Given that various perception variables influence user engagement with em-
bodied agents, we might comprehend why some studies found a persona effect and
other studies did not. Each study reported in the introduction of the present paper
used different agents with different appearances and characteristics. In addition,
the studies used different tasks of varying complexity. Thus, in the various studies,
users might have perceived the embodied agents differently in terms of aesthetics,
realism, and relevance. Whereas a beautiful embodied agent providing relevant
information for the user’s task at hand may evoke strong user engagement, an ugly
embodied agent not helping the user to perform his task may evoke no engage-
ment at all. As a result, users might have been more engaged with an agent in
one study than in another study. Engaged users are likely to pay more attention to
the agent and experience more social presence (e.g., Choi et al., 2001). Thus, task
performance and learning may increase, and persona effects can be found. Engag-
ing embodied agents might be advantageous in, for example, computer-mediated
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learning environments. In contrast, agents with which the user does not feel en-
gaged, do not boost the attention or feelings of social presence of users, and hence,
no persona effects are involved (such as in the present study). To study whether
engagement is indeed a key factor in causing a persona effect, various levels of
engagement with an embodied agent can be created. Then, we expect a persona
effect when engagement is high, and no persona effect when engagement is low.

Ideally, stimuli differ only on the one or a few dimensions that are studied in
a particular experimental setting, in order to attribute effects to that dimension(s).
But, even when stimuli are designed to differ only in terms of realism, one cannot
prevent other factors from playing a role as well. The reason is that users perceive
agents on more than one dimension. These perceptions might suppress effects of
the factor under investigation, or account for the effects themselves. Thus, it is
important to control for factors that are likely to covary with factors under study,
as we did in the present project. Overviews of relevant factors as well as our
integrative I-PEFiC model can further inform future research.

Another point of methodological consideration is that our findings address a
particular group of adolescents. We used a limited sample comprised of students
of only one school and of a specific age range. Adolescents might care more about
outer appearance in terms of aesthetics than adults do. This might partly explain
the effects of aesthetics we found in the study. The participants also had a certain
amount of computer experience and are used to playing games regularly. This
might have biased their perceptions of the embodied agent. Often, students are
every-day users of top-of-the-art games featuring life-like agents in graphically
rich environments having a high degree of behavioral realism. They might have
found the agent in the demonstration boring and dull, which would explain the
high level of distance they felt towards the agent. On the other hand, users with
limited computer and game experience might find the agent such as presented in
the demonstration interesting.

Perceptions of realism are likely to be affected by both form and behavioral
realism. We may question whether perceived realism will have a larger contri-
bution to user engagement when behavioral realism is manipulated. In addition,
we may question whether perceptions of aesthetics and task-relevance continue
to be the main predictors of user engagement in other contexts. Further, we may
question the generalizability of the results to real-life situations in which people
actively interact with the embodied agent (e.g., Clippy or game characters). Then,
users will experience the usability of the agent software which concerns, for ex-
ample, conversational capabilities of the agent. This might not only increase the
behavioral realism of the agent, but also alter the outcome expectations (valence)
as formulated in the I-PEFiC model. Also, the proactive and reactive behavior of
an agent might influence user responses in human-agent interactions (c.f. Xiao
et al., 2003), as such a behavior might directly contribute to perceptions of realism,
ethics, affordances, and valence.

In the present study, the I-PEFiC model provided a useful theoretical frame-
work to determine factors that explain user responses to embodied agents. Mean-
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while, the I-PEFiC model has been tested using various embodied agents in differ-
ent task contexts. For example, we focused on situations in which users actively
interacted with an embodied agent (hence, studying the lower part of the I-PEFiC
model which concerns the agent’s affordances, see Figure 2.1). In one study we in-
vestigated the role of aesthetics and affordances in the engagement process. There-
fore, we designed beautiful and ugly looking embodied agents within the Sims2
game environment with which users could actively interact (Van Vugt et al., 2006).
In addition, we designed a web-based application in which users interacted with an
embodied agent in the role of a health advisor (Van Vugt et al., 2006b). With our
studies, we aim to provide a more comprehensive understanding of human-agent
interactions.

In sum, understanding what determines user engagement is important because
engagement highly predicts user satisfaction in human-agent interaction. The present
study showed that realism is not all that matters for user engagement with embod-
ied agents. User responses are also affected by the agent’s aesthetic appearance
and its relevance to the task. The debate on the existence or non-existence of a
persona effect may still be undetermined, but we now may suspect a more com-
plicated picture in which various factors work together in predicting engagement,
task performance and user satisfaction. An embodied agent is more likely to result
in persona effects when it is engaging.
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Appendix A Recall test
The recall test is translated from Dutch.

Question 1. The feather is from a
a. ostrich b. peacock c. pheasant d. heron

Question 2. Which color does the feather have?
a. white b. grey c. light yellow d. light braun

Question 3. The length of the feather is
a. seventy centimetres b. fifty centimetres c. fourty centimetres d. twenty centimetres

Question 4. The stone is a
a. marble stone b. glacier stone c. erretic boulder d. basalt stone

Question 5. The height of the stone is
a. 13.5 cm b. 16.5 cm c. 9.5 cm d. 5.5 cm

Question 6. The artwork has to meet the following requirement:
a. the feather is being kept in place by the weight of the stone
b. the end of the feather is bent around the stone
c. the stone is placed on the feather with it’s flat side
d. the feather is bent after the placement of the stone

Question 7. Where is the stone placed on the feather?

Question 8. In the formation of the artwork the following requirement has to be met
a. the feather should not reach beyond the column
b. the feather has to reach beyond the column
c. the feather has to be positioned as straight as possible
d. the feather has to lie as flat as possible

Question 9. In the formation of the artwork, the following needs should be paid attention to:
a. the amount of light in the space around the artwork
b. the color of the light in the space around the artwork
c. the angle under which the light is falling at the artwork
d. the concentration of the light on the artwork

Question 10.
The column is
a. rectangular b. hexagonal c. triangular d. cube-shaped
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Appendix B User perception questionnaire

Table 2.3: The reliability of each scale and the items of the user perception ques-
tionnaires. The item printed in italics were removed from the scale due to a bad
fit.

Scale Reliability Measures for no-agent condition Measures for embodied agent condi-
tions

(Cronbach’s
alpha)

Realism .55 n.a. The figure looks natural
The figure looks real
The figure is a fantasy creature
The figure looks fake

Aesthetics .77 The demo is beautiful
The demo has a professional look
The demo is ugly
The demo has an amateur look

The figure is beautiful
The figure has a professional look
The figure is ugly
The figure has an amateur look

Similarity .82 n.a. I resemble the figure
The figure and I are different

Relevance .79 What is said in the demo, is important
I have learned something from the
demo
I don’t care what is said in the demo
If something is said in the demo, I
think: never mind!

What the figure says, is important
I have learned something from the fig-
ure
I don’t care what the figure says
If the figure speaks, I think: never
mind!

Valence .90 I can reproduce the art work
I can reproduce the art work quickly
I can reproduce the art work without er-
rors
It is easy to reproduce the art work
The reproduction of the art work will
fail
The reproduction of the art work will
take a long time
I think I will reproduce the art work
wrongly
It is difficult to reproduce the art work

I can reproduce the art work
I can reproduce the art work quickly
I can reproduce the art work without er-
rors
It is easy to reproduce the art work
The reproduction of the art work will
fail
The reproduction of the art work will
take a long time
I think I will reproduce the art work
wrongly
It is difficult to reproduce the art work

Involvement .64 n.a. The figure is appealing
The figure makes me happy

Distance .78 n.a. The figure is annoying
The figure irritates me

Satisfaction .80 The demo helped me to understand the
information
The demo was clear
The demo gave exactly enough infor-
mation
The demo was confusing

The figure helped me to understand the
information
The figure was clear
The figure gave exactly enough infor-
mation
The figure was confusing
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CHAPTER 3

Affective affordances: Improving embodied agent
engagement through interaction

Abstract

The nature of humans interacting with embodied agents is not well understood.
The I-PEFiC model provides an integrative perspective on human-agent interac-
tion, assuming that the processes of engagement and user interaction exchange
information in explaining user responses with embodied agents. An experiment
using the Sims2-game was conducted to test the effects of aesthetics (beautiful
vs. ugly, as engagement factor) and affordances (help vs. obstacle, as interaction
factor) of embodied agents on use intentions, user engagement, and user satisfac-
tion. Results of the experiment showed that (1) people tended to use helpful agents
more than obstructing agents, (2) user engagement was enhanced by beauty and
perceived affordance of the agent whereas (3) intentions to use the agent were not
affected by good looks, and (4) the most satisfied users were those that were en-
gaged with the agent as well as willing to use it. This stresses the importance
of enhancing affordances so to increase user engagement with embodied agents.
The I-PEFiC model provided a valuable framework to study the (interdependent)
effects of relevant factors in human-agent interaction.

This chapter is published as:
Van Vugt, H. C., Hoorn, J. F., Konijn, E. A., and De Bie Dimitriadou, A. (2006). Affective
affordances: Improving interface character engagement through interaction. International
Journal of Human-Computer Studies, 64(9):874–888.
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3.1 Introduction

‘For so long, the computer gaming industry was concerned with making their prod-
ucts look and sound better - and for good reason. There have been many instruc-
tional books and articles that have paced the advances in graphics and sound tech-
nology’ (Mark, 2003)1. Yet, Mark also signals the need in the game development
community to add ‘true interactive gameplay into their products’ (ibid.). Whereas
the focus used to be on graphic design, game AI ‘has only recently come into the
primary focus as the next frontier of game advancement’ (ibid.).

That the industry is switching from graphic to AI design may be for good rea-
son as well, as suggested by the results of our experiment with the Sims2 game.
If the gameplay was improved, not only the user’s willingness to interact with the
agent increased but also the user’s engagement with the agent. By contrast, just
improving the appearance of the agent had no effect on the willingness to inter-
act with it. In the latest generations of computer games, hence, game AI seems
to get more emphasis than graphic design when it comes to enhancing the over-
all user experience. The present study aims to investigate how graphic design in
coalition with gameplay (i.e. time efficiency) of agents affect use intentions and
engagement.

In recent years, computer programs are increasingly anthropomorphized, that
is, mimicking humans in appearance, behavior, emotion (e.g., Brave et al., 2005;
Picard and Klein, 2002; Gratch and Marsella, 2005) and/or emulating human com-
munication skills. Such anthropomorphized communication partners, or embodied
agents, feature in, for example, educational software, the Internet, games, and stan-
dard desktop applications. Although embodied agents are increasingly prevalent,
it remains unclear how users decide whether or not to interact with them.

Understandably, many studies have investigated the effects of embodied agents
on the user (for overviews see Dehn and Van Mulken, 2000; Ruttkay and Pelachaud,
2004). Many studies focused on realism effects by comparing realistic and unreal-
istic outer appearances of embodied agents. From a designer’s point of view, em-
bodied agent interfaces differ from traditional interfaces because they have human-
or animal-likeness. Obviously, the degree to which the agent resembles a real per-
son or living creature is likely to influence the user’s experience and behavior in
human-agent communication (e.g., Berry et al., 2005). Next to realism, other fac-
tors are also likely to influence human-agent interaction, as overviews of relevant
factors show (e.g., Ruttkay et al., 2004; Catrambone et al., 2004). Despite such
important insights, there is a need for an integrative model that takes into account
the (interdependent) effects of a variety of factors that may explain human-agent
interaction. Therefore, in the present study we present a model as a conceptual
framework to explain user engagement with and intentions to use embodied agents.
Then, we test hypotheses derived from the model. We believe such a model will be

1Dave Mark is the president and lead designer of Intrinsic Algorithm, a computer game develop-
ment company in Omaha, NE. The quote was drawn from his review of the book AI Game Develop-
ment (Champandard, 2003).
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useful for the embodied agent community, as it allows for (1) a systematic empiri-
cal investigation of relevant factors, (2) investigations into the relative importance
of factors, (3) an integration of past research results, (4) a deeper understanding of
the psychological processes underlying human-agent interaction, and (5) informing
the design of embodied agents.

3.2 Conceptual framework: I-PEFiC

Literature speaks of the possibilities and advantages of applying social science the-
ories to study human-computer interactions, because they resemble human-human
interactions (cf. the media equation, Nass et al., 1994, 1995, 1996; Reeves and
Nass, 1996). In line with these ideas, we take a new scientific perspective on
studying humans communicating with embodied agents. We apply a specific the-
ory, based on interpersonal communication theory, which explains user perceptions
of film and television characters. This model integrates different factors that con-
tribute to affective bonding between humans and mediated characters. Unlike with
film and television characters, however, people can actively interact with embodied
agents, thereby influencing the experience. Therefore, we adjusted the model and
developed the Interactive PEFiC (I-PEFiC) model that aims to explain both affec-
tive bonding with and use of embodied agents (Van Vugt et al., 2004). This model
(see Figure 3.1) integrates two main processes that are evoked during an encounter
with an embodied agent: the engagement process (dashed) and the interaction pro-
cess (drawn arrows).

Figure 3.1: Graphical representation of the I-PEFiC model.
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In the following sections, we explain both the engagement and the interaction
process in more detail. The present study focuses on the interdependencies between
the two processes, which have been studied in different scientific areas.

3.2.1 The engagement process

The engagement part of the model is based on the model of Perceiving and Experi-
encing Fictional Characters (PEFiC) (Hoorn and Konijn, 2003; Konijn and Hoorn,
2005). The PEFiC model is based on psychological theories of emotion and in-
terpersonal attraction. It explains user engagement (i.e., involvement and distance
(Konijn and Hoorn, 2005)) towards fictional characters, such as those from film
and television.

In analyzing users’ experiences towards fictional characters, PEFiC distinguishes
between three phases, encoding, comparison and response (see Figure 3.1). Typ-
ical factors in the encode phase of character engagement, each modeled with a
positive and negative dimension, are ethics (good vs. bad), aesthetics (beautiful vs.
ugly), and epistemics (realistic vs. unrealistic). Comparison entails establishing
personal relevance and valence towards the character. Also, Similarity between
the fictitious character and the self influences user response. Finally, the response
phase concerns engagement with a character, which consists of parallel tendencies
to approach and avoid the character, the backbone of the processes of involvement
and distance. Konijn and Hoorn (2005) and Konijn and Bushman (2007) provide
evidence that the (dis)liking of a mediated person is best explained by both in-
volvement and distance experiences. Thus, involvement and distance are distinct
experiences that do not comprise two ends of a single dimension; both can be expe-
rienced at the same time. PEFiC states that the trade-off between involvement and
distance better explains (dis)liking a character than either involvement or distance
alone.

The engagement process is likely to work similarly for interaction with embod-
ied agents. Because embodied agents are a special type of fictional character, we
believe that epistemics, ethics, and aesthetics also influence interactions between
humans and embodied agents. Epistemics then relates to the realistic and unreal-
istic outer appearances of embodied agents. Does the embodied agent resemble a
living creature, whether human- or animal-like, or is it a strange, fantasy creature?
Many cues might attribute to the perception of realism, for example, the agent’s
facial expressions, body and head movements, gestures, eye contact and gaze (e.g.,
Rosis et al., 2003; Bailenson et al., 2001; Cassell et al., 1994; Cassell and Thrisson,
1999), as well as the agent’s abilities, intelligence, and conversational and social
behavior (Hayes-Roth, 2003; Dehn and Van Mulken, 2000). Ethics relates to how
morally good or bad the embodied agent is. For example, does the embodied agent
have mean intentions when communicating (e.g., spam)? Does the embodied agent
make unfriendly or even sarcastic comments on the user’s activities (cf. Agneta
and Frida, see Persson, 1999)? Or, does the agent provide kind, helpful instruc-
tions (e.g., Clippit)? Aesthetics concerns the appearance of the embodied agent (is
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she beautiful or ugly?). Universal standards of beauty (e.g., average face shape and
symmetry, see, among others, Johnston and Oliver-Rodriguez, 1997) exist, which
apply to fantasy agents as well as to real people. Deviations from the beauty stan-
dards induce ugliness when, for instance, embodied agents have misshapen skulls
or show signs of ‘physical’ decay. Similarity, relevance, and valence judgments
are based on these three ‘encode’ factors and impinge upon user engagement (in-
volvement and distance towards the embodied agent). These three factors refer
to user characteristics and goals. For example, is the agent similar to the user in
some way (e.g., both are female), does the agent seem important (relevant) to the
user’s goals (e.g., efficient task completion, entertainment, or learning), and does
the agent seem to harm or sustain those goals (valence) (c.f. Frijda, 1988)?

Thus, the process of establishing affective bonds between humans and em-
bodied agents bears resemblance to how media users respond to film characters.
Therefore, we began our investigation of human-agent interaction with the PEFiC
model, and modified it to incorporate it’s interactive nature.

3.2.2 The interaction process

The Interaction part of the model was based on affordance theory (among others
Gibson, 1979; Gaver, 1991; McGrenere and Ho, 2000) and technology acceptance
theories (e.g., Davis, 1989; Venkatesh et al., 2003). The interactive side (i.e.,
affordances or action possibilities), yields intentions to use a system or not, which
appeared strong predictors of actual use (Davis, 1989; Venkatesh et al., 2003).
Thus, the interaction process focuses on the user’s decision of whether or not to
interact with an embodied agent. The perception of affordances is typical for the
interaction process.

Affordance theory

The ecological psychologist Gibson was the first to frame affordances as unified
relations between the environment and an actor. ‘The affordances of the environ-
ment are what it offers the animal, what it provides or furnishes, either for good
or ill’ (Gibson, 1979, p.127). Affordances can be explained as action possibilities
that actors have in the environment. That is, an affordance exists relative to 1)
properties of the environment and 2) the action capabilities of an actor (McGrenere
and Ho, 2000). For example, a chair has the affordance of ‘sitting’, because of its
shape, height and carrying capacity. Humans’ ability to sit, the length of their legs,
and their weight, enables them to sit on the chair. The concept of affordances is
of particular interest in the field of human-computer interaction, which is primar-
ily concerned with studying how properties of computers (the environment) and
humans (actors) influence their interaction with each other.

Goals are central in affordance evaluations. It is important to understand that
an affordance does not change as the needs and goals of the person change (Mc-
Grenere and Ho, 2000, interpreting Gibson, 1979). A chair affords sitting, inde-
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pendent of whether a person wants to sit or not. However, people’s actions do
depend on the goal context. People typically act within the environment (they use
an affordance) because of a goal they want to achieve (for example, performing a
task or having fun). When humans interact with computer systems (such as em-
bodied agents), they perceive or ‘encode’ them in terms of action possibilities for
goal achievement.

Affordances in I-PEFiC

Affordance theory often differentiates between affordances that are perceptible and
affordances that are not perceptible, or hidden (Gaver, 1991). If a person notices
that s/he can act in the environment in a certain way, this is called a perceptible
affordance. A hidden affordance refers to an action possibility that a person fails
to notice or does not understand (for example, because of poor design). Our model
focuses on user perceptions, in which, obviously, perceptible affordances play a
role. Hidden affordances, therefore, fall outside the scope of our model.

Like the other encode factors in the I-PEFiC model, affordances have a pos-
itive and negative dimension (aid versus obstacle, see Figure 3.1). Affordances
perceived as offering help (hence, aids) can be used to increase the likelihood that
a desired goal can be reached. They indicate that progress is occurring (Peterson,
2005) and evoke intentions to use (cf. technology acceptance theory, Venkatesh
et al., 2003). This process is further supported by positive outcome expectancies
(i.e., positive valence - goals are supported). The side-effect of this process can
be the excitement of positive emotions, such as pleasure and pride (cf. Hoorn and
Konijn, 2003). However, affordances can also obstruct goal achievement (hence,
obstacles), for example, when the user is in a hurry to finish a document and Clippit
pops up with an unhelpful suggestion. Thus, obstacles have the reverse nature of
aids. They indicate that the current path of actions chosen may not lead to goal ful-
fillment (decreased effectiveness) (Peterson, 2005), may prolong goal achievement
(decreased efficiency) and/or increase the mental or physical effort required to ac-
complish a goal. As the technology acceptance theory (Davis, 1989; Venkatesh
et al., 2003) argues, use intentions are likely to be influenced by efficiency and ef-
fectiveness considerations. Hence, obstacles normally invoke negative valence and
result in intentions not to use. This process is accompanied by negative emotions
(such as anger and disappointment) as a byproduct (cf. Hoorn and Konijn, 2003).

Most often, positive dimensions (e.g., beauty, aids) will result in positive ef-
fects (involvement, intentions to use, satisfaction), and negative dimensions (e.g.,
ugliness, obstacles) in negative effects (distance, intentions not to use, dissatisfac-
tion). Further, the model allows for positive effects of negative dimensions as well
as negative effects of positive dimensions. Thus, the model also explains why em-
bodied agents that are ugly (negative dimension) can still be involving (positive
effect). Or why, in game contexts for example, obstacles might be needed for a
positive experience such as challenge, and evoke intentions to use the agent.
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3.2.3 Dependencies between the engagement and interaction process

Typically, the appearance aspect of the embodied agent system evokes engage-
ment (involvement and/or distance tendencies), whereas the interactive component
(i.e., affordances) yields intentions to use or not. Studies on engagement processes
and interaction processes typically have different roots (i.e. communication ver-
sus computer sciences, respectively). Because both can occur at the same time
and in parallel, the question arises whether these are separate processes or whether
interdependencies, such as those modeled in I-PEFiC, feature in human-agent in-
teraction.

First, affordances may influence the engagement process. When an embodied
agent is ugly but helpful for task completion (e.g., is efficient), users can still feel
involved. I-PEFiC explains this as follows: An affordance in an embodied agent
system may increase intentions to use. However, because valence is central to
both processes (see Figure 1) and mediates this inclination, part of the influence of
affordance may be redirected to involvement towards the embodied agent. Conse-
quently, affordances of the embodied agent system not only affects use intentions
but also engagement with the embodied agent. In this case, we speak of ‘affective
affordances’. Second, appearance aspects, such as aesthetics, may influence the in-
teraction process. When an embodied agent obstructs task completion yet is nicely
designed, individuals may still want to use it. In terms of I-PEFiC, aesthetics in an
embodied agent may increase involvement, but because this inclination is mediated
through valence, part of aesthetics’ influence may be redirected towards intentions
to use the agent. In other words, an aesthetically beautiful agent may increase not
only involvement with the embodied agent but intentions to use as well (cf. ‘What
is beautiful is usable’, Tractinsky et al., 2000). By studying the interdependen-
cies between the processes we may find answers to the following questions: What
happens when a user is confronted with an efficient but ugly embodied agent, or,
what happens when a user is confronted with a beautiful embodied agent that slows
work progress?

If the interaction and engagement processes are unrelated, designers do not
have to worry about ‘dressing up a system nicely’ to motivate individuals to use
it. If the system works well, appearance aspects would not affect intentions to
use. On the other hand, if the Interaction and engagement processes depend on one
another, appearance aspects would affect use intentions and vice versa. Designers
could camouflage a deficient agent system by making it look attractive. Conversely,
a functional agent system that appears ugly may be misjudged as unusable, which
would evoke Intentions not to Use it. Similarly, an agent system that is not usable
might lead to felt distance to the agent (cf. Microsoft’s Clippit), and a usable agent
system may increase involvement despite the agent’s outer appearance.

Thus, the challenge is whether we should consider the interactive aspects of
bonding with embodied agents as a separate process that is independent of appear-
ance aspects of the agent, or whether it is integral to the embodied agent system
experience. We focused on affordances as generators of the interaction process, and
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Figure 3.2: Interdependencies between the engagement and interaction processes.
Affordances may influence involvement and distance, and aesthetics may influence
use intentions (see text).
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on aesthetics as producers of the engagement process. Earlier findings (Van Vugt
et al., 2005) have shown that (perceived) aesthetics was a stronger predictor of user
engagement in human-agent interaction than (perceived) epistemics (realism) of
the agent. Remarkably, embodied agent research belittled the importance of aes-
thetics. Further, other human-computer interaction (HCI) literature indicates that
aesthetics has major influence on experiences when users interact with computer-
ized products in general (e.g., Tractinsky, 1997). A confrontation with a (new)
system is often a visual one, and during system interaction, visual information
constantly is present and immediately evokes aesthetic judgments.

A simple graphical representation of the study can be seen in Figure 3.2.

3.2.4 Hypotheses

Hypotheses derived from the above theorizing were as follows:
H1. If an engagement process is triggered, there is a significant main effect of

aesthetics on engagement. If an interaction process is triggered, there is a signifi-
cant main effect of affordances on use intentions. In both cases, both relevance and
valence may serve as a mediator between encode and response factors.

H2. If the engagement process is independent of the interaction process then
there are no cross-over effects between the two processes. More specifically, there
is no main effect of affordances on engagement, no main effect of aesthetics on use
intentions, and no interaction effect of affordances and aesthetics on engagement
and/or use intentions.

H3. If the engagement process and the interaction process are relatively depen-
dent on one another, then, apart from the main effects of H1, cross-over effect(s)
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will be found. Thus, a main effect of affordances on engagement, a main effect
of aesthetics on use intentions and/or a significant statistical interaction between
aesthetics and affordances on engagement and/or use intentions should take place.
Herein, relevance and valence may serve as a mediator between encode and re-
sponse factors.

H4. If the engagement and interaction processes work together, this is reflected
in end-user satisfaction. Satisfaction, then, depends on both engagement as well as
use intentions.

3.3 Method

To verify whether engagement and interaction processes affect each other, we con-
ducted an experiment with the Sims2 game environment. Sims2 offers possibilities
to manipulate the interaction through affordances that help achieve a user goal or
affordances that hinder achieving that goal. Moreover, Sims2 offers possibilities to
adapt the outer appearance of the agents that feature in the game.

3.3.1 Design

Participants (N = 120) were randomly assigned to one of the experimental condi-
tions of a 2 (designed aesthetics: beautiful agent versus ugly agent) x 2 (designed
affordances: aid versus obstacle) between subjects design2.

We implemented the affordance conditions in terms of time-efficiency. That is,
in the ‘aid’ condition, subjects could quickly complete the tasks using the embodied
agent. In the ‘obstacle’ condition, the tasks took at least twice as long. The tasks
were designed such that task-completion time was highly dependent on use of the
particular embodied agent. For the means and standard deviations of manipulated
total task-completion time, see Table 3.1.

Table 3.1: Total task-completion times over the 5 experimental tasks (N = 80), in
the two affordance conditions.

M (sec) SD (sec) N
Aid 302 52 40
Obstacle 675 15 40

We systematically combined beautiful and ugly agents (factor designed aes-
thetics) with designed affordances that aided achieving a goal (accomplish a task
efficiently) versus designed affordances that kept the user from doing so. Four
main types of agents were designed: 1) beautiful agents that accomplished tasks
efficiently, 2) beautiful agents that accomplished tasks inefficiently, 3) ugly agents

2Initially, the design included a half aid - half obstacle condition to study boundary effects. How-
ever, the results regarding this condition obscured rather than clarified results. Therefore, we left
them out of the present paper.
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that accomplished tasks efficiently, and 4) ugly agents that accomplished tasks in-
efficiently. For dependent variables, we measured involvement with and distance
towards the agent (engagement), as well as the intentions (not) to use the agent in
a subsequent task.

3.3.2 Participants and Procedure

A sample of 120 university students (69 male, 51 female, mean age 23.97, SD =
4.75) participated as volunteers in the study. They were approached on an individ-
ual basis and randomly assigned to the experimental conditions. All were experi-
enced computer users, and most of them (86%) had no prior Sims experience.

In a silent room where only one participant and one experimenter were present,
the experimenter wrote down personal information, and introduced the Sims game.
Then, the participants were informed about the nature of the tasks and were told
to perform the tasks as fast as possible to increase the relevance of the task. To
keep the participants motivated, the three fastest participants would be awarded
with a vacation check worth 100 euros, the Sims2 game worth about 40 euros, and
a book check worth 25 euros. They were told to press the stop button of a clock
as fast as possible after each task. Then, they were shown a scheme on a second
computer and were told that this scheme indicated the average time the tasks were
performed by other participants. We made the experimental trials such, that in the
aid condition, participants would perform faster than average, and in the obstacle
conditions, participants would perform slower than average. Then, the participants
were given a practice task to get familiar with the Sims interface and with the clock.
If participants had no further questions, the 5 experimental tasks started. For each
task, 1) the experimenter gave a short, written, task instruction to the participant,
2) the experimenter started the clock, 3) the participant performed the task and
stopped the clock when the task was finished, and 4) the participant wrote down
the time in the scheme on the second computer.

After 5 tasks, the participants completed the user-perception questionnaire. In
the questionnaire, a final task with the Sims was introduced and they were informed
that prices could still be won. Then, the user perception questionnaire asked about
the participants’ preference to use the same Sim again or another Sim (use in-
tentions). Then, one final (dummy) task was performed and the participants were
thanked for participating in the experiment. The prices were given to three students
by raffle.

3.3.3 Materials

The Sims2 game, developed by Maxis3, is one of the best-selling games in com-
puter history. It is a dynamic 3D interactive environment in which human-like
agents (the ‘Sims’) live in a neighborhood, have houses, go to work, sleep, have
families and friends, etc. The game options were saved so that all participants

3http://www.maxis.com
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Figure 3.3: Up, left: Affordances are depicted in the form of menu options next to
a Sim. Up, right: Bella is performing the task ‘clean up the kitchen sink’. Below:
Sims’ personality and skills manipulated to create affordances.

started in the same environment. An advantage of the game was that people could
easily operate it, with some initial instructions and explanation.

When Sims’ ‘free will’ is turned off, they cannot act on their own. Users could
interact with Sims to let them perform certain actions. For example, a Sim could be
ordered to read a book or take a shower. The upper left picture in Figure 3.3 shows
how users interacted with the agent (let a Sim perform an action) by choosing
between menu options (the affordances).

We implemented 5 experimental tasks in which the participants had to let a
Sim 1) play the piano (see upper left picture in Figure 3.3, left picture), 2) clean up
the kitchen sink (see upper right picture in Figure 3.3, right picture), 3) learn from
a book, 4) repair the washbasin, 5) paint on an easel. The order of the tasks was
randomized for each participant. Paper instructions explained the tasks one by one,
and explained the stop-condition. An example of such an instruction is: ‘Bella is
standing in front of the kitchen sink. Clean up the kitchen sink. The task is finished
when Bella stops cleaning up and stands still in front of the kitchen sink.’

In Sims2, characteristics such as personality traits and skills (see pictures at the
bottom in Figure 3.3) influence whether a Sim wants to behave or not. We imple-
mented aids and obstacles by adjusting these characteristics, which in turn affected
task-completion time. For example, a sloppy personality and a low cleaning skill
may double the time it takes to complete a cleaning task, compared to a neat per-
sonality and a high cleaning skill. Similarly, a Sim unskilled in mechanics takes
much longer to repair a washbasin than a skilled Sim.
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Figure 3.4: Bella (left) and Berta (right) were perceived as beautiful and ugly
agents.

The aesthetics of the Sim was manipulated by applying standards of beauty
universal in people (Johnston and Oliver-Rodriguez, 1997) to agents, as far as the
Sims2 environment allowed. For example, the ‘beautiful’ agent had a waist-to-hip
ratio in the ideal range, an average face shape and symmetry, whereas the ‘ugly’
agent deviated from these standards. Note that a agent that is visually beautiful
differs from a beautiful design. An ugly agent can still be designed very well.
Therefore, we conducted a pilot study to test whether several female Sims were
perceived as beautiful or ugly. The girls presented in Figure 3.4 were the most
beautiful (left) and ugly (right) of the set and differed significantly in perceived
aesthetics (t(22) = 4.02, p < .001, N = 24).

3.3.4 Measurements

All measurements were taken by means of a paper-and-pencil questionnaire con-
taining Likert-type scales. Each item was followed by a 6 point rating scale, rang-
ing from 1 (do not agree at all), 2 (do not agree), 3 (barely agree), 4 (agree a little),
5 (agree), to 6 (fully agree). Items were presented in mixed order.

Existing scales were used when possible in the construction of the structured
user-perception questionnaire. When necessary, items were translated, adjusted to
the purpose of the investigation and the specific material and the language use of
the target group of participants (university students). The questionnaire consisted
of 48 items.

Reliability analyses (N = 120) were performed on each set of items concerning
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separate scales. Selection criteria were 1) an optimal contribution to Cronbach’s
alpha by showing little or no increase in the alpha level when the item was deleted,
2) a minimal inter-item correlation of .30, 3) an inter-item total correlation within
a scale is bigger than the correlation of each item with another scale (discriminant
validity), and 4) a minimum of 2 items per scale. Items that failed on one or more
of these criteria were not included in the measurement scales used in subsequent
analyses.

We checked for the aesthetics manipulations (designed aesthetics) by means of
a perceived aesthetics scale. This scale was measured by means of 4 items, based
on scales used by Konijn and Hoorn (2005). In order to avoid directing the par-
ticipant in an affirmative direction (see Dillman, 2000), two items were indicative
(e.g., ‘Bella looks nice’) and two items were contra-indicative (e.g., ‘Bella has an
ugly appearance’). The scale was reliable according to a Cronbach’s alpha of .89.

Further, we checked for the affordance manipulations (designed affordances)
by means of a perceived affordance scale. Because it was the first time we mea-
sured perceived affordance as aids versus obstacles, we used 8 items. Compared
to the original scale, one item had to be discarded because of the discriminant va-
lidity criterion. The remaining scale consisted of four indicative items (e.g., ‘Bella
is competent’) and three contra-indicative items (e.g., ‘Bella is clumsy’) and was
reliable (Cronbach’s alpha = .88).

The measurement of engagement was based on scales used by Konijn and
Hoorn (2005), distinguishing between involvement and distance. One item orig-
inally designed for the scale did not fit well based on psychometric analyses and
was discarded. The remaining involvement scale consisted of three items (e.g.,
‘Bella appeals to me’) and was reliable according to a Cronbach’s alpha of .81.
The distance scale was measured using four items (e.g., ‘Bella leaves me with cold
feelings’) and was weakly reliable according to a Cronbach’s alpha of .59.

The use intention measuring scale was based on behavioral intention scales
used in technology acceptance literature (e.g., Davis, 1989; Venkatesh et al., 2003)).
Factor analyses showed that use intention was a bipolar scale, and did not consist
of two unipolar scales as most other I-PEFiC factors. Because of the discriminant
validity criterion, one item had to be discarded. The remaining scale existed of
four indicative items (e.g., ‘I want to use Bella again in a similar task’) and three
contra-indicative items (e.g., ‘For this task, I would have preferred to use another
Sim’) and was reliable (Cronbach’s alpha = .97).

The measuring scale satisfaction was based on the scale ‘appreciation’ used by
Konijn and Hoorn (2005), and the ISO 9241-11 standard of satisfaction4. Factor
analyses showed that satisfaction consisted of two unipolar scales, a positive satis-
faction scale and a dissatisfaction scale (just like engagement consists of the scale
involvement and distance which are not the ends of one continuum, in Konijn &
Hoorn, 2005). Compared to the original positive satisfaction scale, one item had
to be discarded because of the discriminant validity criterion. The remaining scale

4e.g., http://www.idemployee.id.tue.nl/g.w.m.rauterberg/lecturenotes/ISO9241part11.pdf
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existed of four items (e.g., ‘Bella is ok’) and was reliable (Cronbach’s alpha = .81).
Compared to the original dissatisfaction scale, three items had to be discarded be-
cause of the discriminant validity criterion. The remaining dissatisfaction scale
existed of two items (‘I am dissatisfied with Bella’ and ‘Bella makes me sad’) and
was reliable (Cronbach’s alpha = .68).

As in Van Vugt et al. (2005), we measured several additional I-PEFIC variables
for their potential influence5: perceived epistemics (5 items, Cronbach’s alpha =
.74, after deletion of one item based on psychometric analyses), perceived ethics
(3 items, Cronbach’s alpha = .70, after deletion of one item based on psychometric
analyses), perceived relevance (4 items, Cronbach’s alpha = .79), perceived valence
(4 items, Cronbach’s alpha = .76), and perceived similarity (4 items, Cronbach’s
alpha = .71). The appendix shows the items of the user perception questionnaire
and the reliabilities of each scale.

Finally, additional questions asked for some personal information about the
participants such as gender, age, computer experience, game experience and previ-
ous Sims experience.

3.4 Results

3.4.1 Manipulation check

We assessed the effectiveness of the aesthetics manipulations (designed aesthet-
ics, beautiful versus ugly agent) and the affordance manipulations (designed affor-
dances, aid versus obstacle), by performing a MANOVA with Perceived Aesthetics
and perceived affordances as dependents. The tests of between-subject effects re-
vealed that Bella (M = 4.74, SD = .70) was perceived as more beautiful than Berta
(M = 2.98, SD = .90; F(1, 116) = 149.83, p < .001, partial η2 = .56). Second, there
was a significant difference in perceived affordances between the aid (M = 4.15,
SD = .77) and the obstacle (M = 3.42, SD = .80) condition in the right direction
(F(2, 116) = 9.83, p < .001, partial η2 = .15). These main effects thus support our
manipulation aims.

3.4.2 Preliminary analyses

Participants in various conditions had similar scores on the I-PEFiC factors per-
ceived ethics and perceived similarity. Most participants (83%) scored 4.5 or higher
on the Ethics scale, thus they regarded all four agent types as ethically ‘good’. Most
participants (84%) scored 3 or lower on the Similarity scale, indicating that they
perceived themselves as dissimilar to the Sims agents. Perceived ethics and per-
ceived similarity can therefore be regarded constant variables that cannot explain
differences between conditions. Therefore, they will not be used in subsequent
analyses. The dissatisfaction scale was both severely skewed and peaked, and was

5Measures irrelevant for the present study are not mentioned here.
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therefore left out of further analyses. The other I-PEFiC variables satisfied the
norms of normal distributions.

Age and previous experience with the Sims game co-varied with the designed
affordances (age: χ2 = 12.17, p < .007; Sims experience: χ2 = 29.78, p < .019).
None of the other personal characteristics had a significant effect on involvement,
distance, or use intentions (according to MANOVA). Therefore, age and Sims ex-
perience were included as covariates in hypotheses testing. However, they turned
out to not significantly affect the dependent variables (p > .05).

3.4.3 Hypotheses testing

To test H1 on the main effects of designed affordances on use intentions and of de-
signed aesthetics on engagement (i.e. involvement and distance), a MANOVA was
conducted with designed affordances (aids versus obstacles) and designed aesthet-
ics (beautiful versus ugly) as the between-subject factors. The dependent variables
were use intentions, involvement, and distance.

The multivariate test showed significant main effects of both designed affor-
dances and designed aesthetics (designed affordances: Wilks’ lambda = .90, F(3,
74) = 2.71, p< .05, partial η2 = .10; designed aesthetics: Wilks’ lambda = .79, F(3,
74) = 6.43, p < .001, partial η2 = .21). Furthermore, the interaction was significant
(Wilks’ lambda = .87, F(3, 74) = 3.81, p < .013, partial η2 = .13).

Univariate F-tests confirmed the obtained multivariate results. More specifi-
cally, we found a main effect of designed affordances on use intentions (F(1, 76) =
7.70, p < .007, partial η2 = .09), as hypothesized in H1. Thus, an interaction pro-
cess was triggered. Participants were more keen to use helpful agents, which aid
task completion (M = 4.1; SD = 1.1) than obstructing agents, which are obstacles
for task completion (M = 3.4; SD = 1.1). Further, designed aesthetics affected user
involvement with the agent (F(1, 76) = 17.89, p < .001, partial η2 = .19). Thus,
an engagement process was also triggered. Participants felt more involved with the
beautiful agent (M = 3.4; SD = .85) than with the ugly agent (M = 2.6; SD = .82).
However, people felt as distant to the beautiful agent (M = 3.1; SD = .70) as to the
ugly agent (M = 3.3; SD = .74) (p = .36).

These results confirmed our expectations regarding the simultaneous existence
of an engagement process and an interaction process. However, in this study, our
main goal was to test whether the engagement process was either independent (H2)
or dependent (H3) of the interaction process. Therefore, we looked into cross-over
effects between the two processes. The same MANOVA could be used for this
purpose. First, we investigated whether aesthetics affected the interaction process,
by investigating effects of designed aesthetics (beautiful versus ugly) on use inten-
tions. We found no main effect of designed aesthetics on use intentions (p = .55).
This suggests that participants were not keen to use a beautiful agent more than
an ugly agent, or vice versa. Also, we did not find a significant interaction effect
of designed aesthetics and designed affordances on use intentions (p = .15). How-
ever, the means indicate an interesting trend as shown in Figure 3.5. When an agent
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Table 3.2: Means and Standard Deviations of involvement (I), distance (D) and use
intentions (U) in the conditions.

Beautiful Ugly Total
Aid
I 3.3 (1.0) 2.9 (.88) 3.1 (.95)
D 3.2 (.77) 3.0 (.68) 3.1 (.73)
U 4.3 (.89) 3.8 (1.17) 4.1 (1.1)
Obstacle
I 3.4 (.68) 2.3 (.62) 2.9 (.86)
D 3.0 (.62) 3.5 (.74) 3.3 (.72)
U 3.3 (1.1) 3.5 (1.1) 3.4 (1.1)
Total
I 3.4 (.85) 2.6 (.82) 3.0 (.92)
D 3.1 (.70) 3.3 (.74) 3.2 (.72)
U 3.8 (1.1) 3.7 (1.1) 3.8 (1.1)

is obstructing, aesthetics does not matter, as participants are not willing to use the
agent anyway. However, when an agent is helpful, aesthetics does seem to matter.
Then, it seems that participants are more willing to use a beautiful than an ugly
agent. This means that a helpful and beautiful agent is most ideal for individuals
to use.

Figure 3.5: The effect of designed aesthetics and designed affordances on use in-
tentions.
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Figure 3.6: The effect of designed aesthetics and designed affordances on involve-
ment.
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Second, we investigated whether affordances affected the engagement process
by analyzing effects of designed affordances on user involvement and distance. We
found no main effect of designed affordances on involvement (p< .13), nor a main
effect of designed affordances on distance (p < .44). However, significant inter-
actions were found on both user involvement (F(1, 76) = 4.09, p < .05, partial η2

= .051) and user distance (F(1, 76) = 4.47, p < .04, partial η2 = .056). Partici-
pants were least involved with (M = 2.3; SD = .62) and most distant to (M = 3.5;
SD = .74) the ugly agent that obstructed task completion (see Table 3.2 and Fig-
ures 3.6 and 3.7). Thus, when an agent is beautiful, it does not matter whether the
agent helps or obstructs task completion; users are equally engaged with the agent.
However, when an agent is ugly, it is important that the agent aids task completion
which increases engagement with the agent, despite its ugliness.

To test H4, we used a regression analysis (multiple, method Enter) to pre-
dict users’ satisfaction with the agent from the continuous variables use intention,
involvement, and distance (R2 = .34). The standardized regression coefficients
revealed that all three predictors had comparable and significant contributions to
satisfaction (use intention: standardized beta = .22, t = 2.70, p < .008, partial r =
.24, semi-partial r = .21; involvement: standardized beta = .26, t = 2.84, p < .005,
partial r = ..26, semi-partial r = .22; distance: standardized beta = -.29, t = -3.05, p
< .003, partial r = -.27, semi-partial r = -.23) These results indicate that end-user
satisfaction is a complex construct that depends on both the engagement and the
interaction processes.



74

Figure 3.7: The effect of designed aesthetics and designed affordances on distance.
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In sum, the cross-over effects indicate that the two processes are dependent
on each other in predicting the agent’s effect on its users. Thus, H2, predicting
independent processes, was rejected and H3, predicting dependency between en-
gagement and interaction processes, was supported. Likewise, H4 was supported,
stating that satisfaction depends on both processes.

3.4.4 Additional analyses

The eye of the beholder. Because the I-PEFiC model predicts that a number of
user perceptions in the encoding stage are central to user engagement and use in-
tentions, we tested specific user perceptions in predicting user engagement and
use intentions. Specifically, we tested whether perceived affordance, perceived
aesthetics, and perceived epistemics provided better explanations than designed
aesthetics and designed affordances did in the previous analyses6. A MANOVA
with designed aesthetics and designed affordances as independents, perceived aes-
thetics, perceived affordance, and perceived epistemics as covariates, and user in-
volvement, user distance and use intentions as dependents, showed significant main
effects of factor designed aesthetics (Wilks’ lambda = .87, F(3, 70) = 11.30, p <
.018, partial η2 = .13) and all covariates: perceived affordance (Wilks’ lambda
= .89, F(3, 70) = 2.98, p < .037, partial η2 = .11), perceived aesthetics (Wilks’

6The I-PEFiC variable perceived ethics was discarded from analyses because participants rated
all agents as equally good.
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lambda = .67, F(3, 70) = 11.30, p < .001, partial η2 = .33), and perceived epis-
temics (Wilks’ lambda = .86, F(3, 70) = 3.72, p < .015, partial η2 = .14). Thus,
as expected, a variety of user perceptions were important for explaining user en-
gagement and use intentions. Designed affordances and interactions between the
factors did not significantly affect the dependents (ps > .20). Thus, when users’
perceptions of the Sims agents were taken into account, the effect of designed af-
fordances initially found seemed to be overruled. Note, however, that the effects of
perceived affordances became significant.

Univariate F-tests confirmed the multivariate results obtained, and indicated
the effects of user perceptions specified for the various dependents. Consistent
with the multivariate result, the effects of perceived affordance were significant on
use intentions (F(1, 72) = 4.99, p < .03, partial η2 = .07), involvement (F(1, 72)
= 3.67, p < .06, partial η2 = .05), and distance (F(1, 72) = 4.05, p < .05, partial
η2 = .05). The more participants perceived that the agent aided task completion,
the more involved and the less distant they felt to the embodied agent. This further
supported our hypothesis (H3) that the interaction and engagement processes are
dependent on each other.

In addition, we found that perceived aesthetics significantly affected involve-
ment (F(1, 72) = 18.27, p < .001, partial η2 = .20) as well as distance (F(1, 72) =
24.07, p < .001, partial η2 = .25), but not use intentions (p = .67). Similarly, per-
ceived epistemics affected involvement (F(1, 72) = 3.50, p < .07, partial η2 = .05)
and distance (F(1, 72) = 10.20, p < .002, partial η2 = .12), but not use intentions
(p = .41). The more beautiful and realistic the participants perceived the agent to
be, the more involved and the less distant they felt towards the agent. Thus, per-
ceived aesthetics and perceived epistemics did also play a role in establishing user
engagement towards embodied agents, but they did not significantly contribute to
use intentions, that is, the interaction process.

In sum, the results of this additional analysis showed that several user percep-
tions are important in explaining user engagement, namely perceived affordance,
perceived aesthetics, and perceived epistemics. We performed a regression analy-
sis to investigate the relative importance of each of these factors. The standardized
regression coefficients revealed that perceived aesthetics was the best predictor
of user involvement (standardized beta = .59), followed by perceived epistemics
(standardized beta = .30), and perceived affordances (standardized beta = .13).
Designed aesthetics and designed affordances did not contribute significantly to
user involvement. Further, perceived aesthetics was also the best predictor of user
distance (standardized beta = -.77), followed by designed aesthetics (standardized
beta = -.43), perceived epistemics (standardized beta = .30), and perceived affor-
dances (standardized beta = .20). Designed affordances did not contribute signifi-
cantly to user distance. According to these analyses, a beautiful agent appearance
seems crucial to establishing user engagement with an agent. In conclusion, per-
ceptions of the agent’s beauty and realistic appearance increase engagement with
the agent, but are not that important for use intentions. The agent’s perceived af-
fordances also contribute to engagement with the agent and are decisive for use
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intentions. In assessing end-user satisfaction, however, both the engagement pro-
cess and interaction process contribute.

Then, from the I-PEFiC model, indirect effects of perceived aesthetics and
perceived affordances on use intentions and engagement may also be expected.
Therefore, we tested the mediating roles of both perceived relevance and perceived
valence. We found no effect of perceived aesthetics on use intentions, but we as-
sume this effect is mediated by perceived relevance and perceived valence. To test
mediation, the Sobel method is reliable (see Preacher and Hayes, 2004). Contrary
to our expectations, tests suggested no mediation effect of perceived relevance (So-
bel z = .54, p = .59) or perceived valence (Sobel z = -.80, p = .42) between perceived
aesthetics and use intentions. Thus, the assumption that perceived aesthetics affect
use intentions indirectly, that is, mediated by perceived relevance and perceived
valence, cannot be supported.

To test a possible mediation effect in the interaction process, we tested me-
diation by perceived relevance and perceived valence in between perceived affor-
dances and use intentions. As expected, mediation tests revealed that this process
is mediated by both perceived relevance (Sobel z = 3.09, p < .002) and perceived
valence (Sobel z = 3.95, p < .001). This shows that the factors relevance and va-
lence, which are central in the engagement process (Konijn and Hoorn, 2005), are
also important in the interaction process.

Last, we tested a possible indirect effect of perceived affordances on engage-
ment. Mediation tests revealed that perceived relevance did not mediate the effect
of perceived affordances on involvement (Sobel z = 1.18, p = .24), nor did per-
ceived valence mediate the effect of perceived affordances on involvement (Sobel
z = 1.09, p = .27). However, the effect of perceived affordances on user distance
was significantly mediated by both perceived relevance (Sobel z = -2.38, p < .02),
and perceived valence (Sobel z = -3.22, p < .01). Thus, perceived affordances
affect user distance towards the agent indirectly, through perceived relevance and
valence.

3.5 Conclusion and discussion

Monodisciplinary convention has it that character engagement and user interaction
are separate processes. They are studied in separate disciplines (communication
science and HCI), and on the face of it do not have much in common. We integrated
character engagement and user interaction into the I-PEFiC model (Van Vugt et al.,
2004) and in the present paper we demonstrated that the engagement and interac-
tion processes interacted (i.e. exchanged information) while users encountered an
embodied agent in a computer task. We established methodologically sound condi-
tions with a commercial off-the-shelf product, Sims2, to guarantee higher ecolog-
ical validity of laboratory experimentation. Because Sims2 was never developed
for manipulation reasons, to our knowledge, such utilization of a commercial game
environment is unprecedented.
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Figure 3.8: I-PEFiC in the Sims2 case. The arrows indicate relations found in the
present study. Drawn arrows indicate the information flow from the interaction pro-
cess to the engagement process, of which the gray box designates the redistribution
center.
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The results of our work are summarized in Figure 3.8, which is an adaptation
of the previous I-PEFiC model based on the Sims2 data. We did not find signif-
icant effects of factors in the engagement process on intentions to use the agent.
We found that intentions to use (i.e., the outcome of the interaction process) were
mainly dependent on efficiency considerations, and not the agent’s visual appear-
ance. Thus, the engagement process did not affect the interaction process. This
seems to warrant the observation by Mark (2003) that the computer game industry
is shifting from graphical design towards AI gameplay. Probably, a basic level of
aesthetics has been established by the graphic designers and the resulting user en-
gagement can probably only be improved by smoothing the affordances as created
by AI designers.

Sustaining this suggestion, we found significant effects of factors in the inter-
action process on engagement. If an agent offered help with task-completion, par-
ticipants felt more engaged with the agent than when it obstructed task-completion.
Hence, affective affordances exist. The present study demonstrated that engaging
with an embodied agent is connected to the affordances, that is, the agent’s action
possibilities. This suggests dependency of the engagement on the interaction pro-
cess (cf. emotional design, Norman, 2004). In addition, conforming to our theory
and in line with previous research (Van Vugt et al., 2005), we found that a beautiful
and realistic appearance increases user engagement. Thus, affective bonds between
humans and embodied agents are established by both the agent’s visual appearance
and the affordances it offers for task execution.
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Perceived affordances, thus, was the most important center of redistributing in-
formation to the other process. Further, the original I-PEFiC model foresaw that
perceived valence and relevance would play mediating roles. Indeed, the effect of
perceived affordances on both use intentions and distance was mediated by rele-
vance and valence perceptions. Hence, relevance and valence are also centers of
redistributing information (Figure 3.8, gray box).

Further, we found that the parallel and simultaneous engagement and interac-
tion processes both contributed to end-user satisfaction. Satisfied users were those
that were engaged with the agent and considered the agent helpful. Thus, satisfac-
tion is a subjective sum of several user experiences with the system (c.f. Lindgaard
and Dudek, 2003). Because end-user satisfaction is seen as an important goal in
user-system interaction and design, our results show that it is important to enhance
both engagement and use intentions.

That the engagement process did not influence use intentions has as a con-
sequence that whatever users think emotionally about office applications such as
Microsoft’s Clippit, their will to use the animated paperclip or not depends solely
on the designed and perceived affordances. Making the darn thing look better may
do something for the experience, and hence, for user satisfaction, but not for in-
tentions to use it. In other words, covering up a badly designed software product
by making it look good may lure a product designer or marketer into thinking that
they did a job well done. After all, user satisfaction increased by improving the
aesthetic user experience. But what a disappointment if users still leave the appli-
cation untouched. After all, intentions to use are not fed by mere beauty and thus,
obstruction of task execution decreases the intention to use the system in spite of
its good looks.

That perceived affordances influenced engagement has another consequence.
Whatever users think about the usefulness of a gaming package does affect how
they feel about the agents that the game features. Actually, our reasoning should
stop here. Statistical rigor should prevent us to go into details about exactly how af-
fordances and aesthetics cooperate in affecting user experience and use intentions.
The statistically significant effect we found is that users were most willing to use
a agent for task execution when it was helpful and that if it was ugly, it should be
helpful to be appreciated at all. However, this is not too exciting common-sense
design information. Therefore, we did some eyeball inspection of the means in the
Figures 3.5 up to 3.7 and came up with an interpretation that could guide our future
research.

3.5.1 Out of the box and into the bin. When pretty embodied agents
become helpful or not.

Although the following effects are not significant, the means in Figure 3.5 show
a trend that Intentions to Use seemed dependent on efficiency considerations as
well as the agent’s visual appearance (i.e. designed aesthetics). The speculations
offered next may serve as an interpretation of our findings as well as an impetus to
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explore possible research lines in the future.
Intentions to use the agent for task execution were strongest when the agent

was both helpful and beautiful. But beauty may be precious; it is also capricious.
Users were least intending to use a agent when it was unhelpful (understandably)
and beautiful (surprisingly)! Yet, this did not harm the user’s engagement with the
clumsy beauty. Quite the opposite, blundering Bella evoked the highest levels of
involvement (Figure 3.6) and the least distance (Figure 3.7). Silly beauties are the
nicest but alas, good for nothing.

Silly uglies can count on no mercy. They were deemed least involving and
most distancing, yet, seen as somewhat more useful for the task than silly beau-
ties. Thus, beauty is a dangerous treasure to cherish. It is a catalyst of extreme
judgements. When you are beautiful, you are expected to perform better than oth-
ers do. If not, you are really a lousy worker but still very nice. Uglies better offer
some help to be appreciated. A helpful Berta exerted moderate intentions to use,
moderate involvement, and moderate distance. This seems like default attitude that
is directed at the most common type of person we encounter; not too beautiful,
usually helpful, evoking in us mild feelings of sympathy and reservation.

This becomes all the clearer, considering that the helpful Bella not only raised
the strongest Intentions to Use and the strongest involvement, she also raised the
same level of or even more distance than her ugly but helpful competitor. A top-
performing beauty is suspicious, someone to keep an eye on, because she may be
a joy but a strong rival as well (cf. Bridget Gregory in Konijn & Hoorn, 2005).
Ugliness is more normal, less attractive but also less threatening.

When offered by an embodied agent, then, affordances can become affect-
laden (hence, ‘affective affordances’) and may provoke user reactions other than
intended by the sender or designer. If you want to cover up a bad (here slow)
system with a beautiful design, you are in deep trouble. Users will like the design
a lot but will deem it even worse usable than when you had an ugly (or normal)
design. People do not expect too much if it does not look like much (cf. Kurosu
and Kashimura, 1995; Tractinsky et al., 2000). The safest route seems to have a
plainly looking design with many aiding affordances, so that people are willing to
use it and feel mildly involved. If you really want to capitalize on user experience,
beware of overdoing it on the side of aesthetics. It may increase the eagerness to
use, it may boost involvement, but when it is really helpful to users, they become
intimidated and if it does not help them or perhaps is even frustrating to them, your
beautiful rubbish system is dragged into the bin.

3.5.2 Methodological considerations for future research

Finding software that allowed researchers to manipulate agents for suit experimen-
tal purposes did not appear to be an easy task. Such an endeavor is confined by
constraints such as comparability of agents on all features except the manipulated
ones, flexibility of agent’s features so the experimenter can mold them according
to the studies’ purposes, and operating in a task-environment where parameters can
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be set in multiple ways. We found the Sims2 game environment to be very useful
for the purposes of the present study. The Sims2 game allowed for manipulations
of the task-environment, the tasks to be accomplished, and manipulating the af-
fordances as well as aesthetics factors, whereas the basic characteristics of each
version that we created were similar. The Sims2 game suited our experimental
purposes surprisingly well. Of course, we also experienced certain limitations of
the game’s possibilities, such as the limited tasks, the limited relevance of tasks, the
limited comparability with tasks and embodied agents as they exist in regular com-
puterized tasks (e.g., a word processor), and the impossibility of performing tasks
without an agent. Other games’ suitability for experimental research on human-
agent interactions should be explored. In addition, future research should ascertain
whether trends found in the present study are significant in other task-contexts (e.g.,
entertainment or learning).

Most participants in our experiment had no prior experience with the Sims
game and can thus be regarded novices. Experienced Sims users might have per-
ceived the agents and affordances differently than the novices. For example, they
might have learned what affordances belong to particular agents shaping their per-
ceptions accordingly (e.g., the valence they attribute to the agent). Long-term in-
vestigations might tell us how user perceptions develop over time, and whether in-
terdependencies between the engagement and interaction processes increase or de-
crease over time. For example, do experienced users only care for task-efficiency,
or are they still influenced by beautifully designed agents?

Finally, it would be interesting to measure not only use intentions but actual
use as well. To study actual use, we would ideally create an environment in which
users have the possibility to turn the embodied agent on and off. Future research
might focus on a variety of task-contexts and applications, such as standard desktop
applications and the Internet, to further study the relations between the engagement
and interaction processes.

In sum, to fully understand user reactions to embodied agents, we recommend
a fine-grained perspective, as several factors with roots in different scientific areas
contribute. The I-PEFiC model allowed us to understand relations between user
engagement and use intentions, factors that are often studied in isolation. Inte-
grating approaches from communication science (i.e., media entertainment theory)
with HCI was beneficial, and the study presented in this paper provides us with a
more comprehensive understanding of human-agent interactions.
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Appendix A User perception questionnaire

Table 3.3: The questionnaire items (translated from Dutch) of the user-perception
questionnaire. The items printed in italics were removed from their scales after
scale analysis. Also, the reliabilities of the scales are shown.

Scale Reliability Items
(Cronbach’s
alpha)

Aesthetics .888 Bella looks nice Bella is pretty
Bella is an ugly appearance Bella is nasty to see

Affordance .882 Bella is competent Bella is knowledgeable
Bella is skillful Bella is clever
Bella is clumsy Bella comes short
Bella is a bungler Bella messes about with things

Epistemics .736 Bella has a natural look Bella resembles a real life person
(Realism) Bella is just like a real person Bella is made with fantasy

Bella looks fake Bella differs from a real life per-
son

Ethics .651 Bella is good-natured Bella is reliable
Bella is malicious Bella is a mean character

Valence .757 With Bella I make a chance to
winn a price

Bella will allow me to perform
the next task quickly

With Bella it will take long to
perform the next task

With Bella I will fail

Relevance .788 Bella is useful in carrying out the
tasks

Bella is worthwhile in carrying
out the tasks

Bella is worthless in carrying out
the tasks

Bella is useless in carrying out
the tasks

Similarity .709 Bella and I resemble each other
internally

Bella and I have characteristics
in common

Bella is different than I am Bella differs from who I am
Involvement .808 Bella appeals to me Bella gives me a good feeling

Bella attracts me I am well-disposed towards Bella
Distance .594 Bella leaves me with cold feel-

ings
I feel negatively towards Bella

I feel distance between Bella and
me

I dislike Bella

Use intentions .965 I want to use Bella in the follow-
ing task

I want to continue with Bella in
the following task

I want to perform the following
task with the help of Bella

I want to work with Bella in the
following task

I’d rather use another Sim to per-
form in the following task

I want to ignore Bella in the fol-
lowing task

I want to get rid of Bella in the
following task

It seems like a bad plan to
perform the following task with
Bella

Satisfaction .810 I am happy with Bella It is nice to get on with Bella
Bella is fine Bella is ok
I am satisfied with Bella

Disatisfaction .681 Bella is a failure Bella makes me sad
I think Bella is ridiculous I think Bella is a weak Sim
I am dissatisfied with Bella
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CHAPTER 4

Facial similarity between embodied agents and users:
the differential effects of affordances and gender

Abstract
The aim of the present experimental study was to investigate the effects of fa-
cial similarity between user and embodied agent on user responses under different
conditions. Sixty-four undergraduates interacted in two tasks with a morphed em-
bodied agent in a virtual environment. In one task the agent was facially similar,
and in the other the agent was facially dissimilar to the participant. The agent had
aiding or obstructing affordances. Results showed that the facial similarity manip-
ulation affected participants’ responses even though they did not consciously detect
it. When paired with aiding affordances, facial similarity increased involvement of
all participants and boosted the use intentions of male participants only. However,
when facial similarity was paired with obstructing affordances, male participants
preferred to use a facially dissimilar agent. Further, affordances affected the var-
ious user responses indirectly, via perceptions of relevance and valence. These
results suggest that agents that fail to perform their task and do not meet user goals
better not look like the user. We provide several potential explanations for the
differential effects of gender, which may guide future research.

This chapter is resubmitted for publication:
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4.1 Introduction

Creating an embodied agent with a three-dimensional face that looks like the face
of the user is a relatively new application area in the field of Human-Computer-
Interaction (HCI). Due to recent technological advancements, such systems may
soon be on the market. Consequently, it is important to understand how users
respond to self-similar agents. However, whereas the realism of agents received
much attention (Yee et al., 2007), research on facial similarity in embodied agents
is relatively new and scarce.

Physical appearance is an accessible and salient dimension along which peo-
ple judge others (e.g., Sangrador and Yela, 2000), and the face is one of the most
important dimensions involved in social interactions (e.g., Sergent and Signoret,
1992). Facial characteristics may affect people ‘in a glance’. For example, people
can be instantly and unconsciously affected by facial attractiveness (Langlois et al.,
1991; Olson and Marshuetz, 2005), as well as by the similarity between their own
face and the face of another person. Often, facial similarity ‘attracts’. For example,
people tend to marry people who look like themselves. Hinsz (1989) showed par-
ticipants photographs of actual or randomly generated couples and asked them to
rate the similarity between the faces. Actual couples showed higher facial similari-
ties than the ad-hoc couples. People also tend to have pets that look like themselves.
Payne and Jaffe (2005) showed that in a significant proportion of human-pet pairs
sampled in pet beauty contests, the partners showed much higher facial resem-
blances than could be expected by random pair formation. Facial similarity may
even affect people’s voting behavior during elections. Bailenson et al. (2008) mor-
phed faces of voters with faces of president candidates and found that, although
strong partisans were unmoved by a facial similarity manipulation, weak partisans
and independents preferred the candidate with whom their own face had been mor-
phed over the candidate morphed with an unfamiliar face. Thus, facial similarity is
an important determinant of people’s judgments of and responses to others.

The Computers Are Social Actors paradigm (Reeves and Nass, 1996) states
that people respond to computers as they do to real people. Thus, one would ex-
pect such effects to occur when people interact with embodied agents that feature
in computer environments as well. Embodied agents are computer programs that
appear on a computer screen with a life-like visual appearance (e.g., Dehn and
Van Mulken, 2000; Cassell et al., 2000; Prendinger and Ishizuka, 2004; Ruttkay
and Pelachaud, 2004; Gratch and Marsella, 2005). This could be on the Internet
(e.g., ANNA on the IKEA website1), in productivity applications (e.g., Clippy in
Microsoft applications) and in virtual worlds (e.g., Grand Theft Auto). Research
has shown that people indeed are affected by facial similarity when they inter-
act with embodied agents. First, Nass et al. (1998) had participants evaluate a
system that displayed an autonomously behaving agent that looked liked them or
like someone else. Results showed that when seeing the self-image, participants

1http://www.ikea.nl, retrieved January 10th 2008
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claimed more responsibility for the evaluation and perceived the evaluation to be
more valid and objective. A second study, using photographs as agents in a game
context, found that participants trusted facially similar agents more than facially
dissimilar others (De Bruine, 2002). A third study found that facial similarity can
be used to gain social influence, especially when the embodied agent also mimics
the user in behavior (Ratan and Bailenson, 2007). Finally, Li et al. (2007) demon-
strated that participants rated the persuasiveness of agents to change their choices
higher when the agents’ faces were facially similar to their own compared to when
the faces were dissimilar. Thus, people are affected by facial similarity when they
interact with embodied agents. However, unlike the above studies suggest, people
may not always prefer to use facially similar over dissimilar agents.

4.1.1 Similarity and social comparisons

Social comparison theory states that people constantly compare themselves to oth-
ers (Festinger, 1954; Heider, 1946). The face, gender, ethnicity, personality, and
attitude are examples of dimensions on which people may compare themselves to
others, including embodied agents (concerning agents, e.g., Dryer, 1999; Nass and
Moon, 2000; Nowak and Rauh, 2005; Guadagno et al., 2007; Pratt et al., 2007).
One important motive for social comparisons is that people want to make accurate
self-evaluations (Festinger, 1954). Thus, when people compare themselves with a
person with attributes similar to theirs, they unconsciously ‘look in the mirror’ and
evaluate not only the other person or agent, but also themselves.

There is abundant evidence that, more often than not, ‘similarity attracts’ (e.g.,
Byrne, 1971; Chaiken, 1979; Brock, 1965; Cialdini, 2001; Klohnen and Luo, 2003).
In such cases, social comparison with similar others may have positive conse-
quences for self-evaluation. Based on the above studies, one would simply expect
that people always prefer to use facially similar over dissimilar agents. However,
social comparison with similar others may not only result in attraction but also
in rejection (Lerner and Agar, 1972). Likewise, people may not always approach
similar others, but also avoid them [ibid]. The reason is that there are other, nega-
tive, characteristics involved in assessing other social actors. Based on the negative
characteristics of the similar other, people (unconsciously) activate negative self-
associations, and feel threatened in their personal identities (e.g., Lerner and Agar,
1972). One reason might be that people feel that interpersonal similarity on one
dimension, such as personality, implies similarity on other dimensions (Heider,
1946), including those perceived as unfavorable. Harshly evaluating a similar but
unfavorable other indicates dissociation and reduces the chance for people of be-
ing cast in the same negative light (Eidelman and Biernat, 2003). Thus, individuals
devaluate a similar unfavorable other as a protection strategy that distances them-
selves from the other [ibid]. Indeed, a few studies have demonstrated that, under
certain conditions, people are less favorable towards similar others than towards
dissimilar others. Particularly, when similarity is paired with negative characteris-
tics, such as unattractiveness, mental disturbance, or obnoxious behavior, similar-
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ity may have negative rather than positive implications. Taylor and Mettee (1971),
for example, created similarity conditions by matching or mismatching personality
traits of a participant and another person. When similar others were portrayed as
pleasant, they were preferred over dissimilar others. However, when similar oth-
ers were portrayed as obnoxious, participants preferred dissimilar others. Another
study tested the effects of attitude similarity concerning prison reform (Silvia et al.,
2005). Republicans and Democrats listed either their own similarities to or differ-
ences from prisoners, and then completed a measure of prison reform attitudes.
Findings showed that Democrats (a group with positive attitudes toward liberal
prison reform) became even more positive when they considered their similarities
to prisoners. Republicans (a group with negative attitudes toward liberal prison
reform), however, became even more negative when they considered their similari-
ties to prisoners. It seems then that in itself facial similarity evokes positive effects
but that it can easily be overruled by characteristics that induce negative affect.

Because we are implementing facial similarity as part of a software agent, af-
fordance evaluations are central. Affordances are the possibilities for action that
the software offers to the user (search, help, etc.) (cf. McGrenere and Ho, 2000;
Gibson, 1979). The help function of Microsoft’s Clippy can always be called upon
irrespective of the user’s potential needs and goals. In this manner, the affordances
an agent offers can be perceived by the user as either aids or as obstacles, depend-
ing on the goal context (Van Vugt et al., 2006). If Clippy’s suggestions are correct,
Clippy is likely to be perceived as having aiding affordances by users who seek
advice from the agent. If Clippy makes suggestions that are beside the point or
incorrect, its affordances are likely to be perceived as obstructive. An obstruc-
tive affordance typically is perceived as a negative characteristic of an embodied
software agent, which might be detrimental to the positive effects of being facially
similar to the user. All the literature that reported positive effects of facial similarity
used agents that were helpful to, or at least not obstructing, the user’s goal. How-
ever, users may prefer dissimilarity over similarity, especially when they interact
with agents they perceive as obstructing. Users may even be less willing to inter-
act with obstructing agents that look like them than with obstructing agents that
are dissimilar. Therefore, we studied facial similarity and affordances of embodied
agents in parallel, and studied their combined effects on user responses.

4.1.2 User responses: involvement, distance, and use intentions

We studied the combined effects of facial similarity and affordances on two types of
measures. First, we measured the user’s psychological involvement with and psy-
chological distance towards the agent, which are related to user affect. Involvement
refers to psychological approach tendencies (e.g., empathy, sympathy, challenge),
and distance refers to psychological avoidance tendencies (e.g., antipathy, irrita-
tion, boredom). Traditional views on approach-withdrawal processes (e.g., Russell
and Carroll, 1999) consider involvement as an opposing feeling of distance. How-
ever, recent research in attitudinal ambivalence has claimed that the affect system
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should better be conceived of as separate orthogonal positive and negative sub-
strates (e.g., Cacioppo and Berntson, 1994; Diener and Emmons, 1985; Priester
and Petty, 2001). We assumed, therefore, that two unipolar constructs of involv-
ing and distancing processes toward agents is preferable to the common bipolarity
(for a more detailed explanation, see Konijn and Hoorn (2005)). Indeed, earlier
research repeatedly found that experiences of involvement occur parallel to expe-
riences of psychological distance (Konijn and Hoorn, 2005; Konijn and Van Vugt,
2008). For example, people may experience both involvement and distance when
an evidently good guy shows a dark side (e.g., Batman). Similarly, a user might
feel sympathy for an agent and find the agent boring at the same time (e.g., a virtual
news-reader). People can feel very attracted to an embodied agent because of its
beautiful appearance and at the same time feel very distant from it because that ap-
pearance appears to cover spy ware (cf. ‘Virtual Katja’2). Because researchers are
still debating whether positive and negative affect should be treated as one factor or
as two separate factors (e.g., Brehm and Miron, 2006), we will treat involvement
and distance as separate variables in the present study, and we will test whether
this distinction is valid. For simplicity’s sake, our hypotheses predict that involve-
ment and distance are a mirror image of one another. Due to their unipolar nature,
however, it may also turn out that the effects on involvement are absent whereas
the effects on distance are significant, or vice versa.

Next to the involvement and distance measures that are related to user affect,
we also measured intentions to use the agent. Intentions have been used in previ-
ous work as a proxy for behavior in general and for usage behavior in particular
(e.g., Fishbein and Ajzen, 1975; Ajzen, 1991; Davis, 1989; Venkatesh et al., 2003).
Affective responses (e.g., involvement, distance) and behavior (e.g., use intentions,
actual use) do not always go hand in hand. For example, many features of an in-
tranet system that were actually used, actually also were disliked (Saffer, 2007).
Similarly, when users feel involved with an embodied agent ‘on a personal level’,
they may still decide not to use it because it is inefficient to do so (e.g., in the case
of misplaced pro-active behavior of Clippy). People may clearly feel psycholog-
ically distant to an agent but may still use it, because they cannot perform a task
any other way (e.g., buy a difficult to find product via a product presenter agent).
Therefore, we treat involvement, distance, and use intentions as separate factors
that are not necessarily interconnected.

The quality of affordances is an important predictor of both involvement, dis-
tance and use intentions (Van Vugt et al., 2006). That is, an embodied agent with
aiding affordances evokes high involvement and low distance, as well as intentions
to use the agent. An embodied agent with obstructing affordances evokes low in-
volvement and high distance, as well as intentions not to use the agent. The purpose
of the current study is to examine in how far facial similarity can boost or counter
such general effects. Therefore, we expected that when people are confronted with
an embodied agent with aiding affordances, facial similarity will increase involve-

2http://www.katja-schuurman.com, Retrieved January 1st 2008
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ment with and intentions to use the agent, and decrease the distance felt towards
the agent. When people are confronted with an embodied agent with obstructing
affordances, facial similarity will decrease involvement with and intentions to use
the agent, and increase the distance felt towards the agent. In the second case, fa-
cial dissimilarity is preferred to facial similarity. Thus, we will test the following
hypotheses:

H1 When an embodied agent has aiding affordances, facial similarity leads
to

(a) higher use intentions, and

(b) higher involvement / lower distance

than facial dissimilarity.

H2 When an embodied agent has obstructing affordances, facial dissimilarity
leads to

(a) higher use intentions, and

(b) higher involvement / lower distance

than facial similarity.

Thus, we expected that under certain circumstances (H2), use intentions and
involvement are higher when the embodied agent does not resemble the user than
when it does.

4.1.3 Differential effects of user characteristics

How users respond to an (facially similar) embodied agent does not only depend on
the affordances an agent provides to the user, but also on a variety of user charac-
teristics, such as gender, age, ethnicity, education, computer experience, and others
(e.g., Catrambone et al., 2004; Ruttkay et al., 2004). For example, unskilled Word
users might find Clippy helpful when it gives text-editing suggestions, whereas
skilled Word users might find Clippy’s suggestions disturbing for the tasks they
want to perform. Or, a child might like to see the cute dog or the lovely cat that
blinks at him or her, whereas adults might not find it entertaining but rather an-
noying. One variable which has been examined specifically in relation to facial
similarity is gender. De Bruine (2004a) found that facial resemblance increases the
attractiveness of same-gender faces more than opposite-gender faces. The effect
occurs for both men and women who interact with those faces (De Bruine, 2002,
2004b,a). Similarly, Nass et al. (1998), Li et al. (2007), and Ratan and Bailenson
(2007) did not report any gender or age differences in their studies on facial similar-
ity effects. However, in terms of interaction with agents in general, there has been
work indicating that men and women interact differently with embodied agents on
a social level. For example, in two studies, women showed greater conformity
with agents than men (Lee, 2003, 2007), and in another study, female participants
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were affected by mutual gaze behavior of agents, whereas male participants were
not (Bailenson et al., 2001). In (Bailenson et al., 2005), men recalled more verbal
information from a persuasive message given by an agent than women. Because
the literature is unclear in this regard, we did not make predictions concerning
differences in gender or other user characteristics. Nevertheless, we planned to
control for these user characteristics in our experimental study, and examined the
data separately by gender.

Another user characteristic which varies across individuals is goals and needs.
Theories in psychology describe that, to a considerable extent, human action is
goal-driven (e.g., Leontiev, 1978; Gollwitzer and Bargh, 1996). People typically
use an affordance because of a goal they want to achieve (e.g., finding information,
having fun). Several strains of research are based on the idea that goals are central
to human activity, in, for example, the communication sciences (e.g., Blumler and
Katz, 1974) and the field of human-computer interaction (e.g., Card et al., 1983;
Van Welie and Van der Veer, 2004; Kaptelinin and Nardi, 2006). The user-centered
approach to designing computer systems (e.g., Norman, 1988; Preece et al., 2002)
also stresses the importance of looking into human factors, such as user goals, in
order to create well-designed systems that users care for and use. For example, to
assess the impact that information retrieval systems have on users, the classical pre-
cision and recall measures are ineffective, and measures of situational relevance,
which consider the impact of the system on the user, are proposed (Harter, 1992;
Hersh, 1994). Theories from psychology (Frijda, 1986, 1988; Lazarus, 1991) state
that the strength of a human response is guided by the relevance of particular fea-
tures of a stimulus to the human goals or needs. Similarly, an agent that is perceived
as relevant by the user, is likely to evoke stronger user responses (e.g., higher use
intentions) than an agent that is perceived as irrelevant (cf. Ajzen, 1991; Venkatesh
et al., 2003). Furthermore, the direction of human responses (positive versus nega-
tive) is a function of valence (Frijda, 1986, 1988; Lazarus, 1991). In an embodied
agent context, valence is the expectation of whether using the agent will lead to
achieving user goals or hindering them (cf. House and Perney, 1974; Van Vugt
et al., 2006). Valence is positive when the user’s expectations of using the agent
will lead to achieving user goals. Valence is negative when the user’s expectations
on using the agent will lead to leading away from user goals. In general, relevance
and expected goal achievement leads to a tendency to use the agent, whereas ir-
relevance and expected goal evasion leads to the tendency to stay aloof (cf. Ajzen,
1991; Venkatesh et al., 2003; Konijn and Hoorn, 2005; Van Vugt et al., 2006).

Perceptions of relevance may depend on facial similarity. In the social compar-
ison literature, perceived relevance is an important construct to further understand
the effects of (dis)similarity to the observer (Kruglanski and Mayseless, 1990;
Tesser, 1988). In general, similarity is not uniformly related to relevance (Kruglan-
ski and Mayseless, 1990). In some cases, a similar other is perceived as more rel-
evant than a dissimilar other. For example, when choosing a novel, a person who
likes to read mystery is more likely to seek advice from someone who shares his
or her literary taste and preferences, a similar other, than from someone who reads
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science fiction (Goethals and Darley, 1977). In other cases, a dissimilar other is
perceived as more relevant than a similar other. In selecting what film to watch,
people might turn to an expert in reviewing films on the Internet or in newspapers, a
dissimilar other, because the expert might be more reliable (relevant) than a friend
[ibid]. Thus, the perception of relevance might also be key to understanding why
similarity has positive or negative effects in virtual worlds.

Perceptions of valence may also depend on facial similarity. People may pre-
dict the behavior of a similar agent better than that of a dissimilar agent (cf. Miller
and Marks, 1982; Mumford, 1983; Ames, 2004). Because people know what to
expect from themselves, they may expect different things from a self-similar agent
than from a dissimilar agent.

In the present study, we expected that facial similarity would alter the user’s
perceptions of relevance and valence, which consequently affect user involvement,
psychological distance, and use intentions (cf. Ajzen, 1991; Venkatesh et al., 2003).
In other words, relevance and valence may serve as mediators between facial sim-
ilarity and the various user responses (for a detailed explanation on mediation ef-
fects we refer to Baron and Kenny, 1986). If such mediation effects occur, we
may infer that user goals are important to better understand facial similarity effects
in virtual environments. This may consequently guide future research on facial
similarity effects in goal or task contexts. We will test the following hypotheses:

H3 The effects of similarity on involvement, distance and/or use intentions
are mediated through

(a) perceived relevance

(b) perceived valence

Yet, perceptions of relevance and valence also depend on the affordances of the
agent. In a previous study (Van Vugt et al., 2006), we found that the factor affor-
dances indirectly affected the dependent variables (involvement, distance, and use
intentions) via the mediation variables perceived relevance and perceived valence.
Users perceived the affordances an agent offered, and then checked whether the af-
fordances were relevant for their goals and whether positive or negative outcomes
could be expected from using the agent. This consequently affected user responses,
such as intentions to use the agent [ibid]. We expected that such mediation effects
were also prevalent in the 3D immersive virtual environment that we used in the
present study, and we tested the following hypotheses:

H4 The effects of affordances on involvement, distance and/or use intentions
are mediated through

(a) perceived relevance

(b) perceived valence

In sum, this study investigated both the (combined) effects of designed features
(here, affordances and facial similarity) on the user, and the psychological factors



Chapter 4 Facial similarity between embodied . . . 95

relevance and valence underlying such effects. Note that in the present study, we
did not manipulate relevance and valence, but rather studied their mediating effects.

4.2 Method

4.2.1 Overview of the study

The present study examines the (interactive) effects of facial similarity and affor-
dances on use intentions and engagement with embodied agents, and the role of
user perceptions herein. Most previous work on facial similarity employed morph-
ing techniques to 2D faces, and Bailenson et al. (2008) provides a review. However,
the present study employed morphing techniques to create 3D embodied agents
that looked like each of the participants. In addition, the study uses an immer-
sive virtual environment, an excellent research tool for studies on applied social
psychology (Blascovich et al., 2002).

Each participant performed two tasks in virtual reality. Usually, virtual reality
places multiple people in a virtual space in which they are able to see representa-
tions of each other, using head-mounted displays (Lanier, 2001). For experimental
purposes, the participants in our study did not see multiple people in the virtual
world, but only one agent. In one task, they interacted with a facially similar em-
bodied agent, and in the other they interacted with a dissimilar embodied agent
(Designed similarity). Half of the participants interacted twice with an embod-
ied agent that provided good advice, whereas the other half of the participants
interacted twice with an embodied agent that provided bad advice (Designed affor-
dance). After each task, participants completed a user perception questionnaire, in
which we measured, most importantly, (1) the dependent variables (involvement,
distance, use intentions), (2) perceptions of relevance and perceptions of valence,
(3) whether participants indeed perceived the quality of the advice as aiding ver-
sus obstructing (perceived affordances), and (4) how much participants perceived,
or reported, themselves to be similar to the agent they interacted with (perceived
similarity). This is in line with researchers studying interpersonal attraction in the
context of romantic relationships who have distinguished between the effects of
actual similarity and perceived similarity (e.g., Levinger and Breedlove, 1966).

4.2.2 Experimental design

We used a 2 (Designed similarity: facial similar versus facial dissimilar) x 2 (De-
signed affordance: aid versus obstacle) experimental design to test our hypotheses.
We manipulated designed similarity as a within-subject factor, and designed af-
fordance as a between-subject factor. Participants were randomly assigned to the
designed affordance conditions. The order of the facial similarity conditions and
the pairing of similarity conditions with other between-subjects conditions was
varied according to a counterbalanced scheme. In addition, we used two different
names and voices for the two agents with which participants interacted, and these
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were also counterbalanced among the conditions. The results of hypothesis testing
did not change when we controlled for the different voices of the embodied agents,
and no order effects were found.

4.2.3 Participants

A sample of 64 university students (22 male, 42 female; M(age) = 20.5, SD(age)
= 3.0) participated in the study for course credit. They were randomly assigned
to the experimental conditions. The aid condition consisted of 12 males and 20
females, and the obstacle condition consisted of 10 males and 22 females. Most
participants (97%) spent more than 6 hours a week behind a computer, and hence
can be regarded as experienced computer users.

4.2.4 Stimuli

Designed similarity

Frontal and profile photographs of 64 undergraduate students were taken in the
laboratory during the first week of an academic quarter. Over the next 6 weeks,
these photographs were converted into virtual busts i.e., digital, three-dimensional
busts using 3DmeNow photogrammetric software, see Bailenson et al. (2004) for
a thorough description of this process. See also Figure 4.2. The virtual busts were
then ‘morphed’ with each participant’s head bust using both geometric and textu-
ral algorithms from Vizard 2.53 (see Figure 4.1). Both geometry and textures were
morphed at a 35% (participant) - 65% (embodied agent) ratio because previous
studies have demonstrated that this ratio is the optimal balance between manipula-
tion effectiveness and non-detection of the morph (concerning 2D faces, Ratan and
Bailenson, 2007; Bailenson et al., 2008). An additional contribution of the study is
to test whether 35% is enough to detect effects in 3D virtual environments.

The head was morphed with a three-dimensional head bust of an embodied
agent of the same gender. In total, we used four different male and four differ-
ent female heads (taken and adapted from heads used in a previous study of Yee
and Bailenson, 2007) to reduce influences of the particular stimuli faces. A given
female participant was morphed with one of the four female heads according to
a counterbalanced scheme, which equalized frequency of each head’s use. After
the morphing process was complete, the virtual busts were imported into the three-
dimensional virtual reality scene using Vizard 2.53, and attached to generic male
and female bodies (see Figures 4.1 and 4.2).
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Figure 4.1: A frontal and profile photo of a participant (left and middle) were
converted into virtual busts attached to a virtual body (right).

Figure 4.2: The manipulation of facial similarity. An embodied agent head (left) is
morphed with a participant head (middle), resulting in a new head (right).

Designed affordance

Many embodied agents aim to provide advice. Therefore, we manipulated affor-
dances in terms of the quality of advice an embodied agent would give to the par-
ticipants while performing the tasks. Intelligent advice is likely to be perceived as
an aid, whereas bad advice is likely to be perceived as an obstacle for task com-
pletion. Hence, in the aid condition, the embodied agent would give high quality
advice (10 out of 10 questions correct), and in the obstacle condition, the embodied
agent would give low quality advice (only 2 out of 10 questions correct). Post-hoc
tests confirmed this prediction (see Manipulation check affordances in the Results
section).

In total, we selected 20 difficult trivia questions with multiple choice answers.
Pre-testing demonstrated that very few people knew the answers to these questions;
to each of the questions, only 25% guessed the right answer (which equals the
chance level). An example question was ‘In the U.S., about how many gallons of
milk does the average cow give during a year?’ with the multiple-choice answers
(A) 1600, (B) 1200, (C) 1000, and (D) 1400. Figure 4.3 shows an example of
a trivia question, and the embodied agent’s advice, which was either correct (see
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Figure 4.3: An example of an embodied agent giving correct advice (aid condi-
tion).

Figure) or incorrect. The bars in the graph indicate how certain the agent is of each
of the four answers and have different values in the various conditions.

The assignment of heads to conditions

Participants performed two tasks, each with a unique embodied agent as an ad-
visor. Each participant always interacted with two embodied agents of the same
affordance condition. In the first task, half of the participants interacted with an
agent morphed with their own head, the virtual ‘self’ (similar condition), and the
other half interacted with an embodied agent morphed with another participant’s
head of the same gender, a virtual ‘other’ (dissimilar condition). In the second
task, this was reversed: participants who had interacted with their virtual self in
the first task would interact with a virtual other in the second task, and vice versa.
Thus, if a female participant’s virtual self was morphed with female agent head
1, the virtual other would be another female participant’s head morphed with fe-
male agent head 2, 3 or 4. An agent that was morphed with the head of participant
A was seen by two participants: participant A (similar condition) and one other
participant (dissimilar condition).

The virtual setting

The virtual setting was a white room with the same exact dimensions as the phys-
ical room where participants were. The embodied agent was located near the par-
ticipant, facing the participant and standing next to a blackboard (see Figure 4.3).
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It had an automatic blink animation based on human blink behavior and lip move-
ment that matched the volume of its speech.

4.2.5 Apparatus

Participants wore an nVisor SX HMD that featured dual 1280 horizontal by 1024
vertical pixel resolution panels that refreshed at 60 Hz. The display optics pre-
sented a visual field subtending approximately 50 degrees horizontally by 38 de-
grees vertically.

A personal computer with an NVIDIA GeForce FX 6800 graphics Card ren-
dered stereoscopic images for correct perception. These images updated at an aver-
age frame rate of 60 Hz. The simulated viewpoint updated continually as a function
of the participants’ head movements. A three-axis orientation sensing system (In-
tersense IS250, update rate of 150 Hz) tracked the orientation of the participant’s
head. The system latency, or delay between a participant’s head movement and
the resulting concomitant update in the HMD’s visual display was 45 ms max-
imum. Vizard 2.53 software was used to assimilate the rendering and tracking.
Participants used a Logitech RumblePad Pro game pad to interact with the virtual
environment.

Participants answered post-experiment questionnaires on a standard desktop
computer. See Figure 4.4 for equipment setup.

Figure 4.4: A depiction of our immersive virtual environment system. The com-
ponents are: 1) audio output device, 2) HMD, 3) game pad input device, 4) image
generator, and 5) orientation tracking device.
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4.2.6 Procedure

Besides the participant, only one experimenter was present in the experimentation
room. Participants were told they would perform two simple tasks within a virtual
reality environment, and that their task was to complete a questionnaire as best as
they could within the virtual environment. Then, they were told the following:

‘This is unlike most questionnaires where you are on your own. Here,
you will have the help of a virtual human. The virtual human is an
intelligent agent that is designed to search for information on the In-
ternet. You can choose to use the hints of the virtual human or not. It is
completely up to you. In the computer, the correct answers are stored.
The computer will tell you after each question whether you answered
a question correctly or not. The virtual human does not have access to
these correct answers, but reasons him/herself autonomously.’

Then, participants were seated on a stationary chair in the lab, given a game
pad and asked to put on the HMD (see Figure 4.4). Participants were then asked
by the experimenter to verify that they saw a virtual room. If the participant was
ready, the participant would do a practice task within the virtual room to get used to
the game pad for answer selection. The experiment began immediately after that.
The experiment consisted of two tasks, with 10 questions each.

The embodied agent greeted the participant: ‘Hi, my name is Jane [John]. Your
task is to respond to ten questions as best as you can. I will be your advisor.’
Then, the virtual blackboard displayed with 3 second intervals: 1) a question, 2)
the multiple choice answers, 3) a graph with the advice of the embodied agent,
and 4) the selection categories A, B, C, and D (see Figure 4.5). At time interval
3, the embodied agent said, ‘In the graph you can see what I think the correct
answer is. Please select your answer.’ The participant would select an answer
and press the OK button. Participants got immediate feedback on correctness of
the answers (see Figure 4.5). A series of 10 questions were answered in this way.
Upon completion of all questions, the embodied agent said: ‘Thanks, and maybe
I will see you again!’ Finally, the participant was asked to remove the HMD and
complete the user perception questionnaire at a desktop computer in the lab.

Then, the second task was introduced by telling the participants that they would
interact with a different virtual human. They were asked to put the HMD back on,
and were being greeted by the second embodied agent (‘Hi, my name is Alice
[Alex]. Your task is to respond to ten questions as best as you can. I will be your
advisor.’). The procedure was exactly the same as in the first task. Participants
were asked what they thought the purpose of the study was. Finally, participants
were debriefed and thanked for participating in the study.
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Figure 4.5: Answer selection (top), and answer feedback (bottom).

4.2.7 Measures

All measures were taken by means of a computer questionnaire containing construct-
specific scales (as recommended by Krosnick and Fabrigar, 2007). Each item was
followed by a 6-point rating scale, ranging from 1 (Not at all), 2 (Very little ), 3
(Somewhat ), 4 (Quite ), 5 (Very ), to 6 (Extremely ). Existing scales were
used when possible in the construction of the structured user-perception question-
naire (e.g., scales used in Van Vugt et al., 2006, 2007b). When necessary, items
were translated and modified to the purpose of the investigation. The questionnaire
consisted of 44 items in total.

Reliability analyses (N = 64) were performed on each set of items concerning
separate scales. Selection criteria were 1) an optimal contribution to Cronbach’s
alpha by showing little or no increase in the alpha level when the item was deleted,
2) a minimal inter-item correlation of .60, 3) an inter-item total correlation within
a scale bigger than the correlation of each item with another scale (discriminant
validity), and 4) a minimum of 2 items per scale. Items that failed on one or more
of these criteria were not included in the measurement scales used in subsequent
analyses.

We checked the affordance manipulations by means of a perceived affordance
scale. In order to avoid directing the participant in an affirmative direction (see
Dillman, 2000), two items were indicative (e.g., ‘How knowledgeable do you think
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Table 4.1: Discerning the factors involvement, distance and use intentions using a
factor analyses in both the similar (left) and the dissimilar (right) condition.

Similar con-
dition

Dissimilar
condition

Component
1

Component
2

Component
3

Component
1

Component
2

Component
3

Involvement1 .488 -.266 .688 .806 -.189 .370
Involvement2 .226 -.136 .842 .127 -.083 .912
Involvement3 .030 -.046 .893 .441 -.084 .800
Involvement4 .571 -.119 .534 .538 -.322 .569
Distance1 -.126 .892 -.160 -.164 .839 -.160
Distance2 -.444 .820 -.009 -.300 .883 .042
Distance3 -.640 .514 .187 -.277 .843 -.046
Distance4 -.212 .833 -.281 -.080 .846 -.248
UseIntention1 .865 -.222 .226 .886 -.226 .141
UseIntention2 .785 -.265 .419 .869 -.270 .285
UseIntention3 .566 -.430 .398 .602 -.606 .120

X is?’) and two items were counter-indicative (e.g., ‘How dumb do you think X
is?’). The scale was reliable (Cronbach’s alpha = .91).

We used a perceived similarity scale to determine whether or not participants
detected. This scale consisted of two indicative items (e.g., ‘How much do you
think you and X look alike?’) and two counter-indicative items (e.g., ‘How much
do you think X looks different than you?’) and was reliable (Cronbach’s alpha =
.90).

One item from the use intention scale was discarded because of poor fit (criteria
1). The remaining scale consisted of two indicative items (e.g., ‘How much do you
want to use X again?’) and one counter-indicative item (‘How much do you want
to get rid of X?’). The scale was reliable (Cronbach’s alpha = .89).

Based on previous research, we assumed that involvement and distance are two
distinct experiences that can occur at the same time. To demonstrate that involve-
ment and distance should indeed be treated as different factors, and use intentions
is a third separate factor, we performed a factor analyses with the involvement and
distance used in the construction of these scales, and the three use intention items
(varimax rotation, rotation converged in 6 iterations). Table 4.1 shows clearly that
the three use intention items all loaded high on factor 1 (and, with one exception,
low on factor 2 and 3), the four distance items all loaded high on factor 2 (and, with
one exception, low on factor 1 and 3) and the four involvement items loaded high
on factor 3 (and, with two exceptions, low on factor 1 and 2) in both the similar
and the dissimilar condition.

In addition, we calculated the correlation between the involvement and the dis-
tance factor, which was r = -.42 in the dissimilar condition, and r = -.44 in the
similar condition. These low correlations indicated that involvement and distance
should be treated as separate dimensions (e.g., Neter et al., 1990). Both analyses
justified treating the distance scale and the involvement scale as separate variables
in subsequent analyses. The involvement scale consisted of four items (e.g., ‘How
much does X appeal to you?’, ‘How much do you feel connected to X?’) and was
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reliable according to a Cronbach’s alpha of .85. The distance scale consisted of
four items (e.g., ‘How much does X leave you with cold feelings?’) and was reli-
able according to a Cronbach’s alpha of .89.

Finally, the questionnaire measured the factors perceived relevance (3 items,
Cronbach’s alpha = .96) and perceived valence (4 items, Cronbach’s alpha = .96)
as potential mediators (as in Van Vugt et al., 2006), and included some questions
regarding personal information about the participants such as gender, age, ethnicity,
education, computer experience, game experience, and virtual reality experience.

4.3 Results

4.3.1 Morph detection

To ensure that our similarity manipulation was not obvious to the participants, we
asked them to guess the intent of the experiment. Most participants guessed that
the study was about different appearances of the agent, or about different voices.
This was not surprising, as they indeed interacted with two agents with different ap-
pearances and voices in the two tasks. Six out of sixty-four participants suggested
that the study could have been about facial similarity. In addition, a univariate
analysis of variance (ANOVA), with designed similarity as the within subject fac-
tor and perceived similarity as the dependent variable, was conducted to evaluate
whether participants perceived (or reported) the agent that was morphed with their
own face as more similar to them than the agent that was morphed with a different
face. The results indicated that perceived similarity ratings did not differ signifi-
cantly between the similar and the dissimilar conditions, M(similar) = 2.34, SD =
.77; M(dissimilar) = 2.30, SD = .87; F(1,59) = .215, p = .65, partial eta-squared =
.004. Thus, the similarity manipulation was not obvious. The results of hypothesis
testing did not change when we controlled for whether participants had detected
the facial similarity manipulation or not.

4.3.2 Manipulation check affordances

We assessed the effectiveness of the affordance manipulations (aid versus obstacle,
or, high versus low quality advice) in both the similar and the dissimilar condi-
tion by performing an ANOVA with designed affordances as the between-subject
factor, designed similarity as the within-subject factor, and perceived affordance
as the dependent variable. The aid and obstacle conditions had a significant effect
on perceived affordances, F(1,58) = 69.35, p < .001, partial eta-squared = .95.
Participants perceived the embodied agent in the aid condition as having better af-
fordances than the embodied agent in the obstacle condition, both in the similar
condition, M(aid) = 4.81, SD = .90; M(obstacle) = 2.91, SD = .86, and the dissim-
ilar condition, M(aid) = 4.73, SD = 1.0; M(obstacle) = 2.95, SD = .67. Thus, we
successfully manipulated affordances by means of varying the quality of an agent’s
advice.
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4.3.3 Testing hypotheses

Testing hypotheses H1 and H2: direct effects of similarity and affordances on
the dependent variables

To test the effect of one or multiple manipulated variables (designed affordances
and designed similarity) in experimental situations have on a single dependent
variable (e.g., involvement), we usually conduct a univariate analysis of variance
(ANOVA). However, in the present study, we measured multiple dependent vari-
ables (involvement, distance, and use intentions) that could not easily be combined,
so we performed a multivariate analysis of variance (MANOVA) (for more infor-
mation, see Neter et al. (1990), or Lattin et al. (2003)). This can protect us against
observing an effect where there is none (also called a Type I error), which might
occur if we conducted multiple ANOVA’s independently.

Yet, our design was a little more complex. Half of the participants performed
the tasks with an agent that gave good advice, and the other half performed the
tasks with an agent that gave bad advice, so affordances were manipulated between
subjects. Furthermore, in one task participants interacted with their virtual self, and
in the other task they interacted with a virtual other, so the similarity variable was
manipulated within subjects. The between versus the within design prompted the
use of a mixed design. In sum, because we have several dependent variables in
our study (involvement, distance, and use intentions) and use a mixed design, we
will perform mixed MANOVA to test the hypotheses. Lastly, we controlled for
several user characteristics (e.g., age, computer experience) in the data analyses
and we tested whether the gender of the participant affected the user responses by
including gender as an additional factor in the analyses.

Thus, we performed a mixed MANOVA with designed similarity as the inde-
pendent within factor, designed affordance and gender as the independent between
factors, and involvement, distance, and use intentions as the dependent variables.
The multivariate results revealed a main effect of designed affordance (F(3, 58) =
37.61, p < .001, partial eta-squared = .66). Furthermore, the multivariate results
revealed an interaction effect of gender, designed similarity and designed affor-
dance (F(3, 58) = 3.21, p < .030, partial eta-squared = .14). No other main or
interaction effects reached significance (ps > .10). To interpret these multivariate
results, that is, the effects of the independent variables on the single dependent
variables, it is common practice to inspect the results of the univariate ANOVAs.
Thus, we conducted ANOVAs on each dependent variable as follow-up tests to the
MANOVA.

Use intentions. First, designed affordance had a significant effect on use in-
tentions (F(1, 60) = 107.27, p < .001, partial eta-squared = .64). To interpret
the direction of effects, we reported the means and standard deviations in Table
4.2. Participants were more eager to use an aiding agent than an obstructing agent
again. This result fits general expectations and previous findings (Van Vugt et al.,
2006). Second, gender, designed similarity and designed affordance interacted in
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Figure 4.6: The effect of designed similarity and designed affordance on males’
intentions to use the agent again.

explaining use intentions (F(1, 60) = 4.176, p < .045, partial eta-squared = .07).
Females seemed unaffected by designed similarity (see Table 4.2). Males, how-
ever, were affected by designed similarity (see Figure 4.6). As expected (H1a),
males were more willing to use an aiding agent when the agent was similar rather
than dissimilar to them. Furthermore (H2a), males were less willing to use an ob-
structing agent that was similar rather than dissimilar to them. Thus, these results
support H1a and H2a for males, but not for females.

Involvement. First, designed affordance affected involvement (F(1, 60) = 17.77,
p < .001, partial eta-squared = .228). Participants felt more involved with an aid-
ing agent than an obstructing agent, which fits general expectations (see Table 4.2).
Second, the interaction effect of designed similarity and designed affordance on in-
volvement was not significant, but the data did show a trend (F(1, 60) = 3.65, p <
.061, partial eta-squared = .057). This indicates that, as expected (H1b), both male
and female users were slightly more involved with an aiding agent when the agent
was similar than when the agent was dissimilar to them. However, involvement
remained unaffected by similarity when the agent was obstructing (see Table 4.2),
contrary our expectations (H2b). Thus, we found support for H1b but not for H2b.

Distance. Designed affordance had a significant effect on distance (F(1, 60) =
16.74, p < .001, partial eta-squared = .218). Participants felt less distance from an
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Table 4.2: Means and standard deviations of involvement (I), distance (D), and use
intentions (U) in the conditions of designed affordance (aid versus obstacle), and
designed similarity (similar versus dissimilar).

Aid condition Obstacle condition
Similar Males I 2.48 (1.05) I 1.83 (.51)
condition D 1.56 (.52) D 2.72 (1.45)

U 4.50 (.98) U 2.14 (.78)

Females I 3.06 (.73) I 1.87 (.47)
D 1.52 (.45) D 2.28 (.84)
U 4.70 (.68) U 2.38 (.66)

Dissimilar Males I 2.33 (1.10) I 1.87 (.78)
condition D 1.81 (.84) D 2.40 (.74)

U 3.97 (1.15) U 2.66 (.73)

Females I 2.78 (.77) I 2.00 (.60)
D 1.93 (.89) D 2.60 (.87)
U 4.51 (1.16) U 2.30 (.69)

aiding agent than an obstructing agent, which is in line with general expectations.
No significant interaction effects were found on distance (ps > .05).

Thus, results show that the quality of affordances is important for involvement,
distance, and use intentions. Similarity may also contribute to involvement and use
intentions, but not always in a positive manner. Male users are more willing to use
dissimilar others than similar others if paired with low quality affordances. This
highlights the importance of designing agents that have high quality affordances.

Testing hypotheses H3 and H4: indirect effects of facial similarity and affor-
dances on the dependent variables

We wished to identify whether the variables similarity and affordances indirectly
affected the dependent variables (involvement, distance, and use intentions) via a
third explanatory variable, perceived relevance or perceived valence (known as a
mediator variable). Therefore, we performed mediation analyses. A mediation
model hypothesizes that the independent variable affects the mediator variable,
which in turn affects the dependent variable. We performed several mediation anal-
yses to test whether designed similarity indirectly affected the dependent variables
(H3), and whether designed affordances indirectly affected the dependent variables
(H4). To test mediation, we used the Sobel method (Preacher and Hayes, 2004),
which is reliable. If the Sobel test indicates a significant effect (p < .05), we may
to conclude that mediation has occurred.

First, we used the Sobel method to test whether perceived relevance and per-
ceived valence also mediated the relationship between designed similarity and the
dependent variables of involvement, distance, and use intentions (H3). However,
these tests suggested no mediation effect of perceived relevance or perceived va-
lence between designed similarity and involvement, distance, or use intentions (ps
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> .10). Thus, we did not find support for hypotheses H3a and H3b. In other words,
designed similarity did not affect the dependents indirectly via perceptions of rel-
evance and valence. Hence, in the present study, participants did not perceive the
embodied agent to be more relevant for their goals, nor did participants have higher
outcome expectations, when the agent was facially similar to them.

Second, we tested whether perceived relevance and valence mediated the rela-
tionship between affordances and (one of) the dependents (H4). In both the similar
and dissimilar conditions, the effect of perceived affordances on (1) use intentions
was mediated by both perceived relevance (similar: Sobel z = 6.70, p < .001; dis-
similar: Sobel z = 5.40, p < .001) and perceived valence (similar: Sobel z = 5.90, p
< .001; dissimilar: Sobel z = 5.09, p< .001). Thus, perceived affordances affected
use intentions indirectly, through perceptions of relevance and valence. Second,
the effect of perceived affordances on (2) distance was mediated by perceived va-
lence in both the similar and dissimilar conditions (similar: Sobel z = -2.01, p <
.05; dissimilar: Sobel z = -2.68, p < .01), and by perceived relevance in the dis-
similar condition but not in the similar condition (similar: Sobel z = -1.67, p = .09;
dissimilar: Sobel z = -2.11, p < .04). Here also, perceived affordances affected
user distance towards the agent indirectly, through valence and, to a lesser extent,
relevance. Third, results of the mediation tests revealed that the effect of perceived
affordances on (3) involvement was not mediated by perceived relevance (similar:
Sobel z = 1.03, p = .30; dissimilar: Sobel z = .24, p = .81) nor by perceived va-
lence (similar: Sobel z = .97, p = .33; dissimilar: Sobel z = -.14, p = .89) in both
the similar and dissimilar condition. In sum, similar to previous results (Van Vugt
et al., 2006), perceived relevance and perceived valence were mediators between
perceived affordances and use intentions, and between perceived affordance and
distance, but not between perceived affordance and involvement. Thus, the higher
the quality of advice (affordances), the more relevant the user perceives the em-
bodied agent to be (perceived relevance) and the more positive outcomes the user
expects (perceived valence). This leads to less user distance towards the agent and
higher intentions to use the agent again. Thus, we found support for H4a, which
concerned the mediating role of perceived relevance, and H4b, which concerned
the mediating role of perceived valence.

Thus, results demonstrate the importance of user perceptions of relevance and
valence for user responses to embodied agents. In addition, the results indicate
that perceptions of relevance and valence are strongly affected by the affordances
provided by an agent, but not by the agent’s similar appearance.

4.4 Conclusion and discussion

The aim of the present study was to study the effects of facial similarity between
agent and user under different conditions. More specifically, the agent had either
helpful or obstructing affordances for the user. We expected that facial similar-
ity would cause positive effects on user responses in case of an aiding agent, but
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negative effects in case of an obstructing agent. We also expected that effects of
facial similarity and affordances on user responses would be indirect, via percep-
tions of relevance and valence. Measures were related to user affect (psychological
involvement and distance) and to user behavior (use intentions).

Part of the expectations were supported by the data. As expected, both affor-
dances and facial similarity affected user affect and user behavior. Indeed, facial
similarity had positive effects on user responses in case of an aiding agent. How-
ever, that facial similarity would negative effects in case of an obstructing agent,
was only true for the use intentions of males, not females. Furthermore, as ex-
pected, affordances on user responses were mediated through perceptions of rele-
vance and valence. However, effects of facial similarity on user responses were not
mediated through perceptions of relevance and valence.

The facial similarity effects that we found were remarkable because partici-
pants were unaware of the similarity manipulation. Ninety-one percent of the par-
ticipants did not mention the facial similarity manipulation when asked about the
purpose of the experiment, and perceived similarity ratings were equal among the
designed similarity conditions. Thus, the facial similarity manipulation influenced
participants’ responses even though they did not explicitly detect it.

More specifically, the data revealed, first, an effect of facial similarity on in-
volvement with an agent with aiding affordances. Both female and male users
felt more involved with an embodied agent with aiding affordances when it was
facially similar to them than when it was dissimilar. However, involvement with
an embodied agent with obstructing affordances was equal for facially similar and
facially dissimilar agents. Hence, facial similarity boosted involvement, but only
when the agent was helpful for the user’s task. Thus, in case of an obstructing
agent, facial similarity did not evoke positive effects, but it did not cause negative
effects either. Psychological distance remained unaffected by facial similarity and
was merely depended on the agent’s affordances - aiding affordances evoked lower
psychological distance than obstructing affordances.

Second, the data revealed an effect of facial similarity on intentions to use
the agent again in the future, but this occurred only for males. Female’s inten-
tions to use the agent again were mainly affected by the agent’s affordances, aiding
affordances evoked higher use intentions than obstructing affordances. Male’s in-
tentions to use the agent again were also affected by the agent’s affordances, but
also by facial similarity. If an embodied agent helped male users complete a task
successfully (aiding affordances), facial similarity boosted males’ use intentions.
However, if an embodied agent kept male users from successfully completing the
task (obstructing affordances), facial similarity was disadvantageous. In that case,
males preferred to use a facial dissimilar agent. In previous research we found a
comparable result, that is, if an agent was obstructing, beauty was disadvantageous
for the use intentions of both male and female participants (Van Vugt et al., 2006).

Last, the data revealed that user perceptions of relevance and valence are impor-
tant for user responses to embodied agents. In line with previous results (Van Vugt
et al., 2006, 2007b), we found that perceptions of relevance and valence are affected
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by the affordances that an agent offers - an aiding agent was perceived as more
relevant and users expected more positive outcomes from using an aiding agent
(positive valence) than from using an obstructing agent. Consequently, users felt
less distant with the agent and had higher intentions to use the agent again. Thus,
relevance and valence served as mediators in between affordances and various user
responses. However, perceptions of relevance and valence remained unaffected by
facial similarity.

Next, we will give several potential explanations for the unexpected differential
effects of gender. After that, we will discuss the implications of the study for de-
signers, indicate the limitations of the study, and present ideas for future research.

4.4.1 The differential effects of gender

We found three plausible explanations of why men, more than women, wanted to
avoid interacting with an obstructing agent that looked like them. As we did not
predict a gender difference, these explanations are necessarily ad hoc.

First, the gender difference might have been due to differences in achievement
needs of men and women. Men are motivated by achievement needs and eminence
to a greater extent than women (e.g., Hoffman, 1972; O’Neil, 1982). This is related
to the male gender role that men have more agentic qualities such as independence
and competitiveness than women and to the female gender role that women have
more social qualities (Brody, 1997; Carli and Eagly, 1999). This also manifests
itself in interaction with others. The communication style of males and females are
based on different endeavors: whereas a man must strive to achieve independence
and avoid failure, women strive to achieve closeness and consensus (Tannen, 1990).
Thus, men want to be associated with success, and not with failure, whereas women
find an association with success or failure less important. Therefore, men might
feel an ego wound when interacting with an obstructing agent that looks like them,
whereas women may not.

This links up with literature on gender and computer games indicating that
women are less attracted to competitive elements in video games than men (Lucas
and Sherry, 2004). Women care more for social interactions than for competition
in computer games (Inkpen et al., 1994; Hartmann and Klimmt, 2006; Knobloch-
Westerwick and Hastall, 2006). Perhaps in our studies, men wanted to win the
‘competition’ (score as high as possible on the questionnaires in the experiment),
and did not want to be associated with failure. Women did not mind much to ‘lose’
and being associated with failure.

Second, technology-acceptance research states that men’s technology-usage
decisions are more strongly influenced by their perceptions of usefulness than those
of women (Venkatesh, 2000). For men, it is more important than for women that
technology is useful for their goals, thus, that an agent helps them to perform well.
Consequently, being associated with a useless, obstructing agent, is something men
may want to avoid more than women do.

Third, the gender differences might also have been due to differences in task
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performance expectations. Men tend to overestimate their performance more often
than women do, and therefore, men might have approached the task with initially
higher expectations of success than women (e.g., Hill and Dusek, 1969; Mura,
1987; Beyer, 1990; Beyer and Bowden, 1997). Men might have felt disappointed
when they did not live up to their high expectations. Women, however, did not
feel such disappointment because they had lower initial expectations. As a result,
women did not mind whether the obstructing agent looked like them, whereas men
did.

4.4.2 Implications for designers

Future embodied agent systems may monitor the user’s physical appearance by us-
ing (web)cameras or photos stored on the computer. Then, the outer appearance of
embodied agents can be made to resemble individual users automatically, similar
to how web applications currently use ‘cookies’ (e.g., Millett et al., 2001). Mor-
phing techniques could then blend two faces, for example the agent’s face and the
user’s face, into one new face. These techniques allow the agent’s face to resemble
the user to varying degrees. Embodied agents can thus be made to resemble their
user, possibly without the user’s choice or awareness. In this paper, we will not
discuss the potential ethical concerns surrounding such systems, which are likely
to be comparable to the concerns surrounding cookies [ibid].

Such techniques are tempting to use. Facial similarity may positively affect
involvement with an agent that is perceived by the user as an aiding tool. This is
interesting for designers who aim to satisfy users, as involvement is an important
predictor of user satisfaction (Lindgaard and Dudek, 2003; Van Vugt et al., 2006),
and a prerequisite for better understanding (e.g., Falk and Dierking, 2000). Thus,
facial similarity may be an interesting feature for embodied pedagogical agents that
feature in computer assisted learning systems (e.g., Johnson et al., 2000; Moundri-
dou and Virvou, 2002; Gulz and Haake, 2006; Person and Graesser, 2006; Aylett
et al., 2007). Such systems may particularly profit from facial similarity when the
users are male.

However, digital products fail to meet user goals with alarming frequency (e.g.,
Cooper et al., 2007). Thus, it is inevitable that some users become frustrated some
of the time. When users find that embodied agents perform their task badly, facial
similarity between agent and user may not affect involvement with the agent at all,
and may even decrease the user’s intentions to use the agent again. Designing for
facial similarity seems a waste of time when the affordances are under-developed
or, one way or the other, perceived by the user as obstructing. Thus, substan-
tial effort should go into designing agents with high quality affordances that are
relevant to user goals (cf. Norman, 1988; Preece et al., 2002). Avoid using self-
representations in help assistants, advisors, or tutors that might be experienced as
obstructing, especially when the computer users are expected to be male. It seems
a better strategy to design agents with faces dissimilar to the user’s face than with
similar or ‘generic’ faces. Only if users report that the agent is relevant for certain
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goals they have, and when they expect positive outcomes from using the applica-
tion, may designers start to transform the embodied agent into an agent whose face
looks like the user’s, by morphing an image of the user with their original design.
However, designers better not exceed a percentage of 35% facial similarity. After
that, users become aware of the manipulation and may find the systems invades
their privacy.

The above recommendations might especially apply to pedagogical and advi-
sory agents like the ones we used in the experimental study, and might not be valid
for all types of agents, and for all users. In certain types of applications, the vi-
sual appearance of an agent might be an important part of enjoyment and affect
usage. For example, applications designed for entertainment purposes, and for cer-
tain types of users (e.g., children) might be more affected by looks than others.
Thus, designers of agents that aim at, for example, entertaining children, may well
put effort into visual appearance aspects such as facial similarity. However, even
for such agents, high quality affordances should be preserved (cf. Cooper et al.,
2007). In general, we advise that the design of embodied agents should not en-
tirely exclude graphical concerns such as facial similarity, but rather should place
such concerns within a functional framework (cf. Cooper et al., 2007).

4.4.3 Limitations and Future Work

A limitation of the present study is that it only examined same-gender interactions.
Research showed several differences between same-gender and other-gender inter-
actions. First, facial resemblance increases the attractiveness of same-gender faces
more than other-gender faces (De Bruine, 2004a). Second, people have different
expectations when the interact with a same-gender partner than with an opposite-
gender partner (Rink and Ellemers, 2006). Third, in mixed-gender interactions,
men and women behave in a less gender stereotypical manner than in same-gender
interactions (cf. Carli, 1989; Guadagno and Cialdini, 2007). Because participants
were in same-gender interactions, it might be that more gender stereotypical be-
havior emerged. Future work may investigate how males respond to female agents
that look like them, and how females respond to male agents that look like them.
Put differently, future research should investigate how facial similarity affects users
in mixed-gender interactions, and examine whether our results can be generalized.

In addition, the combination of facial similarity and affordances might be in-
vestigated in different task contexts and settings. For example, the user’s task may
require working with agents in virtual teams in collaborative virtual environments.
In such settings, it is probably important that these agents have a cooperative atti-
tude. They should have similar interests as the user and show sufficient effort to
fulfill the task successfully as a team. Based on our results, we expect that if agents
are perceived as cooperative, facial similarity among team members may increase
the user’s involvement and use intentions. Perhaps, it may even increase the ef-
ficiency of doing the work. However, if agents are not perceived as cooperative,
such agents probably better be facial dissimilar. Such research is important because
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collaborative virtual environments may become more prevalent in the future (e.g.,
Bailenson et al., 2005).

One may also study how facial similarity affects the user in more complex sce-
narios that are likely to exist in non-laboratory settings. In our experimental study,
participants were instructed to focus on one particular goal, that is, participants had
to answer the questions the best they could. However, multitasking is common in
virtual environments (e.g., Cypher, 1986), and users may have multiple user goals,
such as efficient task completion and enjoyment (e.g., Preece et al., 2002). Future
research may inspect the effects of facial similarity and the differential effects of
affordances and user gender in more complex settings.

In our study, we had a limited sample of participants due to practical reasons of
feasibility. Future work should expand the sample size and test whether the effects
we found are robust. In addition, we used only a single level of morphing to study
facial similarity effects, and a morphing rate as low as 35% appeared enough to
cause effects in 3D. We chose 35% because previous research indicated that this
was the highest level a person’s (2D) face could be morphed into another face with-
out him or her explicitly noticing. However, the indiscernability of facial similarity
might also explain why perceived relevance and perceived valence did not mediate
facial similarity and user responses in the present study. The effects found in the
present study might increase with the degree of facial similarity involved, which
would be worth investigating. In follow-up studies, researchers should recognize
that the potential of participant’s awareness of the similarity manipulation might
influence the results.

To conclude, it is not wise to believe that a user will use an embodied agent
application more when the embodied agent looks like the user. Above all, designers
should create a software application that is helpful as a tool. An advisor or virtual
tutor should offer adequate information, so that the user perceives the tool as an aid
to the task. If designers successfully do so, they will increase the user’s personal
involvement with the helpful agent. Then, they may even boost the enthusiasm to
use the tool by making this helpful teacher, advisor, or coach look like its user.
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CHAPTER 5

When too heavy is just fine:
Creating trustworthy e-health advisors

Abstract

People compare embodied agents not only with their actual selves but with
their ideal selves as well. In this paper, a laboratory and an online study scruti-
nized the effects of similarity with and idealness of an embodied agent feature on
user involvement with, distance towards, and intentions to use the e-health advisor.
The advisor’s body size was either similar or dissimilar to the user’s actual body
size, and had an ideal (slim) or non-ideal (heavier) shape. Results indicated that
idealness was more important than similarity for explaining involvement with, dis-
tance towards, and intentions to use the embodied agent, but in unexpected ways.
The heavier e-health advisors were perceived as the more trustworthy ones. As
a result, the heavier e-health advisors were more involving, less distancing, and
evoked higher use intentions than slimmer e-health advisors. Sometimes, it is bet-
ter to forget the stereotypical preference and design embodied agents that are not
ideal.

This chapter is submitted for publication:
Van Vugt, H. C., Konijn, E. A., Hoorn, J. F., and Veldhuis, J. (submitted). When too heavy
is just fine: Creating trustworthy e-health advisors.

The first study presented in this chapter is published as:
Van Vugt, H. C., Konijn, E. A., Hoorn, J. F., and Veldhuis, J. (2006) Why fat interface
characters are better e-health advisors. In: Gratch, J. et al (Eds.), Proceedings of Intelligent
Virtual Agents 2006, volume 4133 of Lecture Notes in Artificial Intelligence, pages 1-13.
Springer.
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5.1 Introduction

‘You probably think I’ve got a nerve putting you on a diet’ said the overweight
doctor to his overweight patient. This cartoon at CSL CartoonStock (Parker, 2007)
illustrates the peculiar situation of consulting a doctor who does not appear to live
by his or her own rules. Because the doctor is as heavy as the patient is, the credi-
bility of the doctor’s advice may be somewhat unpromising. What can one expect
from someone who does not exemplify the ideally sized role model? In real life,
however, other cues tell you to trust the doctor, despite his appearance. A diploma
on the wall suggests that the doctor has taken the Hippocratic oath, which means
he supposedly is an ethical person. In other words, the doctor’s being overweight,
may give the patient negative expectations regarding the doctor’s health advice;
however, contextual cues that indicate the doctor’s moral fiber may yield positive
expectations simultaneously. The mixed conclusion suggests that you should not
do what the doctor does but do what he says that is, follow his recommendation
to diet. In addition, the doctor’s obvious lack of success in losing weight himself,
might might motivate the patient to lose more weight than him.

People often compare themselves to others on dimensions such as outer ap-
pearance (Festinger, 1954), which may affect user perceptions of similarity. A
range of studies on embodied agents, such as e-health advisors, have focused on
the effects of similarity between the agent and the user on the user’s attitudes to-
wards the agent. Overall these studies have found that users hold more positive
attitudes towards embodied agents that are similar than to agents that are dissimi-
lar to themselves (Nowak and Rauh, 2005; Guadagno et al., 2007; Bailenson et al.,
2001; Nass and Moon, 2000; Dryer, 1999). Thus, research indicates that similarity
attracts. In general, the advice is to design embodied agents that users feel emo-
tionally involved with and not too distant from, and that they want to use in the
future (Nowak and Rauh, 2005; Van Vugt et al., 2006). Given the literature on
embodied agents, similarity may promote user involvement and use intentions, and
reduce distance. Thus, H1 is formulated as:

H1 An embodied agent with a similar body size as the user evokes

(a) higher use intentions, and

(b) higher involvement / lower distance

than an embodied agent with a dissimilar body size.

Hence, H1 states that agents with a body size similar to the user’s will evoke
more positive responses than dissimilar agents. For example, thin users will feel
more involved with thin agents giving health advice, and heavier users will feel
more involved with heavier agents that do so.

However, the development of attitudes toward embodied agents involves more
than similarity and dissimilarity alone. In Western society, thin figures are often
perceived as ‘better’ or more ideal than heavier ones. That is, people consistently
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rate slim and slender figures as more beautiful than heavier figures and, in the me-
dia, slim people are overrepresented as attractive characters (e.g., Greenberg et al.,
2003). People also tend to attribute more negative characteristics, such as laziness,
lack of will power, and sloppiness, to overweight people than to slim people (e.g.,
Puhl and Brownell, 2001). Even doctors who treat obese patients have negative
attitudes towards heavier people and adopt the Western anti-fat bias (Teachman
and Brownell, 2001). People with an ideal thin body are often made an exam-
ple. Supposedly, they give others hope and inspiration to become just like them.
An individual’s self image can be enhanced by socially desirable associations, and
similarity to the ideal self can have positive effects for self-evaluation. In the liter-
ature, this is known as ‘wishful identification’ (e.g., Hoffner and Buchanan, 2005;
Konijn et al., 2007) and ‘role modeling’ (Bandura, 2001). Whether through diet,
exercise or plastic surgery, many people feel it is necessary to strive for this ideal
appearance. In other words, in addition to similarity to the actual self, similarity to
the ideal self may be an important predictor of attraction. Indeed, studies examin-
ing similarity to the actual self versus similarity to the ideal self suggest that, in real
life, similarity to the ideal self is not only an important predictor of attraction; at
times it is even more important than similarity to the actual self (Wetzel and Insko,
1982; LaPrelle et al., 1990). Despite the seeming importance of similarity to the
ideal, the concept has remained relatively unexplored in embodied agent research.
Therefore, the present study addresses ideal similarity in contrast to actual similar-
ity. This poses the interesting question of whether ideal similarity will prevail over
actual similarity in predicting involvement with, distance towards, and intentions
to use an e-health advisor.

Generally, people do not want to see their non-ideal features reflected in others
(cf. Van Vugt et al., 2007a). Under certain circumstances, however, people do
not want to compare themselves to ideal others either, because this contrasts a
person’s ‘self’ against the more successful other (e.g., Tesser, 1988). In cases of
upward social comparison, non-ideal heavier people might feel threatened by an
ideally thin advisor who seems better than them. Therefore, heavier people might
prefer to avoid talking to a thin advisor and wish to talk with a heavier advisor
instead. In cases of downward social comparison, ideal, slim people may wish to
compare themselves with non-ideal, heavier others who are worse off, because this
makes them feel good about themselves (e.g., Wills, 1981; Suls et al., 2002). Thus,
ideally thin people might feel better talking to a non-ideal, heavier advisor than to
an advisor that is just as ideal as they are. Thus, both people with a non-ideal body
size and those with an ideal body size might feel more involved with a non-ideal
advisor than with an ideally thin one, but for different reasons.

Yet, such non-stereotypical effects exist only when the dimension of compar-
ison is important, or relevant, for self-definition (Bers and Rodin, 1984; Tesser,
1986, 1988; Salovey and Rodin, 1991). Thus, assuming that body size is an impor-
tant dimension of self-definition in a health context, people of all body sizes may
prefer non-ideal heavier e-health advisors over ideal ones, though for different rea-
sons. Because food intake and diet are related to body size (cf. Harrison et al.,
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2006), and because overweight and obesity as well as anorexia lead to serious
health consequences (e.g., World Health Organisation, 2000, 2003), we can regard
body size as an important feature in health contexts. Thus, given the literature on
similarity to an ideal, H2 challenges H1 in stating that:

H2 If the dimension of comparison between self and embodied agent is im-
portant in the context, then a non-ideal embodied agent evokes

(a) higher use intentions, and

(b) higher involvement / lower distance

than an ideal e-health advisor.

Thus, in H1, based on the similarity literature, we expect that people will be
more willing to use, more involved with, and less distant towards e-health advisors
with a body size similar to their own. However, in H2, based on the literature on
ideal similarity, we expect that people (of all sizes) are more willing to use, more
involved with, and less distant towards non-ideal e-health advisors.

But this is still not the full story. A person’s willingness to take health advice
depends on the perceived trustworthiness and credibility of the advisor. Trust is of
utmost importance in real-life health contexts. Trust and related socio-emotional
aspects of the doctor-patient relationship have been associated with adherence to
prescribed medication use (Piette et al., 2005), patient health outcomes (Stewart,
1995), patients’ reported satisfaction with health care (DiMatteo and Hays, 1980),
and patients’ evaluation of their health care experience (Calnan and Rowe, 2006).
Thus, when someone trusts their doctor, the doctor’s treatment is more likely to
be effective. Nowadays, 26% of teenage Internet users and 57% of adult Internet
users look for health information online (Lenhart et al., 2001). Because so many
users obtain health information from the Internet, it is important that users know
how to trust the information. Therefore, Web sites increasingly use an organiza-
tional domain, display a copyright, and have other indicators of accuracy such as
a HON code logo1. Moreover, assuming that health information proliferating on
the Internet is accurate, the credibility of the advising agent is also very impor-
tant, especially because patients generally interact with an e-health advisor or care
giver on personal issues. Thus, when users encounter an e-health advisor on the
screen, they are likely to not only compare themselves to the agents, but also assess
whether or not the e-health advisor can be trusted. Such perceptions may subse-
quently affect the user’s involvement with, distance towards, and intentions to use
the e-health advisor. Perceptions of ethics refers to people’s innate response to
judge others in terms of ‘good’ versus ‘bad’, cf. ‘trustworthy’ versus ‘not trustwor-
thy’. Previous work on viewers’ responses to fictional characters, such as those in
films, found that the perception of ethics was the most important predictor of view-
ers’ emotional involvement with, and emotional distance towards, such characters
(Konijn and Hoorn, 2005). Would this also apply to e-health advisors?

1http://www.hon.ch/index.html
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Real-life doctors have medical diplomas and take the Hippocratic oath, and
supposedly adhere to high moral standards. In addition, the outer appearance of
a real-life doctor also affects trust. People favor doctors in professional attire that
includes a white coat and a name badge (e.g., Kanzler and Gorsulowsky, 2002;
Rehman et al., 2005). E-health advisors, however, do not have medical degrees
(nor do their designers) and do not take the Hippocratic oath (cf., ‘I’m not a real
doctor, but I play one in virtual reality’, Shapiro and McDonald, 1992). Thus, it is
difficult for e-health seekers to trust e-health advisors based on their expertise and
adherence to moral standards. Because of this, the outer appearance of an e-health
advisor may be the only way for users to estimate trust and credibility. Therefore,
we wonder how users’ perceptions of ethics are related to an e-health advisor’s
body size. Does the stereotypical perception that ‘what is beautiful is good’ (Dion
et al., 1972) prevail in an e-health context or not? Therefore, we pose the following
research question:

RQ1 Does the body size of an e-health advisor affect perceptions of ethics,
which subsequently affect involvement, distance, and use intentions?

Thus, in this paper we argue that the body size of an e-health advisor may
affect the user in several ways. First, the body size of an e-health advisor may
evoke comparison processes, affecting user involvement with, distance towards and
intentions to use e-health advisors (as formulated in H1 and H2). Second, the body
size of an e-health advisor may affect users’ perceptions of ethics - is the doctor
‘good’ or ‘bad’. Perceptions of ethics are also likely to affect user involvement
with, distance towards and intentions to use e-health advisors (cf. Bickmore and
Cassell, 2001; Bickmore et al., 2005; Van Vugt et al., 2006). It is not yet clear
which of the two, comparison processes or perceptions of ethics, is more important
for understanding the various user responses to e-health advisors. Therefore, we
posed the following research question as well:

RQ2 Which processes will better explain intentions to use, involvement
with, and distance towards e-health advisors, comparison processes or per-
ceptions of ethics?

To test the various hypotheses and to address the research questions, we con-
ducted two studies. The first study was performed in the laboratory of a Western
university with university students, whereas the second study addresses a more
general public with a greater diversity in body weight of participants.
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5.2 Study 1

5.2.1 Method

Design

A 2 (similarity: similar versus dissimilar) x 2 (idealness: ideal versus non-ideal)
factorial design was used to test the various hypotheses, and to inspect the research
questions (see Table 5.1). Assignment of participants to experimental conditions
was slightly unbalanced because the condition ‘similar and ideal’ (see Table 5.1),
could only be created after data-collection, because it depended on the number of
participants indicating the exact same figure to represent both their actual and their
ideal body size.

Table 5.1: Number of participants of Study 1 (n), means (M) and standard de-
viations (SD) of the body size of the used e-health advisors in the similarity and
idealness conditions, based on the 1-9 range of the Figure Rating Scale.

Similar to actual self Dissimilar to actual self
Ideal similar and ideal dissimilar but ideal

n = 17 n = 14
M(size) = 3.3, SD = .92 M(size) = 3.5, SD = .66

Non-ideal similar but non-ideal dissimilar and non-ideal
n = 18 n = 27
M(size) = 4.2, SD = 1.4 M(size) = 7.7, SD = 2.9

Participants

Participants in our experiment were 80 university students (24 males and 56 fe-
males; age M = 23, SD = 7.8). Most Body Mass Index ratings could be categorized
as normal according to the classification of the World Health Organization (BMI
M = 22 kg/m2, SD = 3.8). The students were paid 2.50 Euro for their volunteered
participation.

Materials

An online, colored, and modernized version of the standardized Figure Rating
Scale (FRS)2, see Figure 5.1, was used to measure actual, ideal, and non-ideal
body sizes, as perceived by the participant. Male participants were shown the male
version (upper row) and female participants were shown the female version (lower
row). The Figure Rating Scale is considered to be a reliable measure that is highly
related to the Body Mass Index (Stunkard et al., 1983; Fingeret et al., 2004; Bulik
et al., 2001).

One of these figures was used as the embodied agent with which the participant
interacted in the e-health context. Participants were randomly assigned to interact

2after Stunkard et al. (1983), with permission
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Figure 5.1: Modernized version of the Figure Rating Scale.

with an e-health advisor that was equal to their actual-self, to their ideal self, or
to their non-ideal self. Table 5.1 shows the means and standard deviations of the
body size of the used e-health advisors in all conditions. The body size numbers
refer to the 1-9 range of the Figure Rating Scale. The e-health advisor always had
the same gender as the participant, as gender may influence similarity perceptions
(e.g., Nowak and Rauh, 2005; Guadagno et al., 2007). The embodied agent was
called René (male) or Renée (female) and was positioned centrally on a Web site
and enlarged to occupy a large part of the computer screen (see Figure 5.2). René(e)
had four different poses and the text was positioned right next to him/her.

On the Web site, René(e) asked participants their opinion or knowledge on sev-
eral health-related issues, using closed-answered questions, sometimes preceded
by small introductory texts. For example, ‘Three quarters of Internet users, about
9 million people, search for information on health issues on the Internet. Do you

Figure 5.2: Screenshots of the René(e) software.
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search the Internet for health information?’, or, ‘How important is your health to
you?’. At the end, René(e) told that ‘Soon, you can ask me questions on the Inter-
net about a healthy lifestyle! For example, do you eat healthy?’ We used questions,
as opposed to solely plain text, to ensure a relatively lively interaction between the
embodied agent and the participant, and to get more insight into their (un)healthy
behaviors3.

Procedure

Participants were seated individually, in front of a computer screen in one of the
cubicles in a research lab at our university. The participants were welcomed by
the computer and told that their data would be processed anonymously. Then, they
were asked to enter their gender, age, weight, and height. After that, they were
asked to rate their actual-self (which figure do you resemble most), their ideal-self
(which figure do you want to look like), and their non-ideal-self (which figure do
you not want to look like) on three Figure Rating Scales, on separate Web pages.
The three scales were presented randomly to prevent order effects. The computer
did not allow unanswered questions. Next, the figure selected automatically from
the Figure Rating Scale appeared on the screen in the form of an embodied agent
(i.e. an e-health advisor). On the first page, the embodied agent asked for the
participant’s name, then introduced itself as either René (male) or Renée (female),
and welcomed the participant. In the following pages, René(e) gathered personal
information and asked participants their opinion or knowledge on several health-
related issues (as explained in section 5.2.1).

Next, the automatically selected figure of the Figure Rating Scale appeared on
the screen in the form of an embodied agent (i.e. an e-health advisor). At the
first page, the embodied agent asked for the participant’s name, then introduced
itself as either René (male) or Renée (female), and welcomed the participant. In
the following pages, personal information was gathered and René(e) asked partic-
ipants their opinion or knowledge on several health-related issues (as explained in
section 5.2.1). After the interaction, which took about 6 minutes, the participant
was asked to complete a user perception questionnaire, presented on several subse-
quent Web pages. After completing the questionnaire, participants were debriefed
and dismissed.

Measurements

All measurements were taken by means of a questionnaire containing Likert-type
scales. Each item was followed by a 6-point rating scale, ranging from 1 (do not
agree at all), 2 (do not agree), 3 (barely agree), 4 (agree a little), 5 (agree), to 6
(fully agree). Items were presented in random order. For the present study, we
used shortened versions of reliable scales used in previous experiments (Van Vugt
et al., 2006, 2007b). Where necessary, items were adjusted to the purpose of the

3These results will be addressed elsewhere.
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present study, the specific materials, and the language use of the target group of
participants (university students).

Reliability analyses (N = 80) were performed on each set of items concerning
separate scales. Selection criteria were 1) an optimal contribution to Cronbach’s
alpha by showing little or no increase in the alpha level when the item was deleted,
2) a minimal inter-item correlation of .60, 3) an inter-item total correlation within
a scale bigger than the correlation of each item with another scale (discriminant
validity), and 4) a minimum of 2 items per scale. Items that failed on one or more
of these criteria were not included in the measurement scales used in subsequent
analyses.

Involvement and distance. Involvement and distance were measured using 3
items each, based on previous work (e.g., Konijn and Hoorn, 2005; Van Vugt et al.,
2006). The involvement items were: ‘Do you feel good about me?’, ‘Do you feel
involved with me’, and ‘Do you think it is pleasant to deal with me?’. The scale
was reliable with a Cronbach’s alpha of .72. The distance items were: ‘Do you feel
negatively about me?’, ‘Do I leave you with cold feelings?’, and ‘Do you think it
is annoying to deal with me?’. The scale was reliable with a Cronbach’s alpha of
.81.

Use Intention. Use intention, based on Van Vugt et al. (2006), was measured
using 2 indicative items (‘Do you want to see me more often on the Internet?’;
‘Do you want more information from me in the future?’) and 3 counter-indicative
items (‘Do you want to get rid of me’; ‘Would you like me to disappear from the
screen?’; ‘Would you rather remove me from the screen?’), Cronbach’s alpha =
.88.

User perceptions. We used a perceived similarity scale to check the similarity
manipulations. Tversky (1977) showed that similarity is psychologically asym-
metrical. That is, if the embodied agent is used as referent (I look like René),
similarity ratings may be different than when the participant is used as referent
(René looks like me). Therefore, our perceived similarity scale used items with
different referents4. To avoid directing the participant in an affirmative answering
mode (Dillman, 2000), half of the similarity items were indicative and the other
half counter-indicative (reverse-coded). The scale was reliable with a Cronbach’s
alpha of .93. Further, we used a perceived idealness scale to check the ideal similar-
ity manipulations. We used 2 items to measure the extent to which René(e) looked
like the participant’s ideal or not (perceived idealness), (‘Do you want to look like
me?’; ‘Do you want to look different from me?’). These idealness items correlated
sufficiently and significantly (r = .68). Last, perceived ethics was measured using
2 items, concerning trustworthiness and credibility (r = .62). Finally, participants
answered several questions about personal information: the participant’s gender,
age, weight, height, general computer experience, ethnicity, and education level.

4In the first set of items, the participant was the referent (e.g., ‘Do you think I am like you?’). In
the second set, the embodied agent was the referent (e.g., ‘Do you think you are like me?’). In the
third set, there was no explicit referent (e.g., ‘Do you think we resemble each other?’).
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5.2.2 Results

Outlier analysis. Because four participants had outliers on five or more items of
various scales, these participants were regarded as unreliable and were disregarded
from subsequent analyses. Incidental outliers on individual items were replaced by
the mean of the remaining values.

Manipulation checks. We assessed the effectiveness of our manipulations of
similarity (similar versus dissimilar body size) and idealness (ideal versus non-
ideal body size) by performing a MANOVA with perceived similarity and per-
ceived idealness as dependents. The tests of between-subject effects revealed a
significant effect of the similarity conditions on similarity perceptions in the right
direction (F(1, 72) = 14.15; p < .001, partial η2 = .16; similar to actual body size
M = 3.1, SD = .87; dissimilar to actual body size M = 2.2, SD = .96). Further-
more, there was a significant effect of the idealness conditions on perceptions of
idealness into the right direction (F(1, 72) = 18.79, p < .001, partial η2 = .21; ideal
body size M = 3.2, SD = .89; non-ideal body size M = 2.2, SD = 1.0). Thus, we
successfully manipulated similarity and idealness by means of varying the body
size of an embodied agent.

Testing hypotheses. To test hypothesis H1 versus hypothesis H2, we conducted
a MANOVA with similarity (similar versus dissimilar) and idealness (ideal versus
non-ideal) as the between-subject factors, and involvement, distance, and use in-
tentions as the dependent variables. Contrary to our expectations, the multivariate
test revealed no main effect of similarity (F(3, 69) = 1.00; p = .40, partial η2 =
.042), no main effect of idealness (F(3, 69) = 1.68; p = .18, partial η2 = .07), and
no interaction effect (F(3, 69) = 1.15; p = .334, partial η2 = .05). Thus, neither
similarity nor idealness could significantly predict involvement, distance, and use
intentions, indicating no support for hypothesis H1 nor for hypothesis H2. A sim-
ilar e-health advisor evoked as much use intentions, involvement, and distance as
a dissimilar e-health advisor. In addition, a non-ideal e-health advisor evoked as
much use intentions, involvement, and distance as an ideal e-health advisor.

Inspecting the research questions. In RQ1, we asked whether the body size
of an e-health advisor would affect perceptions of ethics. A correlation analy-
sis showed that perceived ethics correlated significantly with the body size of the
e-health advisor that participants interacted with (r = .24; p < .03). Therefore,
we categorized the e-health advisor into three body size groups (according to the
Figure Rating Scale sizes 1-3, 4-6, 7-9, see Figure 5.1), and plotted these against
the perceptions of ethics in these categories (see Figure 5.3). Thus, the heavier
the e-health advisor, the more ethical (here, trustworthy and credible) participants
perceived the e-health advisors to be.

In RQ2, we asked whether comparison processes or perceptions of ethics were
more important for understanding user responses to e-health advisors. There-
fore, we analyzed the data by means of multiple hierarchical regression analyses
(HRA’s), that is, one HRA for each dependent variable (involvement, distance, use
intentions), see Table 5.2. In all three HRA’s, the manipulated factors were entered



Chapter 5 When too heavy is just fine: . . . 133

1.00 2.00 3.00

Body size of agent

3.00

3.25

3.50

3.75

4.00
P

e
rc

e
iv

e
d

 e
th

ic
s

]

]

]

1-3 4-6 7-9

Figure 5.3: Correlation between the body size of the e-health advisor (numbers
refer to the Figure Rating Scale), and perceived ethics in Study 1

in Step 1 (i.e., similar versus dissimilar agent, ideal versus non-ideal agent), and
the perception of ethics was entered in Step 2.

These analyses confirmed that similarity and ideal similarity did not affect the
various user responses, but that perceived ethics did. More specifically, the results
after Step 2 of each HRA showed that perceived ethics was a significant predictor
of involvement, distance, and use intentions (see Table 5.2). That is, perceived
ethics accounted for 26% of the variance in involvement, for 11% of the variance
in distance and for 21% of the variance in use intention (using the test statisticR2).
Thus, perceived ethics was a better and significant predictor of the various user re-
sponses to e-health advisors than the manipulated factors similarity and idealness.

5.2.3 Conclusion and discussion Study 1

The goal of Study 1 was to investigate the effects of similar or ideal body size (as
manipulated factors) on user involvement with, distance towards, and intentions to
use e-health advisors. Furthermore, we wondered whether the body size of an e-
health advisor affected perceptions of ethics (slim being more or less trustworthy),
which may subsequently affect involvement, distance and use intentions. Last,
we wondered whether comparison processes or perceptions of ethics would be the
better predictors of the various user responses to e-health advisors.

Despite the successful manipulations, no direct effects of similarity and ideal-
ness were found. Further analyses showed that the body size of the e-health advisor
correlated with perceptions of ethics. It appeared that heavier advisors were per-
ceived as more trustworthy and credible than the slimmer ones. The perception of
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Table 5.2: Results of Hierarchical Regression Analyses (Step 2) of similarity (sim-
ilar versus dissimilar), idealness (ideal versus non-ideal), and perceived ethics on
involvement, distance, and use intentions, Study 1.

Dependent variable Variable t p Beta
Involvement Step 2

Similarity (Factor) .83 .41 .08
Idealness (Factor) .31 .76 .03
Perceived ethics 5.29 .000 .53

Note: Step 1 R2 = .02; Step 2 R2 = .28
Distance Step 2

Similarity (Factor) -.12 .90 -.01
Idealness (Factor) 1.46 .15 .16
Perceived ethics -3.20 .002 -.34

Note: Step 1 R2 = .06; Step 2 R2 = .17
Use Intention Step 2

Similarity (Factor) 1.34 .18 .13
Idealness (Factor) -.95 .34 -.10
Perceived ethics 4.724 .000 .47

Note: Step 1 R2 = .07; Step 2 R2 = .28

ethics in turn affected the various user responses (involvement, distance, and use
intentions) to e-health advisors. Thus, the perception of ethics was indeed depen-
dent on the body size of the e-health advisor, and appeared predict user responses
to e-health advisors better than the manipulated factors.

The absence of direct effects of similarity and idealness on user involvement,
distance, and use intentions is surprising because well-known and well-established
identification theories, such as social comparison theory (e.g., Festinger, 1954;
Wills, 1981; Tesser, 1988), state that similarity and idealness are important pre-
dictors of identification with others. One reason for the null effects in the present
study could be that most participants had thin to normal-sized bodies, only a few
were overweight, and none were obese. Regarding body size, the sample was not
representative of Dutch society (counting approximately 40% overweight, Viss-
cher et al., 2002), and the actual body sizes of the participants in the similar and
ideal condition and those in the similar and non-ideal condition did not differ as
much as we intended. This resulted in embodied agents with comparable body
sizes among those conditions (M = 3.3 and SD = .92, versus M = 4.2 and SD = 1.4,
see also Table 5.1). Thus, to create conditions that more clearly differentiated body
size, Study 2 included a broader range of participants.

Another explanation for the body shape effects could be a confound with age
- bigger bodies may have been perceived as being older, and therefore more trust-
worthy. In Study 2, we addressed this alternative explanation. Furthermore, we
improved some details in the methodology.
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5.3 Study 2

In Study 2, we placed a version of the René(e) software used in Study 1 on ‘Kennis-
link’5, a popular Web site for science communication. We invited general visitors
of Kennislink to participate in our study through an announcement and a link to
our study on this website. Because Kennislink aims at providing information to
people from all classes and backgrounds, we expected to obtain a more represen-
tative sample than the student sample in Study 1. About 40 percent of the adult
population in the Netherlands is overweight, and 10 percent obese (Visscher et al.,
2002). Hence, we expected to have more overweight participants. Indeed, 39%
percent of the participants were overweight according to the classification of the
World Health Organization (Body Mass Index over 25, see section 5.3.1).

In Study 2, we retested hypothesis H1 versus hypothesis H2. In addition, based
on the results of Study 1, we expected that e-health advisors with a larger body size
would be perceived as ethically better (more trustworthy and credible) than e-health
advisors with a slimmer body size.

5.3.1 Method

Participants and design

A sample of 278 Dutch people completed the study. Adolescents (participants with
an age under 18) were excluded from the analyses to reduce effects of maturity,
which left us with 259 participants (148 males, 111 females). Of those participants,
39% were overweight (27%) or obese (12%), see Table 5.3 for the BMI ratings of
all adult participants.

Table 5.3: The Body Mass Index (BMI) ratings of the adult participants in Study
2.

BMI type N %
BMI < 20 (underweight) 24 9%
20 <= BMI <= 25 (normal) 135 52%
25 <= BMI <= 30 (overweight) 69 27%
BMI > 30 (obese) 31 12%
total 259 100%

The same design was used as in Study 1. Assignment of participants to exper-
imental conditions was slightly unbalanced (see Table 5.4), because the ‘similar
and ideal’ condition was created after data-collection, and because adolescents
were excluded from the data analyses. This sample was more representative of the
population than Study 1, given the 40% overweight. The actual body sizes of par-
ticipants in the similar and ideal condition were significantly smaller than those in
the similar and non-ideal condition (BMI ideal M = 25.7, SD = 4.1; BMI non-ideal
M = 22.4, SD = 2.7; t(124) = -4.98, p < .001). As a consequence, the range of

5http://www.kennislink.nl
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body sizes of the e-health advisors was larger among these conditions (M = 3.6,
SD = .85 versus M = 5.1, SD = 1.22, see also Table 5.4) than in Study 1. Hence,
we expected that effects of the manipulated factors similarity and idealness would
be much clearer than in Study 1.

Table 5.4: Number of participants of Study 2 (n), means (M) and standard de-
viations (SD) of the body size of the used e-health advisors in the similarity and
idealness conditions, based on 1-9 range of the Figure Rating Scale.

Similar to actual self Dissimilar to actual self
Ideal similar and ideal dissimilar but ideal

n = 51 n = 70
M(size) = 3.6, SD = .85 M(size) = 3.5, SD = .88

Non-ideal similar but non-ideal dissimilar and non-ideal
n = 75 n = 63
M(size) = 5.1, SD = 1.22 M(size) = 8.2, SD = 1.93

Materials

The materials were almost identical to those used in Study 1. To increase the
participants’ feeling that the communication with René(e) was actually interactive,
they were informed that extended communication with René(e) depended on their
input. More specifically, after asking the health-related questions, René(e) told the
participants the following: ‘I will give you six interesting facts about health. I will
ask you every time how much you already know about that fact - quite a lot, a
bit, or very little. Depending on how much you know, I tell you some more about
it!’ An example of such a fact was ‘It has been proven that the consumption of 10
grams of pure chocolate a day is good for the heart’. After participants indicated
their degree of knowledge on this fact (quite a lot, a bit, or very little), René(e)
would always reply the following: ‘That the consumption of 10 grams of pure
chocolate a day is good for the heart, is probably due to the so called flavenoids
contained in chocolate. Flavenoids also exist in for example onion, apple and tea.’
Thus, although participants were led to believe that their own knowledge influenced
René(e)’s reply, and hence that the application was interactive, in fact it was not.

Procedure

In October and November of 2006, the homepage of the Kennislink Web site con-
tained a link to the René(e) Web site. If participants clicked on the link, a window
opened containing our study. As in Study 1, participants were welcomed, asked to
enter their gender, weight, height, and age, and to indicate their actual-self, ideal-
self, and non-ideal self on three Figure Rating Scales. Then, participants interacted
with the embodied agent René(e) for about 8-10 minutes. After the interaction,
they completed a user perception questionnaire. Last, they were thanked for par-
ticipating in the study. They could leave their email addresses (stored separately
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from the database) if they had questions or wanted more information about the
study.

Measurements

As in Study 1, all measurements were taken by means of a questionnaire containing
Likert-type scales (1-6).

Dependent measures. Involvement, Distance, and Use Intentions were mea-
sured using 4 items each, almost identical to the items used in Study 1. The in-
volvement scale was reliable with a Cronbach’s alpha of .86. The distance scale
was reliable with a Cronbach’s alpha of .80. The use intention scale was reliable
with a Cronbach’s alpha of .88.

User perceptions. We checked for the similarity manipulations by means of
a perceived similarity scale. We reduced the set of similarity items of the first
study to 2 indicative and 2 counter-indicative items. The scale was reliable with
a Cronbach’s alpha of .81. We checked for the ideal similarity manipulations by
means of a perceived idealness scale, using 1 indicative and 1 counter-indicative
item, which correlated significantly (r = .80). In addition, the perceived ethics scale
used in Study 1 was improved and extended to include 4 items, and was reliable
(Cronbach’s alpha = .67).

As in Study 1, the questionnaire included several items asking for the partici-
pants’ personal information: gender, age, weight, height, general computer experi-
ence, ethnicity, and education level.

Finally, we asked participants to estimate René(e)’s age. In Study 1, heavier
agents may have been perceived as older than the slimmer agents, which might
have confounded the effect of body size on perceptions of ethics. In other words,
an alternative explanation for the correlation between idealness and perceptions of
ethics found in Study 1 could be that participants perceived the non-ideal, heavier,
e-health advisors as older than the thinner ones, and therefore more likely to adhere
to moral standards. Therefore, we asked participants to estimate the embodied
agent’s age, to test whether estimated age correlated with the body size of the
agent, and whether estimated age varied among similarity or idealness conditions.

5.3.2 Results

Manipulation checks. We assessed the effectiveness of our manipulations of sim-
ilarity (similar versus dissimilar body size) and idealness (ideal versus non-ideal
body size) by performing a MANOVA with perceived similarity and perceived ide-
alness as dependents. The tests of between-subject effects revealed a significant
effect of the similarity conditions on similarity perceptions in accordance with our
intentions (F(1, 255) = 71.06; p< .001, partial η2 = .22; similar to actual body size
M = 3.6, SD = .95; dissimilar to actual body size M = 2.6, SD = .90). Furthermore,
there was a significant effect of the idealness conditions on idealness perceptions in
the right direction (F(1, 255) = 111.29, p < .001, partial η2 = .30; ideal body size
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M = 3.9, SD = 1.0; non-ideal body size M = 2.6, SD = 1.1). Thus, we successfully
manipulated similarity and ideal similarity by means of varying the body size of an
embodied agent.

Body size and age estimates. We tested whether the estimated age of René(e)
was dependent on body size. We computed the correlation coefficient between the
body size of the agent that participants interacted with and estimated age. The
agent’s body size did not significantly correlate with estimated age (r = .50; p
= .44). Then, to verify that the estimated age could not explain effects among
conditions, we also tested whether the estimated age varied among the conditions.
Therefore, we performed an ANOVA with similarity (similar versus dissimilar) and
idealness (ideal versus non-ideal) as the between-subject factors, and estimated age
as the dependent variable. There was no main effect of similarity (F(1, 255) = 1.51,
p = .22, partial η2 = .006), no main effect of idealness (F(1, 255) = 1.25, p = .27,
partial η2 = .005), and no interaction effect (F(1, 255) = .044, p = .83, partial η2

= .000). More specifically, the ideal and non-ideal, and the similar and dissimilar
agents were all estimated as being about 30 to 40 years of age. Thus, estimations
of René(e)’s age did not correlate with René(e)’s body size, nor did it differ among
conditions, and could therefore not explain the effects of the manipulations.

Testing hypotheses6. As in Study 1, to test hypothesis H1 versus hypothesis H2,
we performed a MANOVA with similarity (similar versus dissimilar) and idealness
(ideal versus non-ideal) as the between-subject factors. The dependent variables
were use intentions, involvement, and distance. The multivariate test showed a
marginal effect of the factor similarity (F(3, 253) = 2.48, p = .061, partial η2 =
.03), a main effect of the factor idealness (F(3, 253) = 3.17, p < .025, partial η2 =
.04), and no interaction effect (F(3, 253) = .234, p = .87, partial η2 = .003). The
univariate tests revealed that the marginal multivariate effect of similarity remained
insignificant for all dependents (ps > .20). Hence, similarity did not affect the
dependents. The univariate tests further revealed that idealness affected intentions
to use the e-health advisor (F(1, 255) = 4.06, p < .045, partial η2 = .16), as well
as distance towards the e-health advisor (F(1, 255) = 4.86, p < .028, partial η2

= .19), but not involvement with the e-health advisor (F(1, 255) = .28, p = .60,
partial η2 = .001). Participants were more eager to use and felt less distant towards
the non-ideal e-health advisors than towards the ideal e-health advisors. Thus, we
found support for hypothesis H2, but not for hypothesis H1. These results indicated
that idealness was more important than similarity in explaining user responses to
e-health advisors.

Inspecting the research questions. As in Study 1, to inspect RQ1, we tested
whether the body size of the e-health advisor and perceptions of ethics were corre-
lated. A correlation analysis showed that perceived ethics correlated significantly
with the body size of the e-health advisor that participants interacted with (r = .16;
p < .01), but not very strongly. Consistent with findings in Study 1, the heavier the
e-health advisor, the more ethical participants perceived the e-health advisors to be

6There were no outliers in the data.
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(i.e., the more trustworthy and credible).
Then, as in Study 1, to inspect RQ2, we analyzed the data by means of multiple

hierarchical regression analyses (HRA’s), that is, one HRA for each dependent
variable (involvement, distance, use intentions), see Table 5.5. In all three HRA’s,
the manipulated factors were entered in Step 1 (i.e., similar versus dissimilar agent,
ideal versus non-ideal agent) and the perception of ethics was entered in Step 2.

Table 5.5: Results of Hierarchical Regression Analyses (Step 2) of similarity (sim-
ilar versus dissimilar), idealness (ideal versus non-ideal), and perceived ethics on
involvement, distance, and use intentions, Study 2.

Dependent variable Variable t p Beta
Involvement Step 2

Similarity (Factor) -1.39 .17 -.072
Idealness (Factor) -.07 .51 -.04
Perceived ethics 11.14 .000 .58

Note: Step 1 R2 = .01; Step 2 R2 = .33
Distance Step 2

Similarity (Factor) -1.39 .17 -.08
Idealness (Factor) -1.49 .14 -.08
Perceived ethics -8.90 .000 -.48

Note: Step 1 R2 = .15; Step 2 R2 = .25
Use Intention Step 2

Similarity (Factor) -.31 .75 -.02
Idealness (Factor) 1.18 .24 .06
Perceived ethics 10.14 .000 .54

Note: Step 1 R2 = .02; Step 2 R2 = .30

The results after Step 1 of each HRA were consistent with the above MANOVA
results. Idealness affected both distance and use intentions, but not involvement,
and similarity did not affect any of the dependents. The results after Step 2 of
each HRA showed that the perception of ethics was a significant predictor of in-
volvement, distance, and use intentions (see Table 5.5). That is, the perception of
ethics accounted for 32% of the variance in involvement, for 10% of the variance
in distance and for 28% of the variance in use intention (using the test statistic
R2). However, effects of the manipulated factors similarity and idealness became
non-significant. Thus, the perception of ethics overruled the effect of idealness.
As in Study 1, the perception of ethics was a better and significant predictor of the
various user responses to e-health advisors than the manipulated factors similar-
ity and idealness. Hence, perceived ethics was more important than similarity and
idealness were for user responses to e-health advisors.

The results after Step 2 of each HRA showed that the perception of ethics was
a significant predictor of involvement, distance, and use intentions (see Table 5.5).
That is, the perception of ethics accounted for 32% of the variance in involvement,
for 10% of the variance in distance and for 28% of the variance in use intention
(using the test statistic R2). Effects of the manipulated factors similarity and ide-
alness became non-significant. Thus, the perception of ethics overruled the effect
of idealness. As in Study 1, the perception of ethics was a better and significant
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predictor of the various user responses to e-health advisors than the manipulated
factors similarity and idealness. Hence, perceived ethics was more important than
similarity and idealness were for user responses to e-health advisors.

5.3.3 Conclusion Study 2

The goal of Study 2 was the same as that in Study 1. However, Study 2 included
a more representative sample of Dutch society (with approximately 40% of people
overweight). We used an online setting, and 39% of participants were overweight.
Study 2 found a direct effect of idealness on intentions to use and on the reduction
of distance. The non-ideal (heavier) e-health advisors relieved emotional distance
and boosted usage more than ideal, slim e-health advisors did. However, no effects
were found for similarity. Thus, (non)idealness was more important than similarity
for explaining user distance and use intentions. Whereas hypothesis H2 (concern-
ing idealness) was supported by the data, hypothesis H1 (concerning similarity)
was not supported. In addition, we found that body size significantly correlated
with perceptions of ethics - the heavier the advisor, the more trustworthy and cred-
ible he or she was perceived to be. Last, perceived ethics was a better predictor
of the various user responses than idealness. Body size and age estimation were
uncorrelated. Thus, estimated age could not have confounded the results.

In Study 2, we found direct effects of idealness on user responses, which were
not found in Study 1. A plausible reason for this difference is that in Study 2,
more people participated in the experiment, and they had greater variation in body
sizes than the participants in Study 1, resulting in both larger and more extreme ex-
perimental conditions. Non-ideal (heavier) e-health advisors evoked less negative
and more positive user responses than ideal (thinner) e-health advisors. Hence, we
concluded that heavier embodied agents are better e-health advisors than thin ones.

5.4 General conclusion and discussion

The reported studies indicate that people compare e-health advisors not only with
their actual selves, with their ideal selves even more. One laboratory and one
field study scrutinized the effects of similarity and idealness of an embodied agent
feature on user involvement with, distance towards, and intentions to use the agent.
The agent’s body size was either similar or dissimilar to the user’s actual body
size, and the body size was either ideal or non-ideal. In both studies, participants
interacted with an embodied agent in an e-health context. We found idealness to be
more important than similarity for explaining user responses. Although people may
feel attracted to the similarity they perceive in embodied agents, this effect might
be overruled by the perception of idealness (cf. Wetzel and Insko, 1982; LaPrelle
et al., 1990). An embodied agent may possess an ideal feature that users look up
to (evoking feelings of approach), or that elicits frustration, for example out of
jealousy (evoking feelings of avoidance). This is particularly interesting because
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similarity has been investigated in a range of embodied agent studies, whereas
idealness has been mostly neglected. The effects that idealness may have on the
user deserves more attention in embodied agent research.

Ethical considerations appeared to be even more important than idealness. In
both studies, the heavier the e-health advisors were, the more moral they were
perceived to be. As a result, the heavier e-health advisors were more involving,
less distancing, and evoked higher use intentions than slimmer e-health advisors.
Whereas stereotype theory predicts that ‘What is beautiful is good’ (Dion et al.,
1972), the present study showed that this stereotype is not prevalent in all contexts.
That is, in a context related to body size, such as a health context where food intake
and diets are relevant topics, an ideally thin (considered beautiful) body size may
lead to counter-intuitive effects. In other words, the effects of embodied agents on
users might not be what general common-sense reasoning and prevailing stereo-
types would lead us to expect. A non-ideal, heavier body shape may preferable in
e-health contexts. Thus, sometimes it is better to design embodied agents that are
not ideal.

Apparently, processes of comparison that are known to occur in face-to-face
communication, also exist when the ‘other’ is merely a software agent. This is
consistent with the well-known media equation studies, which demonstrate that
users treat computers like real people (Reeves and Nass, 1996). Based on down-
ward comparison theory (e.g., Wills, 1981; Suls et al., 2002), ideally thin users
probably felt better interacting with a non-ideal e-health advisor than with an ideal
e-health advisor because the heavier agents were ‘worse-off’ than themselves. Ap-
parently, when comparison concerns an important feature for self-definition, it feels
good to look down on others, even if they are software agents. Based on upward
comparison theory (e.g., Bers and Rodin, 1984; Tesser, 1986, 1988; Salovey and
Rodin, 1991), heavier users probably turned away from an e-health advisor with an
ideal body size because it threatened self-evaluation and evoked jealousy. In other
words, a theoretical explanation might be that heavier people dissociate from the
ideal agent to maintain high self-esteem about their own appearance.

Another reason that heavier users prefer heavier agents could be that the doc-
tor’s body size may influence the magnitude of his or her anti-fat bias. Research
has shown that, although all weight groups exhibit an anti-fat bias (there is no pro-
fat bias among obese people), the magnitude of the anti-fat bias is weaker among
people with a high Body Mass Index (BMI) compared to a low Body Mass Index
(Schwartz et al., 2006). Thus, heavier people adopt the negative stereotype towards
heavy people to a lesser extent than thin people do. In a similar vein, a heavy health
advisor may adopt the negative stereotype towards heavy people to a lesser extent
than thin advisors. Thus, heavy people may expect that heavier health advisors
understand their situation better than thinner health advisors: ‘The doctor himself
is overweight, so s/he will understand how I feel!’ In addition, they may be more
likely to believe an advisor that points out the negatives of overweight when the
advisor is heavy him- or herself.

The method we used appeared effective to study both similarity and idealness
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effects on the same dimension (body shape), at the same time. We explicitly asked
the participants in the studies to indicate their actual body size, their ideal body
size and their non-ideal body size. Participants did not confuse actual with ideal
body sizes, because actual body size is a fact. Sometimes, however, it is difficult to
separate the effects of similarity from those of (non-)ideal similarity (Herbst et al.,
2003). For example, it is difficult to distinguish between the effects of similarity
to the actual attitude and similarity to the ideal attitude because people can change
their attitudes towards the ideal. Such confusion is less likely to happen for traits,
such as extraversion, or for physical features, such as body size, that are more
difficult to change (cf. Herbst et al., 2003).

5.4.1 Limitations and future studies

The null effects of similarity might have occurred for a variety of reasons. One
reason might be that participants in our samples showed little variance in perceived
similarity. Perceived similarity ratings showed that participants did not feel very
similar to the embodied agents in any of the conditions, although perceptions of
similarity differed significantly between the conditions. However, similarity ef-
fects did occur in one of our previous studies in which participants’ perceptions of
similarity were equally low (Van Vugt et al., 2007a). Therefore, a more plausible
reason for the null effect is that effects of similarity were overruled by effects of
ideal similarity. Idealness was the stronger predictor, which has also occurred in
social psychology studies (e.g., Herbst et al., 2003). It would be worthwhile to
study not only actual similarity, but also ideal similarity in future work on embod-
ied agents. Researchers may study similar versus ideal personalities, similar versus
ideal attitudes, similar versus ideal (nonverbal) behaviors, and similar versus ideal
bodily features, such as facial features or costumes.

In general, our findings indicate that designers should be cautious using ‘ideal’
agents by default, especially when feature(s) are considered self-relevant by users
in a certain context, such as the body size feature in a health context. Other agent
features such as personality, attitudes, behavior, or other bodily features, may be
considered self-relevant in other contexts, such as personality and looks on an on-
line dating site. It remains to be investigated whether users prefer an agent that
is non-ideal on these features in certain contexts. However, only few features of
an agent are likely to be relevant in a certain context of use, and for the irrelevant
features, designing ‘ideal’ agents is presumably the way to go. For example, in
applications that do not explicitly deal with body size, it might be better to design
embodied agents with an ideal, slim, body size. Virtual news readers, virtual sto-
rytellers, and virtual sales assistants (that work in a context in which body size is
not relevant) may be more effective with a thin body.

Furthermore, perceptions of what is ideal and non-ideal change through times
and places. For example, being oversized is a sign of well-being and something to
strive for in Morocco and other African countries (Rguibia and Belahsen, 2006).
Cultural differences between what is perceived as ideal or non-ideal also occur on
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other dimensions such as personality, attitudes, and (non-verbal) behaviors (e.g.,
Tsai et al., 2007; Singh et al., 1998). Thus, users of different cultural backgrounds
are likely to respond differently to embodied agents with certain appearances, per-
sonalities, attitudes, and behaviors. If African people see an e-health advisor with a
slim body, they might perceive it as non-ideal (worse-off) rather than ideal (better-
off), shaping their responses accordingly. What is ideal for one group may be non-
ideal for another. This is especially important when designing for a multi-cultural
public.

In the present study, perceptions of ethics were affected by the body size of
the e-health advisor. However, whether an embodied agent (e.g., with a different
role) is perceived as morally good may not only depend on its body size. The eth-
nicity and age of an agent, the reputation of the company an agent is working for,
the moral behavior of an agent (e.g., spyware, spam behavior), an agent’s verbal
and non-verbal interaction style, and the personalization of content may also affect
perceptions of ethics (e.g., Cowell and Stanney, 2005; Sillence et al., 2006). The
formation of perceptions of the ethical intentions of agents might be an interest-
ing topic for future research, especially because ethical considerations go beyond
health systems, and are also important for users of, for example, e-commerce, ad-
vice, and recommender systems (e.g., Wang and Emurian, 2005).

Finally, the present studies examined intentions to use e-health advisors but did
not assess participants’ actual efforts to use an agent again. Although intentions to
use and actual use are highly related (Davis, 1989), future research should also
include measures of actual use. Advice following, the use of prescribed medica-
tion, patient health outcomes, and patients’ reported satisfaction with the medical
care could be examined as additional dependent measures in further studies. The
results of future studies may reveal more unexpected implications for the design of
trustworthy embodied agent systems, just like the present study did.
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CHAPTER 6

Conclusions and Discussion

The central question this dissertation addressed is how computer users respond
to embodied agents. We considered satisfaction level to be an important end-
response of user-agent interactions. End-user satisfaction is an important goal
in user-system interaction and design. Because it evaluates the overall, ‘summa-
tive’ performance of a system, the measure can indicate which systems are ‘bet-
ter’ than others (Nielsen, 1993; Walker et al., 1997; Lindgaard and Dudek, 2003;
Sanders and Scholtz, 2000). Designers may assume that user satisfaction depends
on design features alone (cf. Han and Hong, 2003). Hence, designers of embodied
agents focus on including advanced features, such as models of behavior, emotion,
speech, and intelligent reasoning, in addition to realistic appearances (e.g., Dehn
and Van Mulken, 2000; Cerrato and Ekeklint, 2004; Sanders and Scholtz, 2000;
Gratch and Marsella, 2005; Pelachaud et al., 2007). However, user satisfaction
is not shaped solely by design, but more importantly, by the user. Investigating
embodied agent systems from the user’s perspective is crucial for a deeper under-
standing of why users feel satisfied or dissatisfied with an embodied agent.

First, we developed the Interactive PEFiC model, I-PEFiC, that focuses on the
psychological processes embodied agents evoke in users (cf. section 1.5). Hence,
the first contribution of this dissertation is a conceptual one: I-PEFiC as a frame-
work for the study of human-agent interactions. The conceptual model was based
on the PEFiC model for perceiving and experiencing fictional characters that was
empirically validated with film and television characters and media figures (Hoorn
and Konijn, 2003; Konijn and Hoorn, 2005; Konijn and Bushman, 2007). Impor-
tantly, these studies found that both involvement and distance experiences, the two
dimensions of engagement (Konijn and Hoorn, 2005; Konijn and Bushman, 2007)
explain the appreciation of a mediated person. Thus, involvement and distance
are distinct experiences that are not two ends of a single dimension; both can be
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experienced at the same time. The trade-off between involvement and distance
better explains appreciation of a fictional character than either involvement or dis-
tance alone (Konijn and Hoorn, 2005; Konijn and Bushman, 2007). Therefore,
we treated involvement and distance as separate dimensions of engaging with an
embodied agent and tested the validity of this distinction.

Because people can interact with embodied agents, we adjusted the PEFiC
model to incorporate the interactive nature of human-agent encounters, using theo-
ries from HCI. The model assumes that users perceive embodied agents as fictional
characters as well as tools, and that encounters with an embodied agent trigger both
an engagement process and an interaction process. Both processes occur simulta-
neously and contribute to the user’s final satisfaction. In sum, I-PEFiC aims to
explain not only involvement with and distance towards, but also intentions to use,
and final satisfaction with embodied agents.

In following the PEFiC model, I-PEFiC also assumes that user perceptions of
ethics, aesthetics, and realism typically evoke involvement and distance, and that
perceptions of affordances typically evoke intentions to use an embodied agent.
Perceptions of similarity, relevance, and valence are expected to mediate between
perceptions of ethics, aesthetics, realism and affordances on the one hand, and user
responses of involvement, distance, and use intentions on the other.

This theoretical I-PEFiC model was used as a framework for empirical re-
search. Several studies tested important parts of I-PEFiC empirically. An overview
of the factors manipulated and measured in the studies may be found in Chapter
1, Table 1.1. Because the research literature suggests that realism is a key factor
influencing user responses to embodied agents, in Chapter 2 we focused on real-
ism, residing from the character-side of I-PEFiC. In Chapter 3, we focused on the
effects of combinations of a factor from the character-side, aesthetics, with a fac-
tor from the system-side, affordances. In Chapter 4, we further studied the effects
of combinations of a factor from the character-side, facial similarity, with affor-
dances. In Chapter 5, we continued to study similarity effects, but as it related to
body shape.

First, this final chapter summarizes results from the empirical studies. Then, it
presents the main conclusions that can be drawn from these studies, and how those
conclusions suggest the ‘revised I-PEFiC model’. Based on the empirical results,
this new model describes, more accurately than the original I-PEFiC model, how
users perceive and respond to embodied agents. Revised I-PEFiC may inform agent
design decisions and may serve as a starting-point for future research activities
concerning embodied agents or related domains such as robotics.

6.1 Summary of the empirical results

I-PEFiC considered satisfaction to be the end-response of user-agent interactions.
Indeed, as predicted, both an engagement process (the character-side of user-agent
interactions) and an interaction process (the system-side of user-agent interactions)
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contribute to end-user satisfaction (section 2.4.2 and section 3.4.3. Involvement,
distance, and use intentions significantly contributed to satisfaction. To feel sat-
isfied, a user should feel involved with, not too distant from, and have intentions
to use the agent. In addition, psychometric analyses performed in Chapter 4 (in
section 4.2.7) showed that engagement (involvement and distance, emotional ap-
proach or avoidance) is not the same as use intentions (actual approach or avoid-
ance). Feeling involved with an agent does not necessarily imply actual use, and
feeling distant from an agent does not necessarily imply non-use (cf. Saffer, 2007,
page 15 of this dissertation). The summary below presents the results of the empir-
ical studies concerning engagement (involvement and distance) and use intentions
as dependent variables, see also Table 6.1 on page 157.

Chapter 2 presented an initial empirical study in which participants were con-
fronted with an agent, a virtual museum guide of either realistic or unrealistic ap-
pearance, or no agent at all. Each participant’s task was to learn as much as possible
about an art installation. We wondered whether the agent’s presence would affect
task performance (e.g., ‘With a guide, I remember more’), and we expected that
the agent’s features would affect participants’ engagement with the agent (e.g., ‘If
the guide looks unrealistic, I feel less involved’).

We found no effect of agent presence on task performance. Regardless of
whether an embodied agent was present, task performance was the same. In addi-
tion, although the level of realism of the embodied agent and perceived aesthetics
contributed to user engagement, these factors did not affect how much participants
remembered from the tour. Yet, perceived relevance of the agent for the task did
affect user engagement (here, distance). Thus, it seemed that typical factors for
the character-side of I-PEFiC (e.g., realism and aesthetics, see Figure 1.3) did not
affect the performance- or task-side of the model but that the reverse did occur.

Chapter 3 more closely examined the cross-over of effects between the character-
and system-side of I-PEFiC, by systematically manipulating both the embodied
agent’s outer appearance and affordances as a tool for performing a task. Using
the game ‘Sims 2’, we conducted an experiment to test the effects of aesthetics
(beautiful vs. ugly) and affordances (help vs. obstacle) on use intentions, user
engagement (involvement and distance), and satisfaction.

Results showed that the outer appearance of the embodied agent (here, aesthet-
ics) affected user engagement, but did not affect intentions to use the agent neither
directly, nor indirectly via relevance and valence. Moreover, user perceptions of
how real the agent’s outer appearance seemed contributed to engagement, but not
to intentions to use the agent. Thus, as in Chapter 2, we found an expected impact
within the character-side, however, cross-over effects to the system-side remained
absent. In addition, whether the embodied agent helped or hindered task com-
pletion affected not only use intentions but user engagement as well. Participants
were least involved with and most distant to the ugly character if it obstructed task
completion. If a character aided task completion, however, its helpful affordances
compensated for ugliness. Thus, we found an expected impact within the system-
side itself, but also a strong cross-over effect to the character-side. Moreover, per-
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ceptions of relevance and valence of user goals mediated the relationship between
perceived affordances and use intentions, as well as between perceived affordances
and engagement (here, distance). All of these findings imply an ‘asymmetry ef-
fect’ - the system- or task-side of I-PEFiC affected the character-side, whereas the
reverse did not occur.

Furthermore, an interesting trend (see Figure 3.5) indicated that users were
least intended to use an agent when it was unhelpful (understandably) and beautiful
(surprisingly)! In addition, when an agent was helpful, participants seemed more
willing to use a beautiful than an ugly agent.

Therefore, in Chapter 4 we studied whether a positive feature from the character-
side of I-PEFiC (here, facial similarity) could negatively affect intentions to use
an obstructing agent. We also intended to study the asymmetry effect further by
systematically manipulating the outer appearance of an embodied agent (its facial
similarity) as well as the quality of the agent’s affordances for use in a task. Un-
like the previous studies, the embodied agent existed in a 3D immersive virtual
environment (Blascovich et al., 2002).

Results showed that, again, affordances (help vs. obstacle) were more decisive
than the outer appearance of an embodied agent (here, facial similarity) for use
intentions, involvement, and distance. In general, participants were more eager to
use, felt more involved with, and less distant towards an aiding agent compared
to an obstructing one. Thus, as in Chapters 2 and 3, the system-side affected the
character-side of I-PEFiC. Results furthermore showed that, as in Chapter 3, per-
ceived relevance and perceived valence mediated between perceived affordances
and use intentions, as well as between perceived affordances and engagement (dis-
tance).

An embodied agent’s outer appearance (here, facial similarity) also affected
user engagement (here, involvement) with the agent, but to a lesser extent than af-
fordances did. Usually, users ‘love their face in virtual space’. However, we found
no direct effects of facial similarity on use intentions in our participant sample.
Nor did we find indirect effects of facial similarity, via relevance and valence of
user goals. Whether facial similarity affected use intentions or not depended on
participant gender. Female participants’ use intentions were unaffected by facial
similarity. Male participants, however, preferred to use a facially similar agent as
long as facial similarity was paired with high quality advice (aiding affordances).
In addition, male participants preferred to use a facially dissimilar agent when fa-
cial similarity was paired with low quality advice (obstructing affordances). Thus,
when a man’s agent is an incompetent advisor, it should not look like him. The
effects of similarity on involvement (for the whole sample) as well as on use in-
tentions (for males only) were especially remarkable because participants were un-
aware of the similarity manipulation. Thus, in contrast to the previous studies, the
character-side of I-PEFiC affected the system-side - but at an unconscious level.

The discussion section 4.4.1 in Chapter 4 suggests several potential explana-
tions for the gender effect that men, more than women, wanted to avoid interacting
with an obstructing agent that looked like them. We reasoned that the effect might
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have been the result of differences between men and women in their achievement
needs, in how important they think the usefulness of systems is, and in their task
performance expectations. Gender may also be conceptualized as a psychologi-
cal construct, as opposed to a dichotomous treatment of gender as ‘biological sex’
(e.g., Bem, 1981, 1993; Brosnan, 1998). Thus, gender may be a surrogate for other
psychological constructs or dimensions (such as needs and expectations). This is
important theoretically, because I-PEFiC is a psychological model. Although treat-
ing gender as a biological construct is consistent with previous conceptualizations,
it adds a factor to I-PEFiC that might be alleviated by a psychological examination
of gender (for a similar reason, the TAM model does not add gender as an addi-
tional factor to the model, Venkatesh, 2000). Future research may study whether
the encountered gender effects are indeed a substitute for effects of one or sev-
eral psychological constructs. This would be useful because men and women are
not at bipolar extremes on the psychological construct of gender but might vary
according to degrees of femininity or masculinity (Bem, 1981, 1993).

In Chapter 5, we performed two studies to investigate the effects of the outer ap-
pearance of agents (body shape similarity and idealness) on user responses. More-
over, we further studied whether a positive feature of an agent from the character-
side of I-PEFiC (here, body shape similarity and body shape idealness) could have
a negative effect on the user, and vice versa. The agent was designed as an e-health
advisor, and participants were led to believe that the agent was responding to their
input interactively.

Results indicated that idealness was more important than similarity for explain-
ing involvement with, distance towards, and intentions to use the embodied agent,
but in unexpected ways. That is, first, the idealness of the agent’s body shape
affected engagement and use intentions, but this only was an indirect effect, via
perceptions of ethics (is the agent perceived as good or bad, trustworthy or untrust-
worthy). These results suggest the cross-over of information from the character-
side (i.e. idealness, via ethics) to the system-side of I-PEFiC. Second, in contrast to
what one might expect from prevailing anti-fat norms in Western society, users per-
ceived the heavier agents (e-health advisors, in this case) as more trustworthy. As
a result, the heavier e-health advisors were more involving and less distancing than
slimmer e-health advisors, and they evoked higher use intentions as well. Thus, we
found that under certain circumstances, a negative feature of an agent may have a
positive effect on the user.

Based on the analyses performed in Chapter 5, the roles of relevance and va-
lence in this study are still unclear. Therefore (and to be consistent with Chapters
3 and 4), we conducted post-hoc tests to examine whether perceived relevance and
perceived valence were mediators in the studies presented in Chapter 5. The results
of three mediation analyses on the data of the more extensive Study 2 in Chapter
5 showed that both perceived relevance and perceived valence mediated the ef-
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fect of perceived ethics on all three dependents, involvement1, distance2, and use
intentions3. Additional post-hoc mediation analyses using the data of Study 1 in
Chapter 5 obtained similar results. Thus, perceived ethics affected involvement,
distance, and use intentions indirectly, through relevance and valence. This is a
notable finding, because no evidence previously had indicated that relevance and
valence mediate the relationship between realism, aesthetics, and facial similarity,
and user responses. Thus, ethics, a factor from the character-side of I-PEFiC, plays
a more similar role to affordances, a factor from the system-side of I-PEFiC, than to
the other factors from the character-side of I-PEFiC, which, unlike ethics, concern
the outer appearance of the agent.

The results are summarized in Table 6.1.

1relevance: Sobel z = 8.85, p < .001; valence: Sobel z = 9.87, p < .001
2relevance: Sobel z = -8.08, p < .001; valence: Sobel z = -6.96, p < .001
3relevance: Sobel z = 10.61, p < .001; valence: Sobel z = 9.37, p < .001
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6.2 Main conclusions

The central question in this dissertation is how computer users respond to embod-
ied agents. Based on the results presented above we provide the following answer.
The system-side of user-agent interaction is more important for the various user
responses (involvement, distance, and use intentions) than the appearance factors
from the character-side (realism, aesthetics, facial similarity, and body shape sim-
ilarity). The ethics factor is a noticeable exception, because, although it stems
from the character-side, it is important for various user responses, including use
intentions. People prefer not to interact with a bad or untrustworthy character. Re-
markably, the affordances factor that stems from the system-side is more important
for engagement than several typical factors from the character-side, such as aes-
thetics, realism and facial similarity, which all concern the agent’s outer appear-
ance. Appearance factors from the character-side may still affect user responses
in unexpected ways, for example, in combination with the system-side factor af-
fordances. When paired with obstructing affordances, positive features such as
beauty and facial similarity may produce negative rather than a positive effects on
user responses. Finally, users perceive an embodied agent within their task or goal
context, in terms of (task-)relevance and valence. Relevance and valence serve as
mediators in between effects of affordances and ethics, and user responses. User
satisfaction, then, is a complex construct that depends on both the character-side
and the system-side aspects.

We will elaborate further on five remarkable conclusions from the research: 1)
realism is not that important for involvement, distance, and use intentions, 2) what
is beautiful is not always used, 3) affordances and ethics are central factors for in-
volvement, distance, and use intentions, 4) positive features do not always produce
positive effects, and 5) relevance and valence of user goals are mediators. These
conclusions and the implications of these conclusions for designers are discussed
next.

6.2.1 Realism is not that important for involvement, distance, and use
intentions

Many embodied agent studies and design efforts have focused on agent realism.
They assume that user responses will be more positive, the more realistically em-
bodied agents look and behave. Although designed and perceived realism did con-
tribute to user involvement and distance in our studies, other user perceptions (e.g.,
of aesthetics, ethics, affordances, relevance) better explained user involvement and
distance with embodied agents (Chapters 2 and 3). Thus, although realism con-
tributed to involvement and distance, it was not the most important factor. In
addition, perceived realism had no effect on use intentions. In other words, re-
alistic agents were not likely to evoke higher or lower use intentions than unreal-
istic agents. These findings are in line with a recent meta-analysis by Yee et al.
(2007), indicating that among many published papers, agent realism mainly af-
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fected subjective user responses, such as more positive social interactions, but not
user behavior (e.g., use).

One could argue that the effect realism has on the user depends on the type
of application in which an agent features. Certain applications may profit from
highly realistic scenes and embodied agents. Certain applications aim to simulate
or imitate the behavior of real people in various situations realistically, in order
to analyze team behavior (Nair et al., 2004), to train people’s negotiation skills
(Core et al., 2006), and to train psychotherapists (Marsella et al., 2003). Even in
such applications, however, not all aspects of realism may be equally important for
engagement and use (cf. Hoorn et al., 2003). For example, realistic and believable
behaviors (whether an agent acts like a real person) might be more important than
form realism (whether an agent looks like a real person). In addition, even in
simulations, factors such as aesthetics, ethics, and affordances are likely to affect
the user. They do this in a complex way.

For designers, this means that attempts to design embodied agents to be as
realistic as possible might not be as effective as hoped. Rather, other aspects of
their designs, such as affordances and ethical considerations, should have priority
over the design of realistic features. In addition, if graphical designers want to
increase the level of user engagement, they should focus on aesthetic appeal rather
than realism, because aesthetics is more important for engagement than realism.

6.2.2 What is beautiful is not always used

Well-known maxims in HCI are ‘what is beautiful is good’ (Dion et al., 1972),
‘what is beautiful is usable’ (Tractinsky et al., 2000), and ‘attractive things work
better’ (Norman, 2002). These adages suggest that, in general, users expect a beau-
tiful embodied agent to perform better and to be more trustworthy than an ugly
one. As a result of such expectations, a beautiful appearance may positively affect
first-time use, stimulate impulse purchases in a shop or affect the decision to down-
load something from the Internet. For example, the high download rate of Virtual
Katja4, an embodied agent designed to search the Dutch Yellow pages, was not due
to her search skills alone. The real Katja is a famous Dutch television actress and
presenter, well-known for her good looks. Thus, designers may create beautiful-
looking embodied agents or interfaces in order to persuade people to buy or try out
a system.

Although agent beauty can attract initial interest effectively, the advantage may
not last long. In the studies this dissertation presented, in which use intentions were
measured after actually using an embodied agent, aesthetics actually did not de-
termine the user’s intentions to use the agent again. This calls into question the
value of recent trends in HCI, in which the role of design aesthetics is preemi-
nent (e.g., Tractinsky, 2004). Of course, aesthetics matters. Aesthetics matters for
initial attraction and can improve a product’s commercial value and desirability

4http://www.katja-schuurman.com, Retrieved January 1st 2008
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(ibid). However, the initial positive effects of beauty fade after actual use of the
application, at which point other features of the application become more impor-
tant. People will leave an application untouched if it is not useful to them, even if
its outer appearance is very nice. In addition, people are likely to avoid using an
application if they perceive it as untrustworthy. This may explain the later rejection
of Virtual Katja, which people probably downloaded because of her good looks but
turned out to be spyware5.

The above reasoning is in line with models that postulate that the importance
of any given piece of information (such as aesthetics) as a determinant of a judg-
ment becomes less important as a perceiver takes more pieces of information into
account (cf., Anderson, 1981; Bull and Rumsey, 1988; Eagly et al., 1991). As
the amount of other information about targets (here, the affordances of embodied
agents) increases, the effect of aesthetics is likely to become smaller. Thus it seems
as though recent trends in HCI, or graphical design in general, have overestimated
the duration of the effect of aesthetics. Graphical design cannot make up for a
useless or unreliable application. Thus, a prerequisite for prolonged use of an em-
bodied agent is not beauty, but rather high-quality affordances and morally good
behavior.

For designers this means that an embodied agent that ‘promises’ ease of use and
trustworthiness should meet those expectations at the functional level. Masking an
agent’s low quality affordances or ‘bad’ behavior by making it look good is not
a recommended design strategy. After all, obstructive affordances decrease the
intention to use the agent in spite of its good looks. Therefore, if embodied agents
do not already have high quality affordances and ethically good behavior, designers
should not be tempted to put too much effort into designing them to look beautiful
Such a strategy of graphical design could backfire.

6.2.3 Affordances and ethics are central factors for involvement, dis-
tance, and use intentions

In the studies this dissertation presents, users wanted to get good advice or wanted
to perform a certain task efficiently. In our studies, the agent applications with high-
quality aiding affordances and that were ‘morally good’ were the most engaging
and used. Affordances and ethics were central to human-agent interactions. In a
way, this is new to the field of HCI. Even though considerations of trustworthiness
are important in HCI, especially in areas such as e-commerce, the field generally
has not considered a more general ethics factor (is a system ‘good’ or ‘bad’).

Interestingly, however, the prevalence of ethics in the embodied agent domain
is consistent with previous work on film and theater characters, which has demon-
strated that ethics is more important than aesthetics and realism (e.g., Zillman,
1994; Konijn and Hoorn, 2005). As stated earlier in this dissertation, engagement

5http://www.nu.nl/news/514923/50/Commotie om ‘Virtuele Katja’.html, Retrieved January 1st
2008
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with film characters and engagement with embodied agents do have things in com-
mon. In addition, the system-side of I-PEFiC, the (perceived) affordances factor,
also has great potential to affect user engagement (both involvement and distance).
The affordances factor is even more essential to engagement with embodied agents
than two of the ‘engagement factors’ from the character-side of I-PEFiC, aesthetics
and realism. Furthermore, the affordances factor is also more essential to engage-
ment than facial similarity, another character-side factor that deals with the agent’s
outer appearance. In general, most graphical design aspects are of minor impor-
tance for user engagement compared to functional and ethical design.

Similarly, affordances strongly affect intentions to use the agent, and of the
typical ‘engagement factors’ from the character-side of I-PEFiC, only ethics has
great potential to affect intentions to use the agent. In general, agents with ob-
structing affordances and agents that are morally bad will evoke tendencies toward
non-use. Users do not want to interact with unhelpful and untrustworthy agents if
they need to complete a task efficiently and effectively. Again, the graphical design
is of lesser importance (Chapters 3 and 4).

One could argue that affordances and ethics comprise a single factor. Both
affordances and ethics refer to qualities of an embodied agent that are either ‘ok’
(competent/ knowledgeable and trustworthy/ credible) or ‘not ok’ (incompetent/
dumb and untrustworthy/ incredible). However, despite this commonality, we think
affordances and ethics should be regarded and treated as separate factors. Not only
did the psychometric analyses performed in Chapter 3 (section 3.3.4) and Chapter
5 (section 5.2.1) indicate that affordances and ethics are separate factors, but there
is also a conceptual difference between the two. Affordances have to do with the
means a system provides to the user to perform a specific task, whereas ethics
has to do with more general goals, such as maintaining privacy and feeling secure
(Maslow, 1943). Whereas badly designed affordances may hinder the user’s task,
untrustworthy agents may decrease the user’s sense of privacy and security. An
agent can be designed with affordances that users perceive as helpful for their tasks
but also be designed with spying behavior (the Virtual Katja is an example of such
an agent) or deceptive clues (for example, an implementation of the GRETA agent
by Rehm and André, 2005). In addition, an agent can have the best intentions,
have no intentions to deceive the user, nor have a hidden agenda, and at the same
time include affordances that the user deems useless and obstructing (Microsoft’s
Clippy is an example of such an agent).

Whether perceptions of affordances or perceptions of ethics are the most impor-
tant may depend on the type of application. High quality affordances are especially
important for agents that aim to help the user perform a task more efficiently (cf.
Chapter 3), as well as for recommender systems, because users want high quality
advice (cf. Chapter 4). Ethics is especially important when agents deal with per-
sonal interactions, such as e-health systems in which a user interacts with a care
giver on personal issues (cf. Chapter 5). Then, special care is needed to design
agents with features that are perceived as ‘morally good’.
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6.2.4 Positive features do not always produce positive effects

Usually, positive features produce positive effects. A beautiful agent will evoke
more involvement than an ugly agent, and an agent with a face similar to the user
will, most of the time, evoke more involvement than an agent with a dissimilar
face (Chapters 3 and 4). Sometimes, however, positive features produce nega-
tive effects, and negative features produce positive effects. For example, a health
advisor with a non-ideal, heavier body may be perceived as better morally (e.g.,
trustworthy) than ideally thin advisors, and consequently, the heavier agents evoke
more involvement and higher use intentions. This effect might have been due to
the specific (health) context (Chapter 5). Or, when an agent’s affordances obstruct
the user’s task, a beautiful or facially similar agent may evoke less intentions to use
it than an ugly or dissimilar agent (Chapters 3 and 4). Hence, the effect a feature
has on the user depends on other features and the context.

For designers, this means that care in designing outer appearances of embodied
agents is needed, because the most appropriate appearance may depend on other
features or the context. Sometimes, it is better to design embodied agents that do
not have a ‘perfect’ appearance. Test teams in a design group should investigate
whether an agent’s outer appearance affects user involvement, distance, and use
intentions in the context for which the agent is designed, and in what way.

6.2.5 Relevance and valence of user goals are mediators

A large body of literature on user-centered design and related issues indicates the
importance of considering user goals in system design. The user-centered approach
assumes that, although design features shape user perceptions of and responses to
a system, user goals do so even more. People use systems to achieve a goal, and
obviously this is also true for embodied agent systems (e.g., Catrambone et al.,
2004). Thus, the user-centered philosophy stresses that HCI practitioners should
understand to what end a user wishes to use a product before implementing any
code. Potential user goals may concern 1) how users want to feel, for example,
have fun, feel connected with friends, feel like a hero, feel secure, 2) what users
want to do, for example, obtain good advice, find music that they’ll love, get the
best deal, perform a productivity task (e.g., write a manuscript), and 3) what users
want to be, for example, be cool, be popular, be respected by their peers, be a
connoisseur of some sort . . . (e.g., Cooper et al., 2007). Designers will create more
appropriate and satisfactory designs if they understand what computer activities
mean to users in terms of their goals (cf. Cooper et al., 2007; Desmet, 2002).

The importance of goals for user responses is a key assumption, based on de-
sign cases, experience in the field, and common-sense reasoning. This dissertation
adds to this knowledge in several ways. First, it provides a theoretical contribution.
Based on theories from psychology, it suggests that not only task relevance but also
task valence matters for user responses (cf. Hoorn et al., 2007). For example, an
embodied agent may be relevant for the user’s task goal but still not used. Users’
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outcome expectations might be negative, despite relevance. Think of Virtual Katja
who provided users with the exact information they needed, but carried spyware
at the same time. So yes, Virtual Katja was relevant to user goals - to find infor-
mation - but raised negative outcome expectations as well - users expected trouble
with respect to their privacy. An embodied agent may also be irrelevant for a user’s
main goal, for example efficient task completion, but he or she uses it anyway. For
example, Clippy may often give useless tips but running the animation may still be
fun. However, the experimental studies in this dissertation did not explore complex
scenarios in which users had more than one goal, such as efficient task completion
and enjoyment. Rather, we instructed participants to focus on one particular goal,
for example, to perform a task quickly (Chapter 3) or to answer the questions the
best they could (Chapter 4). Future research may inspect the roles of relevance and
valence in complex scenarios, which are likely to exist in real-world settings.

The studies in this dissertation have shown that perceptions of relevance and
perceptions of valence are important predictors of both user involvement, distance,
and use intentions, which is in line with general expectations. More importantly,
however, the studies have also shown that both relevance and valence merely acted
as mediators in between (perceptions of) affordances and ethics on the one hand,
and the various user responses on the other hand (see Table 6.1). This was unex-
pected because the user-centered design perspective emphasizes relevance and va-
lence as a source of all user responses - not as factors that merely ‘modify’ effects.
Mediators tell us more about the underlying mechanisms of effects. In this case,
user’s perceptions of affordances and ethics affect their perceptions of relevance
and valence, which subsequently affect the various user responses (use intentions,
involvement, distance).

Thus, after the user ‘encodes’ an agent in terms of affordances and ethics, it is
checked for user goals. The user plays an active role during this process of goal
comparison. Hence, this process is user-controlled. Users deliberately think about
the relevance and valence of the agent for their goals. On the other hand, results
showed that relevance and valence were did not mediate the relationship between
aesthetics or facial similarity and the various user responses (Chapters 3 and 4).
Thus users do not seem to evaluate appearance factors or graphical design factors in
terms of their goals. They evoke direct and sometimes unconscious effects on user
responses. The user has little or no control over this process, which can therefore
be considered automatic. Thus, users may react to embodied agents consciously
(controlled) or unconsciously (automatic) (cf. Schneider and Shiffrin, 1977).

Further, this dissertation makes a methodological contribution. The studies pre-
sented in this dissertation empirically tested the assumption that goal relevance and
valence are important for user responses by means of structured questionnaires. An
important assumption in the field of HCI is that user goals relate to engagement and
use. However, empirical verification was still missing. Commonplace HCI meth-
ods (e.g., to determine requirements) aim to consider users and their goals. Typical
approaches include task analyses, (open-ended) questionnaires, observations, fo-
cus groups, and interviews. The use of structured questionnaires allowed users to
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rate the agent in terms of relevance, valence, and other factors more systematically.
This method allowed a more thorough inspection of the interrelations between the
various factors that potentially contribute to user responses to embodied agents.
Although construction of the questions may take some effort, structured question-
naires are convenient for user tests, both offline (e.g., using paper-and pencil) and
online.

For HCI practitioners and designers, the above discussion means that, through-
out an iterative design process, considerable effort should go into understanding
both goal relevance and valence. First, designers should determine to what end
users may wish to use an agent, and what negative outcome expectations may pre-
vent the user from doing so. User tests may focus on whether they perceive the
systems as relevant for (one or several of) their goals, and perhaps more impor-
tantly, what positive and negative outcomes users expect from using the system
(e.g., get the advice they need, be entertained, (in)efficient task completion, feeling
(in)secure). In addition, designers should understand what aspect(s) of an agent
cause users to perceive the agent as irrelevant and/or negatively valenced. For
example, is the code implemented so poorly that the agent offers no aiding affor-
dances? Or, is the agent perceived as untrustworthy? Note that a beautiful, similar,
or realistic appearance is unlikely to affect the user’s outcome expectations. De-
signers can also ask users which outcome expectations are likely to affect their
intentions to use the system. Do people use an agent because they expect it to pro-
vide added value compared to a situation in which no agent, or a different agent,
is used to reach the same user goal? For example, do they expect to fulfill a task
more successfully or efficiently, or do they use the agent because they expect to be
entertained?

6.3 Theoretical implications: revised I-PEFiC

Now that a range of empirical studies has been performed, we can evaluate and
adjust the initial theoretical model to describe the psychological processes that are
involved in human-agent interactions more accurately. To disentangle user satis-
faction, I-PEFiC consisted of two main building blocks: an interaction process,
which perceptions of affordances evoked, and an engagement process, which per-
ceptions of ethics, aesthetics, and realism.evoked The model includes relevance,
valence and similarity as mediators in between both processes. The empirical data
allowed us to refine these theoretical assumptions.

First, as expected, both engagement and use intentions contribute to user sat-
isfaction. Second, both affordances and ethics play a major role in both engaging
with and intending to use embodied agents. Relevance and valence are mediators in
between these processes. Third, facial similarity, aesthetics and realism contribute
to engagement, realism being the least important factor of the three and aesthetics
coming in at second place. Unlike aesthetic and realism effects, facial similarity
effects may occur without the participants consciously perceiving the similarity.
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Fourth, aesthetics and facial similarity may also contribute to use intentions, but
always in interaction with affordances. Realism, however, does not contribute to
use intentions. Relevance and valence do not mediate between the various appear-
ance factors and engagement and use intentions.

The revised I-PEFiC model is depicted in Figure 6.1, and will be explained
next.

Figure 6.1: Revised I-PEFiC.
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6.3.1 Design features

The left box of revised I-PEFiC represents design features of an embodied agent.
The model distinguishes between two main categories of agent characteristics. The
first category includes ‘agent’ features that deal with the agent’s functionality, ‘arti-
ficial intelligence’, or ‘mental’ capacity. These features are usually designed by AI
programmers. The efficiency with which an agent is able to perform a task depends
on how the underlying software is designed, and the quality of advice that a virtual
advisor gives depends on the way a reasoning engine of an agent is programmed.
If the agent is a virtual teacher, then a cognitive model may give the agent the abil-
ity to teach and explain subject matters. If the agent is an empathic companion,
then an emotional model may give the agent the ability to understand and respond
to user emotions. Intelligent software functions such as cognitive models, emo-
tion models, personality models, speech models, etc. are all part of the upper left,
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‘agent’ category of revised I-PEFiC. Thus this category is closely related to the
term ‘agent’ that is traditionally used in computer science, pointing to software
with ‘intelligent’ capabilities (Wooldridge and Jennings, 1995).

The second category concerns ‘embodiment’ features that graphical designers
usually determine. The embodiment of an agent can be designed in different ways,
for example, with facial features similar to the user, to be beautiful or ugly, have
a slim or heavy body shape, with realistic or unrealistic looks, and other qualities
of appearance. Other features that deal with the agent’s embodiment also pertain
to this category, such as what parts of the body are present (head, head plus neck,
torso, full body), the dimension (which may vary from simple 2D to complex 3D),
hand and body gestures and movements, and facial and gaze expressions (cf. Rut-
tkay et al., 2004, p32-34).

The two categories generally are not completely separate from one another.
That is, the role of an agent may be presented by both ‘agent’ and ‘embodiment’
features. For example, the embodied agent on the IKEA web site6 does not only
have certain (limited) capacities to help online IKEA customers, but is also dressed
in yellow and blue like a real-life IKEA employee. Similarly, a virtual doctor that
gives health advice may also look like a real doctor. Second, models designed at
the AI level may specify how the agent should behave physically, on the graphical
level. For example, the output of an emotion model is an emotional representation
to be displayed by the virtual human. The thus selected ‘emotion’ (output from the
emotion model, e.g., sadness) is converted into appropriate graphical components,
such as facial expressions, head nods, gestures, eye gaze, and body movement
(e.g., Gratch and Marsella, 2001). Thus, the left box is more complex than the
model may suggest. However, the main concern of the revised I-PEFiC model is
not the design complexities, but the user. Everything other than the left box of
revised I-PEFiC is concerned with how users perceive and respond to embodied
agents, which may be designed in very different ways.

6.3.2 Encode phase

When users interact with an embodied agent, they encode it in terms of 1) affor-
dances, 2) ethics, 3) aesthetics, and 4) realism. The position of the factor in the
model is somewhat related to its importance in the model. Our research found that
aesthetics is more important than realism, and affordances and ethics are more im-
portant than aesthetics and realism. The relative importance of factors may change,
of course, depending on the context.

Affordances exists relative to design features and to the user. Given that users
are able to interact with an agent (e.g., users have a keyboard that correctly re-
sponds to their key presses), features in the ‘agent’ design category, such as the
quality of advice and task efficiency, strongly influence perceptions of affordances.
An agent that is efficient and/or gives high-quality advice offers helpful affordances

6http://www.ikea.com, Retrieved January 1st 2008
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in the eyes of the user, and its affordances are perceived as ‘aids’. An agent that
is inefficient and/or gives low-quality advice offers obstructing affordances in the
eyes of the user, and its affordances are perceived as ‘obstacles’. Features of the
‘agent’ design category also influence perceptions of ethics (is the agent good or
bad, trustworthy or untrustworthy). If an agent is designed to have only good in-
tentions, the user is likely to perceive the agent as morally good. If the agent is
designed as spyware, the user is likely to perceive the agent as untrustworthy or
morally bad.

Features in the ‘embodiment’ design category affect perceptions of both aes-
thetics and realism, between others. People are likely to perceive a 3D virtual hu-
man with advanced body and face movements as more realistic than a 2D cartoon-
like and static agent. Many (Western) users perceive agents with slim bodies, such
as those of super models, as more beautiful than agents with more voluminous bod-
ies. Thus, generally, designed features affect user perceptions in rather straightfor-
ward ways.

However, revised I-PEFiC recognizes that no one-to-one relation between de-
sign features and perceptions exists, as no lines are drawn between specific design
features and specific user perceptions in Figure 6.1. First, features from not only
the ‘agent’ design category but also the ‘embodiment’ design category may affect
user perceptions of affordances and ethics. For example, the body shape of an agent
may affect perceptions of ethics (cf. Chapter 5). In addition, features from not only
the ‘embodiment’ design category, but also the ‘agent’ design category may affect
user perceptions of realism. For example, the user may perceive an agent that gives
very bad advice (an ‘agent’ feature) as unrealistic. Second, user perceptions do not
only depend on the design, but on the user and the cultural context as well. For
example, users may perceive an agent that uses speech to give high-quality advice
to its users as having ‘aiding’ affordances. However, for users that are deaf, the af-
fordance of communicating with the agent does not even exist. Or, whereas people
may perceive a slim agent to be more beautiful than one that is bigger, the reverse
may hold in other cultural contexts. In Morocco and other African countries, large
girth is a sign of well-being and something to strive for (Rguibia and Belahsen,
2006). Thus, standards of beauty change through times and places, and this is true
for moral standards (what is good and what is bad) as well. Third, sometimes a
design feature does not affect user perceptions at all. For example, people may not
consciously perceive designed facial similarity between an agent and themselves
(cf. Chapter 4).

Although designs are usually tested with objective measures such as error rates,
it is more important to understand how designs are perceived by the user. This is
especially important because the intentions designers have often do not match user
perceptions and responses (cf. Norman, 1988).
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6.3.3 Compare phase

After encoding an embodied agent on various dimensions, users enter the phase in
which they ‘compare’ the agent to their goals. That is, they perceive whether or not
the agent is relevant to their goals (relevance), and whether they expect positive or
negative outcomes of using the agent (valence). This is consistent with psycholog-
ical theories suggesting that human action is goal-driven, to a considerable extent
(e.g., Gollwitzer and Bargh, 1996).

When the user’s goal is to complete a task efficiently and effectively (as was
the case in the studies presented in this dissertation), perceptions of relevance and
valence typically depend on perceptions of affordances and ethics, and not on per-
ceptions of aesthetics and realism. In general, an agent is perceived as relevant
and positively valenced when users think it provides aiding (not obstructing) affor-
dances, and/or when users think the agent is morally good (e.g., good intentions,
trustworthy). In addition, positive perceptions of affordances and ethics generally
lead to positive perceptions of relevance and valence. The arrows between per-
ceived affordances/ethics and perceived relevance/valence represent positive rela-
tions.

However, it might be that, in contexts other than the ones presented in this
dissertation, users perceive embodied agents as having aiding affordances (e.g.,
providing high quality advice), but also as irrelevant for whatever task the user is
performing. In addition, the studies in this dissertation did not include situations in
which users perceived an embodied agent as having aiding affordances but being
untrustworthy at the same time. The (relative) importance users assign to each of
their goals within a context may determine whether affordances or ethics influences
user perceptions of relevance and valence more. For example, if users want to
perform a financial transaction online, they might think it is more important that
they can trust the system than that the transaction is performed quickly. Such a
scenario may be used in future studies to study the relation between perceptions of
affordances and ethics, and perceptions of relevance and valence more deeply.

In the initial, theoretical I-PEFiC model, perceptions of similarity were also
expected to be central to the comparison phase. However, the studies in this dis-
sertation did not provide evidence that perceptions of similarity were (consciously)
affected by factors in the encode phase nor that perceptions of similarity affected
the subsequent user responses. Therefore, revised I-PEFiC excludes perceived sim-
ilarity as a factor in the compare phase. This does not mean that similarity between
agent and user does not affect the user. Similarity between agent and user may
affect user responses at an unconscious level, that is, not via user perceptions of
similarity, but automatically, skipping the encode and compare phases.

6.3.4 Respond phase

Users may respond to embodied agents on behavioral, emotional, social, and cog-
nitive (e.g., learning) levels. Of all possible user responses, the revised I-PEFiC
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model aims to explain involvement and distance (emotional approach and avoid-
ance), use intentions (actual approach and avoidance), and final user satisfaction.
This is the ‘respond’ phase in revised I-PEFiC.

Both ‘agent’ and ‘embodiment’ design affect use intentions, via user percep-
tions. First, perceptions of affordances and ethics (which are most strongly related
to ‘agent’ design features) affect the individual’s intentions to use an embodied
agent again in the future. Perceptions of relevance and valence play mediating
roles herein. Second, facial similarity may affect use intentions in interaction with
affordances. When an agent has helpful affordances, facial similarity may increase
intentions to use the agent again. When an agent has obstructing affordances, facial
similarity may decrease intentions to use the agent again. In certain contexts, the
interaction effect may only occur for males, not females.

Third, the design factor aesthetics, which is closely related to user perceptions
of aesthetics, may also affect use intentions in interaction with affordances. When
an agent has helpful affordances, aesthetics may increase intentions to use the agent
again. When an agent has obstructing affordances, aesthetics may decrease inten-
tions to use the agent again.

Both ‘agent’ and ‘embodiment’ design also affect involvement and distance.
First, (perceived) affordances and ethics affect involvement and distance. Rele-
vance and valence play mediating roles between ethics and involvement, ethics
and distance, and affordances and distance. Affordances affect involvement di-
rectly; that is, relevance and valence do not play mediating roles herein. Second,
facial similarity affects involvement in interaction with affordances. It boosts in-
volvement only when the agent has helpful affordances, not when an agent has
obstructing affordances. Third, aesthetics and realism affect involvement and dis-
tance. The more beautiful and realistic, the more involved and the less distant a
user feels with the agent.

User satisfaction can be seen as an end-state of a user after the interaction
with an agent has finished. Satisfaction depends on both emotional and actual ap-
proach and avoidance, and can thus be considered a complex construct. A user’s
satisfaction with an embodied agent does not say much about processes at the psy-
chological level.

In the response phase, the two dimensions of engagement are involvement and
distance, next to each other. The research in this dissertation has demonstrated
that involvement and distance are two separate dimensions and not the ends of one
continuum (cf. Konijn and Hoorn, 2005; Hoorn and Van Vugt, 2006; Konijn et al.,
2007; Konijn and Bushman, 2007). However, it is difficult to specify more accu-
rately under what conditions a feature affects involvement, or distance, or both,
and to what extent. Whereas beauty increased involvement in an efficiency con-
text, ideal similarity (which is related to beauty) increased distance in an e-health
context. A clear pattern remained absent throughout the studies. Therefore, we
do know it is insufficient to measure either involvement or distance but we do not
know what affects each factor. Thus, the revised I-PEFiC model merely specifies
that a certain feature may affect engagement, but not which dimension it affects.
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Future endeavors may try to disentangle the two dimensions of engagement. In
addition, future endeavors may focus on the relation between engagement and use
intentions, that is, between emotional approach (involvement) and avoidance (dis-
tance) and actual approach (use) and avoidance (non-use). For example, under
what conditions does emotional approach lead to actual approach, and under what
conditions does it not?

6.4 Future directions

People may interact with specific embodied agents only once. For example, a vir-
tual museum guide is typically used by museum visitors who visit a museum once.
With embodied agents that appear on the Internet and in office applications, peo-
ple may interact more often. At least, that is what designers hope. It is not yet
clear how user experiences develop over time. It is likely that experiences of using
an agent feed back on the user’s mental model of that agent, creating a reactive
system. For example, people might have learned what affordances belong to a
particular agent, shaping their perceptions accordingly. (Updated) mental models
may co-determine the relevance and valence people attribute to the agent in view of
their goals. Long-term investigations might tell how feedback loops actually work
and how user perceptions develop over time. Further, aesthetic aspects may matter
more for initial attraction, and hence, for novice users, than after use. Whether the
effects of appearance factors such as aesthetics eventually disappear, or whether
they remain present, is yet unclear. Do experienced users only care for the agent’s
affordances and trustworthy behavior, or are they still affected by the agent’s beau-
tiful design? How long do first impressions linger on? Future research may thus
focus on the effects of first impressions on subsequent interactive experiences and
behavior. In addition, longitudinal research may study the importance of the vari-
ous factors over time.

In such longitudinal studies, it is important to realize that users may develop
habits over time. Habits may drive people to use an agent even if that behavior
serves no particular goal. Users may also disregard agents due to sheer habit. In
the case of habits, users repeat acts without thinking consciously about what they
do (e.g., Aarts and Dijksterhuis, 2000). Thus, although much of human action
is goal-driven, sometimes it is not. In the studies we conducted, use intentions
largely were based on conscious processes (such as the comparison of agents to
user goals). Nevertheless, unconscious processes may also trigger use intentions
and actual use (as was the case with the facial similarity effects in Chapter 4). The
role of conscious versus unconscious processes and habit in embodied agent use
(and technology use in general) is an unexplored but highly interesting area of re-
search that may be important for understanding the success or failure of embodied
agents in the real world.

To increase ecological validity, future work may consider more complex, nat-
ural scenarios. In the real world, users have a range of different characteristics,
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personalities, beliefs and attitudes, they may have multiple goals and work in a va-
riety of (task-)contexts, and they are affected by prevailing social norms and other
societal factors. A challenge for future research is to study the effects that such
factors may have on user perceptions of and responses to embodied agents. For
example, users seeking fun may think the visual appearance of embodied agents
is important for enjoyment. Therefore, appearance features may affect their use
intentions in entertainment applications to a larger extent than in, for example, pro-
ductivity applications. In addition, unlike productivity applications, obstacles and
morally bad behavior may positively contribute to enjoyment in games (e.g., Song
and Lee, 2007; Pagulayan et al., 2003). Perhaps it is for this reason that the highly
popular game World of Warcraft features two main agent types, members of the
alliance or horde, which represent the good (alliance) and the bad (horde). It is
not yet known to what extent visual aspects, affordances, and ethical considera-
tions will affect users of entertainment and other types of applications. In addition,
some of the above factors may be more important for engaging with an embodied
agent, and others for use intentions and actual use. For example, user behavior may
depend to a larger extent on societal factors and perceptions of self-efficacy than
emotional reactions. Revised I-PEFiC may be used as the theoretical framework
for studies on such topics. Applying revised I-PEFiC to a variety of applications
and contexts may lead to a more complete and accurate picture of the psychological
processes human-agent interactions evoke.

The revised I-PEFiC model may also be used to study human-robot interac-
tions (cf. Bosse et al., 2008). Both embodied agents and robots have ‘humanoid’
features, for example with regard to their appearance. In addition, embodied agents
and robots are both ‘tools’ that can be used to accomplish tasks, and with which
people can interact. Hence, as with embodied agents, appearance factors such as
aesthetics, facial similarity and realism, as well as the factors ethics and affor-
dances, are likely to play a role in engaging with and/or using a robot. Future
work may examine the commonalities and differences between human-agent and
user-robot interactions.

Future studies may further uncover how self-reported engagement and use in-
tentions relate to actual behavior and use of embodied agents. To study actual use,
one could create an environment in which users have the possibility to turn the em-
bodied agent on and off. In addition, future studies may uncover different types of
effects that are not covered by revised I-PEFiC and how these relate to embodied
agent engagement, use, and satisfaction. One may think of cognitive and social ef-
fects such as mimicry, remembrance, learning, task performance, job satisfaction,
advice following, and medication intake. It might be the case that certain cognitive
and social effects are most likely to manifest themselves when users are involved
with an embodied agent, as we speculated in Chapter 2.

Applying person perception and HCI principles to the embodied agent domain
helps us to better understand user responses to embodied agents. To understand the
nature of human-agent interactions at a more profound level, it would be interest-
ing to investigate human-agent interactions from a neurological perspective. Only
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recently have scientists started to study the phenomenon of ‘anthropomorphism’
from a neuro-scientific perspective. That is, Harris and Fiske (2008) wondered
whether people respond to objects in a similar way as to people by investigating
brain activation areas. Interestingly, they showed that different parts of the brain
are activated depending on whether humans perceive people or objects such as pens
and paper. Yet, although some studies have started to investigate the interaction of
humans and virtual figures from a neurological perspective (Schilbach et al., 2006),
unclear is what precisely happens on the neurological level when people perceive
embodied agents - objects that look like humans. Based on the results of the cur-
rent dissertation, one may expect that in human-agent interactions, both the parts
related to person perception and the parts related to object perception are activated
at the same time.

This dissertation started with the idea that human responses to embodied agents
depend on both their function and appearance, as is the case with elephants. This
appeared to be a valid assumption but we can now add to this knowledge. An
important difference between elephants and agents is that, whereas in the animal
world, the prettiest is most likely to survive in the end (cf. ‘Survival of the prettiest’
Etcoff, 1999), the prettiest may not survive in the agent world. The more beautiful
animal is also usually the animal that is stronger, and therefore better equipped for
survival. In contrast, the more beautiful agent is not always the better agent. An
agent’s outer appearance is unrelated to the quality of the actions it can perform. It
is probable that, because the outer appearance of an agent does not tell much about
how well it can perform a task, users just do not care as much about it as they
would in the real world. This is a noteworthy difference between the real world
that elephants live in versus the virtual world of agents.
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Rehm, M. and André, E. (2005). Catch me if you can – exploring lying agents in
social settings. In Proceedings of the International Conference on Autonomous
Agents and Multiagent Systems, pages 937–944, New York, NY, USA. ACM
Press.

Rguibia, M. and Belahsen, R. (2006). Body size preferences and sociocultural
influences on attitudes towards obesity among Moroccan Sahraoui women. Body
Image: An International Journal of Research, 3(4):395–400.

Ruttkay, Z., Dormann, C., and Noot, H. (2004). Embodied conversational agents
on a common ground. A framework for design and evaluation. In Ruttkay, Z.
and Pelachaud, C., editors, From brows to trust: Evaluating embodied conver-
sational agents, pages 27–66. Kluwer Academic Publishers.

Saffer, D. (2007). Designing for interaction. Creating smart applications and
clever devices. New Riders.

Sanders, G. A. and Scholtz, J. (2000). Measurement and evaluation of embodied
conversational agents. In Cassell, J., Sullivan, J., Prevost, S., and Churchill, E.,
editors, Embodied Conversational Agents, pages 346–373. MIT Press.
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Glossary

(Perceived) Aesthetics The degree to which users think the agent has a beautiful
or ugly appearance.

(Perceived) Affordances The degree to which users perceive the agent’s poten-
tials for action as aids or obstacles. Agents are likely to be perceived as
‘aids’ when they are efficient and/or give high-quality advice. Agents are
likely to be perceived as ‘obstacles’ when they are inefficient and/or give
low-quality advice.

Distance A felt tendency to psychologically avoid the agent. The concept of dis-
tance covers a broad range of neutral to negative affects toward an agent,
such as antipathy, aversion, irritation, boredom.

Engagement Engagement with an agent consists of parallel tendencies to ap-
proach (involvement) and avoid (distance) the agent. The two dimensions
of engagement (involvement and distance) are unipolar processes and run in
parallel.

(Perceived) Ethics The degree to which users think the agent is morally good or
bad. Depending on the context, a ‘good’ agent may be trustworthy, credible,
friendly, and have good intentions. A ‘bad’ agent may be untrustworthy,
incredible, unfriendly, and have bad intentions such as spying behavior or
deception.

Involvement A felt tendency to psychologically approach the agent. The concept
of involvement indicates the level of psychological investment in an agent,
and covers a broad range of neutral to positive affects toward an agent, such
as sympathy, empathy, challenge, identification, immersion.

(Perceived) Realism The degree to which users think the agent resembles a real
person or animal in form and behavior.
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(Perceived) Relevance The degree to which users think the agent is important for
their goals. Thus, relevance reflects the personal importance attached to the
agent. Relevance intensifies the affective reaction toward the agent.

Satisfaction A subjective sum of several user experiences with the agent, such as
involvement, distance and use intentions.

(Perceived) Similarity The degree to which users recognize themselves in an agent.
Recognition of the self in an agent can occur on dimensions such as face,
gender, ethnicity, personality, and attitude.

Use intention A felt tendency to use, or not to use, the agent. Use intention is a
bipolar construct.

Use Actual usage, such as asking the agent for advice.

(Perceived) Valence The degree to which users expect that interacting with the
agent results in a positive or negative outcome. Valence reflects the direction
(positive, neutral, negative) of the affective responses based on the implied
outcome of the encountered event.



Samenvatting (Dutch summary)

‘Embodied agents’ vanuit een gebruikersperspectief

In dit proefschrift staat de vraag centraal hoe computergebruikers reageren op zo-
genaamde embodied agents. Embodied agents zijn computerprogramma’s die op
het computerscherm verschijnen met een mens- of dierachtige verschijning. De
virtuele IKEA-medewerker Anna7 of Virtuele Katja8 op het Internet, de paperclip
in programma’s van Microsoft en karakters in virtuele werelden zoals Grand Theft
Auto zijn voorbeelden van embodied agents. Echter, het is onduidelijk waarom
computergebruikers zich emotioneel binden aan, betrokken voelen bij of juist af-
stand voelen tot een embodied agent en waarom zij een agent wel of niet willen
gebruiken. Om meer te weten over de wijze waarop betrokkenheidsprocessen en
interactieprocessen zich voltrekken, is het van belang om embodied agents vanuit
een psychologische invalshoek te onderzoeken. Oftewel, embodied agents dienen
vanuit het perspectief van de gebruiker onderzocht te worden als we meer te weten
willen komen over hoe computergebruikers reageren op zulke embodied agents.

Het doel van dit proefschrift is dan ook om meer inzicht te verschaffen in
de psychologische processen die worden opgewekt als een embodied agent op
het scherm verschijnt ten einde die ontwerpen te verbeteren. Om deze processen
nader te onderzoeken, is gebruik gemaakt van verschillende theorieën. Ten eerste
werd gebruik gemaakt van het PEFiC model (Perceiving and Experiencing Fic-
tional Characters), dat het betrokkenheidsproces verklaart van film- en televisie-
kijkers op fictieve personages, zoals Dracula en Superman. PEFiC stelt dat een
complex geheel van factoren zoals ethica (goed versus kwaad, betrouwbaar versus
onbetrouwbaar), esthetica (mooi versus lelijk), realisme, gelijkenis (bijvoorbeeld
in uiterlijk of gedrag), persoonlijke relevantie, en valentie (positieve of negatieve
uitkomstverwachtingen) bijdragen aan de emotionele binding met fictieve person-
ages, oftewel aan het betrokkenheidsproces. In dit proefschrift is het PEFiC model

7http://www.ikea.com
8http://www.katja-schuurman.com
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aangepast aan het embodied agent domein. Embodied agents, in tegenstelling tot
fictieve karakters, hebben een interactieve component. Gebruikers kunnen actief
met embodied agents interacteren en gebruikmaken van embodied agents bij de
taakuitvoering, zoals bij het zoeken naar informatie op het Internet. Het PEFiC
model is daarom uitgebreid met een interactieproces en wordt derhalve Interactive
PEFiC, oftewel I-PEFiC, genoemd. Dit interactieproces is gebaseerd op verschil-
lende theorieën uit de literatuur die verklaren waarom computergebruikers sys-
temen van allerlei aard wel of niet gebruiken. Het interactieproces stelt dat de
gebruiksmogelijkheden die een embodied agent aan de gebruiker verschaft (affor-
dances) bepalen of een gebruiker een embodied agent wel of niet wil gebruiken.
Het stelt verder dat de relevantie van de agent voor de taak van de gebruiker en
de uitkomstverwachtingen die de gebruiker heeft (bijvoorbeeld, is de agent effec-
tief en efficient?) hierbij ook een rol spelen. I-PEFiC veronderstelt verder dat
gebruikerstevredenheid afhangt van zowel het betrokkenheidsproces als het inter-
actieproces. I-PEFiC bestaat dus uit twee lagen. De eerste laag heeft te maken met
de karakterkant van embodied agents, en beschrijft een betrokkenheidsproces. De
tweede laag heeft te maken met de systeemkant van embodied agents en beschrijft
een interactieproces.

Ondanks dat het I-PEFiC model is gebaseerd op bestaande theorieën en model-
len, dient het model nader, empirisch, onderzocht te worden. Er dient bijvoor-
beeld onderzocht te worden of factoren die reacties van kijkers op fictieve per-
sonages in films kunnen verklaren, ook werkelijk reacties van computergebruik-
ers op embodied agents kunnen verklaren. Interessant is verder of de typische
karakterfactoren (zoals esthetica en realisme) ook het interactieproces of de sys-
teemkant van mens-agent interacties beı̈nvloeden en of de typische interactiefac-
toren (zoals affordances, taakrelevantie) ook het betrokkenheidsproces of de karak-
terkant beı̈nvloeden. Om dit te onderzoeken, zijn in dit proefschrift verschillende
empirische studies uitgevoerd. Er werden steeds één of meer factoren van een em-
bodied agent gevariëerd om het (gecombineerde) effect op de emotionele binding,
gebruiksintenties en tevredenheid te onderzoeken.

Tabel 1.1 in Hoofdstuk 1 geeft een overzicht van de gemanipuleerde en geme-
ten factoren per studie. In Hoofdstuk 2 vroegen wij ons af of (vorm) realisme een
sleutelfactor is voor gebruikersreacties op embodied agents, of dat andere factoren
belangrijker zijn. Resultaten lieten zien dat esthetica and taak-relevantie belang-
rijker waren dan realisme. In Hoofdstuk 3 vroegen wij ons daarom af hoe es-
thetica, een factor van de karakterkant van I-PEFiC, en affordances, een factor
van de system- of taakkant van het model, gebruikersreacties op embodied agents
beı̈nvloeden. De resultaten lieten een sterk effect zien van affordances binnen de
systemkant, maar ook een sterk kruis-effect naar de karakterkant (zie ook Figuur
1.3). In Hoofdstuk 4 besloten we daarom de effecten van affordances op gebrui-
kersreacties nader te bestuderen. We vroegen ons af hoe affordances en gezichts-
gelijkheid tussen gebruiker en embodied agent, een andere factor uit de karak-
terkant van het model, gebruikersreacties beı̈nvloeden. Affordances hadden weer
een groot effect binnen de systeemkant als ook een sterk sterk kruis-effect naar de
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karakterkant. Gezichtsgelijkheid had een effect binnen de karakterkant, en inter-
essant genoeg, ook naar de systeemkant, maar alleen voor mannen. De effecten
van gezichtsgelijkheid waren opmerkelijk, aangezien proefpersonen zich niet be-
wust waren van de manipulatie van gezichtsgelijkheid. In Hoofdstuk 5 vervolgden
wij de studie naar gelijkheidseffecten, maar op een andere dimensie. We vroe-
gen ons af of gelijkheid van lichaamsomvang en ideaalheid van lichaamsomvang
(wat gerelateerd is aan de factor esthetica) invloed hebben op gebruikersreacties op
embodied agents. Het bleek dat een niet-ideaal figuur een sterker effect had dan
gelijkheid op zowel de karakterkant als de systeemkant, en dat deze effecten vooral
indirect plaatsvonden, via percepties van ethica. Interessant was dat de niet-ideale
(dikkere) agenten als ethisch beter (betrouwbaarder) werden gezien dan de ideale
(dunnere) agenten.

Gebaseerd op deze resultaten, die ook gepresenteerd zijn in Tabel 6.1, kun-
nen we nu het volgende antwoord geven op de vraag hoe computergebruikers
reageren op embodied agents. De systeemkant van mens-agent interactie is be-
langrijker voor de verschillende gebruikersreacties dan de factoren van de karak-
terkant die te maken hebben met het uiterlijk van de agent (realisme, esthetics,
gezichtsgelijkheid, gelijkheid en ideaalheid van lichaamsomvang). De factor eth-
ica is een opmerkelijke uitzondering. Ondanks dat de factor ethica behoort tot
de karakterkant, is het belangrijk voor alle verschillende gebruikersreacties, dus
ook voor gebruiksintenties. Een slecht karakter wordt liever niet gebruikt. Op-
merkelijk is dat de typische interactiefactor affordances meer van belang lijkt te
zijn voor emotionele binding dan een aantal typische karakterfactoren zoals es-
thetica, realisme en gezichtsgelijkenis, die alle met het uiterlijk van de agent van
doen hebben. Uiterlijke factoren van de karakterkant kunnen gebruikersreacties
wel op onverwachte manieren beı̈nvloeden, in combinatie met een factor van de
systeemkant, affordances. Als affordances de gebruiker belemmeren om zijn doel
te behalen, kan een positief kenmerk zoals schoonheid en gezichtsgelijkheid een
negatief effect hebben op gebruikersreacties. Verder nemen gebruikers een em-
bodied agent binnen hun taak- of doelcontext waar, in termen van taakrelevantie
en valentie (verwachtingen of het gebruik van de agent wel of niet zal leiden tot
taakvolbrenging). Een agent die wordt waargenomen in termen van affordances en
ethica wordt ‘getoetst’ op taakrelevantie en valentie, en deze percepties van rele-
vantie en valentie brengen vervolgens de verschillende gebruikersreacties teweeg
(relevantie en valentie zijn zogenaamde ‘mediatoren’). Gebruikerstevredenheid,
ten slotte, hangt af van zowel het betrokkenheidsproces als het interactieproces, en
is dus een complex construct. Dat een gebruiker tevreden is met een agent wil nog
niet zo veel zeggen over wat er werkelijk in zijn of haar hoofd omgaat. Gebaseerd
op het bovenstaande kunnen we een vijftal opmerkelijke gevolgtrekkingen onder-
scheiden: 1) realisme is niet zo belangrijk voor emotionele binding en gebruiksin-
tenties, 2) wat mooi is hoeft nog niet gebruikt te worden, 3) affordances en ethica
zijn centrale factoren voor emotionele binding en gebruiksintenties, 4) positieve
kenmerken hoeven niet altijd tot positieve effecten te leiden, en 5) relevantie en
valentie van gebruikersdoelen zijn mediatoren.
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De resultaten van de studies hebben geleid tot de ontwikkeling van het Herziene
I-PEFiC model (zie Figuur 6.1), dat op empirische basis de psychologische pro-
cessen beschrijft die worden opgewekt als een embodied agent op het scherm ver-
schijnt. Dit proefschrift heeft dus een bijdrage geleverd aan theorievorming ron-
dom embodied agents. Natuurlijk kunnen deze inzichten ook gebruikt worden in
de praktijk, door ontwerpers van embodied agents. Het is voor ontwerpers bijvoor-
beeld van belang te beseffen dat de interactiecomponent van agents en de taken van
gebruikers niet alleen van cruciaal belang zijn voor gebruiksintenties, maar dat ze
zelfs ook de emotionele binding met agents sterk beı̈nvloeden, sterker dan het uiter-
lijk van agents. Een realistische of mooie agent is dus zeker niet zaligmakend. Een
grafisch knap ontworpen uiterlijk kan ook niet compenseren voor een onhandige
interface of slecht functionerende software. Het kan dan zelfs nog negatiever uit-
pakken dan bij een lelijke interface. Een effectieve designer maakt een agent eerst
intelligent genoeg zodat de gebruiker er werkelijk iets aan heeft, om daarna pas als
toegevoegde waarde het uiterlijk van de agent tot grotere schoonheid te brengen.
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