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On the Perceived Human-likeness of Virtual
Health Agents: Towards a Generalized
Measurement of Anthropomorphism

Peter A. M. Ruijten

Eindhoven University of Technology.
p.a.m.ruijten@tue.nl

Abstract. An important factor in the effectiveness of virtual health
agents is the extent to which they are perceived as human-like. This
perceived human-likeness (anthropomorphism) could create expectations
about the agent’s abilities. However, the concept anthropomorphism is
interpreted in different ways, leading to different operationalizations.
This paper discusses differences between those interpretations and pro-
poses a measuring instrument for anthropomorphism based on the Rasch
model. This instrument tests whether or not certain human-like charac-
teristics are attributed to a virtual agent. Data from a number of studies
are presented to show the reliability and validity of using this method. Fi-
nally, the paper discusses the method’s added value in the measurement
of anthropomorphism, as well as future steps to be taken.
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1 Introduction

Intelligent virtual agents (IVA’s) are often described as interactive characters
with several human-like abilities. They can communicate with humans or with
each other using for example facial expressions, speech, and gestures. IVA’s are
increasingly often used in health care domains. The benefits of this technology
are clear: they can be made available at any time and place with the use of
mobile platforms, they can adapt to the needs and desires of clients, and they
contribute to affordable and accessible health care for everybody.

A crucial element in the effectiveness of IVA’s in health care and other do-
mains is how people perceive them (Beale & Creed, 2009). Virtual health agents
are often designed to look human-like (see e.g. Neff, Wang, Abbott, & Walker,
2010). This human-likeness can influence people’s responses to them in two ways.
If the virtual health agent looks very human-like, this creates high expectations
about the agent’s capabilities. When the agent does not meet these expectations,
this could cause rebound effects (e.g. Khazzoom, 1980) and make the agent less
effective. If on the other hand the agent looks too artificial, people are more likely
to perceive it as a computer program, also decreasing the agent’s effectiveness.
People’s perceptions of virtual health agents’ human-likeness could thus strongly
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influence the effectiveness of replacing human health services with agent-based
services. This perceived human-likeness can be classified as the result of at-
tributing human-like characteristics to (i.e. anthropomorphizing) virtual health
agents.

2 Conceptualizing Anthropomorphism

Anthropomorphism is generally defined as the tendency to attribute human-
likeness to non-humans (e.g., Guthrie, 1993; Nass & Moon, 2000; Duffy, 2003;
Epley, Waytz, & Cacioppo, 2007; Bartneck, Kulić, Croft, & Zoghbi, 2009). This
definition is quite abstract, and different researchers appear to have different
interpretations of the concept. These interpretations vary on at least three fac-
tors. First, it is viewed as either an attribute of a person or an attribute of a
virtual agent. Second, it can be based on experiences with the agent or based on
expectations a person has of that agent. And finally, it can be measured either
explicitly or implicitly.

2.1 Person versus Agent

Some researchers interpret anthropomorphism as an attribute of virtual agents.
For example, Bartneck et al. (2009) described anthropomorphism as a result
of realistic human-like appearances. In the description of the workshop on vir-
tual health agents, those agents are stated to have anthropomorphic elements,
indicating that anthropomorphism is regarded to be an attribute of an agent.
Indeed, several factors in the design of technology could increase its perceived
human-likeness (see e.g. Fink, 2012). Some examples of such design elements are
eyes or other facial features that enable the expression of emotions, a voice that
can be used for communication, and human-like shapes such as arms and legs.
The more human-like elements are included in the design of IVA’s, the more
they provide opportunities for them to be anthropomorphized.

Anthropomorphism can also be represented as an attribute of a person (e.g.,
Epley et al., 2007; Waytz, Cacioppo, & Epley, 2010). Personality traits or psycho-
logical states could make an individual more or less likely to attribute human-like
characteristics to IVA’s. For example, people with a low need for cognition (i.e.
those who are not inclined towards effortful cognitive activities, see Cacioppo &
Petty, 1982) were found to be more likely to attribute human-like characteristics
to objects than people with a high need for cognition (Epley et al., 2007).

It seems to be evident that characteristics of both virtual agents and their
users can trigger anthropomorphic responses, which could increase the effective-
ness of those agents. I argue that both elements should be included in the design
and evaluation of virtual health agents in order to maximize their effectiveness.

2.2 Experiences versus Expectations

The second factor on which interpretations differ is whether anthropomorphism
is based on experiences with an agent or based on expectations a person has
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of that agent. Some researchers argue that people attribute human-like charac-
teristics to non-humans based on representations they have of oneself or other
humans (Epley, Waytz, Akalis, & Cacioppo, 2008), or they refer to a process
whereby people imbue the real or imagined behavior of non-humans (Waytz,
Morewedge, et al., 2010). These conceptualizations of anthropomorphism do not
rely on previous experiences with virtual agents, as they describe the concept as
a way of coping with uncertainties.

Anthropomorphism could also be conceptualized as the result of an interac-
tion with a virtual agent. Several researchers describe the concept as a result
of observations (e.g. Duffy, 2003) or experiences (e.g. Lemaignan, Fink, Dil-
lenbourg, & Braboszcz, 2014). In these conceptualizations, the attribution of
human-like characteristics to virtual agents is a result of people’s interactions
with those agents.

The difference between these two conceptualizations is relevant for the assess-
ment of anthropomorphic perceptions. If anthropomorphism is conceptualized as
a result of interactions, it is not possible to predict people’s responses to virtual
agents based on the extent to which they attribute human-like characteristics to
them. Since the distinction between interpreting anthropomorphism as a result
of experiences or of expectations could determine the procedure of experiments,
this interpretation should always be clearly described in empirical work.

2.3 Explicit versus Implicit Measurement

The third factor on which interpretations differ is closely related to how an-
thropomorphism is measured. For example, Nass and Moon (2000) describe
anthropomorphism as involving thoughtful, sincere beliefs that an object has
human-like characteristics, and measured it by asking people whether they would
respond socially to a computer. Likewise, Waytz, Morewedge, et al. (2010) mea-
sured anthropomorphism by having people report the extent to which they
thought an object has abilities like free will and a mind of its own. In this way,
people are encouraged to reflect on their perceptions of an IVA’s (imagined)
behavior, conceptualizing it as something people are consciously aware of.

Another way of conceptualizing the extent to which people attribute human-
like characteristics to virtual agents (or other objects) is by capturing their
automatic responses to them. People’s automatic behavior could for example be
influenced by exposure to anthropomorphized objects (Chartrand, Fitzsimons,
& Fitzsimons, 2008) or by activating feelings of loneliness (Ruijten, Midden, &
Ham, n.d.). Also, people respond socially to computer agents (and objects) at a
spontaneous level, but not at an intentional level (Roubroeks, Ham, & Midden,
2011). These findings suggest that anthropomorphism is an unconscious rather
than a conscious process, and therefore should be measured on an implicit level.

2.4 Summarizing the interpretations

The three factors described above are important for both the theoretical con-
ceptualization of anthropomorphism and the operationalization of the concept.
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For example, anthropomorphic perceptions of an IVA based on expectations of
that agent should be measured at the beginning of an experiment, whereas such
perceptions based on experiences with an agent should be measured at the end.
This and other distinctions are presented in Table 1, providing an overview of
which operationalization is important in what phase of an experiment.

Table 1. Overview of the different distinctions in interpretations of anthropomorphism
and how they can be operationalized in different phases of an experiment.

Phase Distinction Operationalization

Design Person It is a psychological attribute
Object It is a technological attribute

Procedure Expectation It is measured at the beginning
Experience It is measured at the end

Measurement Explicit It is measured with a questionnaire
Implicit It is measured with a behavioral measure

I would like to point out one interesting phenomenon. There seems to be
consensus about anthropomorphism being an unconscious process (e.g. Guthrie,
1993; Epley et al., 2007; Roubroeks et al., 2011; Ruijten, 2015). However, most
researchers appear to measure anthropomorphism with questionnaires (e.g. Bart-
neck et al., 2009; Waytz, Morewedge, et al., 2010). This operationalization does
not match the conceptualization of anthropomorphism, and can thus be consid-
ered to be insufficient for measuring the concept. For this reason, it would be
valuable to have a measuring instrument in questionnaire form that is able to
measure anthropomorphism on an implicit level, or at least less explicitly.

Concerning the attribution of human-like characteristics to non-human ob-
jects, it seems to be more reasonable to test whether a person attributes a
characteristic or not than to measure the extent to which that characteristic is
attributed. For example, a virtual agent can be perceived as either having free
will or not. There is no middle ground here. So, a measuring instrument for an-
thropomorphism should test whether or not certain human-like characteristics
are attributed to a virtual agent. Ideally this instrument should also be able
to show which characteristics are more likely and which are less likely to be
attributed to virtual agents.

One model that is able to map a person’s predisposition to anthropomorphize
and the extent to which a virtual agent is perceived as human-like based on
responses to dichotomous (yes/no) questions, and thus seems highly suitable
for measuring anthropomorphism, is the Rasch model (e.g., Bond & Fox, 2013;
Haans, Kaiser, Bouwhuis, & IJsselsteijn, 2012).

3 The Rasch Model

The Rasch model (see Equation 1) describes the natural logarithm of the odds
of attributing a specific human-like characteristic i as an additive function of a
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person n’s general predisposition to anthropomorphize (θn) and the difficulty to
attribute that specific human-like characteristic to an IVA (δi).

ln

(
P (xni = 1)

1 − P (xni = 1)

)
= θn − δi (1)

The model has two basic assumptions. First, a person with a higher predis-
position to anthropomorphize is expected to have a higher chance of attributing
any human-like characteristic to an IVA than a person with a lower predispo-
sition to anthropomorphize. Second, all people are expected to have a higher
chance of attributing an item that is low in human-likeness to an agent than of
attributing an item that is high in human-likeness to that same agent.

Both parameters in the equation (predisposition to anthropomorphize θ, and
item difficulty δ) are expressed on an interval scale in log odd units (also called
logits, see Bond & Fox, 2013). For more detailed explanations of the Rasch
model, see e.g., Bond and Fox (2013) and Haans et al. (2012).

The greatest advantage of using the Rasch model for measuring anthropo-
morphism is its potential to simultaneously compare the anthropomorphism of
different virtual agents, and people’s predispositions to anthropomorphize on a
single dimension. Moreover, the Rasch model assumes unidimensionality in the
data, and reports the extent to which the data match this expected unidimen-
sionality. An additional advantage of the model is that by using a so-called ‘item
bank’, items in the measuring instrument can be deleted and/or replaced with-
out influencing the instruments’ validity, which enables the use of different sets
of items in different studies (see Wright, 1977).

4 Applying the Rasch Model to the Measurement of
Anthropomorphism

In a series of experiments, I have tested whether the Rasch model can success-
fully be applied to the measurement of anthropomorphism. For this purpose,
a measuring instrument was created and tested in different experiments. These
experiments had differing contexts and purposes, most of them within the do-
main of human-robot interaction. For this reason, the items of the questionnaire
mostly describe abilities of robots. In the next sections, a number of experiments
are described that were mainly designed to test the instrument’s construct va-
lidity, the extent to which it is comparable to other instruments, and its ability
to compare between different types of agents.

4.1 Creating and Testing the Construct Validity of the Scale

As a first step, a list of 37 human-like characteristics was created, largely based
on work on humanness and anthropomorphism (e.g. Haslam, Bain, Douge, Lee,
& Bastian, 2005; Haslam, Loughnan, Kashima, & Bain, 2008; Bartneck et al.,
2009; Waytz, Morewedge, et al., 2010; Eyssel, Hegel, Horstmann, & Wagner,
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2010). Examples of these items are the ability to detect objects, to anticipate on
events in the environment, to understand a language, to understand emotions of
others, and to be self-conscious.

For construct validity purposes, the extent to which the characteristics were
perceived as human nature and uniquely human, concepts that are strongly
related to anthropomorphism, were measured. Results showed significant corre-
lations between item difficulties (the difficulty of attributing item i to a robot,
δi) and human nature (r = .60, p < .001) and between item difficulties and
human uniqueness (r = .44, p < .01). The higher a characteristic was rated on
human nature and/or human uniqueness, the more difficult it was to attribute
that specific human-like characteristic to a robot.

The list of 37 items was used in follow-up experiments and compared with
other measuring instruments. Also, its sensitivity to distinguish between different
types of agents was tested. These experiments had different contexts and designs,
making some items less relevant or applicable. For this reason, subsets of the 37-
item list (the ‘item bank’ as described before) were used in every experiment.
In the remainder of this paper, I will refer to the measuring instrument as the
Rasch-questionnaire.

4.2 Comparing Responses to Other Measuring Instruments

In a follow-up experiment, an adjusted 25-item version of the Rasch-questionnaire
was compared with two other available measuring instruments for anthropomor-
phism: the Godspeed-questionnaire developed by Bartneck et al. (2009) and the
anthropomorphism questionnaire developed by Waytz, Morewedge, et al. (2010),
which will be referred to as the Waytz-questionnaire. In this experiment, 131
participants completed all three questionnaires. Results showed significant cor-
relations between the Rasch- and the Godspeed-questionnaire (r = .22, p < .01)
and between the Rasch- and the Waytz-questionnaire (r = .46, p < .001).

Fig. 1. Measurement ranges of each of the three measuring instruments. Each dot
represents a person in this experiment. The horizontal axis represents predispositions
to anthropomorphize, ranging from low (left) to high (right).
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These correlations were significant but rather low. The main cause for this
could be that the range in difficulty of attributing a certain item to a robot
was much higher for the Rasch-questionnaire than for the other two question-
naires (see Figure 1). In this figure, the ranges of each of the three measuring
instruments are shown in comparison with participants’ predisposition to anthro-
pomorphize. The figure shows that the Rasch-questionnaire is the most reliable
in measuring a broad range of human-like characteristics.

4.3 Comparing Responses to Different Types of Agents

Next, I investigated whether the Rasch-questionnaire was able to distinguish be-
tween four different types of agents: algorithms, computers, robots, and humans.
In this experiment, 202 participants played eight rounds of the Ultimatum Game
(as described in Güth, Schmittberger, & Schwarze, 1982) with one of the four
different types of agents, after which they completed the Rasch-questionnaire.
Results showed that agent type significantly influenced perceived anthropomor-
phism, F (3, 201) = 42.04, p < .001, η2 = .39. More specifically, anthropomor-
phism was highest for humans (M = 3.50, SE = .34), followed by robots (M =
-0.63, SE = .39), algorithms (M = -1.53, SE = .40) and computers (M = -1.60,
SE = .32).

This result shows that the Rasch-questionnaire is able to detect differences
between types of agents. An important next step is to investigate whether it
could also detect differences between different IVA’s. For this, agents with various
capabilities like autonomous movements, speech, and different personalities could
be used.

4.4 Comparing Item Difficulties between Experiments

The Rasch-questionnaire has been used in a number of experiments. These exper-
iments were performed online or in lab settings, investigated responses to specific
robots/agents or robots in general, and had participant numbers ranging from
36 to 202. For the internal validity of the Rasch-questionnaire, an important
factor is the extent to which the (ordering of) item difficulties across those dif-
ferent experiments correlate. To achieve high internal validity, an item that is
difficult to attribute to a robot/agent in one experiment should also be difficult
to attribute to robot/agent in another experiment.

Item difficulties in the Rasch-questionnaire were compared across eight ex-
periments, and results showed strong and significant correlations between the
item difficulties in almost all studies. Figure 2 shows three of the correlations
between the item difficulties in different experiments. These correlations repre-
sent three categories: very high (p < .001), moderate (p < .01), and small (n.s.).
All correlations except one were significant, showing high internal validity of the
Rasch-questionnaire across experiments.

An explanation for the insignificant correlation could be found in the design
of the experiments. In the experiment where participants evaluated the robot
MyRo, they had experienced a robot that initiated laughter whenever something
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Fig. 2. Correlations between item difficulties in three combinations of experiments,
with (a) robots in general versus virtual agents after interaction, r = .87, p < . 001,
(b) robots in general versus robot after interaction, r = .58, p < . 01, and (c) robot
after interaction versus virtual agents after interaction, r = .24, p = .41. Each dot
represents an item that was used in both experiments.

funny was shown on a television. In the other experiment, participants played
rounds of the Ultimatum Game with one of four different types of agents. Items
representing cognitive abilities like being ambitious or self-conscious were more
difficult to attribute to the laughing robot than to the four different types of
agents in the Ultimatum Game experiment. Items representing more physical
attributes like detecting objects or anticipating on the environment were easier
to attribute to the (physical) laughing robot than to the types of agents in the
Ultimatum Game experiment, of which participants had only seen a picture.

The finding that cognitive abilities were more easily attributed to agents in a
decision making game, and that physical abilities were more easily attributed to
an embodied robot should come as no surprise. Decision making processes could
be associated more with cognitive attributes, whereas embodiment is obviously
more associated with physical attributes. This could explain the insignificant
correlation between the item difficulties across these two studies.

5 Conclusions and Future Work

In this paper, I argued that the way in which virtual health agents are perceived
by their users, especially on their human-likeness, is a crucial factor for their
effectiveness. I have presented a theoretical overview of the concept anthropo-
morphism, and showed how different interpretations of its general definition have
caused different operationalizations of the concept. Next, I argued for using the
Rasch model for the measurement of anthropomorphism, and presented a brief
overview of a number of experiments that showed that the Rasch-questionnaire
is a valid and reliable instrument for measuring anthropomorphism.

The most important next step is to create a list of items that are applicable to
virtual health agents and use those items for measuring people’s perceptions of
those agents. Ultimately, this new questionnaire could be used in future research
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that investigates the development of effective virtual health agents that can
contribute to affordable and accessible health care for everybody.
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