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only in the presence of naive observer B at some cost or 
at least without obtaining an immediate benefit; (2) A’s 
behavior thereby encourages or punishes B’s behavior, 
provides B with experience, or sets an example for B; 
(3) As a result, B acquires knowledge or learns a skill 
earlier in life or more rapidly or efficiently than they might 
otherwise do, or that they would not learn at all (Caro & 
Hauser, 1992). Using this definition, teaching behavior 
has been observed in nonhuman species, such as meerkats 
(Suricata suricatta; Thornton & McAuliffe, 2006), ants 
(Temnothorax albipennis; Franks & Richardson, 2006), 
and birds (Turdoides bicolor; Raihani & Ridley, 2008). 
Active teaching is not widespread or frequent among 
nonhuman species. By contrast, humans exhibit active 
teaching in a wide range of knowledge domains, and 
even infants show behaviors that involve trying to teach 
something to others (e.g., Liszkowski et al., 2006; Meng & 
Hashiya, 2014), which suggests that active teaching is an 
adaptive human biological trait.

Few studies of active teaching in humans have 
considered its ultimate factors, especially its adaptive 
significance (i.e., the survival value of Tinbergen’s four 
questions; Tinbergen, 1963). This manuscript focuses on 
the fitness of active teaching, especially toward non-kin. 
Characteristically, human education is large-scale and 
systematic, at least in the modern age, and what is taught is 
not limited to knowledge or skills that increase the pupils’ 
fitness directly. In education, we are also taught how we 
should think and behave (e.g., customs, values, norms, 
morals, and ideology). For example, Article 1 of the Basic 
Act on Education in Japan states: “Education must be 
provided with the aim of fully developing the individual 
character, as we endeavor to cultivate a people that is 
sound in mind and body and imbued with the qualities 
that are necessary in the people who make up a peaceful, 
democratic nation and society” (Kyōiku kihonhō [Basic 
Act on Education], 2006). That is, the national aim of 
education is to complete the formation of each individual’s 
character and to cultivate national and societal leaders. 
Interestingly, such education does not increase the pupils’ 
fitness directly. If education does increase fitness, it does 
so by helping pupils adapt to their social environment. 
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few have considered its ultimate factors, especially 
its adaptive significance. The evolution of education 
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What is education?
Education is one of the many unique human behaviors. 
Some dictionaries define education as something that 
takes place especially in a school or college. In this 
manuscript, I adopt a more general def inition from 
Wikipedia: “Education is the process of facilitating 
learning or the acquisition of knowledge, skills, values, 
morals, beliefs, and habits.” ("Education", 2021)1. At the 
behavioral level, education is implemented through active 
teaching. Caro and Hauser’s widely adopted operational 
definition of active teaching is useful for scientific studies 
of education. This definition can be summarized as 
follows1: (1) Individual actor A modifies their behavior 

1 In this manuscript, concrete actions for education are defined as 
active teaching and education is defined as including larger systems 
and processes of the active teaching. There are several other words 
that refer to teaching, such as instruction, coaching, and counseling. 
Although each dictionary has a different detailed definition, the 
Cambridge Dictionary, for example, refers to instruction as “the 
teaching of a particular skill or subject,” coaching as “the act of 
giving special classes in sports, a school subject, or a work-related 
activity, especially to one person or a small group,” and counseling 
as “the job or process of listening to someone and giving that person 
advice about his or her problems” (Cambridge University Press, n.d.). 
These are the more detailed and specific aspects of ‘active teaching.’ 
That is, active teaching in this manuscript includes these behaviors. 
Another issue is what exactly is meant by education. In this 
manuscript, I consider active teaching as what constitutes education 
when it is customary to some extent to teach several individuals 
other than kin members, even if not on a large scale. That is, it is not 
necessarily something that is institutionalized and is done in schools.
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handed’ validation that endorses Hamilton’s explanation 
of altruism” (Bourke, 2021). For humans, the first tutors 
are our parents and other family members, from whom we 
learn a great deal. As Fogarty et al. (2011) demonstrated, 
the teaching of kin can be explained by the inclusive 
fitness theory. However, humans also educate non-kin, and 
such education is organized on a large scale, especially in 
modern times.

Tradit ionally, explanat ions of the evolut ion of 
altruistic behavior in humans can be divided into two 
main categories: kin selection and reciprocal altruism that 
explains altruistic behavior among non-kin (Trivers, 1971). 
However, considering multi-level selection, kinship is only 
one of the conditions under which positive assortment is 
guaranteed. If individuals with genes involved in altruistic 
behavior interact with each other more frequently than the 
overall frequency of the population, altruism will evolve 
according to that degree. Moreover, as many kin live in 
close spatial proximity to each other, spatial proximity 
promotes positive assortment; however, it is a sufficient 
condition, not a necessary one. Even if they are not 
spatially close to each other, when individuals with genes 
involved in altruistic behavior form a network and interact 
exclusively with each other, there is room for multi-level 
selection to occur. For reciprocal altruism to work, the 
cost of altruism should be compensated for later, directly 
or indirectly. In other words, if we can eliminate free-
riders and interact socially only with those who will be 
sure to return the favor (individuals who share reciprocal 
genes, so to speak), reciprocal altruism uses the same 
model as multi-level selection. Indeed, it has been reported 
that humans have various cognitive functions that are 
adapted for positive assortment, such as the detection of 
cheaters and altruists (e.g., Cosmides & Tooby, 1992; Oda, 
Yamagata et al., 2009; Oda, Naganawa et al., 2009; Oda 
et al., 2021) and memory bias for free-riders (e.g., Oda 
& Nakajima, 2010). Although these cognitive functions 
are thought to be for direct reciprocity between any 
two persons, the importance of reputation in indirect 
reciprocity has been noted (e.g., Nowak & Sigmund, 
1998). Such labeling by reputation can also be interpreted 
to result in reinforcement of positive assortment of the 
tendency of reciprocity. Moreover, studies of competitive 
altruism show that prosocial individuals are more likely to 
be chosen as partners for social interaction and potential 
spouses (e.g., Hardy & van Vugt, 2006). Such competitive 
altruism also can be interpreted as reinforcing the positive 
assortment of altruists.

Some researchers who advocate multi-level selection 
argue that culture is an important factor that has strength-
ened positive assortment because culture functions as a 
marker distinguishing groups (cultural group selection; 
e.g., Henrich, 2004). Many cultural elements in humans, 
especially customs such as dress codes and manners, are 
transmitted and shared in a group via education. While 
this transmitted information does not increase the pupils’ 
fitness directly, it serves as a marker and increases group 
cohesion and differences from other groups. Cultural 
group selection could compensate for the cost of education.

Thus, reciprocal altruism, which has traditionally been 
treated separately from kin selection, can also be explained 
in a unified manner by the concept of positive assortment. 
However, a genetic basis for reciprocity is not a necessary 
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This is, however, the significance of education for non-kin 
and what supports altruism in humans.

Adaptive significance of education
Compared with learning, the adaptive significance of 
education is rarely considered. The adaptive significance of 
learning is evident in the ability to respond to fluctuating 
environments quickly, which suggests that it has evolved 
via natural selection. So, what about education? As Caro 
and Hauser (1992) stated, active teaching is performed 
“at some cost or at least without obtaining an immediate 
benefit for itself,” which means that education is an 
altruistic behavior that benefits the pupils at a cost. 
Thus, the evolution of education can be considered in the 
context of the evolution of altruistic behavior. The study 
by Fogarty et al. (2011) is one of the few to analyze the 
evolution of active teaching using a mathematical model. 
In their simple genetic model, a single tutor transmits 
adaptive information to a related pupil at a cost. The 
model indicated that teaching can evolve when its costs 
are outweighed by the inclusive fitness benefits that result 
from the tutor’s relatives being more likely to acquire 
valuable information. It also suggested, however, that 
there is a narrow range of traits for which teaching would 
be efficacious because in some conditions, pupils can 
easily acquire the information on their own by copying 
others. The assumption here is that valuable information 
is transmitted from a tutor to a pupil, such as knowledge 
and skills that benefit the pupil, i.e., a kind of property. 
Nonetheless, Fogarty et al. (2011) pointed out that there 
are some differences from other properties: for example, 
the information taught can be retransmitted to other 
individuals without being consumed.

How did human alt ruism evolve init ial ly? The 
opinions range from the belief that humans are not 
special compared with other species (e.g., West et al., 
2021) to an evolutionary process unique to humans has 
occurred (e.g., Gintis et al., 2003). For a gene to increase 
in frequency within a population, the fitness of individuals 
carrying the gene must be higher, on average, than that 
of individuals without the gene. If one individual lowers 
its fitness through altruistic behavior and the fitness 
of other individuals with the same gene increases as a 
result, the average fitness of the gene will increase, which 
will increase its frequency in the population. The Price 
equation modeled the conditions under which a gene 
increases its frequency in a population (Price, 1970), and 
positive assortment is derived from it as a condition under 
which genes involved in altruistic behavior can increase 
their frequency (Pepper & Smuts, 2002). That is, in a 
population divided into several groups, if the variance 
within a group is smaller than the variance between 
groups, genes involved in altruistic behavior will increase 
in frequency within the population. The inclusive fitness 
theory of Hamilton (1964a, 1964b) can be derived from 
the Price equation because kin groups can be regarded as 
groups with strong positive assortment (Hamilton, 1970). 
Although some models suggest that altruistic behavior 
can evolve without such relatedness among individuals, a 
recent study examining the previous models (Kay et al., 
2020) concluded that all models in which altruism can 
evolve in the absence of relationships “provide ‘back-
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created unconsciously via an interaction with mind 
tools, while my model assumes that the environment is 
consciously and actively created through education.

It has been said that humans might have evolved 
traits that are specialized for teaching because cultural 
transmission through education is very important for 
humans (e.g., Ando, 2016; Csibra & Gergely, 2009). 
Moreover, it has also been noted that some cognitive traits 
are adapted to cultural transmission, such as conformity 
bias (Henrich & Boyd, 1998). As mentioned above, when 
teaching kin knowledge as a property, the cost of teaching 
would be compensated for by increasing the degree of 
inclusive fitness. This mechanism originally evolved via 
kin selection (i.e., to increase the fitness of shared genes), 
but as human societies became larger and more complex, 
this mechanism might have come to be used to transmit 
cultural factors, such as norms that are not directly related 
to genes. As societies grew, the division of labor increased, 
and skills became more specialized and sophisticated. In 
this situation, cultural transmission through education of 
non-kin would become more important, but compensation 
for the cost of education is still necessary. Education 
in such a situation would have required not only the 
provision of knowledge but also the transmission of moral 
norms, such as reciprocity and loyalty to the in-group. 
The reciprocal niche constructed would have provided 
an environment in which altruism based on genes could 
also be sustained. That is, education and reciprocal 
altruism could have co-evolved.2 This manuscript simply 
describes an idea, and more detailed examinations using 
mathematical models or archeological evidence are 
needed. The transmission of values, morals, beliefs, and 
habits through massive education is an exclusively human 
trait. The future development of the evolutionary science 
of education is expected.
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