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Abstract

Language evolution is a significant issue in the field of evolutionary psychology.
The mirror system hypothesis, tool-making hypothesis, and teaching hypoth-
esis explain the relationship between manual actions and language evolution
from different perspectives, and all three hypotheses hold that human language
originated from manual action experience. Related empirical studies have found
that sign language and spoken language share consistent features, that language
and manual actions have a common neural basis, that gesture development can
predict language development levels, and that gestures can improve the trans-
mission efficiency of tool-making knowledge; these studies provide empirical
support for the specific claims of the three hypotheses. Future research in this
field needs to focus on the developmental relationship between sign language
and spoken language in evolution, as well as the relationship between human
language evolution and the evolution of other cognitive features.
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Abstract

Language evolution represents a significant issue within evolutionary psychol-
ogy research. The Mirror System Hypothesis, Tool-making Hypothesis, and
Teaching Hypothesis each explain the relationship between hand actions and
language evolution from distinct perspectives, yet all three converge on the
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view that human language originated from manual movement experiences. Rel-
evant empirical studies have revealed that sign language and spoken language
share consistent features, that language and hand movements possess common
neural substrates, that gesture development can predict language development
levels, and that gestures can enhance the transmission efficiency of tool-making
knowledge. These findings provide empirical support for the specific claims of
the three hypotheses. Future research in this field must focus on the evolution-
ary developmental relationship between sign language and spoken language, as
well as the relationship between human language evolution and the evolution of
other cognitive characteristics.
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Introduction

In his immortal masterpiece Hamlet, Shakespeare extolled the beauty of human-
ity with passionate verse: “What a piece of work is man! How noble in reason!
How infinite in faculty... the paragon of animals!” Undoubtedly, among all the
features that distinguish humans from the animal world, language ability occu-
pies a position of paramount importance. While most animals in nature possess
communication systems, and even insects with the simplest biological structures
exhibit effective social communication forms, the information animals can con-
vey is limited, whereas human language possesses almost unlimited openness.
A mature language system represents one of the latest features to emerge in
human evolutionary history. Speaking may seem like an ordinary behavior, yet
it epitomizes the concentrated expression of human mental capacities. On the
scientific path of exploring human and human mind evolution, the origin of
language is an unavoidable question.

However, prior to the 1980s, the scientific community harbored considerable
doubts about the evolutionary adaptability of language. For instance, accord-
ing to linguist Chomsky (2002), while human language ability is indeed an
innate “mental organ,” mental organs are not products of adaptive selection.
Chomsky argued that as brains became increasingly sophisticated through evolu-
tion, humans were simply fortunate enough to “accidentally” acquire language.
Similarly, biologist Gould (1991) insisted that language was a byproduct of
expanded brain capacity and enhanced human thinking. This viewpoint later
encountered fierce criticism. Pinker (2007), in his work The Language Instinct,
pointed out that to produce speech and process language, humans require a
series of mutually adapted and coordinated complex physiological structures,
including the larynx, vocal cords, oral cavity, tongue, and language centers in
the brain. These elements could not possibly appear suddenly and fuse into a
unified whole. Therefore, language is by no means an evolutionary byproduct;
as a complex functional system, its formation can only be explained through
the theory of natural selection.
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Since most human psychological mechanisms (such as aesthetic sense, mate pref-
erences, or moral justice) produce clear and limited behavioral outcomes, this
provides clues for evolutionary psychologists to study their original functions
through “reverse engineering” methods. Language, however, involves virtually
every aspect of human life—communicating emotions, transmitting informa-
tion, cooperating reciprocally, pursuing mates, teaching offspring, describing
knowledge—all are functions language can serve. Behavioral outcomes do not
equate to evolutionary causes. Once complex language began to evolve, it would
generate various uses unrelated to its original function, making it extremely
difficult to distinguish which were results of natural selection and which were
later-developed functions. Consequently, language origin has become one of the
most contentious and controversial issues in evolutionary psychology research.
In recent years, an increasing number of scholars have focused on this field,
examining different explanatory angles such as kin communication (Nowicki &
Searcy, 2014; Smit, 2014), social relationships (Dunbar, 1998), reciprocal co-
operation (Tomasello, 2008), sexual resource competition (Okanoya, 2017), or
knowledge transmission (Laland, 2017b). This paper focuses on the relationship
between hand actions and language evolution, systematically introducing rele-
vant theoretical and empirical research while reviewing existing problems and
future research directions.

Theoretical Research on the Relationship Between Hand
Actions and Language Evolution

Hand actions and language share a close and complex relationship. Although
speaking is the most common communication method in daily life, vocal sound
is not the only information transmission medium during conversation. Most
people “talk with their hands” intentionally or unintentionally during dialogue.
As a universally present auxiliary communication means, hand movements fre-
quently appear in communication scenarios across all cultural backgrounds.
Psychological research has found that although gestures and language differ
in expression form, they complement each other. On one hand, gestures and
language expression exhibit consistency, with gesture content always match-
ing semantics. On the other hand, they also demonstrate complementarity,
as gestures are not merely simulations of semantics but sometimes compensate
for what language fails to express, enabling people to convey richer informa-
tion through conversation. Additionally, gestures facilitate language process-
ing, and this facilitation exists in both language production and comprehension
processes. In other words, gestures help speakers construct their discourse ex-
pression while also making it easier for listeners to understand (Kang, Tversky,
& Black, 2015; Novack & Goldin-Meadow, 2017). Experiments have shown
that prohibiting gestures during communication causes speakers’ language to
lose fluency. Therefore, gestures can enhance mutual understanding between
conversational partners and improve communication efficiency (Koppensteiner,
Stephan, & Jaschke, 2016).
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Neuroimaging research also reveals that communicative gestures involve the
same brain regions as language comprehension (Marstaller & Burianovd, 2014;
Redcay, Ludlum, Velnoskey, & Kanwal, 2016; Yang, Andric, & Mathew, 2015).
In summary, gestures represent an important medium in daily human commu-
nication and constitute an integral part of the human communication system.
Over the past decade, numerous scholars have conducted extensive theoretical
and empirical research on the cognitive characteristics of gestural communica-
tion, the brain mechanisms of sign language, and the influence of gestures on
language processing, with domestic scholars having provided specialized intro-
ductions to these topics (Li & Ding, 2013; Zhang, 2019). Beyond this, however,
does a deeper relationship exist between hand actions and language mecha-
nisms? In recent years, the field of evolutionary psychology language research
has begun focusing on this question, with researchers discussing the relationship
between hand actions and language evolutionary origins (Arbib, 2010; Corbal-
lis, 2010; Fogassi & Ferrari, 2007; Tomasello, 2008). Representative theories
include the Mirror System Hypothesis, Tool-making Hypothesis, and Teaching
Hypothesis.

Mirror System Hypothesis

The Mirror System Hypothesis is directly related to the discovery of mirror
neurons. In the 1990s, a team of neuroscientists led by Rizzolatti at the Uni-
versity of Parma attempted to implant microelectrodes into nerve cells in the
ventral premotor cortex (F5 area) of macaque monkeys to record the electri-
cal responses of these cells during monkey activities. Researchers accidentally
discovered that even when monkeys themselves made no movements, if they ob-
served other monkeys performing certain goal-directed actions—such as grasping
a banana—certain nerve cells in their ventral premotor cortex F5 area would
also become strongly activated (di Pellegrino et al., 1992). In other words,
these neurons seemed able to “map” the actor’s actions onto the observer’s
brain, enabling them to understand and recognize these actions. Consequently,
researchers named them “mirror neurons” (Chen, 2019). Mirror neurons repre-
sent one of the most important and influential scientific discoveries in cognitive
neuroscience research over the past 30 years, with numerous studies indicating
that a similar “mirror system” for matching action observation and action exe-
cution exists in the human brain (Ye, 2019; Cracco et al., 2018; Salo, Ferrari,
& Fox, 2019).

Based on the discovery of mirror neurons, Arbib and Rizzolatti (1997) proposed
the Mirror System Hypothesis for language origins. Researchers argued that as
a communication system, language must possess “parity property”—meaning
the information the communicator intends to express can be accurately under-
stood by the receiver—and parity is precisely the typical feature and function
of the mirror system. Research has found that through mirror neuron activa-
tion, macaque monkeys can not only recognize other monkeys’ actions but also
predict their goals and subsequent actions, constituting the foundation for un-
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derstanding behavioral intentions (Bonini, 2017; Ondobaka, Kilner, & Friston,
2017). Therefore, the mirror system provides the necessary neural mechanism
for language emergence. The Mirror System Hypothesis posits that it was pre-
cisely the existence of the mirror system that enabled human ancestors to use
hand actions to represent concrete objects, behaviors, or ideas, gradually leading
to the formation of complex gestural communication abilities. Overall, modern
humans’ mature language originated from gestural language, and the neural cir-
cuits in the mirror system related to executing, recognizing, and imitating hand
actions provided the basic architecture for the evolution of the brain’s language
functions (Arbib, 2012).

Based on this hypothesis, Arbib (2010, 2016) also proposed the basic process
of language evolution: First, human ancestors had to develop the ability to
recognize and imitate complex behaviors. This ability required organisms to de-
compose behaviors into combinations of familiar actions during recognition and
to view certain actions as transformations of familiar actions. Subsequently, as
some actions repeatedly appeared in individual interactions, human ancestors
developed “pantomime” based on complex imitation abilities. They could trans-
mit information between individuals and influence others’ behaviors through
hand actions alone, without any objects. At this stage, gestures were extracted
from concrete actions and acquired representational functions. For example,
during collective food gathering, people gradually developed pantomime ges-
tures using “reaching” actions to express “picking.”

However, the meanings of pantomime gestures remained highly ambiguous. As
gestural communication expanded and became ritualized in some communities,
conventionalized pantomime gestures evolved into protosign. Protosign simpli-
fied the action complexity of pantomime gestures while further clarifying their
meanings. For instance, through differentiation and definition of gestures for
“flying bird,” separate concepts for “flying” and “bird” emerged. Finally, the
protosign system provided a cognitive opportunity for the evolutionary adap-
tation of vocal language. Combining hand signs with vocal sounds produced
protolanguage. After vocal language appeared, spoken language gradually re-
fined into a more efficient communication method. With the expansion of early
Homo sapiens cultural practices, mature language with rich concepts and gram-
matical rules was ultimately created.

Arbib (2017), the proponent of the Mirror System Hypothesis, acknowledges
that many disagreements and uncertainties remain regarding the specific evo-
lutionary course and neural mechanism transformations of human language.
However, it is certain that the action-recognition mirror system provided the
foundation for language evolution, and gestural language was the precursor to
human language.
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Tool-making Hypothesis

The Tool-making Hypothesis posits that tool manufacturing and use exerted
evolutionary pressure on language, and the coupling between brain neural mech-
anisms related to manual operation and language functions provided the foun-
dation for the development of language neural circuits in the brain (Kolodny &
Edelman, 2018; Stout & Chaminade, 2012; Stout et al., 2011).

Fitch (2010) proposed that when exploring the causes of certain psychological
mechanisms from an evolutionary perspective, one should consider the ecologi-
cal context in which such mechanisms formed—mnamely, what kind of survival
environment (social or natural) would lead to the emergence of such mecha-
nisms. The ecological context related to language evolution must conform to
the “independence principle,” which specifically means that the ecological con-
text producing language must appear independently before language itself. In
other words, the ecological context that “incubated” language did not depend on
language for its existence (Laland, 2017b). For example, anthropologist Dunbar
(1998) proposed the social complexity hypothesis, suggesting that larger group
sizes and social systems exerted evolutionary pressure on complex communica-
tion forms. However, Kolodny and Edelman (2018) pointed out that if language
emerged to maintain complex social networks, how did such complex social net-
works appear before humans evolved language? Therefore, this hypothesis does
not conform to the independence principle.

According to the Tool-making Hypothesis, the tool-using lifestyle precisely repre-
sents an ecological background that meets the above requirements and facilitates
language evolution (Kolodny & Edelman, 2018). When human ancestors first
began making and using tools, they did not depend on language. However, once
early humans started using tools, groups that were better at transmitting tool-
making technology between individuals possessed greater survival adaptability.
Therefore, tool use and manufacture provided the ecological background and
evolutionary driving force for language evolution (Stout & Chaminade, 2012).
In this process, hand actions related to tool-making became coupled with the
communication system, and the brain neural circuits executing manual opera-
tions developed new functions, evolving into brain regions supporting language
functions (Hecht et al., 2015). Consequently, the cognitive characteristics of lan-
guage can also reflect the cognitive characteristics of tool-making. Among these,
tool-making requires decomposing tasks and performing manual operations in
a certain sequence. The cognitive computational abilities for processing hier-
archical structure and serial order are precisely what human language requires
(Kolodny, Lotem, & Edelman, 2015). Only by combining words into sentences
according to certain sequential and hierarchical rules can humans use limited
symbols to express infinite meanings.

Kolodny and Edelman (2018) noted that the Tool-making Hypothesis’s expla-
nation for language origins conforms to the principle of evolutionary continuity.
Chimpanzees, gorillas, and orangutans do not possess the physiological condi-
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tions for fine vocal control, but they can use simple gestures for communication.
Gestures are the primary communication form for great apes, and when they
use tools for foraging, they can exhibit hierarchical and sequential hand opera-
tion behaviors similar to humans. Human ancestors likely developed complex
communication systems based on these abilities through a series of small, adap-
tive changes. Therefore, although human language differs enormously from the
communication forms of other great apes, it originated from psychological and
physiological mechanisms shared by human ancestors and other great apes.

Teaching Hypothesis

The Teaching Hypothesis posits that language initially evolved to facilitate
teaching. During human evolution, as accumulated tools, experiences, and
skills became increasingly rich, learning postnatal knowledge became increas-
ingly important for individual and species survival adaptation. As an informa-
tion communication method, language possesses the advantages of being pre-
cise, effective, and low-cost. Therefore, natural selection favored language as a
psychological mechanism because early language could make teaching activities
more economical and efficient (Dean et al., 2014; Laland, 2017b).

British biologist Laland (2017b), synthesizing other scholars’ viewpoints, clar-
ified seven criteria for evaluating language origin theories (Bickerton, 2009;
Szamado & Szathmary, 2006). Laland argued that when addressing the evo-
lutionary causes of language, the more criteria a theory satisfies, the stronger
its explanatory power, and the Teaching Hypothesis satisfies all seven criteria.
First, language origin theories must explain the authenticity of early language
(Criterion 1). Human language costs very little to produce—whether gestures
or vocal sounds require almost no energy expenditure. Given this, why would
individuals believe information conveyed by others (Fitch, 2010)? This criterion
requires that when language first emerged, information senders must transmit
genuine information. If individuals send valuable, true information to others,
there should be no conflict of interest between sender and receiver; information
transmission must benefit both parties (Criterion 2). The Teaching Hypothesis
provides a good explanation for this: since the purpose of teaching is to ensure
knowledge is transmitted to others, if language was initially used for instruction,
the transmitted information would naturally be true and reliable. The recipients
of information are typically relatives or community companions of the teacher;
when their survival competitiveness improves, the teacher’s overall fitness also
increases. Therefore, both parties can benefit from information transmission
(Fitch, 2010).

Successful theories must also explain how primitive language possessed adap-
tive capabilities when it first originated—that is, what evolutionary advantages
primitive language demonstrated when its conceptual scope and precision were
incomplete (Criterion 3), and how primitive language acquired meaning (Crite-
rion 4). From the perspective of knowledge transmission, crude primitive lan-
guage could also play a crucial role in teaching. Through simple gestural cues,
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transmitters could direct observers’ attention to key points for imitation learn-
ing, greatly improving knowledge transmission efficiency. Additionally, during
the teaching process, language could more easily acquire meaning through actual
actions. For example, a teacher could first make a gesture representing “grind-
ing,” then pick up a stone and rub its edge, allowing the observer to understand
the gesture’s meaning (Dean et al., 2014).

The remaining three criteria are: Why can human language conceptualize things
across different domains and scopes (Criterion 5)? Why did only humans evolve
language (Criterion 6)? And why does language communication require postna-
tal learning (Criterion 7)? The Teaching Hypothesis also satisfies these three
criteria. When language first appeared, it may have been primarily used to trans-
mit knowledge about tool-making, food processing, and hunting-gathering. This
ability greatly improved human survival adaptability while accelerating knowl-
edge updating speed. As human knowledge and skills expanded into various
domains, language’s scope also continuously broadened. Other animals did not
evolve language because they lacked sufficiently complex tools and technologies,
and their teaching needs were far smaller than humans’. Without the pressure of
teaching activities, animals would not and did not need to evolve psychological
mechanisms like language that could greatly improve teaching efficiency (Street
et al., 2017). Additionally, after language emerged, knowledge innovation and
transmission entered a positive feedback loop. The more efficiently knowledge
could be transmitted, the more easily it could be iteratively updated. Corre-
spondingly, the objects language referred to became increasingly complex and
diverse. Under these circumstances, postnatal language learning could ensure
that human ancestors flexibly mastered new linguistic symbols.

Although the Teaching Hypothesis does not specifically emphasize the relation-
ship between hand actions and language origins, this hypothesis also supports
the view that gestures were the earliest form of language. The reason is that
from a biological structure perspective, early humans did not yet possess the
conditions for vocal control and vocal learning (Fitch, 2017). For example, ar-
chaeological research has found that due to thoracic nerve bundle limitations,
early Homo erectus living 1-2 million years ago could not produce finely varied
vocal sounds (Walker & Leakey, 1993), while the earliest stone tools unearthed
date back 3.3 million years (Harmand et al., 2015). Therefore, Laland (2017b)
also believes that when human ancestors began the process of knowledge accu-
mulation, they did not possess the ability to communicate through vocal sounds.
Under these circumstances, teaching activities led to major transformations in
humans’ ability to communicate through gestures first.

It should be noted that although the Mirror System Hypothesis, Tool-making
Hypothesis, and Teaching Hypothesis each emphasize different aspects, they are
not actually contradictory. All three hypotheses agree that language is related
to early human hand actions and share the same view on the developmental
trajectory of human language—that is, human unique language evolution began
with gestural language. However, the Mirror System Hypothesis focuses on ex-
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plaining why gestures can represent concepts from the perspective of the mirror
neuron system, clarifying the physiological basis necessary for language evolu-
tion. It answers the proximate mechanism question of “what” in language evo-
lution. The Teaching Hypothesis emphasizes the pressure knowledge transmis-
sion (especially tool-making-related knowledge) exerted on language evolution,
explaining why natural selection “chose” language as a psychological mechanism
in humans. It answers the ultimate mechanism question of “why” in language
evolution. The Tool-making Hypothesis incorporates both ultimate and proxi-
mate perspectives, emphasizing both that tool-making and use provided oppor-
tunities for language evolution and analyzing the role of brain neural circuits
related to manual operation functions in developing language neural mecha-
nisms. The three hypotheses describe language evolution at different levels and
demonstrate good complementarity, with empirical research providing support
for these hypotheses.

Consistent Features Between Sign Language and Spoken Language

Can hand movements constitute an independent communication method? Un-
til the mid-21st century, sign language was not considered a true language.
Many linguists believed that compared to the symbolic systems of spoken or
written language, sign language lacked precision, subtlety, and flexibility, and
could not represent abstract concepts and thinking. Hockett (1960) summa-
rized 13 features of human language, with the first being that it is based on the
sound-auditory channel. However, DeMatteo’s (1977) research on American
Sign Language found that sign language’s linguistic structure closely resembles
that of spoken language. Subsequent in-depth research by many scholars fun-
damentally changed the views of linguistics, psychology, and education on sign
language.

After decades of systematic exploration, researchers are now convinced that
hand movements themselves can constitute a complete communication method.
Sign language used by deaf individuals includes grammatical rules as well as
lexical, sentential, and discourse structures, and can decompose and combine
symbolic codes. Therefore, sign language can express rich and complex mean-
ings just like any other language (Brentari & Coppola, 2013; Goldin-Meadow
& Brentari, 2017). In terms of learning mechanisms, no significant differences
exist between sign language acquisition and spoken language acquisition. If
children are exposed to sign language environments from an early age, they can
effortlessly master sign language expression just as other children acquire spo-
ken language (Garcia, 2002; Petitto, 1992). Additionally, sign language shares
partially similar neural substrates with spoken language at both production and
comprehension levels (Perniss, Ozyiirek, & Morgan, 2015). For example, when
deaf individuals comprehend sign language words, Broca’s area and Wernicke’s
area are also activated. Once deaf individuals suffer damage to Broca’s area
due to stroke or other accidents, their sign language expression similarly ex-
hibits symptoms of “motor aphasia”—they can no longer produce meaningful
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signs (Pinker, 2007).

Survey research shows that without any adult intervention or guidance, children
can spontaneously develop highly expressive natural sign language in daily inter-
actions. In the late 1980s, the Nicaraguan government established two schools
for deaf children in Managua. The government’s goal was to help deaf children
learn to communicate through sign language, but unfortunately, teaching by in-
experienced teachers was unsuccessful. However, the students gradually created
a set of sign language through daily collective interactions, which subsequent stu-
dents continuously improved. After research and analysis, sign language expert
Kegl (2002) confirmed that this was a very mature linguistic system, unique and
created independently by Nicaraguan deaf children. Many researchers believe
that these deaf children’s experiences completely reproduced the evolutionary
process of language from nonexistence to existence, suggesting that human ances-
tors may have similarly developed the ability to communicate through gestures
in group living, only later gradually replacing actions with sounds (Senghas &
Coppola, 2001; Senghas, Senghas, & Pyers, 2005). Other studies have also found
that if deaf children do not systematically learn sign language from an early age,
they will independently develop a homesign system, which also possesses gram-
matical structures and rules (Hunsicker & Goldin-Meadow, 2012). In summary,
these studies demonstrate that humans are innately endowed with the poten-
tial to communicate through gestures. Sign language possesses the key features
of human language—representational capacity, plasticity, structure, and open-
ness. Hand movements can constitute a complete and independent communica-
tion system, providing indirect support for the gestural origin view of human
language. However, more direct evidence is needed to prove the relationship
between language evolution and hand actions.

Common Neural Mechanisms of Manual Operation and Language
Processing

Exploring the brain neural mechanisms of language represents an important
research approach to understanding language evolutionary origins. According to
the Neural Reuse hypothesis, the cognitive functions that different brain regions
can support are not singular. During evolution or individual development, brain
regions originally supporting one function can support the development of new,
higher-level cognitive functions. New cognitive functions are integrated into
established brain regions, and brain neural circuits can implement various new
cognitive abilities through reuse (Anderson, 2010). Both the Mirror System
Hypothesis and Tool-making Hypothesis emphasize that the neural mechanisms
of language functions developed from brain neural circuits related to manual
operation, which aligns perfectly with the Neural Reuse hypothesis. Cognitive
neuroscience research provides ample evidence for this view. In fact, the earliest
mirror neurons discovered in macaques related to hand action recognition were
located in the ventral premotor cortex F5 area, which is homologous to Broca’s
area in the human brain responsible for language functions (Arbib & Rizzolatti,
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1997). In recent years, numerous studies have further demonstrated that hand
movements (especially complex actions related to tool operation) and language
processing share common brain neural substrates, supporting the claims of both
the Mirror System Hypothesis and Tool-making Hypothesis.

For example, Farsin et al. (2003) used functional magnetic resonance imaging
(fMRI) to record and analyze brain activation patterns when subjects performed
action recognition, language generation, and grasping movements. The study
found that subjects activated some common brain cortices when performing
these tasks, including the parietal lobe, left inferior frontal gyrus, and precen-
tral gyrus. Stout et al. (2008) conducted fMRI scans on stone tool experts and
found that toolmaking activated Broca’s area in their brains, which is closely re-
lated to language functions. Higuchi, Chaminade, Imamizu, and Kawato (2009)
also found that Broca’s area activity significantly increased when subjects lis-
tened to stories or performed tool operation tasks. Uomini and Meyer (2013) re-
quired subjects to complete two tasks in an experiment: first, making Acheulean
handaxes, where subjects had to perform interfering actions at intervals before
continuing to knap stone axes; second, completing word test tasks according
to auditory cues. Researchers used functional transcranial Doppler ultrasonog-
raphy (fTCD) to measure subjects’ cerebral blood flow patterns, finding that
subjects produced highly consistent cerebral blood flow patterns during the first
10 seconds of both tasks.

These studies demonstrate that manual operation and language processing share
partially overlapping neural mechanisms. According to the Tool-making Hy-
pothesis, the reason manual operation and language processing share neural
mechanisms is that hand actions related to tool-making became functionally
coupled with the communication system. Therefore, the cognitive characteris-
tics of language can reflect the cognitive characteristics of tool-making. The
function of Broca’s area provides support for this hypothesis. Research has
found that besides being involved in language structure (grammar) processing,
Broca’s area is also related to processing hierarchical structure and sequential
order—both necessary abilities for completing complex manual operation tasks
(Clerget, Andres, & Olivier, 2013; Koechlin & Jubault, 2006; Pammi et al.,
2012; Ullman, 2006). In other words, Broca’s area is responsible for processing
both language grammar and the “action grammar” of complex hand operations.
For instance, Clerget, Winderickx, Fadiga, and Olivier (2009) used repetitive
transcranial magnetic stimulation to temporarily interfere with Broca’s area in
13 healthy subjects while requiring them to sequence actions displayed on a
computer. The results showed this manipulation affected subjects’ performance
on action sequencing tasks, indicating that Broca’s area plays a crucial role in
encoding complex human action “grammar.” Alamia et al. (2016) found that
applying transcranial magnetic stimulation to Broca’s area prolonged subjects’
processing time for mentally representing higher-order chunks in experimen-
tal tasks, further demonstrating Broca’s area’s role in processing hierarchical
structures. Other researchers using different methods have confirmed similar
conclusions (Meyer, Greenlee, & Wuerger, 2011; Pritchett et al., 2018).
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However, some scholars argue that since the inferior frontal gyrus where Broca’s
area is located is one of the most functionally heterogeneous brain regions,
merely observing that language processing and manual operation both activate
Broca’s area does not sufficiently prove that these two activities share common
neural mechanisms. To more accurately explore the relationship between action
observation/execution and language processing in the cerebral cortex, Pritchett
et al. (2018) first required subjects to read normal sentences and sentences com-
posed of meaningless words in an experiment, determining each subject’s precise
language neural network through a functional localizer task. They then exam-
ined the involvement of individuals’ language-related neural networks during
action imitation and action observation tasks. The study found that language
processing networks did not show strong responses beyond baseline during ac-
tion observation or imitation. Additionally, Weiss et al. (2016) studied the rela-
tionship between language disorders and action disorders by examining aphasia
and apraxia patients. They found that lesions in the left inferior frontal gyrus,
insula, parietal lobe, and superior temporal cortex were related to language
deficits in naming, reading, writing, or auditory comprehension, while lesions in
the left inferior frontal gyrus, premotor area, central region, and inferior parietal
cortex were related to loss of tool operation ability. Therefore, while Broca’s
area damage can indeed cause both apraxia and aphasia, other brain regions
causing aphasia or apraxia do not otherwise overlap.

The Relationship Between Gesture and Language Ability Develop-
ment

The Mirror System Hypothesis, Tool-making Hypothesis, and Teaching Hy-
pothesis all consistently maintain that human language originated from manual
movement experiences. Early human brains first evolved the ability to under-
stand gestural language, after which sign language developed into other language
forms such as vocal sounds and writing. Since the evolution of some human psy-
chological mechanisms can be reflected in individual development processes, if
this view is correct, then it is likely that in individual development, gesture
use both precedes language emergence and has an inseparable relationship with
language ability development (Salo, Ferrari, & Fox, 2019).

This hypothesis has currently received support from numerous empirical stud-
ies. Research has found that infants’ and toddlers’ ability to use gestures can
predict their future language development levels. For example, 1-year-olds who
can produce more gestures during parent-child interactions (including convey-
ing more meanings through gestures and more frequently using deictic gestures)
will master more vocabulary at ages 3-4 (Rowe & Goldin-Meadow, 2009) and
will master complex sentences earlier (Rowe & Goldin-Meadow, 2009). Kuhn et
al. (2014) found that parents’ reports of infants’ gesture use at 15 months could
predict their expressive abilities at ages 2-3, with other studies finding similar
results (Cadime et al., 2017; Zambrana et al., 2013). Notably, this pattern
also exists in children with autism or Down syndrome (Ozgaligkan et al., 2017).
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Liike et al. (2017) found that children who used fewer deictic gestures at 12-14
months showed signs of language development delay at age 2. Additionally,
Salo, Rowe, and Reeb-Sutherland (2018) assessed infants’ gesture use frequency
and joint attention levels at age 1, then tested their language comprehension
and expression abilities one year later. Analysis showed that even after control-
ling for joint attention levels, infants’ gesture use could still significantly predict
their language abilities.

Salo et al. (2019) argue that these findings demonstrate that before speaking, in-
fants can interact with the external world and produce communicative gestures
through hand actions, and these early mental representations lay the founda-
tion for their later language development. Consistent with this view, research
has found that gestures can indeed help people acquire language and deepen in-
dividuals’ conceptual understanding during language learning (Kontra, Goldin-
Meadow, & Beilock, 2012; Mumford & Kita, 2014; Novack & Goldin-Meadow,
2017; Thill & Twomey, 2016). For instance, Dean et al. (2013) observed 23 teach-
ing instances and found that auxiliary gestures and actions could significantly
promote phonetic learning. Tani and Bucciarelli (2017) conducted an experiment
requiring subjects to listen to a performer speak target sentences, with the per-
former either remaining motionless or making gestures consistent with sentence
content while speaking. The study showed that when subjects observed actions,
they had more accurate memory for sentences. However, if subjects were busy
making certain hand actions themselves while listening to sentences, this effect
would be canceled out. In other words, during language comprehension, gestures
affect individuals’ processing of language information. Wakefield, Novack, Cong-
don, Franconeri, and Goldin-Meadow (2018) used eye-tracking experiments and
found that in vocabulary teaching, compared to speech-only teaching modes,
“speech + gesture” teaching modes produced better learning outcomes in chil-
dren. Researchers believe that because gestures have intuitive and concrete
features, they help learners connect self-perceived motor experiences with con-
cepts, thus facilitating language learning. Therefore, early humans first formed
the ability to represent concepts through gestures.

Additionally, Wakefield, Hall, James, and Goldin-Meadow (2018) divided child
subjects into four groups in an experiment. Two groups could watch the exper-
imenter perform actions on related objects or perform actions on objects them-
selves when learning verbs—for example, holding a rotatable teaching tool when
learning the word “knob.” The other two groups could watch the experimenter
make simulated gestures above related objects or make simulated gestures above
objects themselves when learning verbs—for example, rotating their hand above
a teaching tool without touching it when learning “knob.” A recognition test
was completed one day later, requiring children to name actions presented in
videos. The study found that subjects in experimental groups who watched or
made gestures performed better on conceptual test tasks. Researchers believe
that since gestures do not make direct contact with objects, learning through
gestures makes it easier for subjects to generalize previously learned vocabulary
to new scenarios. Gesture experience is an effective way to represent action con-
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cepts, and these studies also provide indirect evidence for the hypothesis that
human language originated from hand actions.

However, researchers have also found that hand actions can promote process-
ing and understanding in other learning tasks unrelated to language. For ex-
ample, Goldin-Meadow, Cook, and Mitchell (2009) found that using gestures
helps subjects generate new creative ideas in problem-solving tasks. Kontra,
Lyons, Fischer, and Beilock (2015) found that manual operation experience can
enhance students’ learning effects on physical science concepts. Novack, Cong-
don, Hemani-Lopez, and Goldin-Meadow (2014) showed that in mathematical
problem-solving tasks, gestural simulation helps third-grade students transfer
mathematical knowledge to different problem forms. This indicates that the
facilitative effect of gestures on cognitive processing is universal and not limited
to the language domain.

The Influence of Gesture on the Transmission of Tool-Making Knowl-
edge

The Tool-making Hypothesis and Teaching Hypothesis posit that manufactur-
ing and using tools exerted evolutionary pressure on language, leading to the
emergence of gestural language. If this view is correct, then in the process of
learning to make tools, gestural communication should greatly improve informa-
tion transmission efficiency compared to simple observation and imitation. In
fact, archaeologists have determined that stone flakes from the Homo erectus
era already had sharp edges, and manufacturing such flakes had strict require-
ments for material selection, separation, cutting, and grinding—skills difficult
to master through observation and imitation alone (Chazan, 2015).

Morgan et al. (2015) tested the learning effects of five different information
transmission mechanisms in an experiment. Subjects learned to manufacture
stone tools through five different methods: 1) Observing finished products—
learners could only see completed tools but not the manufacturing process; 2)
Imitation learning—learners could see the manufacturing process but could not
communicate with the instructor; 3) Guided teaching—instructors could slow
down or repeat certain actions according to learners’ requests for specific demon-
strations but could not communicate; 4) Gestural teaching—learners and in-
structors could communicate through gestures; 5) Language teaching—learners
and instructors could communicate through language. In each condition, exper-
imenters arranged four short transmission chains (5-person transmission) and
two long transmission chains (10-person transmission). Two hundred adults par-
ticipated in this experiment, producing over 6,000 flint pieces. The study found
that in all conditions, stone tool-making information was continuously lost dur-
ing transmission, but communicative teaching could fully compensate for this
deficiency in the transmission chain. In the gestural teaching and language
teaching groups, learners’ quality and efficiency in making flint pieces improved
significantly, with the language teaching group producing the most refined flint
pieces. These experimental results demonstrate that compared to simple im-
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itation or observation, gestural communication can substantially improve the
transmission efficiency of tool-making technology. Since archaeological research
proves that when human ancestors began making tools, they did not possess
the ability to communicate through vocal sounds, the pressure of technological
transmission caused human ancestors to first achieve major transformations in
gestural language.

Lombao, Guardiola, and Mosquera (2017) used similar research to test the im-
pact of communication methods on stone tool manufacturing, dividing subjects
into imitation, gestural communication, and language communication groups.
Results showed that on efficiency measures, the imitation group’s production
speed was significantly lower than that of the gestural and language communi-
cation groups. On quality measures, subjects in the gestural and language com-
munication groups could master correct manufacturing techniques and meth-
ods like stone tool experts, while the imitation group could not. The results
similarly prove that compared to other information transmission mechanisms
(such as simple observation), gestural and language communication can trans-
mit more information in a short time, enabling individuals to more effectively
acquire knowledge about tool-making. Therefore, once human ancestors became
highly dependent on tools, natural selection could “select” for complex gestural
communication abilities.

Additionally, Putt, Woods, and Franciscus (2014) found that in learning to
make Acheulean stone tools, there were no differences in key indicators between
stone tools made by subjects in the spoken language communication group and
those in the gestural communication group. To clarify this conclusion, Cataldo,
Migliano, and Vinicius (2018) divided subjects into four groups in a stone tool-
making experiment: a gestural communication group (could only use sign lan-
guage to communicate with experts), a spoken language communication group
(could only use spoken language to communicate with experts), a complete com-
munication group (could use both gestures and spoken language to communicate
with experts), and an observation-imitation group (could only observe experts’
methods). The study found that compared to the gestural communication or
complete communication groups, the observation-imitation and spoken language
communication groups performed worse in stone tool-making and had lower sat-
isfaction with expert guidance. Researchers speculate that this result indicates
that for manufacturing stone tools, spoken language communication alone does
not have any advantage over gestural communication.

Fay, Lister, Ellison, and Goldin-Meadow (2014) also demonstrated that when
subjects were asked to create symbols representing target objects, gestures were
more easily understood by others than vocal sounds (self-simulated sounds,
not linguistic sounds). Moreover, combining gestural symbols with vocal sym-
bols did not improve comprehension accuracy. Therefore, hand actions may be
more easily selected as information transmission methods for early humans than
spoken language, making gestural language the precursor to human language.
Other evolutionary pressures (such as the need for cooperative reciprocity or
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more complex interpersonal interactions) subsequently led to the emergence of
vocal language.

Review and Outlook

Human daily life is intimately connected with language; few people can go for a
continuous hour while awake without encountering any form of language. Wher-
ever on Earth two or more people gather, they soon begin conversing. From
the moment our ancestors mastered language, human evolution embarked on a
different path. Through language, every individual can easily access the trea-
sure trove of knowledge collectively created by all humanity, enabling human
civilization to truly enter an era of great leaps forward. However, like other
complex physiological mechanisms that have undergone long evolution, human
language as a complex psychological mechanism did not emerge in its current
“perfect” form but gradually experienced many different developmental stages
under natural selection pressure. This paper focused on elaborating the relation-
ship between hand actions and human language evolution, introducing related
theories that explain both why humans “needed” to evolve language and why
humans “could” evolve language. Simultaneously, this paper summarized and
organized empirical research in this field, which has verified related hypotheses
from different angles. Future research must focus on the following issues.

The Evolutionary Developmental Relationship Between Sign Lan-
guage and Vocal Language First, the relationship between sign language
and vocal language in evolution requires further exploration. In language re-
search, whether the earliest language originated from gestures or vocal sounds
has long been a subject of debate. Since neither gestures nor vocal sounds leave
direct archaeological evidence, clarifying this disagreement presents consider-
able difficulty. The theories and empirical research introduced in this paper
all indicate that human language origins are closely related to hand actions.
However, one question this hypothesis must answer is: If language originally
derived from gestures, why did it later shift to the “vocal” mode of expression
during evolution? Vocal language is modern humans’ primary communication
form. Since sign language can also have complete grammatical rules, linguistic
structures, and rich expressiveness, why did spoken language replace sign lan-
guage to become the most universal language form? Speaking is not an easy
task. To produce accurate and clear pronunciation, humans evolved unique
larynx and vocal cord shapes, but this also causes food to easily slip into the
trachea during eating, causing choking. Therefore, spoken language must have
produced benefits sufficient to offset this risk. Compared to sign language, spo-
ken language does have some obvious advantages, such as higher information
transmission rates, independence from lighting conditions, and the ability to
communicate with others while the hands are busy with other tasks. However,
these apparent advantages may not necessarily constitute selective pressure for
spoken language evolution, because in evolutionary processes, the outcomes of a
psychological mechanism do not equate to its evolutionary causes. Currently, all
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hypotheses supporting a gestural origin for language have not provided reason-
able theoretical explanations for the evolution of vocal language, and relevant
empirical research is basically nonexistent.

Another derived question is: If spoken language replaced gestural language due
to some selective pressure during evolution, why has the gestural communication
form been preserved and frequently appears in daily conversation? Research has
found that gestures are not merely epiphenomena of spoken language expression;
gestures help reduce ambiguity in discourse information and can complementar-
ily convey information that speech cannot express, thereby promoting complete
semantic comprehension by information recipients (Goldin-Meadow & Brentari,
2017; Koppensteiner et al., 2016). For information senders, gestural expression
also helps improve communication fluency (Brooks & Goldin-Meadow, 2016).
This indicates that gestural language remains an important information repre-
sentation method. McNeill (2012) suggests that gestural communication persists
because human language representation requires mimetic encoding, which sym-
bolic language cannot satisfy. Spoken or written language represents abstract
symbols that need to be connected with concrete perceptual-motor experiences.
In other words, abstract symbolic encoding and concrete mimetic encoding to-
gether constitute a complete language representation system. Therefore, the
source of human language is not limited to gestural language alone; gestural
language and spoken language experienced co-evolution and joint development.

Correspondingly, paleoanthropological research has also found that in the evo-
lutionary history of the genus Homo, the ability to speak appeared earlier than
the emergence of mature language systems (referring to languages with com-
plex grammatical structures). For example, analyses of Neanderthal genes,
brain structures, and hyoid bone fossils indicate that due to genetic and brain
structure limitations, Neanderthals’ language systems were not as complete as
modern humans’, but they already possessed the ability to finely control vocal
sounds. If not for using spoken language for communication, they would be un-
likely to have developed this characteristic (Kochiyama et al., 2018; Maricic et
al., 2013). This demonstrates that humans did not first develop complex gram-
mar on the basis of gestural language and then “graft” language ability onto
the vocal expression form. In fact, many scholars now believe that when ex-
plaining language origins, gestural language and spoken language should not be
opposed, assuming one communication form preceded the other. It is likely that
these two language forms appeared simultaneously and experienced co-evolution
(Goldin-Meadow & Brentari, 2017; Kendon, 2017)—this is the multimodal hy-
pothesis of language origins. For instance, Kendon (2017) believes that in early
language evolution, humans formed a “hand-mouth” coordinated multimodal
signal system. Frohlich et al. (2019) point out that although early humans did
not yet possess the ability to finely control vocal sounds, the information content
they represented was not as complex as contemporary humans’. Simple vocaliza-
tion abilities could cooperate with gestures to reduce communication ambiguity.
Other apes flexibly choose different communication methods such as gestures,
calls, or “gesture + calls” according to situational needs, and human ancestors
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likely did the same. Even many researchers supporting gestural origins do not
completely deny the existence of spoken language at the beginning of language
evolution (Arbib, 2016; Tomasello, 2008). The specific evolutionary mechanisms
require further exploration in future research.

The Relationship Between Human Language Mechanisms and Other
Psychological Features in Evolution Another issue requiring considera-
tion is the developmental relationship between human language mechanisms
and other psychological features in evolution. The foundations of language evo-
lution emphasized by the Mirror System Hypothesis, Tool-making Hypothesis,
and Teaching Hypothesis—such as communicating through gestures, recogniz-
ing other individuals’ action intentions, and information transmission abilities—
also exist in great apes (though differing quantitatively from humans). However,
why haven’t other apes developed complex and complete language like humans
based on these abilities?

In fact, since the 1960s, people have continuously attempted to teach great apes
such as chimpanzees, orangutans, or gorillas to learn sign language. Although
specific results remain controversial, it is now certain that most apes raised in
human environments can learn to interact with humans using some gestures,
and they can even spontaneously create some actions to express their demands
to humans without special training. For example, when apes are caged, they
will extend fingers or palms outside the cage toward food, gesturing for exper-
imenters to help them obtain it. If they want to go outside the cage to play,
they will also gesture toward the locked door for experimenters to open it (Pep-
perberg, 2016).

However, regardless of the environment in which apes grow, they cannot develop
more sophisticated gestures beyond requests or commands. They will not point
to an object to inform others of information they might want to know. Numerous
experiments have shown that chimpanzees can understand other chimpanzees’
intentions; they can imagine how others will think and act, but they do not
consciously share information. In one experiment, chimpanzees could either
pull a mechanism to obtain one portion of food for themselves or pull another
mechanism to obtain one portion each for themselves and another chimpanzee.
Although the latter behavior did not require them to pay any additional cost,
the chimpanzees’ choices in the experiment were quite arbitrary—they did not
consider benefiting other individuals (Silk et al., 2005). In contrast, research
has found that 12-month-old infants can demonstrate unconditional altruistic
behavior. After detecting certain needs in adults, infants will point with their
fingers to items the adults need, helping them find them (Liszkowski, Carpenter,
& Tomasello, 2008). One-year-old infants will point to interesting things to
share with their parents (Warneken & Tomasello, 2006). Therefore, although
both apes and humans use gestures, they differ essentially in function.

The ordinary human action of “pointing with a finger” contains important evo-
lutionary significance, demonstrating the altruistic motivation behind human
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communication. From an evolutionary perspective, this fact implies that sign
language development is closely related to social cooperation. Apes have not
developed more complex sign language systems partly because they lack cooper-
ative reciprocity. In contrast, humans possess “shared intentionality,” actively
teaching each other useful things, and the mindset of sharing information con-
stitutes an important foundation for language. In fact, the language mechanism
itself is a complex system that includes various complex cognitive abilities, brain
structures, and genetic foundations, with no single factor alone being able to
define the human communication system—they function as an integrated whole.
Therefore, when discussing language evolution and origins, it is essential to com-
prehensively consider other unique cognitive features of humans to explain the
specificity of human language evolution compared to other animals.

Integrating Multidisciplinary Research Findings to Construct a Uni-
fied Theoretical Framework Finally, returning to the field of language evo-
lution research itself, the current challenge is how to unify existing research
findings under a complete theoretical framework. Language evolution involves
multiple disciplines including genetics, archaeology, linguistics, paleoanthropol-
ogy, cognitive neuroscience, psychology, and comparative zoology, with progress
in each discipline providing unique contributions to unraveling the mystery of
language evolution. For example, comparative zoology research shows that pri-
mate group size is closely related to communication systems. Larger group sizes,
social networks, and diverse social relationships require more complex communi-
cation systems. Therefore, one pressure for language evolution may have come
from the need to maintain intimate relationships, preserve group cohesion, and
establish alliances (Dunbar, 1998; Feinberg, Willer, & Schultz, 2014). Cog-
nitive neuroscience has discovered that learning to make stone tools leads to
changes in individual brain connections and brain tissue, including the supra-
marginal gyrus of the parietal lobe and the right inferior frontal gyrus, brain
regions related to advanced cognitive functions such as language communica-
tion, planning, and logical reasoning (Hecht et al., 2015; Morgan et al., 2015).
Genetics research has found that gene variations such as NOTCH2NL (Fiddes
et al., 2018), ARHGAP11B (Florio et al., 2015), ASPM (Mekelbobrov et al.,
2005), MCPH1 (Evans, 2005; Huang et al., 2019), and GADD45G (McLean et
al., 2011) in different periods of human evolutionary history dominated the in-
crease in human brain capacity and changes in cortical structure, enabling the
human brain to support complex psychological mechanisms like language. Ar-
chaeological research has discovered that between 30,000 and 40,000 years ago,
humans suddenly experienced an unprecedented artistic explosion, beginning to
draw pictures, carve sculptures, wear jewelry, and developing primitive religions
and mythological cultures. The time when human ancestors mastered mature
language could not have been much earlier than this period; mature language
systems are the exclusive privilege of Homo sapiens (Laland, 2017a). Linguistic
research proves that the farther a language is from Africa, the fewer phonemes
it uses to generate vocabulary, showing a founder effect with Africa as the origin
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point. Therefore, all languages in the world are homologous; language diffused
and differentiated along with human population migration during the process
of Homo sapiens taking over the Earth (Atkinson, 2011). These research find-
ings from different disciplines can mutually corroborate and compare, providing
powerful tests for certain language evolution hypotheses. Only by collecting
and integrating these findings from different disciplines can a complete theoret-
ical framework be constructed to provide systematic explanations for language
evolution and transformation.
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