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Watching cartoons activates the medial prefrontal 
cortex in children 
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The medial prefrontal cortex (MPFC) of human adults is involved in attributing mental states to real 
human agents but not to virtual artificial characters. This study examined whether such differential 
MPFC activity can be observed in children who are more fascinated by cartoons than adults. We 
measured brain activity using functional magnetic resonance imaging (fMRI) while 10-year-old children 
watched movie and cartoon clips, simulating real and virtual visual worlds, respectively. We showed 
neuroimaging evidence that, in contrast to adults, the MPFC of children was activated when perceiving 
both human agents and artificial characters in coherent visual events. Our findings suggest that, 
around the age of 10 years, the MPFC activity in children is different from that in adults in that it can be 
spontaneously activated by non-human agents in a virtual visual world. 

fMRI, theory-of-mind, MPFC, children, cartoon 

Children are commonly more fascinated by cartoons 
than adults. Are there any brain regions of children spe-
cifically engaged in viewing cartoons? A recent func-
tional magnetic resonance imaging (fMRI) study found 
that, in adults, distinct neural substrates were involved in 
the perception of human beings in the real visual world 
(shown in movie clips), compared with when cartoon 
clips were seen with artificial characters in a virtual vis-
ual world[1]. In particular, relative to a baseline with 
static random images, movies clips of human agents in 
successive events induced stronger activation in the me-
dial prefrontal cortex (MPFC) of adults, an area linked 
to our ability to explain and predict behaviour in terms 
of mental states, or to form a theory of mind[2―5]. How-
ever, no activation was observed in the MPFC when 
adults watched cartoon clips of artificial characters (ro-
bots or machine dinosaurs), suggesting that adults dif-
ferentiate real and virtual visual worlds by automatically 
attributing mental states to human agents in the real vis-
ual world, a process that does not spontaneously take 
place when artificial characters are viewed in a virtual 

visual world. In the current work we tested if, for chil-
dren, the MPFC is engaged when non-human agents are 
viewed in a virtual world, as well as when humans are 
viewed in the real world. One possibility is that children 
are interested in cartoons because particular brain areas 
are engaged in perception of cartoons.  

We tested this hypothesis by measuring brain activa-
tion when 10-year-old children freely viewed silent 
movie and cartoon clips. There were brief sequences of 
actions involving either humans in real-life situations, 
such as people walking at a subway station or taking 
lectures in a class room (in the movie clips, Figure 1(a)), 
or non-human agents such as robots and machine dino-
saurs walking and fighting in virtual worlds (in the car-
toon clips, Figure 1(b)). Brain activity when watching 
the clips was compared with activity when participants 
viewed static images from the movie and cartoon clips 
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shown in a random order, to control low-level visual 
feature processing. Of particular interests was whether 
MPFC shows activation when children watch both 
movie and cartoon clips. 

1  Methods 
1.1  Participants 

Ten children (5 male, all 10 years of age) with no neu-
rological or psychiatric history participated in this study. 
All participants were right-handed, had normal or cor-
rected-to-normal vision, and were not color blind. In-
formed consent was obtained from the children’s parents 
prior to scanning. This study was approved by a local 
ethic committee.  

1.2  Stimuli and procedure 

The stimuli were presented through an LCD projector 
onto a rear-projection screen located at the subject’s 
head. The screen was viewed with an angled mirror po-
sitioned on the head-coil. The stimuli were movie and 
cartoon clips without accompanying sound and static 
images extracted from them. As illustrated in Figure 1, 
movie clips depicted human beings in real visual scenes 
(e.g., people meeting and walking at a subway station or 
students taking lectures in a classroom). Cartoon clips 
depicted artificial characters in virtual visual scenes (e.g., 
robots or machine dinosaurs walking and fighting with 
transformed shapes). Both the movies and cartoons were 
made by showing 29 frames of images per second. At a 
viewing distance of 70 cm, the movie and cartoon sub-
tended visual angles of 28°×16° (width × height) and 
27°×20°, respectively. The sizes of static images were 
the same as the corresponding movies and cartoons. 
Four scans of 280 s were obtained from each subject. 
Each scan consisted of four 1-min epochs, alternating 
pseudo-randomly between movies, cartoons, and static 
images across subjects. There was a 10-s black screen 
before each epoch to set up a baseline for each epoch of 
stimuli. Thirty images were extracted at every 2 s from 
the corresponding movies and cartoons and were pre-
sented (each with a duration of 2 s) in a random order 
during the epochs of static images. Movie and cartoon 
clips and 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. Subjects were asked to view freely the 
movies, cartoons, or static images while keeping their 

heads still.  

1.3  fMRI image acquisition and analysis 

Scanning was performed on a 3T Siemens Trio system 
using a standard head coil at Beijing MRI Center for 
Brain Research. 32 transversal slices of functional im-
ages that covered the whole brain were acquired using a 
gradient-echo echo-planar pulse sequence (64×64×32 
matrix with 3.4×3.4×4.4-mm3 spatial resolution, TR = 
2000 ms, TE = 30 ms, FOV = 220 mm, flip angle = 90º). 
Anatomical images were obtained using a standard 3-D 
T1-weighted sequence (256×256×176 matrix with 0.938 
×0.938×1.3-mm3 spatial resolution, TR = 1600 ms, TE = 
3.93 ms). Subjects’ heads were immobilized during the 
scanning sessions using pieces of foam.  

SPM99 (the Wellcome Department of Cognitive 
Neurology, UK) was used for data processing and 
analysis. The functional images were realigned to the 
first scan to correct for the head movement between 
scans. The anatomical image was co-registered with the 
mean functional image produced during the process of 
realignment. All images were normalized to a 2×2×2 
mm3 Montreal Neurological Institute (MNI) template in 
Talairach space[6] using bilinear interpolation. Functional 
images were spatially smoothed using a Gaussian filter 
with a full-width at half maximum (FWHM) parameter 
set to 8 mm. The image data were modeled using a box- 
car function. Contrasts were defined to compare the dif-
ference between movies or cartoons and their corre-
sponding static images presented in a random order. 
Random effect analyses were then conducted across the 
group of subjects based on statistical parameter maps 
from each individual subject to allow population infer-
ence. Because we had a prediction of activations in the 
MPFC and other brain areas based on the results of our 
prior study on adults, areas of significant activation were 
identified at the voxel level for values exceeding an un-
corrected P value of 0.0005. The SPM coordinates for 
standard brain from MNI template were converted to 
Talairach coordinates using a non-linear transform 
method (http://www.mrc-cbu.cam.ac.uk/Imaging/mnis- 
pace.html). Region-of-interest analyses were conducted 
to compare relative changes of fMRI signals in the 
MPFC clusters showing significant activation in the 
SPM analysis associated with watching movie clips of 
humans. The mean fMRI signal changes in association 
with viewing movie (or cartoon) clips relative to view-
ing blank screens in the MPFC cluster in each condition  
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Figure 1  Illustration of the images extract from the movie and cartoon clips used in the current study. (a) Images from movie clips; (b) images from car-
toon clips. 

 

 
Figure 2  The MPFC activations associated with viewing upright movie and cartoons depicting human beings in real visual scenes. (a) The contrast be-
tween upright movie clips and static images; (b) the contrast between upright cartoon clips and static images; (c) mean fMRI signal changes for viewing 
movie and cartoon clips relative to viewing blank screens. 

 
were compared using one-sample t-test. 

2  Results 

The contrast of movies-random static images showed 
activations in bilateral middle temporal cortex (MT) and 
the posterior superior temporal sulcus (STS) (centred at 
−50, −70, 4 and 50, −64, 10) and MPFC (centred at −4, 
61, 10, corresponding to Brodmann’s area 9, see Figure 
2(a)). Relative to static images, cartoon clips also acti-
vated bilateral MT and posterior STS (centred at −44, 
−70, 4 and 51, −58, 3), bilateral superior parietal lobule 
(SPL, centred at −18, −34, 55 and 28, −46, 59), and 
MPFC (−12, 54, 23, Figure 2(b)). Because many cogni-
tive functions show decreased MPFC activity relative to 
a resting condition[7], we further examined if viewing 
movie or cartoon clips also increased MPFC activity in  

comparison with watching blank screens. The region-of- 
interest analysis confirmed that, relative to blank screens, 
both movie and cartoon clips increased fMRI signals in 
the MPFC clusters (t = 2.318 and 2.193, respectively, 
both P<0.03, Figure 2(c)). The fMRI results obtained 
with children are similar to those obtained from adults[1] 
except that, uniquely, the MPFC in children was also 
activated by viewing cartoon clips. This provides brain 
imaging evidence that the perception of artificial char-
acters in a virtual visual world differs between children 
and adults in that the MPFC is activated for children but 
not for adults.  

The prior work showed that the MPFC activation as- 
sociated with passive viewing of movie clips of humans 
was weakened when the movie clips were shown upside 
down[1], possibly because inverted faces are difficult to 
recognize or identify[8,9], leading to difficulties in rea- 
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soning about the characters’ mental states. Consequently, 
we examined if the engagement of the MPFC, when 
children viewed movie and cartoon clips, was modulated 
by inversion. We had the same group of children watch 
the inverted version of the movie and cartoon clips, 
along with corresponding static images. Relative to 
when random static images were presented, inverted 
movie clips of humans activated bilateral MT and poste-
rior STS (−48, −68, 3 and 50, −50, 7) and SPL (−32, −41, 
53 and 40, −34, 49), but now no activation was found in 
the MPFC. This is similar to prior results with adults. 
The cartoons showed a different pattern. Like the movie 
clips inverted cartoon clips activated bilateral MT and 
posterior STS (−50, −60, 10 and 56, −61, 12) and SPL 
(−32, −33, 44 and 40, −33, 48), but they also generated 
significant activation of the MPFC (2, 59, 8).  

3  Discussion 

Our results indicate that, as for adults, the MPFC of 
children is involved when human agents in the real vis-
ual world are perceived, but not when an inverted scene 
is presented. This is consistent with that inverted images 
of humans are difficult to encode[8,9]. Similarly to that 
observed in adults[1], movie and cartoon clips induced 
increased activation in bilateral MT and posterior STS in 
children relative to static images. These areas have been 
reported to be engaged in the processing of motion di-
rection[10] and biological motion[11]. Our results indicate 
that the neural mechanisms underlying the processing of 
motion characters of movie and cartoon clips are similar 
in children and adults. However, unlike adults, children 
of 10 years showed increased activation in the MPFC 
when watching virtual non-human agents such as robots 
and machine dinosaurs shown in cartoons.  

Previous studies have shown consistent evidence that 
the MPFC is engaged when humans engage in a theory 
of mind of other people[2―5]. Thus activation of the same 
region when other humans are viewed in the real world 
suggests that adults spontaneously engage in mentalising 
about other minds in these circumstances[1]. However, 
the same processes are not automatically involved when 

cartoons are observed. In contrast, the MPFC activity in 
children at the age of 10 years did not automatically dif-
ferentiate human in the real visual world and non-human 
agents in the virtual visual world. While our fMRI re-
sults indicate that, compared with adults, children of 10 
years old employed distinct neural substrates in per-
ceiving a virtual visual world shown in cartoon clips, the 
functional role of MPFC activation is still unclear. One 
possible account is that children at the age of 10 years 
empathise with and attribute mental states to both hu-
man and non-human characters in movie and cartoon 
clips using the MPFC. However, this interpretation can-
not be demonstrated in the current study. Future research 
is required to examine the functional role of the MPFC 
activation in watching cartoon clips in children.  

Interestingly, the data when inverted cartoons are 
perceived suggests that children continue to engage the 
MPFC with the agents even in an upside-down virtual 
visual world. The result emphasizes the robust nature of 
MPFC involvement when children view cartoons, which 
remains when actions are inverted. If, as speculated 
above, the MPFC activation is involved in attributing 
mental states to non-human characters in cartoon clips, 
one may further hypothesize that, children are more in-
terested in cartoons and thus pay more attention to char-
acters’ mental states even when they look upside-down. 

Our neuroimaging findings raise an interesting issue 
about the development of cognitive capacities, such as 
the ability to form a theory of mind. Previous research 
mainly focuses on when children start to show the abil-
ity to attribute mental states[12―15], but ignores when 
children are able to automatically differentiate agents 
with or without human mental states. Our findings sug-
gest that, although children acquire the ability to form a 
theory of mind by the age of 4―6 years[13―15], children 
at the age of 10 years still do not automatically differen-
tiate real-world human agents and non-human agents 
operating in virtual worlds in terms of the activity in 
MPFC. Future research is required to further examine if 
both human and non-human agents are attributed mental 
states through the activation of the MPFC in children at 
the age of 10 years. 
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