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Abstract

Despite almost half a century of research for theory of mind, its evolutionary
origin is largely unknown. This paper proposes that the evolutionary origin of
theory of mind starts from the beginning of the human evolution to form
hominins through bipedalism and the mixed habitat. The feet of the early
hominins were still adapted for grasping trees rather than walking for long
distances and running fast on the ground. The early hominins lived in the
mixed habitat of grassy woodland with patches of denser forest, and freshwa-
ter springs. The difficulty of walking in the mixed habitat leads to division of
labor for the home specialist group (small children, old people, and mothers
with small children, and pregnant women) in the safe forest area and the ex-
ploration specialist group (young people without the care of small children)
in the dangerous open area. The different tasks, attitudes, and mentalities in
different specialist groups produce theory of mind as the ability to attribute
different mental states to different specialist groups. (Uniformity of mind in-
stead of theory of mind is for generalists without division of labor). The early
Homo species with the open habitat developed theory of mind for hunter
specialist group and gatherer specialist group. The middle Homo species with
complex stone tools developed theory of mind for the cooperative specialist
groups in the large production of complex stone tools. The late Homo species
with complex social interaction developed theory of mind for mind reading
to enhance cooperation and to detect cheaters in complex social interaction.
For religion, the unusually harsh Upper Paleolithic Period developed theory
of mind for imaginary specialists in terms of supernatural power, guidance,
and comfort. Therefore, the three general types of theory of mind are for spe-
cialists in division of labor, mind reading in complex social interaction, and
imaginary specialists in imaginary division of labor under harsh conditions.
Self-awareness in the mirror self-recognition test is also explained.
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Self-Awareness, Mirror Self-Recognition Test

1. Introduction

Theory of mind is the ability to attribute mental states including beliefs, intents,
desires, emotions, and knowledge to ourselves and others. Only humans have
robust theory of mind [1]. Having a theory of mind allows us to understand that
others have unique beliefs and desires that are different from our own, enabling
us to engage in daily social interaction as we interpret the mental states and infer
the behaviors of those around us [2]. The opposite of theory of mind is uniformity
of mind where others have same beliefs and desires as our own. However, despite
almost half a century of research, its evolutionary origin is largely unknown [3].

Since only humans have robust theory of mind, it is possible that theory of
mind is originated at the very beginning of the hominin evolution to form ho-
minins separated from chimpanzees that have no theory of mind. As a result,
this paper chooses the literatures based on theory of mind and the human evolu-
tion that starts from the hominins separated from chimpanzees. This paper
purposes that the combination of bipedalism and the mixed habitat at the begin-
ning of the hominin evolution results in division of labor that produces theory of
mind [4]. The feet of the early hominins were still adapted for grasping trees ra-
ther than walking for long distances and running fast on the ground [5]. The
early hominins lived in the mixed habitat of grassy woodland with patches of
denser forest, and freshwater springs. The difficulty of walking in the mixed ha-
bitat leads to division of labor for the home specialist group (small children, old
people, and mothers with small children, and pregnant women) in the safe forest
area and the exploration specialist group (young people without the care of small
children) in the dangerous open area. The different tasks, attitudes, and mentali-
ties in different specialist groups produce theory of mind as the ability to attribute
different mental states to different specialist groups. (Uniformity of mind in-
stead of theory of mind is for generalists without division of labor).

The early Homo species [6] with the open habitat developed theory of mind
for hunter specialist group and gatherer specialist group. The middle Homo spe-
cies [7] with complex stone tools produced theory of mind for the cooperative
specialist groups in the large production of complex stone tools. The late Homo
species with complex social interaction developed theory of mind for mind
reading to enhance cooperation and to detect cheaters in complex social interac-
tion [8]. For religion, the unusually harsh Upper Paleolithic Period developed
theory of mind for imaginary specialists in terms of supernatural power, guid-
ance, and comfort in imaginary division of labor under harsh condition. [9].
Therefore, the three general types of theory of mind are for specialists in division
of labor, mind reading in complex social interaction, and imaginary specialists in
imaginary division of labor under harsh condition. The evolution of theory of

mind is described in Figure 1.
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Figure 1. The evolution of theory of mind and the types of theory of mind.

Section 2 describes the early hominins. Section 3 explains the Homo species.
Section 4 discuses Homo sapiens in the Upper Paleolithic Period. Section 5 ex-
plains theory of mind model. Section 6 explains the model for self-awareness in
the Mirror Self-Recognition (MSR) Test.

2. The Early Hominins

Around 6 millions of years ago, a major climate change reduced some part of
forested area in Africa to woodland where Ardi (Ardipithecus ramidus) [5] was
evolved. Ardi, the oldest human ancestor (4.4 million years old) discovered,
lived in the mixed habitat. Similar to other apes, Ardi’s skull encased a small
brain —300 to 350 cc. She lived in the mixed habitat of grassy woodland with
patches of denser forest, and freshwater springs. The appearance of woodland
caused the evolution from the social orangutan-like common ancestor to pro-
duce the bipedal human ancestors, the early hominins. Woodland allowed in-
creasingly amount of food from bushes and low branches, which could be seen
and reached from the ground. According to the observation [10] in Africa,
chimpanzees today move on two legs most often when feeding on the ground
from bushes and low branches. When food resources are scarce or unpredicta-
ble, chimpanzees use upright locomotion to improve food carrying efficiency. It
suggests that the same might have occurred among the early hominins. Com-
paring to forest area, woodland area had scarcer food resources.

For reaching food from low branches on woodland and to carry food, the ear-
ly hominins came down to the ground partly (not entirely) from living among
trees, and adopted bipedalism as the way to move on the ground. However, Ar-
di’s foot was primitive with an opposable big toe that could not provide a push
needed for efficient bipedal walking. Ardi had a more primitive walking ability
than later hominins, and Ardi had a somewhat awkward gait when on the ground.

Its feet were still adapted for grasping trees rather than walking for long dis-

DOI: 10.4236/jbbs.2021.111002

12 Journal of Behavioral and Brain Science


https://doi.org/10.4236/jbbs.2021.111002

D.Y. Chung

tances and running fast on the ground. (For apes, the quadrupedal knuckle-walking
like gorillas, bonobos, and chimpanzees was faster and better way than Ardi’s
primitive awkward bipedalism to move on the ground.) The movement handi-
cap of bipedalism on the ground was serious for very young, very old, and preg-
nant early hominins. To the early hominins in the mixed habitats, the area with
many tall trees was the safe home area where very young, very old, and pregnant
hominins stayed, and where they could escape quickly to the safety in tall trees,
and the area with few tall trees was the unsafe exploration area for the explora-
tion to find extra foods that could not be found in the safe home area. The two
free hands from bipedalism allowed the early hominins to carry a large quantity
of food home from the exploration as proposed by C. Owen Lovejoy [11] and to
carry simple defensive weapons such as sticks and stones to defense against large
predators in the unsafe open area. The exploration also allowed them to sca-
venge meats left by carnivores. Consequently, the bipedalism and the mixed ha-
bitat divided the early hominins into the home hominins who stayed in the safe
home area and the exploration hominins who explored in the unsafe exploration
area during daytime and return home at night. The specialist groups are the
home specialist group and the exploration specialist group for division of labor
[4].

The home specialist group was the homemaker-forager who took care of
children and foraged in the safe forest home area. The exploration specialist
group is the explorer-forager who explored and foraged in the unsafe open ex-
ploration area. A good home specialist was able to do multitask and navigate
through landmarks (different trees) as women today. A good exploration spe-
cialist was able to have a good sense of direction (orientation in space) for ex-
ploration and strong upper body strength to carry foods and defensive weapons
as men today.

The home specialists evolved into fertile and infertile home specialists.
Women today become infertile after menopause at about the age of 51. A today
woman’s best reproductive years are in her 20s. Fertility gradually declines in the
30s, particularly after age 35. Infertile home specialists took care of their grand-
children, so fertile home specialists could have babies frequently.

The home specialist group and the exploration specialist group were interde-
pendent in terms of existential division of labor. The interdependent specialists
were derived from the mixed habitat and the bipedalism which initially pro-
duced two hand-like primitive soft feet and two free hands, resulting in the
movement handicap (awkward walking) and the capability in carrying large
quantities of foods home by free hands from the long distance forgers. The divi-
sion of labor allowed the early specialist groups to take full advantage of the
mixed habitat in terms of security and food procurement.

The human gesture language was enhanced by the free hands as sign language.
Learning simple sign language does not require a large brain. Chimpanzee Wa-
shoe learned approximately 350 words of American Sign Language [12]. She was

able to communicate with humans in sign language sentences, and there was no
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significant difference in quality between her use of gestural language and the use
of ordinary speech by children. The free hands allowed the early hominins to
communicate in sign language extensively in most occasions, especially during
forages when the continuous communication among the members in a forage
group was important. Gestural communication served as a stepping stone for the
evolution of human verbal communication. Gesture production in humans is so
automatic that it is relatively immune to audience effects: blind subjects gesture
at equal rates as sighted subjects to a known blind audience. Gestural communi-
cation as gestural language is the predecessor of spoken language [13]. The gen-
erally right-handed dominant hominin caused the development of the gestural
language area (Broca’s area) in the left-brain that eventually developed into the
part for the spoken language later. Broca’s area can be seen in endocasts from
the early hominins Australopithecus. In the study by Hickok, Bellugi and Klima
[14], the impairment for sign language patients was identical with that of speak-
ing patients. At the hemispheric level, the neural organization of sign language is
indistinguishable from that of spoken language. The gestural communication by
the free hands enhanced harmony. The two important traits that distinguish
early hominins from other apes are bipedalism and small canine teeth. Early
hominins lost the large sharp canine teeth for continuous internal aggression
and fighting that took place in some other apes.

Other apes evolved with different ways other than bipedalism to survive. For
orangutan in dense rainforest, the feet are much more useful to climb trees than
to walk on the ground, so orangutan did not develop bipedalism for walking.
Gorillas, chimpanzees and bonobos who live in forest area did not develop bi-
pedalism, because they needed fast and steady quadrupedal knuckle walking
with the knuckle hands to escape from predators and for the large foraging
ranges on the ground. The bipedalism of the early hominins evolved before the
quadrupedal knuckle walking [15].

Such interdependent specialists groups with good gestural communication
produced theory of mind that recognizes that the others exist to think for them-
selves. The different tasks, attitudes, and mentalities in different specialist groups
produce theory of mind as the ability to attribute different mental states to dif-
ferent specialist groups. Theory of mind is derived from theory of specialty in
interdependent specialists group where each specialist has its own specialty of
work and work plan. In theory of specialist, each specialist must recognize that
each specialist has its own specialty different from the specialties of other spe-
cialists, and each specialist has its own work plan distinctively different from the
work plans of other specialists. To work together interdependently, all specialists
must have theory of specialist in order to avoid overlapping unproductively and
dangerously each other’s work. The opposite of theory of mind is uniformity of
mind for generalist, each generalist does not need to distinctively recognize the
types of work and work plans of other generalists, because they are not distinc-

tively different.
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3. The Homo Species

The early hominins developed later much better feet to overcome the initial
movement handicap on the ground, but the early hominins continued to retain
the tall tree area as their safe home area. They had long upper limbs, short fe-
murs, curved finger bones, and other chimpanzee-like traits that indicate a mix-
ture of arboreal and terrestrial adaptations. Arid climate that intensified in
around 2.8 million years ago transformed the mixed habitat of grassy woodland
with patches of denser forest, and freshwater springs into the open habitat of
mixed grasslands and shrub lands with trees lining rivers and wetlands [16]. At
the same time, habitat unpredictability was superimposed on the underlying
aridity trend [17]. The open habitat with very few tall trees transformed the early
hominins into the early Homo species [6]. The first Homo species, Homo habi-
lis, still retained some body features for climbing trees.

Without the safety of tall trees for young children, old hominins, and preg-
nant hominins, the early hominins were not adaptable to the open habitat. Bi-
pedalism and division of labor with good communication were good enough for
the early hominins to survive in the mixed habitat with the protection of tall
trees for about 4 million years. The survival in the open habitat requires three
more factors for evolutionary adaptation, consisting of stone tools, controlled
fire, and large brain. Without all five factors for evolutionary adaptation to the
open habitat, the early hominins became extinct in a short period of time.

The earliest evidence of the use of stone tools dates to 3.3 million years ago in
Kenya [18]. The stone tools were made by the early hominins before the oldest
known Homo fossil that is 2.8 million years old. It suggests that the early homi-
nins without a large brain had the cognitive and manipulative abilities to carry
simple stone toolmaking tasks. For the early hominins, scavenged meat from
carcasses could be sliced using sharp edges of flakes, and scavenged bones were
broken open with stones to access the marrow inside, The making and the ap-
plication of simple stone tools by the early hominins did not cause a significant
brain expansion. However, there were much more applications of stone tools in
the open habitat than in the mixed habitat. As a result, the increase in the appli-
cations with new and diverse stone tools in the open habitat was a major reason
for the expansion of the brain in the early Homo species. The two early stone
tools are Oldowan (2.6 - 1.4 million years ago) and Acheulean (1.6 - 0.25 million
years ago). Homo habilis was the hominin who used the tools for most of the
Oldowan in Africa. The application of stone tools in hunting tools quickly
turned the early Homo species into the hunter specialist group to hunt large
animals and the gatherer specialist group to gather plant foods in the open habi-
tat. For the brain expansion of Homo habilis from 500 cm® to 600 cm’ to im-
prove communication further, Wernicke’s area as the new language area was
formed in addition to Broca’s area for the original language area. Stone tools
could be used to grind plants and to sharpen sticks to dig for tubers. The appli-

cations of stone tools were also in building protected home base with various
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barricades in the open habitat, preferably by rivers and lakes, and in caves. River
and lakes provided water and protection. With the application of stone tools and
the brain expansion, the two interdependent specialists became fertile-infertile
homemaker-gatherer and fertile explorer-hunter in the open habitat.

Upon further drying, the Middle Homos, such as Homo erectus [19], lived in
savanna habitat completely. To hunt large animals also required the increase in
body size. Homo erectus had a similar range of body sizes to modern humans.
Homo erectus in the middle Homo species was completely terrestrial like hu-
mans. Homo erectus transformed the Oldowan into the Acheulean. In contrast
to an Oldowan tool resulted from a fortuitous and probably ex tempore opera-
tion to obtain one sharp edge on a stone, an Acheulean tool is a planned result of
a manufacturing process which required different specialist groups for different
parts of tool making process [7]. Theory of mind for tool making specialist
groups became an advanced form of theory of mind for advanced specialists
with the advanced ability to attribute mental states to different specialists.

Another important factor for survival in the open habitat was fire control.
Based on reduced feeding time and molar size, cooking with fire was originated
after the evolution of Homo but before or concurrent with the evolution of Ho-
mo erectus, which was around 1.9 million years ago [20]. It suggests that fire
control occurred as early as 1.9 million years ago by the early Homo species. Fire
control allowed the early Homo species to stay warm, cook food, ward off pre-
dators, and venture into harsh climates. Cooking with fire forced the early Ho-
mo species to live, cook, and eat together, encouraging close large social gather-
ing and interaction. The brain of Homo erectus was doubled to 1100 cm’ by the
increase in body size, the environmental adaptation to the open habitat of all
different climates, and the social adaptation to the close large social gathering.

The period between 800,000 and 200,000 years ago is the period of the strong-
est climate fluctuation worldwide. The open habitat became the unstable habitat
in East Africa. The unstable habitat caused the fastest evolutionary enlargement
of the brain relative to body size, resulting in the emergence of the late Homo
species, including Homo sapiens and Neanderthals. Larger brains allowed the
late Homo species to process and store information, to plan ahead, and to solve
problems. A large brain provided versatile solutions to new and diverse survival
challenges in the unstable habitat in East Africa.

The social interaction in late Homo species was complex. Theory of mind for
specialists in division of labor turned into theory of mind for mind reading in
complex social interaction to enhance cooperation and to detect cheaters.
Theory of mind for specialists does not require extensive mind reading. Theory
of mind for mind reading allows specialists to appreciate, utilize, and coordinate
with one another in terms of mentalization which requires large and complex
brains [8]. This sophisticated “metacognitive” ability comes, however, at an
evolutionary cost, reflected in a broad spectrum of psychopathological condi-

tions. Extensive research into autistic spectrum disorders has revealed that
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theory of mind for mind reading may be selectively impaired, leaving other cog-
nitive faculties intact [21]. On the neurological side, children and adults with
autism show less activation in a previously identified mentalizing network
(medial prefrontal cortex, superior temporal sulcus at the temporo-parietal junc-

tion and temporal poles) that is associated with theory of mind [22].

4. Homo Sapiens in the Upper Paleolithic Period

There was no evidence for extensive religious practice from about 200,000 to
about 40,000 years ago [23], so humans were irreligious, basically, because there
was no need for religion. According to Agustin Fuentes, religion likely devel-
oped from hope and wishful thinking. Believing in the unlikely, the things with-
out material evidence, is a regular part of human existence [24]. This paper po-
sits that human religion is in the form of theory of mind for imaginary special-
ists in imaginary division of labor under harsh condition. Human specialists and
imaginary specialists work together to form imaginary division of labor where
imaginary specialists represent the supernatural with supernatural power, guid-
ance, and comfort during the difficult time. It first occurred in the Upper Paleo-
lithic Period [25] [26].

During the Upper Paleolithic Period, a number of sudden temperature drops
reduced significantly the area for forest in Europe and Asia. The reduction of
forest reduced the food supply, usable timber, and other non-food materials.
During the harsh Upper Paleolithic Period, the human society was preoccupied
with fertility and vitality for women and men, respectively. The imaginative fe-
male figurines and cave paintings appeared during the period. In most cases, the
imaginative exaggerated and distorted female figurines were miniature sculp-
tures of well-rounded female nudes with an overemphasis of the fleshy parts of
the body (buttocks, stomach and chest). The sexual accent on the female breasts
and the posterior are assumed by many to connote signs of fertility. The head
and arms are mostly absent with the stress on the middle of the torso. Thighs
tend to be exaggerated tapering into smaller legs. The head has no face. Accord-
ing to Alan F. Dixson and Barnaby J. Dixson, these female figurines symbolized
and brought the hope for a well-nourished and fertile community facing grim
winters and a scarce food supply [9]. In the imaginative cave paints, the animals
were mystic large strong animals or mystic animals with horns that symbolized
maturation and strength. According to David Lewis-Williams [27], the imagina-
tive cave paintings involved hallucinatory or trance states by drugs or repetitive
rhyme. The mystic animal pictures were conceived during the trance states. The
mystic powerful animal cave paintings were presented as evidence of spirit journeys
previously undertaken. These cave paintings symbolized and brought the hope
for a vital and powerful community facing grim winters and a scarce food supply.

The female figurines and the cave painting symbolized the supernatural in
terms of fertility for women and vitality for men, respectively. (These religious
symbols evolved into fertility goddesses and warrior gods in the civilized society

later.) The concept of the supernatural at the time of the Upper Paleolithic Pe-
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riod was considerably different from the current concept of the supernatural. At
the time of the Upper Paleolithic Period, the supernatural was immanent super-
natural that appeared everywhere as a part of all objects in the world. (The tran-
scendental supernatural was developed later). Anything unexplained or unusual
was attributed to the supernatural. Everyone and everything was able equally to
become an avatar, the incarnation of the supernatural. The symbols for the im-
manent supernatural were typically the exaggerated and distorted representation
of the real natural objects to represent the unexplained and unusual characteris-
tics of the immanent supernatural, so the symbols represented partly the natural
and partly the supernatural. (Symbol is the result of the exaggeration of a specif-
ic feature of a real object.) Such symbols brought the immanent supernatural to
help people.

During the Upper Paleolithic Period, there was the increasingly sharing of re-
ligious symbols for the immanent supernatural among different social groups.
The enormous distribution of these female figurines implied a ritualistic ex-
change system with the figurines playing a central role in intergroup relations
[28]. Practicing alternate states of the mind also became community rituals
among different social groups, often led by shaman inside or outside of caves.
The practicing of the alternate state of mind together promoted unity among
different social groups. The sharing of the religious symbols brought about the
sharing of survival information and resource among different social groups. The
sharing actually improved the fertility and vitality of the groups involved, re-
sulting in the validation of the power of the religious symbols. The result was the
rise of the female figurine and cave painting religion. People spent much more
energy and time to develop and make such religious symbols for the immanent
supernatural, resulting in the Upper Paleolithic Revolution [29] with the rapid
development and spread in religious art and the involved skills.

Similar to the Industrial and Neolithic Revolutions, the Upper Paleolithic Revo-
lution during the Upper Paleolithic period represents a short time span when
numerous inventions appeared and cultural changes occurred. The revolution
comprised new religions, technologies, hunting techniques, human burials, and
artistic work. The human society became more cooperative especially in inter-
group cooperation beneficial to the survival of humans during this harsh period.
The supernatural as religion became a well-established tradition, spreading to all
human societies in the world. The supernatural as religion has been ubiquitous
in all human societies. Without religion [23], the Neanderthal became extinct
during this period.

According to a PET study, theory of mind activates the medial prefrontal
node to handle the mental state of the self, the superior temporal sulcus to detect
the behavior of other animals and analyzes the goals and outcomes of this beha-
vior, and the inferior frontal region to maintain representations of actions and
goals [30]. According to Kapogiannis and Deshpande in the functional MRI
study of the brains of both self-declared religious and non-religious individuals,

individuals with stronger theory of mind activity were found to be more reli-
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gious [31]. Thinking about God activates brain regions associated with theory of
mind [23]. Autistic individuals with problems in imaginative capacities and pre-
tend plays are incapable of theory of mind [33] [34] [35]. Autism with the defi-
cits in theory of mind is linked to lower belief in God [36]. The evolution of

theory of mind and different types of theory of mind are described in Table 1.

5. Theory of Mind Model

One of the popular tests for theory of mind is the Sally-Anne task by Simon Ba-
ron-Cohen [37]. The child who is being tested sits at a table on which two dolls
(Anne and Sally) are positioned facing lidded containers (a box and a basket).
The experimenter enacts a scenario with the dolls. In this task, Sally first places a
marble into her basket and then leaves the scene. Anne then enters, takes the
marble out of the basket, and places it into a closed box. The experimenter then
asks the participant where Sally will look for the marble. Three groups of child-
ren were tested (one at a time)—20 children with autism (experimental group),
14 children with Down’s syndrome (control group 1), and 27 typically develop-
ing children (control group 2). If the child passes, he or she will point to the
basket, understanding that, although this is no longer reality (as the marble is
now in the basket), Sally possesses a false-belief that the marble is in the basket
because she did not watch Anne move it. To point to the basket is to understand
that Sally has her own set of beliefs about the world that differ from the child’s
(he or she knows where the marble actually is). The task found 85% of the typi-
cally developing children and 86% of the children with Down’s syndrome ans-
wered the false-belief question correctly. 80% of the autistic children fail the
false-belief question.

In terms of theory of mind for specialists in division of labor, Sally represents
a specialist, marble represented her specialist tool hidden inside nontransparent
basket or box, basket and box represent the locations. Sally was a specialist with
the marble specialist tool which was originally hidden in the location of basket.
After Sally leaves, the marble specialist tool moves to the location of box. When
Sally comes back, she comes back to the location of basket with the false-belief
that her marble specialist tool is in the location of basket. It is a false-belief only
if the nontransparent basket with hidden marble is different from the nontrans-
parent basket without hidden marble as in specialty which is not obvious to

Table 1. The evolution of theory of mind and different types of theory of mind.

Species walking Habitat types of theory of mind
human-bonobo-chimpanzee ancestor quadrupedalism  forest no theory of mind
early hominins bipedalism mixed specialists in division of labor (home-exploration)
early Homos bipedalism open specialists in division of labor (hunter-gatherer)
middle Homos bipedalism open specialists in division of labor (complex production)
late Homos bipedalism open mind reading in complex social interactions
Homo Sapiens in the Upper Paleolithic Period bipedalism harsh  imaginary specialists in division of labor (human-supernatural)
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outsiders. Without specialty as specialist tool, the nontransparent basket with
marble is same as the nontransparent basket without marble in terms of the
outward appearance of basket. In the case of the hunter specialist group and the
gatherer specialist group in division of labor, a hunter specialist who leaves the
group must return to the hunter specialist group instead of any group in the
original location. A hunter specialist returns to the gatherer specialist group in
the original location is a false specialist with a false-belief.

According to Alan Leslie [38], “Theory-of-Mind Mechanism” (ToMM) rece-
ives as input information about the past and present behavior of other people
and utilizes this information to compute their probable psychological states. The
outputs of ToMM are descriptions of psychological states in the form of metare-
presentations or M-representations, which involve the descriptions of the beha-
vior of agent, including 1) an agent, 2) an informational relation that specifies
the agent’s attitude (pretending, believing, desiring, and so forth), 3) an aspect of
reality that grounds the agent’s attitude, 4) the content of the agent’s attitude. In
theory of mind for specialists in division of labor, M-representation represents
the description of the specialty of a specialist in division of labor.

According to Alan Leslie [39], the other part of theory of mind is inhibitory
“Selection Processor” (SP) to inhibit default attribution and select an alternative
nonfactual content for the belief. Thus 3-year-old fail standard false-belief tasks
because they possess the ToMM but not yet the inhibitory SP. According to Les-
lie and Thaiss [40], the ToMM/SP model can account for these findings: normal
3-year-old possess the ToMM but not yet SP; autistic children are impaired in
ToMM but not in SP; normal 4-year-old possess both the ToMM and an ade-
quate SP. In theory of mind for specialists in division of labor, ToMM represents
the description of the specialty of a specialist, and SP represents the selection
processor to inhibit the default location of a specialist and to select the nonfac-
tual location of true location where the specialist should locate. The combination
of the proper description of the specialty of a specialist in ToMM and the proper
selection of true location where the specialist should locate in SP provides cor-
rect division of labor.

Theory of mind in terms of division of labor is basically same as the pretend
play to assign arbitrarily different invisible specialties to different groups with
similar outward appearances. Theory of mind for specialists in division of labor
turns into theory of mind for mind reading in complex social interaction.
Theory of mind for mind reading in complex social interaction follows the Les-
lie’s ToMM/SP model. Theory of mind for imaginary specialists in imaginary di-

vision of labor follows theory of mind for specialists in division of labor.

6. The Model for Self-Awareness in the Mirror
Self-Recognition (MSR) Test

The model for self-awareness in the mirror self-recognition test is similar to
theory of mind model. In the mirror self-recognition (MSR) test [41], an animal

under anesthetized is marked on an area of the body the animal cannot normally
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see. The recovered animal is given access to a mirror. If the animal then touches
or investigates the mark, the animal perceives the reflected image as itself, rather
than of another animal. The animal passes the mirror self-recognition test.

Similar to the Leslie’s ToMM/SP model for theory of mind, the proposed
model for self-awareness is the self-awareness mechanism (SAM)/SP model.
“Self-awareness Mechanism” (SAM) receives as input information about the ob-
jects of senses (sight, sound, smell, taste, and touch) to compute self and non-self.
The outputs of SAM are the descriptions of different states of self from different
senses in form of metarepresentations (M-representations) as described by Ge-
rald M. Edelman for the sensory integration of various separable underlying
mechanisms of self-awareness [42] [43] [44]. All animals have SAM. Humans
use mostly sight and touch for SAM. Self is visible and touchable all the time,
while non-self is usually untouchable. The people who fail SAM have body inte-
grity dysphoria which is a psychiatric condition characterized by a persistent de-
sire to acquire physical disability (e.g., amputation or paraplegia) to one particu-
lar healthy part of the body as if the particular healthy part of the body is not a
part of the body [45].

The other part of self-awareness model is inhibitory “Selection Processor” (SP)
to inhibit untouchable sighted self-copy image on the mirror as non-self, and to
select untouchable sighted self-copy image on the mirror as self. Monkeys do not
pass the mirror self-recognition test, while great apes pass the mirror self-reco-
gnition test [46]. This paper proposes that SP involves the sight-touch override
where the determination of either sight or touch can occasionally override the
determination of the other. Self is visible and touchable all the time, while
non-self is usually untouchable. As a result, with the sight-touch override, the
untouchable visible self-copy image on the mirror can still be self determined by
sight to override the determination by touch. Without the sight-touch override,
the untouchable visible self-copy image on the mirror looks like self, but cannot
be self determined by sight without overriding the determination by touch. The
evolutionary origin of the sight-touch override is from the difference of safety
determination between the safety determined by sight and the safety determined
by touch. During the locomotion from branch to branch for a light-weight
monkey, the safety of a branch determined by sight usually is in agreement with
the safety determined by touch, so the movement is very quick without hesitation,
such as leaping from branch to branch. During the locomotion from branch to
branch for a heavy-weight great ape, the safety of a branch determined by sight
occasionally is not in agreement with the safety determined by touch, so the lo-
comotion is slow and deliberate by constantly checking the safety determined by
touch in brachiation [47]. The result is that great apes have the sight-touch over-
ride, while monkeys do not have the sight-touch override. As a result, great apes
pass the mirror self-recognition test, while monkeys do not pass the mirror
self-recognition test. Intelligent animals can be trained to pass the mirror
self-recognition test. B. F. Skinner found that pigeons passed a highly modified

mirror self-recognition test after extensive training [48].
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Masanori Kohda ef al found that cleaner wrasse passed the mirror self-reco-
gnition test [49]. Cleaner wrasse lives on coral reefs and specializes in finding
food by nibbling parasites and dead skin off the bodies of larger fish. It’s a dan-
gerous life, and cleaner wrasses have to be savvy to avoid being eaten themselves.
This dangerous task of finding food forces cleaner wrasse to check constantly the
safety determined by sight by the safety determined by touch which can easily
alert the targeted fish. The result is the sight-touch override for cleaner wrasse to
pass the mirror self-recognition test.

In conclusion, the mirror self-recognition test is not a test for the evolutionary
acquisition of self-awareness which all animals have to distinguish self and
non-self. The mirror self-recognition test is a test for the sight-touch override,
because a mirror allows the self determined by sight to override the self deter-
mined by touch. On the other hand, some stroke patients at times become cer-
tain that a paralyzed limb was not their own, and even certain ownership over
other people’s appendages [50]. In such cases, the self determined by touch
overrides the self determined by sight. The reference literatures for each topic
are described in Table 2.

Table 2. The reference literatures for each topic.

Topics References
Theory of mind in general [1] [2]1 3]
Theory of mind in early hominins [4] [5] [10]-[15]
Theory of mind in early Homos [6] [16] [17] [18]
Theory of mind in middle Homos [71 [19] [20]
Theory of mind in late Homos [8] [21] [22]
Theory of mind in Homo Sapiens in the Upper Paleolithic Period [9] [23]-[37]
Theory of mind model [38] [39] [40]

7. Summary and Conclusion

In summary, this paper proposes that the evolution of theory of mind that oc-
curs only in human starts from the beginning of the human evolution to form
hominins through bipedalism and the mixed habitat. The feet of the early homi-
nins were still adapted for grasping trees rather than walking for long distances
and running fast on the ground. The early hominins lived in the mixed habitat
of grassy woodland with patches of denser forest, and freshwater springs. The
difficulty of walking in the mixed habitat leads to division of labor for the home
specialist group (small children, old people, and mothers with small children,
and pregnant women) in the safe forest area and the exploration specialist group
(young people without the care of small children) in the dangerous open area.
The different tasks, attitudes, and mentalities in different specialist groups pro-
duce theory of mind as the ability to attribute different mental states to different

specialist groups. (Uniformity of mind instead of theory of mind is for general-
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ists without division of labor).

The early Homo species with the open habitat developed theory of mind for
hunter specialist group and gatherer specialist group. The middle Homo species
with complex stone tools developed theory of mind for the cooperative specialist
groups in the large production of complex stone tools. The late Homo species
with complex social interaction developed theory of mind for mind reading to
enhance cooperation and to detect cheaters in complex social interaction. For
religion, the unusually harsh Upper Paleolithic Period developed theory of mind
for imaginary specialists in terms of supernatural power, guidance, and comfort.

In the Sally-Anne task by Simon Baron-Cohen, Sally represents a specialist in
division of labor, and marble represents her hidden specialty in the locations of
nontransparent basket and box. In the Leslie’s ToOMM/SP model, M-representation
in ToMM describes a hidden specialty in division of labor, and SP inhibits a de-
fault specialty, and selects an alternative nonfactual hidden specialty. Theory of
mind in terms of division of labor is basically same as the pretend play that as-
signs arbitrarily different invisible specialties to different groups with similar
outward appearances. Theory of mind for specialists in division of labor turns
into theory of mind for mind reading in complex social interactions.

This paper proposes that self-awareness in the mirror self-recognition test in-
volves the sight-touch override where the determination of either sight or touch
can occasionally override the determination of the other. Self is visible and
touchable all the time, while non-self is usually untouchable. As a result, with the
sight-touch override, the untouchable visible self-copy image on the mirror can
still be self determined by sight to override the determination by touch. Without
the sight-touch override, the untouchable visible self-copy image on the mirror
looks like self, but cannot be self determined by sight without overriding the de-
termination by touch.

In conclusion, uniformity of mind for generalist without division of labor
where all members work in the same group is for nonhuman primates. Theory
of mind involves home group/exploration group (started from Ardipithecus ra-
midus 4.4 mya), hunter group/gatherer group (started from Homo habilis 2.5
mya), stone tool production groups (started from Homo erectus 1.9 mya), mind
reading in complex social interaction (started from the late Homo species 200
kya), and imaginary group/human group (started from the Upper Paleolithic pe-
riod 40 kya). Therefore, the three types of theory of mind are for specialists in
division of labor, mind reading in complex social interaction, and imaginary

specialists in imaginary division of labor under harsh condition.
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