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Virtual environments have been frequently used for training and skill

improvement. However, do real and virtual worlds engage the same

brain states in human perceivers? We measured brain activity using

functional magnetic resonance imaging (fMRI) while adults watched

movie and cartoon clips, simulating real and virtual visual worlds,

respectively. Relative to baselines using random static images, the

medial prefrontal cortex (MPFC) and the cerebellum were activated

only by movie clips of other humans. In contrast, cartoon clips of

human and non-human agents activated the superior parietal lobes,

while movie clips of animals also activated the superior parietal lobes.

Our fMRI findings suggest that the perception of real-world humans is

characterised by the involvement of MPFC and the cerebellum, most

likely for on-line representation of the mental states of others, whereas

the perception of virtual-world agents engages the parietal cortex in

attention to actions.

D 2004 Elsevier Inc. All rights reserved.
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Introduction

Virtual reality is increasingly used for training in a wide range

of contexts. For example, virtual human agents simulated using

cartoons have been used to help students learn to perform physical,

procedural tasks (Rickel and Johnson, 1999). Animated agents in

virtual environments have also been used for training skills that

require a high level of flexible, interpersonal interactions such as

psychotherapy (Beutler and Harwood, 2004). However, whether
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the human brain differentially perceives and interacts with agents

in the real and virtual worlds has been poorly understood. Recent

functional magnetic resonance imaging (fMRI) studies have shown

that, when we deal with actions assumed to come from real human

agents, specific brain regions, such as the medial prefrontal cortex

(MPFC), show stronger activation compared with when we assume

the actions come from animated agents simulated by computers

(Gallagher et al., 2002; Ramnani and Miall, 2004), suggesting that

specific neural substrates may be involved in discrimination

between human and non-human agents.

The current study assessed whether, when we simply perceive

human agents in the real world, different brain regions are engaged

compared with when we perceive agents in virtual worlds. To

investigate this, we used fMRI to measure brain activations when

participants observed movie and cartoon clips, which presented

brief sequences of actions involving humans in real-life situations

(movie clips) or actions involving either human or non-human

agents in virtual worlds (cartoon clips). Movies present real images

(photographs of a physical environment) whereas cartoons present

virtual images (a simulation on physical principles of that environ-

ment). Brain activity when watching the clips was compared with

random order static images from the movie and cartoon clips to

control for any differences in low level visual feature processing.

Relative to the baseline with static random images, movie or

cartoon clips presented continuous and coherent visual events that

induced explanatory predictions of behaviour. We aimed to identify

if there are neural substrates differentiating the perception of human

agents in the real visual world (in movie clips) from the perception

of human or non-human characters in a virtual world (in cartoons).
Material and methods

Subjects

Twelve adults (6 male; 21–41 years of age, mean 25.5) with no

neurological or psychiatric history participated in this study. All





the corresponding static images were upright in two scans whereas

upside down in the other two scans. The sequence of the four scans

was counterbalanced across subjects. Two scans of 140 s were

obtained from the same group of subjects who was shown with

Movie II on a separate day.2
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Fig. 4. Illustration of brain activations in the contrast between cartoons of non-human agents and random static images. Activations were observed in bilateral

MT and the posterior STS, the medial occipital cortex (Occ), and the left and right superior parietal lobule (SPL).

Fig. 3. Brain activations associated with viewing upright movie clips of humans in real visual scenes. (a) The contrast between upright movie clips and random

static images. The results of random effect analysis from 12 subjects were plotted on MR images of a representative subject. Coordinates are described with

reference to the Tailarach system. The colour bar indicates the scale of z values. Activations were observed in bilateral MT and the posterior STS, the medial

occipital cortex (Occ), the MPFC, and the left cerebellum (Cer). (b) The MPFC activation in the contrast between upright movie clips and the blank screen

(centered at 6, 60, 23, Z = 3.35, P b 0.001, uncorrected). (c) The MPFC activation in the contrast between the blank screen and random static images from the
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such as motion, shape, and colour were identical in the upright

and inverted stimuli, we would expect effects associated with

low-level features to be the same in Conditions C and A. The

contrast of inverted movies–random static images showed

bilateral activation of MT and the posterior STS (centred at

�50, �66, 7, Z = 4.90, P b 0.001, corrected, and 55, �62, 8, Z

= 4.62, P b 0.001, corrected), the occipital cortex (centred at

�22, �93, 8, Z = 4.11, P b 0.001, corrected), and the left

fusiform gyrus (centred at and 39, �60, �13, Z = 4.57, P b 0.02,

corrected, see Fig. 5). Now there was also bilateral activation of

the SPL (centred at �10, �55, 60, Z = 4.11, P b 0.01, corrected,

and 28, �61, 49, Z = 3.92, P b 0.01, corrected), similar to that

associated with upright cartoons. However, no activation in the

MPFC or the cerebellum was observed in Condition C, indicating

that activations observed in these areas in Condition A could not

be attributed to specific low-level feature variations in upright

movies. The increased activation of the fusiform gyrus for

inverted movies may be due to increased attention to the visual

features of the scenes or the difficulty of recognising inverted

faces, so that extra neural activation is required (though see

Kanwisher et al., 1998).

In Condition D, we assessed whether perception of human

agents in a virtual visual world activated similar brain regions

associated with the perception of human agents in the real
Fig. 5. Brain activations associated with viewing inverted movies of humans. Activ

cortex (Occ), the left fusiform gyrus (GF), and the left and right superior parietal
visual world. Subjects viewed cartoon clips of human agents in

visual scenes similar to those in the movies (Fig. 1c, Cartoon

II). Performance was again contrasted relative to static images

extracted from the clips. The contrast of human cartoons–

random static images showed bilateral activation in MT and the

posterior STS (centred at �51, �66, 7, Z = 4.66, P b 0.001,

corrected, and 55, �60, 8, Z = 5.23, P b 0.001, corrected), the

STS (centred at �63, �43, 15, Z = 4.85, P b 0.001, corrected,

and 64, �38, 19, Z = 5.00, P b 0.001, corrected), and the SPL

(centred at �4, �50, 52, Z = 3.18, P b 0.04, corrected, and 20,

�49, 61, Z = 4.35, P b 0.03, corrected, see Fig. 6), similar to

those observed for the cartoon clips of artificial characters.

However, there was no activation in the MPFC or the

cerebellum. The results indicate that SPL is recruited when

coherent actions are viewed in cartoons, regardless of whether

the cartoons depict artificial characters or human agents; in

contrast, the MPFC and the cerebellum were not automatically

engaged in perception of virtual reality. A further region-of-

interest analysis confirmed that there was stronger MPFC

activation associated with movies clips of human beings relative

to cartoon clips of human or non-human agents (t = 6.00 and

4.75, respectively, P b 0.001), whereas no differential activation

in the MPFC was observed between cartoon clips of human and

non-human agents.
ations were observed in bilateral MT and the posterior STS, the left occipital

lobule (SPL).



Fig. 6. Illustration of brain activations in the contrast between cartoons of human agents and random static images. Activations were observed in bilateral MT

and the posterior STS and the left and right superior parietal lobule (SPL).
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To assess if the MPFC and cerebellum activities are

specifically involved in the perception of other humans but not

animals in the real world, in Condition E, we had the same group

of subjects watch upright movie clips that depicted gorillas

walking and playing in jungles or the corresponding static images

presented in a random order (Fig. 1d). The contrast between the

movie clips of gorillas and static images showed bilateral

activation in MT and the posterior STS (centred at �51, �66,

3, Z = 5.70, P b 0.001, corrected, and 51, �73, 2, Z = 5.39, P b

0.001, corrected), the medial occipital cortex (centred at �2,

�91, �2, Z = 5.74, P b 0.001, corrected), and the SPL (centred
Fig. 7. Illustration of brain activations in the contrast between movies of animals i

bilateral MT and the posterior STS, the medial occipital cortex (Occ), and the lef
at �14, �53, 61, Z = 4.31, P b 0.001, corrected, and 6, �44, 57,

Z = 4.39, P b 0.03, corrected, see Fig. 7). However, there was no

differential activation in the MPFC or the cerebellum.
Discussion

Our functional neuroimaging findings provide important clues

about the way we perceive characters within coherent successive

events in real and virtual worlds. A number of common areas were

activated by all the conditions with movie and cartoon clips, relative
n real visual scenes and random static images. Activations were observed in

t and right superior parietal lobule (SPL).



to their static image baselines. The medial occipital cortex and MT

are likely engaged by the processing of low-level visual features of

the moving images, such as changes in the shape, colour (Living-

stone and Hubel, 1998), and motion direction (Tootell et al., 1995)

of the stimuli, and the posterior STS is involved in the processing

of biological motion (Puce et al., 1998) even when inverted images

were perceived. The fMRI results suggest that the processing of

low-level visual features of the real and virtual visual worlds is

mediated by similar neural mechanisms in the posterior brain areas.

However, distinct neural substrates at higher level brain

structures are involved when we view agents in coherent events in

the real and virtual visual worlds.Most important, there were distinct

brain regions activated by movie clips of human beings, on the one

hand, and movie clips of animals and cartoon clips of human and

non-human agents, on the other. The MPFC and the left cerebellum

showed enhanced activity when adults watched movies depicting

human activities in everyday-life situations. Our preliminary

separate analysis of the fMRI data associated with the movie clips

showed MPFC activation for both clips regardless of the difference

in contents between them. Nevertheless, none of the clips of Cartoon

II showed MPFC activation even though Cartoon II showed similar
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viewing static images with social cues. It is possible that mental state

reasoning from text stories involved the posterior part of the brain

whereas mental state reasoning when viewing other people’s

behaviour in the real visual world depends mainly upon the

involvement of the MPFC. This, however, needs to be clarified in

the future work.

The present study extends in important ways the prior brain

imaging studies contrasting effects of actions assigned to humans

or to computers (Gallagher et al., 2002; Ramnani and Miall, 2004).

We show engagement of a neural loop including the MPFC and the

cerebellum even when we simply view humans in real scenes, but

not when active agents are seen in virtual environments. Hence, the

perception of real and virtual visual worlds can be mediated with

distinct neural substrates. The distinct neural and functional

processes engaged in perceiving agents in real and virtual worlds

may contribute to the limited efficacy of virtual visual environ-

ments for training (Seidel and Chatelier, 1999). Our findings

suggest that human brains possibly function, when we interact with

real people in everyday life, in a way different from when we view

or interact with artificial characters or static social stimuli. It may

be further speculated that the brain may not attempt to model the

behaviour of cartoon characters as it does with real people, which

possibly constrains the social impact of cartoons on adult viewers.
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