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Abstract 
The uncanny valley phenomenon [15] is the tendency to 
perceive human-looking characters with nonhuman 
features as eerie. One of its attributed symptoms is a loss 
of emotional empathy. To investigate this, participants 
completed an affective priming task with video primes of 
computer-generated characters subjected to either a 
harmless or harmful event followed by a word 
categorization. Participants concluded by rating the 
characters on humanness, eeriness, warmth, and pleasure 
to self indices. Harmful events befalling more humanlike or 
less eerie characters were reported as less pleasant. 
Although a similar result was observed in the affective 
priming task, the results did not reach significance. 
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Introduction 
Empathy involves taking on the emotional states of 
social others [2,16]. In humans empathy is marked by 
sharing others’ moods and emotional states. This 
affective response occurs for both evocative states and 
events. The leading candidates for this affective 
response are the mirror neurons in the shared circuits 
of the brain [5]. It involves the creation of an 
interpersonal bond, which offers potential therapeutic 
benefits [7,10]. Virtual human agents or virtual 
characters have been built to substitute humans where 
there is lack of personnel, when elderly or disabled 
people are alone and want to mitigate their feelings of 
loneliness, creating an illusion of cooperating with a 
human partner rather than using a tool [3]. These 
virtual human agents have the ability to gather 
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information, monitor healthcare, and in turn act as 
companions to elderly patients [10]. However, such 
agents lack social intelligence, which supports affective 
communication in person–person social interactions 
[5,11]. Because the human capacity for recognizing 
others’ emotional state is a key requirement for dialog 
initiation [3], suppression of emotional empathy can 
ruin the social interaction between a human and a 
virtual human agent. Thus, it is important to identify 
any phenomenon in computer modeling that 
suppresses emotional empathy and gain an 
understanding of the underlying mechanisms. 

Replicating social interactions requires the virtual 
characters to appear and act like real humans without 
falling into the uncanny valley [15]. Uncanny valley is 
the perception of human-looking characters with 
nonhuman appearance or behavior as eerie [13,18,20]. 
It has been proposed that a perceiver’s shared circuits 
for empathy may be inhibited when nonhuman 
characters possess human qualities perceived as grave 
defects in human beings. The ability of the perceiver to 
feel empathetic concern towards the character is 
reduced [14]. However, there have been no empirical 
studies of the relation between empathy for virtual 
human characters and the characters’ appearance.   

As an initial step, the present research investigated the 
relation between a heterogeneous set of computer 
modeled characters and a subset of emotional 
empathy: empathetic concern, which is the ability to 
not only reason about one’s thoughts and feelings, but 
also share the feelings [1,17,18]. This is a beneficial 
starting point to understand how humans empathize 
towards broad semantic categories of objects and other 
characters and how human emotion and performance 

are influenced by the appearance of such characters. To 
test for this, an implicit automatic process [4], priming, 
was used. Priming has been shown to have affective 
dimensions [12] and may be used to gauge affect 
between positivity and negativity. An affective priming 
task measures implicit positive or negative conceptual 
associations with one or more objects. The first part of 
the present priming task (the prime) is novel because it 
uses as primes video clips with harmful or harmless 
events acting on characters. The second part of the 
task involves categorizing words (the target) rapidly as 
either pleasant or unpleasant.  

The theoretical assumption, based on mirror neuron 
activation, is that the same circuits in the human brain 
are shared in identifying the intentions of others based 
on one’s own intentions [13]. Neuroimaging studies 
have identified activation of mirror neuron system and 
other shared circuits for characters with high human 
photorealism than for those with low human 
photorealism [5]. Thus, given past research, people are 
expected to have greater empathetic concern towards 
characters with higher human photorealism through 
increased activation of shared circuits. This expectation 
leads to two predictions: 

 Video primes of characters with higher human 
photorealism and harmful event will produce 
negative affect. 

 Video primes of characters with higher human 
photorealism and harmless event will produce 
positive affect. 

This in turn generates the following hypotheses within 
the affective priming paradigm: 

 When the prime produces negative affect, 
response times are greater (slower) for 

                 Figure 1. Characters used in          

                 the experiment 
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positive target items and less (faster) for 
negative target items. 

 When the prime produces positive affect, 
response times are greater for negative target 
items and less for positive target items. 

Method1 
Overview. Although a human can interact with a dog, 
for instance, the richness of discourse increases with 
the affordances offered by a human conversation 
partner. This motivated the selection of different face-
value classes of characters. The present experiment 
used videos of four classes of characters varying in 
human photorealism: three-dimensional computer-
modeled objects, fantasy beings, and human beings, 
and photographs of real human beings. Through 
deductive reasoning, the literature would also predict 
that the level of similarity with real humans affects the 
strength of the priming. Following the priming task, the 
participants rated the characters on scales of 
humanness, eeriness, warmth, distress, and pleasure to 
self [8].  

Participants. A total of 355 participants, aged 18–65 
years, were solicited by email from a randomized 
exhaustive list of undergraduates attending Indiana 
University.2 Of the 347 participants (Mage = 23.17, SDage = 
7.53) who completed this experiment, 65% were female 
and 35% were male. The experiment was unsupervised 

                                                 
1 Visit http://sandbox.informatics.iupui.edu/~presrini/CHI2013/ to 

view the experiment. 
2 The participants reflected the demographics of the university’s 

undergraduate population (80.1% non-Hispanic white, 6.9% 
African American, 3.4% Asian, 3.0% Hispanic, and 6.6% foreign or 
unclassified). 

and was assigned through an access-controlled website. It 
used a within-group repeated measures design, in which 
the stimuli were presented in the same trials with the 
order of trials randomized for each participant. 

Stimuli. Autodesk Maya 2011 was used to render six 3-
dimensional characters: a chair, Cramer (a humanoid 
robot), Creature (an elephantine being), a zombie, a man, 
and a woman. In addition, photographs of a real man and 
a real woman were used. The classes of characters were 
chosen to fall under four categories: those with no life 
(object), those imagined with life (fantasy beings), 
humans but computer modeled, humans but photographs 
of real human beings. The priming task used videos of 
these characters as primes. Each video was 0.13 s long. 
Every character was recorded in one video with no event 
and one video with a negative event: the character being 
impaled by a spear. 

Procedure: Primed categorization Task. Both the 
primes and targets filled a central region of the computer 
screen of 800 pixels wide by 600 pixels high. At the 
beginning of each trial of the priming task, a video was 
presented. After the end of the video, a positive or 
negative word was presented as a target item in addition 
to two instruction faces (happy and sad) (Table 1). From a 
random process, one face was placed at the top left 
corner and the other face at the top right. Participants 
associated each target word with one of the emoticons by 
pressing the keyboard key: ‘z’ to associate the target 
word with the face at left and ‘/’ to associate the target 
word with the face at right. There was a 50-ms interval 
between the presentation of the prime and the target 
item, and a 1000-ms interval between trials. 

Table 1. Configurations of Targets and 

Instructions with Correct Responses 

Top 

Left 

Centered 

Target 

Top 

Right 

Correct 

Response 

 
Positive 

word 
 z 

 
Positive 

word 
 / 

 
Negative 

word 
 z 

 
Negative 

word 
 / 
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For each trial, response times (RTs) were recorded as the 
time elapsed between the presentation of the target and 
faces and the registering of the correct response. The first 
incorrect response registered for each trial was also 
recorded and was used to calculate the proportion of 
errors (PEs). 

Ratings of humanness, eeriness, warmth, and 
pleasure to self3. Following the priming task, each 
character was rated on humanness, eeriness, warmth, 
and pleasure to self [8].  
 
Distress from negative videos. Each of the videos of 
characters being hit by a spear was rated based on the 
perceived distress ratings. The perceived distress 
ratings were obtained by reversing the pleasure to self 
ratings.   

Data Analysis 
Data were analyzed using IBM SPSS Statistics 19. Test 
trials with response latency less than 250 ms were 
recoded as 250 ms, and trials with response latency 
above 3,000 ms were recoded as 3,000 ms [18]. Next, 
to remove positive skew, each recorded value for 
response time (RT) was replaced by its base-10 
logarithm (log10). 

Results 
Explicit Measures 
Ratings of humanness, eeriness, warmth, and pleasure 
to self. The four scales demonstrated high reliability: 

                                                 
3 All the indices consisted of 7-point semantic differential items 

ranging from –3 to +3 with 0 as neutral, –3 as strongly preferring 
the negative anchor and +3 as strongly preferring the positive 
anchor. Order effects were reduced by presenting the eight 
characters and the scales in random order. 

humanness Cronbach’s = .947, eeriness  = .914, 
warmth  = .949, and pleasure to self  = .942. 
 
The real man and real woman were both the warmest 
and most human, whereas Zombie was the coldest and 
most eerie. Although the real man was more eerie than 
both the rendered man and rendered woman, the 
difference in rating was not significant. In addition, the 
real woman and Zombie elicited respectively the most 
and least pleasure to self (Figure 3).  
 
Distress from negative videos. The perceived distress 
scale was highly reliable:  = .945. The impaled real 
man and impaled real woman were most distressing, 
and the impaled Zombie was least distressing. This is 
the opposite result of the corresponding ratings for still 
images of the characters (Figure 3). 
 
Implicit Measures 
Performance by character. Overall, for the test trials, 
responses were fastest for the rendered woman 
(M = 764 ms, SD = 158 ms) and real woman (M = 763 
ms, SD = 161 ms) and were slowest for both of the 
fantasy beings, Zombie (M = 779 ms, SD = 157 ms) 
and creature (M = 778 ms, SD = 161 ms). The error 
frequency was least for the rendered man (M = 5.89%, 
SD = 23.5%) and real man (M = 5.96%, SD = 23.7%) 
and greatest for the rendered woman (M = 6.74%, 
SD = 25.1%). 
 
Performance by prime-target pairs. To determine the 
affect towards the characters, response times between 
prime (neutral, spear) and target words (positive, 
negative) were compared. Neutral events were used in 
calculating the baseline performance for each 
character. Baseline performance was defined as the 

 

 

        Figure 2. The mean ratings for  

        humanness, eeriness, and warmth  
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difference in RT between negative and positive target 
words for a neutral prime. The change in performance 
from the baseline when the character was shown as 
speared was also calculated. These two measures are 
represented in Figure 4. The difference in RT between 
the negative and positive target words for both the 
measures shown in the figure was defined as negative 
affect. Negative affect increased when all the 
characters were seen as being speared, except Zombie. 
A similar result was observed with PE.  
 
Discussion 
For characters with a higher degree of human likeness 
and a lower degree of eeriness, harmful primes were 
predicted to produce negative affect, and harmless 
primes were predicted to produce positive affect. 
Reported pleasure to self towards the characters was 
used as a proxy for the latent variable of degree of 
empathetic concern. The ratings indicated greater 
empathetic concern towards the real woman than for 
Zombie. Performance in the priming task corroborated 

explicit ratings of humanness, eeriness, warmth, and 
pleasure to self. The real man and real woman were 
more human, warmer, and less eerie than Zombie. 
Although the difference in pleasure to self between still 
images and negative videos was significant, the 
corresponding difference in priming task performance 
was not significant. This may have been caused by 
using target words having varying associations with 
pleasantness. Future studies with more polar words 
may help produce significant results in the priming 
task.  

The results from this study point to a single class of 
characters perceived as most human and least eerie: 
real humans. In addition, (Figure 3) empathetic 
concern is greater towards real humans than toward 
their computer-modeled counterparts. Future 
experiments with strictly human characters having 
controlled variations in human features, such as eye 
size or skin texture, can help clarify principles for 
creating virtual human agents for healthcare 
applications. 
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