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How Different Cognitive Neuroscientific
Approaches Have Contributed to
Our Understanding of Perspective Taking and
Theory of Mind

Farkli Nérobiligsel Yontemler
Bizim Perspektif Alma Anlayisimiza ve
Zihin Kuramina Nasil Katki Yaparlar?

ABSTRACT For a suitable social functioning, the capacity of understanding and thinking of other
people’s perspective which is known as perspective taking has a critical importance. Perspective-
taking is an essential ability in order to understand and communicate with other people and is the
ability to take someone else’s viewpoint into account when thinking. Perspective taking refers to
our ability to think about how our self feels and think and how other people feel and think with-
out confusing on our feelings and thoughts with other’s feelings and thoughts. Perspective taking
is also considered to the capacity of empathize with other people and view the word from their
perspective. Theory of mind is the part of perspective taking and is the capacity of both realising
that other people may have diversified feelings, psychological states, understanding, motivation
and ideas different from us and realising that how these differences have influence on their be-
haviours again different from our behaviours. Different field of sciences such as psychology and
educational sciences examined both perspective taking and theory of mind from their perspective.
In this article, the contribution of the different cognitive neuroscientific approaches, especially
PET and fMRI, to our understanding of perspective taking and theory of mind will be analysed in
order to constitute a clear understanding of cognitive basis of reasoning about mental states as well
as contributing to look at ToM with a wide view. For this purpose, databases (Google Scholar,
JSTOR, PsycINFO, ScienceDirect, PubMed) were searched with the selected key words (theory of
mind’, “fMRI”, “MEG”, “PET” and “EEG”) to choose the articles.
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OZET Uygun bir sosyal islevsellik i¢in, perspektif alma olarak bilinen diger insanlarin bakis agisin1
anlama ve diistinme kapasitesi kritik 6neme sahiptir. Perspektif alma, baskalarini1 anlamak ve ileti-
sim kurmak i¢in 6nemli bir yetenektir ve diisiiniirken bagkasinin bakis acisini dikkate almay1 da
icermektedir. Perspektif alma, bagkalarinin nasil hissettigi ve diisiindiigii hakkinda diisinme ve
ayn1 zamanda kendimizin nasil hissetiginin ve diisiindiigiiniin farkinda olma yetenegidir. Bununla
birlikte, kendimize ait olan diisiince ve duygular ile bagkalarina ait olanlar1 birbirine karigtirma-
mamuzi da saglar. Perspektif alma, diger insanlarla empati kurma ve diinyay1 bagka insanlarin bakis
agisindan gorme, diisiiniirken onlarin bakis agisin1 da hesaba katma kapasitesi olarak da degerlen-
dirilir. Zihin teorisi, perspektif almanin bir pargasidir ve bagkalarinin bizden farkli olarak degisik
hislere, psikolojik durumlara, anlayisa, motivasyona ve diisiincelere sahip olabilecegini ve bu
farkliliklarin bizim davraniglarimizdan nasil farkl olarak onlarin davraniglar: iizerinde nasil etkili
olabilecegini fark edebilme becerisi olarak gériilmektedir. Psikoloji ve egitim bilimleri gibi farkli
bilim dallar1 hem perspektif almay1 hem de zihin teorisini kendi bakis ailarryla incelemislerdir. Bu
makalede zihin durumlarimiz hakkinda diigiinmenin kognitif bilesenlerini daha iyi anlamak ve
zihin kuramina daha genis perspektiften bakmak maksads ile farkli biligsel sinirbilimi yaklagim-
larinin, 6zellikle PET ve fMRI'nin, perspektif alma ve zihin kurami hakkindaki anlayisimiza katkis:
incelenecektir. Bu amagla, veritabanlar1 (Google Scholar, JSTOR, PsycINFO, ScienceDirect, Pub-
Med) secilen anahtar kelimeler (theory of mind’, “MRI”, “MEG”, “PET” and “EEG”) kullanilarak
taranmug ve ilgili makaleler secilmistir.

Anahtar Kelimeler: Zihin kurami; manyetik rezonans goriintiilleme; biligsel bilim; cocuk gelisimi
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t is obviously described that thinking about men-

tal states such as knowledge, beliefs, feelings and

desires has an essential role for a series of cog-
nitive activities including our ability to communi-
cate, to understand other person’s point of view, to
determine actions, to explain and predict behaviour.!
3 The human brain is uniquely able to represent and
think on the mental states of both the others and the
self as well as the relation between these mental
states in order to make the connection of ideas pos-
sible.? Perspective-taking, one of the complex cogni-
tive processes has known as an important part of a
correct social functioning.* Perspective taking in-
cludes being able to correctly imagine or to adopt an-
other person’s viewpoint. Adopting another person’s
viewpoint does not just contain simply giving our full
attention to the other, at the same time, it also con-
tains thinking of how this human is influenced by
their own condition without having any suspicion
about the feelings which felt by the self and the ones
which felt by the other people.®

Perspective taking is generally worked
through perspective taking of third person, how-
ever, perspective taking of first person is caught at-
tention of scientist lately.® The ability of first
person perspective taking refers to representing
and combining mental and bodily states into one
common framework. What is more, first person
perspective is generally known as ‘theory of mind’
(ToM), moreover, it is describe as evidence of em-
ploying a ToM.”#

ToM which is a critical ability for human cog-
nitive development and is an essential social skill
for communication refers to understanding that
others have beliefs, desires, and intentions different
from the self.” The increasing interest in impair-
ment of social cognition, development and evolu-
tion has led to focus on ToM.'™!! Primarily,
characteristic of ToM has been investigated in chil-
dren with autism using several verbal and nonver-
bal tasks.'”!* The functional brain imaging studies
of ToM which present activation in temporopari-
etal and medial frontal regions has showed increase
in order to have a better understanding of the brain
basis of it to identify neural systems in children

with autism.”!®
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Because of the lack of a clear understanding of
the anatomical and cognitive basis of reasoning
about mental states, like beliefs, desires, and
knowledge which refers to ToM, still we are not
able to understand how children develop cogni-
tion, why certain forms of brain damage and men-
tal illness result in the collapse of adult abilities and
adult cognition. Because of that, it is important to
study on brain areas of ToM. ' For this reason, this
study aims to give information about the research
done on ToM and brain areas related with ToM in
order to contribute to constitute a clear under-
standing of cognitive basis of reasoning about men-
tal states as well as contributing to look at ToM
with a wide view.

In order to fill the gap about the studies which
review research on ToM in the literature, databases
including Google Scholar, JSTOR, PsycINFO, Sci-
enceDirect, PubMed and databases of the Univer-
sity of York library were used to search the key
words including “theory of mind”, “MRI”, “MEG”,
“PET” and “EEG”.

NEUROIMAGING STUDIES OF
THEORY OF MIND

Theory of mind is a primary research topic during
the last 25 years. Recently, brain imaging tech-
niques such as electroencephalography (EEG),
positron emission tomography (PET), magnetoen-
cephalography (MEG) and specially functional
magnetic resonance imaging (fMRI) have became a
latest method for theory of mind studies.'” The
studies have shown activation (“activation”used to
refer to “detect increased activation” and taken
how the articles used this word) of a range of
frontal regions.'® Additionally, most of neuroimag-
ing studies found multiple and complex brain ac-
tivities especially in the medial region which
located in the prefrontal cortex.!” Besides, neu-
ropsychological patient studies are also used to un-
derstand of the neuroanatomical realizations of
ToM abilities.?

ToM studies provided consistent results in
spite of using cognitive activation paradigms like
nonverbal and verbal tasks and different imaging
techniques. The results have showed that three
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main areas, the posterior superior temporal sulcus
(STS), the medial prefrontal cortex (mPFC) and the
temporal poles, associated with the processing of
ToM stimuli.’ It was thought that these findings
about the activation of these areas can be thought
as an evolution from pre-existing processes such as
the capacity of representing goal-directed actions,
the capacity of recognizing the difference between
living and non-living things and the capacity of dif-
ferentiating between acts of the self and the oth-
ers.! On the other hand, Leslie pointed out that
functional imaging studies which aimed to isolate
the neural basis of the ToM mechanism showed
limited areas of the brain were responsible for it
like the superior temporal sulcus (STS), the ante-
rior paracingulate cortex and the temporal
poles.??

In the first PET studies on TolM, activation in
the left middle and superior temporal gyri and in
the left medial frontal gyrus were determined
when it was compared that the normal subjects
were making assumptions about the others’
thought and the physical world. In addition, other
early studies with PET which compared the sub-
jects’ assumptions of physical stories, the stories re-
lated with ToM and the unrelated stories found
activation in left medial frontal lobe when subjects
were making assumptions of ToM stories.”

On the other hand, a few functional imaging
studies that using fMRI and PET have found in-
creased neural activity in the anterior cingulate
cortex associated with left hemisphere in ToM con-
ditions.?*? In their study Vogeley found out simi-
lar findings that showing activation of the anterior
cingulate cortex in ToM conditions.?® However,
they observed right hemisphere dominance. On
the other hand, Gallagher similarly found out
right-sided activation of the anterior cingulate cor-
tex in their study with fMRI.?”

In addition, a few PET imaging studies which
were done while the subjects were completing
different type of ToM tasks have shown activation
in temporal lobe structures which is bilateral or
localized to language areas of the left hemi-
sphere.”
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Several ToM studies that used fMRI found ac-
tivation mainly in medial prefrontal cortex.?-*
However, some latest studies with fMRI detected
strong brain activity in temporo-parietal junction.”
In their study with fMRI, Gallaher found activity
peaks in Brodmann areas including 8/9, 32 and the
frontier of 10. Additionally, Fletcher and Goel re-
ported activity in the same areas as well as in the

temporo-parietal junction.?**3

As neuroimaging technics, brain lesion stud-
ies bring information about which parts of brain
are associated with ToM. For instance, studies with
neurological patients with intact frontal cortex
provide evidence in favour of media frontal region
is necessary for ToM tasks. In addition, several
studies found out that the patients who had frontal
lesions had difficulties with the tasks about
TOM.ZLBI

In most of the studies which compare the
brain activity between normal subjects and clini-
cal groups have been made with PET or fMRI. In
their study, Park used MEG and found out differ-
ent brain activation between the normal and the
patients with schizophrenia.®

I CONCLUSION

The neuroimaging studies described above attempt
to identify where ToM process happens in the
brain. It is obvious that ToM process is a very com-
plex cognitive function which includes multiple
brain areas instead of a single critical area. All neu-
roimaging studies have showed that there is not a
single area for ToM. Several brain areas are re-
sponsible for ToM, however, they function inde-
pendently.® On the other hand, there are keys now
to improve hypotheses that can lead future exper-
iments.
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